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About this report 
This 22d annual report includes research reported during 1983. The department or 
departments that performed the research are identified in italics below the topic 
heading. For example: 

NATURE OF RESISTANCE 

Entomology Department 

In collaborative work, the department that did one phase of the research is identified 
in italics in parentheses following the subtopic. For example, the Plant Breeding and 
Cereal Chemistry Departments cooperate in the section BREEDING PROGRAM. 
Because the Cereal Chemistry Department bears responsibility for one phase of that 
work, its name follows the heading: 

Milling quality studies (Cereal Chetnistr9. 

This report refers to three fundamental types of rice culture. 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 upland and 
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 PTB33i IR30. The sequence ofcrosses is 
indicated by the number of slant bars. (PTB33 X IR30) X IR36 is written 
PTB33/ IR30/ /I R36. The fourth and further crosses are designated / 4/, /5/, and so 
on. Backcrosses are indicated by a supersci ipt numeral. 

Scoring of morphological characters and of damage attributed to rice pests and 
physiochemical stresses is based on scales in Standard Evahation S'stei for Rice 
(SES), 2d ed., 1980. Copies are available from the International Rice Testing 
Program, IRRI. 

This report is on a metric basis and uses the International System of Units (SI) 
abbreviations. All monetary units are as U.S. dollars ($). Unless otherwise stated, 
control orcheck means an untreated control, grain yield iscalculated as rough rice at 
14% moisture, and protein content iscalculated 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 is by Duncan'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), G LH (green leafhopper), DT (days 
after transplanting), DAT (days after treatment), etc. A list of abbreviations is on 
pages xiv-xv. 

The report uses generic names instead of brand names for chemicals. Use of a 
commercial or brand name when the generic name is unobtainable does not 
constitute an endorsement of the product. 

A thumb index on the back cover provides access to each section. To use it, bend 
the book slightly and follow the margin index to the page with the black-edge 
marker. 
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Acronyms and abbreviations used in this report 

A 
AC= amylose content 
acc no. = accession number 
ai = active ing:edient 
ARFSN = Asian Rice Farming Systems Network 
AS- ammonium sulfate 

B 
B 
B&I = b,oadcast and incorporation (incorporated) 
BB= bacterial blight 
B:C = benefit-cost ratio 
BGA = blue-green algae 
BI = blast 
BLB = bacterial leaf blight 
BLS = bacterial leaf streak 
BPH = brown planthopperBRIP = brown-rice protein
BS = brown spot 

C 
CEC = cation exchange capacity 
CIMMYT = International Maize and Wheat Improvement 

Center 
ems =cytoplasmic male sterileC:N = carbon-nitrogen ratio 
CW = caseworro 

D 
DAI = days after inoculation 
DAPI = days after panicle initiation 
DAS = days after seeding, sowing 
DAT= days after treatment 
DBE = days before emergence 
DBH = days before harvest 
DBPI = days before panicle initiation 
DBS = days before seeding, sowing 
DB= days before transplanting 
DE = days after emergence 


DI days after infection, infestation 
DM = dry matter 
DS = dry season 
DSR = dry-seeded rice 
DT = days after transplanting 

E 
EC = emulsifiable concentrate 
EE = ethyl ester 
ET= evapotranspiration 

F 
F flowable 
fb followed by 
FSm = false smut 

G 
G = gi .nular 
GEU = genetic evaluation and utilization 

GHC = green hairy caterpillar
 
GLH = green leafhopper
 
GM = gall midge
 
GSV = grassy stunt virus
 

H 
HtAl = hours after inoculation or infestation 
HI --harvest index
 
HR = highly resistant
 
HS = highly susceptible
 
HT = hours after treatment 
HW hand weeding (hand weeded)
 

II = intermediate 
IBPGR = International Board for Plant Genetic Resources
ICRISAT = Internativnal Crops 
 Research Institute for the 

Semi-Arid Tropics 
IITA = International Institute of Tropical Agriculture 
INSFFER = International Network on Soil Fertility and 

Fertilizer Evaluttion for Rice 
INTSOY = International Soybean Program 
IWE = isopropyl ester 
IFM integrated pest managementIRAT = Institut de Recherches Agronomiques Tropicales et 

des Cultures Vivribres 
IRCTN = International Rice Cold Tolerance Nursery 
IRGC = International Rice Germplasm Center 
IRON = International Rice Obser%,itional Nursery 
IRRSWYN = International Rainfed Rice Shallow Water Yield 

Nursery 
IRSATON = International Rice Salinity and Alkalinity 

Tolerance Observational Nursery 
IRTIP = International Rice Testingand Improvement Program 
IRTI = International Rice Testing Program 
IRYN-M = International Rice Yield Nursery-Medium 
IURON = International Upland Rice Observational Nursery 
IURYN = International Upland Rice Yield Nursery 

L 
LAI leaf area index 
LER = leaf elongation rate 
I.F= leaffolder 
LWP = leaf water potential 

M 
MC = moisture content 
MR= moderately resistant 
MS = moderately susceptible 
M V = modern variety 

N 
NBI = neck blast 
NBLS = narrow brown leaf spot 
NPU = net protein utiliiation 
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OM = organic matter ohR = sheath rot 
SMT = soil moisture tension

P SR = stem rot 
PE= preemergence SSB = striped stem borer
 
PI panicle initiation 
 SSP = single superphosphate
 
PR = phosphate rock
 
PU = prilled urea 
 T 

TPR = transplanted rice 
R 
R = resistant U 
RB = rice bug UPLB = University of the Philippines at Los Bahos
RGA = rapid generationl advance USG = urea supergranules 
RGS = ricegreen semilooper
 
RH = relative humidity W 
RSV = rice ragged stunt virus WAI = weeks after inoculation
 
R-11V = rice tungro bacilliform virus 
 WAS weeks afterseeding, sowing

RTSV = rice tungro spherical virus 
 WBPH = whitebacked planthopper

RTV = rice tungro virus 
 WP = wettable powder
RWM = rice whorl maggot WS = wet season 

WSR = wet-seeded rice
S WI'= weeks after transplanting 
S = susceptible 
SB = stem borer Y 
SCU = sulfur-coated urea YD = yellow dwarf 
SES = Standard Evaluation System for Rice YSB = yellow stem borer 
ShB= sheath blight 



Research highlights 
Index (1964-66:100) 
160
 
150- BtlIII)IN; NATIONAl. PRO(;RAMS
 
140
30 
120	 World rice production in 1983 was about 435 million t, 3% more than in
10 	 1982 and more than the FAO long-run trend. Production increased in 

o most of Asia, especially in Bangladesh, Burma, China, India, Indonesia, 
90 Pakistan, Sri Lanka, and Thailand. Such increases continue the long
80 term trend of growth in rice production ahead of population. Yields 
70-	

the major source of growth, as the 1970s saw furtherO-_ 	 have become 
110 : improvements in the MVs first introduced in the mid-1960s. Many 
00Phip traditional rice importing countries have become self-sufficient in rice, 

90- and the real price of rice in those countries and the world market has 
80O declined. In Latin America production increased slightly, but it declined 

in Africa. 
601 I When Premier Zhao Ziyang of China presented the 1982 Third 

12o0 World Prize to IRRI in April 1983, he described IRRI's role in 
110 -I/'& increasing rice production: 
100- I RRI has dleveloped many good strains to hielp 
90 developing countries increase rice yield and improve 
80 quality. Those strains not only can increase the yield 
70 II L LI markedly, but also can resist plant diseases and insect 

Index(1969-71=100) pests, shorten the maturing period, and save water. 
140- IR R I has made important advances in rice genetics, 
130 /ndonesia physiology, and soil science. Its achievements have 
120 spread far and wide in the Third World. 
100 In 1983 IRRI worked to strengthen collaborative research with 
90- national research systems and other international agricultural research 
80L centers, and to magnify the impact of the International Rice Testing

868-70 7r2-74 76-78 80-82i 
70-72 74-76 78-80 	 IProgram, the International Network on Soil Fertility and Fertilizer 

Evaluation for Rice, and the Asian Rice Farming Systems Network. 
rice price to consrmers inselected. We also organized collaborative research planning meetings with 

formerly rice importirig, countries, scientists and institutions in Bangladesh, Burma, China, Egypt, India, 

Premier Zhao Ziyang of the People's 
Republic of China presents the 1982 
Third World Prize scroll to Dr. M. S. 
Swaminathan. IRRI director general. 
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Deepwater rice workers take plant sam. 
ples m Thailand. The ThaiDepartment of 
Agriculture and IRRI have a long history 
of cooperation in deepwater and other 
rice prolects. 

In t983IRRI fgned a memorandum of 
agreement with Btuitan to train Bhutan-
ese scientsts.Site visits anddiscussions 
witl local farmers are important it) all 
cooperative prolects with national pro-
grams. 

become the principal method of controlling that insect. 
In 1983, in addition to Los Bahos staff, IRRI supported 22 scientists 

il 8 countries. We laid the foundations for a new cooperative program 
with the Malagasy Rcpublic, brought our team in Egypt up to full 
strength, and developed closer ties with CIAT, I ITA, and WAR I)A for 
rice research in Africa and Latin America. In October 1983 the IRRI 
Board of Trustees visited Malagasy and Tanzania and met in E-gypt. 
where they visited the Rice Research and Training Project, which isa 
cooprative venture with the Univer;ities of California and Arkansas. 

A memorandum of agreement was signed by CIAT, IITA, IRAT, 
IRRI. and WARI)A that established an intercenter coordinating
committee for upland rice research. The committee, to be chaired by
each center in turn, vill pronote communicationmng cooperators by 

publishing an upland rice newsletter in English with French and Spanish
translations. EIMBRAPA, a national agricultural research center in 
Brazil, isalso participating. 

At the 1983 International Rice Research Conference, we agreed to use 
an operational classification of rice growing environments that lists 
major environments as irrigated, rainfed lowland, deepwater, upland, 
and tidal wetland. Within those five categories are 20 subcategories. Our 
goal is to sharpen the precision of that system through continued 
environmental research and cooperation with rice scientists around the 
world. 

At the request of the Chinese Ministry of Agriculture and the Chinese 
Academy of Agricultural Sciences, IR RI isassisting in the development 
of the Chinese National Rice Research Institute at Hangzhou. Our 
long-term cooperation with the Bangladesh Rice Research Institute, 
Thai Department of Agriculture, and the Indonesian Central Research 
Institute for Food Crops continued to yield substantial returns. 

In 1983 we signed a memorandum of agreement with Bhutan for 
training of Bhutanese scientists at IRRI, exchange of genetic materials 
and research information, collaboration on research projects, and 
exchange of visits of Bhutanese and IR RI scientists. 

As we develop collaborative rclationships in more rice growing 

countries, we continually collaborate in the collection of rice varieties for 
conservation in the IRRI germplasm bank (renamed in 1983 as the 
International Rice Girmplasm Center). In cooperation with the 
International Board for Plant Genetic Resources and major national 
research systems, we developed and immediately implemented asecond 
5-year plan lor gcrmplasm collection. conservation, and utilization 
(1983-87). 

We also strengthened collaborative work with research organi/ations 
in developed countries. Joint research, particularly in biotechnology, 
was initiated with universities and institutions in the Federal Republic of 
Germany, France, Ujnited Kingdom, and the United States. Social 
science research was intensified in association with the Agricultural 
University of Wagcningen, Netherlands. 

Among several seminars, workshops, and conferences sponsored 
during 1983, two deserve special attention. The Confcrencc on Women 
in Rice Farming Systems examine(d the impact of new technologies on 
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GTZ and CGIAR. organizeOd the first 
hook exhtibitit lie titernaItotal ,t.cul 
ti iet I ei orlta te o 1983Fi aA 
furt Book Fair. the wornl ltfqotst pub-
icitiiOt riglhts triarkel G(IA iatdoth 
ittemaltonal ipcultinattesoich cetjl01:Clrch 
tes participated 

RI sl ARC(II lll(;iI IIll IS 5 

crops. To maintain high standards of relevance and excellence in our 
educational programs, we formed, in 1983, an IRRI Academic Council 
composed of IR R I staff and outside experts. 

Rice scientists and scholars around the world depend on the IRRI 
communications program and library for current information on rice 
science. In 1983 the Information Services Department was rcdcsignated 
the Communication and Publications Department. This change reflects 
an increasing mandate not only in publishingand providing information 
support for I R R I scientists but also in institution-building and develop
ment of agricultU ra Icomm unication capabilities in national programs. 

IRRI released 15 new book.; in 1983 and distributed about 70,00() 
copies of major books. Book publishing issell-sustaining; new titles are 
funded by sales. 

IRRI and the (ermaii AgencycrI Iechnic;' C oopcrat on organized 
the first book exhibit of the int': rimnti aI ag riculItur1 aIl research ccnters at 
the 1983 Frankfu rt Book I ir. Seventeen centers displayed about 1,000 
titles. The fair attracted more than 500,000 visitors, mostly librarians 
and boo k bulers. 

In 1983 the I.ibrv a id I)oc el.ntatlion (enter published the 1982 

supplIemeit t he Ii, ritlliotialBiblio,'rwpI- ol RirreR' 'ach, a.a 5-vea r 
ctirintu Ialive idex to tie Bibhli graph r. Il/' hIluvi/'ili lla/ I )inl'' vm f
Rice IIWorker.a id tl e Npiip/mi'ent m.illy I)iM.S.erlal ,l.o oil9&' ./9 Ih 
Rf 
Rice A.Ivailhh, ill /he Ibialrirr onu the hatrinitnal Rice 
Illi11 l/ . 

Lim rT2~ 1R 

1w~, M. 
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The number of books and journals borrowed from the librarv 
increased markedly and, as in previous years, requests for copies oi 
Japanese literature on genetics and breeding exceeded those for 
literature on ali other topics. 

We acquired 4,106 new volumes, bringing the collection to 66,528 
monographs, 196 serial titles, maps, translations, and microfilm. The 
library continued to purchase and distribute books to IRRI research 
scholars and other trainees. 



7 

Genetic evaluation and utilization 
(GEU) program 

Genetic resources program 
International tice Gerniplasin Center and Statistics Department 

RICE GERMPLASM CONSERVATION WORKSHOP 8
 
FIELD COLLECTION 8
 
INTERNATIONAL. EXCHANGES 8
 
INVENTORY. CHARACTE1RIZATION. AN I)ATA PROCESSING 9
 
SEED INCREASE, REJUVENATION, AND DISTRIBIUTION 9
 

9
 
COM ITUER IZI:1 I)AIA MANAGE MENT AND DISSEMINATION 10
 

PROCESSING SFED FOR MEI)IUM- AND ILONG-TERM STORAGE 


ENZYMATIC POLYMORPHISM IN RICE GERMPLASM 10
 
TRAINING GENETIC STOCK OFFICERS 11
 



't IRRI ANNUAL, RIl)R I [OR 190. 

In 1983, the IRRI Genetic Resources Program was 
reorganized as the International Rice Germplasm 
Center (IRGC), a global research service, to 
emphasize its international dimensions. An advi-
sory committee will guide the center's worldwide 
activities. 

RI(I (;ERMII.ASM ('ONStRVA lION WORKSI()I1 

hIernationalRice Gerinpiasm Center 

A 2-d workshop on the conservation of rice 
germplasm was cosponsored by IRRi aod IBPGR 
on 25-26 April. Thirty-five scientists from 21 
countries, 9 staff members from 6 other inter-
national agricultural research centers and inter-
national agencies. and IRRI staff participated. 

Progress in field collection from 1977 to 1982 
was reviewed and papers on conservation method-
ology, the wild Or'za species, and seed storage 
equipment for national centers were presented. 
Interinstitutional collaboration between the United 
States Department of Agriculture, the National 
Institute of Agrobiological Resources of .Japan, 
and I R R I was assessed. 
The following areas will receive priority: 
* completion of land race collection, 

* 	conservation of wild species,
 
* systematic evaluation and characterization, 

* 	seed storage (primarily medium-term), 

* 	documentation at national centers, 

* personnel development, 

" security of seed stock under long-term storage,
 

and 
" free germplasm exchange. 
Participants from South Asia, South:ast Asia, 

and Africa drafted a 5-yr collection plan and 
estimated funding requirements. IRRI will con-
tinue to coordinate field operations and provide an 
advisor or field collector. Small-scale collection in 
Latin America and Oceania will be separately 
developed. 

Copies of the published workshop proceedings 
were distributed at the XV International Congress 
of Genetics to celebrate the theme: Genetic con-
servation -- microbes to man. 

FIt)COLIIECIION 

nternational Rice Germiplasm Center 

After the workshop, IRRI contacted national 

program directors of participating countries and 
heads of international and regional centers to begin 
action on the 1983 plan. Most countries and 
centers responded positively. 
The IBPGR provided IR kI with an advisot who 

joined field operations in Bangladesh and Bhutan 
to participate in national germplasm collection. 
They assembled 91 varieties from 5 districts of 

Bangladesh. Canvassing in the high-altitude belt of 
Bhutan netted 84 varieties, 23 of which grewabove
2,0X) i. 

During the second half of 1983, Burmese co
operators expanded their collections, and three 
agencies in Thailand concentrated on collecting 
upland hill rices. 

Since the first 5-yr plan, formulated at the 1977 
Workshop, 12,657 seed samples have been added 
to IRGC with IRRI participating in field canvas
sing and collection of 3,038. Workers in 10 Asian 
countries gathered 9,619 samples, often with finan
cial and technical aid from IRRI and IBPGR 
(Table 1). 

INI ERNA IIONAI. EXCIIAN(IS 

hilernatinal Rice Germnplasm ('enter 

Many countries continue to deposit their old and 
new rice germplastmn in the IRGC seed vaults for 
safekeeping and use. During 1983, IRGC received 
3,873 samples from these major donors: 

NationalandI state centers 
* 	Bangladesh Rice Research Institute - 97 

varieties. 
v Bhutan Department of Agriculture 88 

varieties. 
* 	Fujian Province, China -- 541 varieties. 
* 	Fiji - - 22 varieties. 
* Orissa University of Agriculture and Tech

nology, India 68 varieties. 
* Indonesia 68 samples collected by anthro

pologists and missionary and service volun
tersteers.
 

s Zimbabwe -- 83 
 varieties collected by the 

Royal Botanical Garden, Kew, UK. 
* 	Philippines - 62 varieties. 
* Thailand Ministry of Agriculture and Co

operatives ----1,184 varieties. 
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Table 1. Indigenous rice varieties collected with direct or sions were completely characterized because ofindirect IRRI participation in 14 collaborating countries, shortage in laboratory personnel.1978 to 1983. 
18 tComputerized files now contain data on 59,343Indigenous varieties collected ch of.ai'. 

(no.) with IRRI'sCountry Years Direct 
Indirect 

participation participation 

Bangladesh 1978-83 703 306 

Bhutan 1981-83 185 

Burma 1981, 1983 361 
 21 
India 1981-83 - 1939Indonesia 1978-83 738 632

Kampuchea 
 -Laos 
Malaysia 197982 -

Nepal 197882 - 1042 

Pakistan 1982 
 - 4 
Philippines 1978-83 238 1710 

SriLanka 1978-80, 1982 613 146
Thailand 1979-83  327. 
Vietnam -

Total 3038 9619 

Other international or regional centers 
" IITA, N geria-- 108 0. glaherrima accessions, 
" IRAT, France -- 14 varieties, 
The IRTP furnished 451 promising international 

nursery entries from 20 countries. 
Replacement samples also were obtained for 835 

accessions which had become nonviable during 
storage before the projected lonL.vity expired. 

INVENTORY. CiARACI ERIZA I ION. ANt) I)ATA 
PROCESSING 
International Rice Germplasm Centerand 
Stativtics Department 

At the end of 1983, the IRGC had registered 63,490 
accessions of 0. sativa, 2,826 accessions of 0. 
glaberrima, 1,200 populations of wild species, and 
691 genetic testers and mutants. About 5,038 
recently received seed samples await initial planting 
and seed increase. During the past 12 yr,more than 
14,780 additional seed samples were not counted as 
registered accessions because the seeds either did 
not germinate or were obvious duplicates.

During 1983, IRGC systematically described 
morphoagronomic traits of 4,090 accessions in the 
field and completed laboratory measurements of 
panicle and grain characters on 2,322 accessions. 
By the end of the year, field records of 62,998 
accessions had been made, but only 47,421 acces-

accessions of 0. saliva.
 

SEE-) INCRFlASI. RLIt VI-NArlON. ANI) 

I)1SI
RIBI IION 
huernaiunal Rice Gernicmm (eter 

In DS, 4,104 plots were grown for initial seed
increase and 7,868 accessions were rejuvenated to 
provide seed for canning. In the WS,4.090 plots 
were planted for characteri/ation and 6,447 acces
sions were rejuvenated. About 60(' ofthe plantings
during 1983 wee moved toa 5.1-ha rented farm in 

Barrio Masapang, Victoria. i.aguna Province. The
farm produced more and cleaner seeds because it 
has less insect and disease pressure than the IRRI 
farm.
 

As one of its primary functions, IR((" c ntinued 
to supply seed to rice researchers throughout the 
world. In response to 150 requests, it sent 3,756 
seed samples olO. sativa to foreign researchers. In 
response to 287 request,, vithin IRRI, it furnished 
28,443 samples for GEU tesis. It distributed 814 
samples of African rices and wild species in 
response to 58 requests. The total number of seed 
samples supplied in 1983 was slightly less than the 
average of the last 5 yr although the number of 
requests was comparable (Table 2). 

National center and IRRI field collectors have 
assein Ibled a large collection of traditional cultivars 
locally known to have special characteristics.IRRIrs GEU scientists receive seeds for evaluation 
soon after completion of the initial cycle of seed 
multiplication. During 1983, the total number of 
special types rose to 9,464. 

PROCESSING SEE) FOR ME[)IUM- AND LONG. 
TER MStORAGE 
International Rice Geriplasn enter atI 
Statistics I)artmeni 

Vacuum-packing rice seeds in aluminum cans for 
medium- and long-term storage began in mid
1980. By the end of 1983, 14,458 of the 48,758 
accessions grown for this purpose had been packed. 
In 1983, 5,125 accessions were canned, 2,087 more 
than in 1982. 
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Table 2. Progress in the preservation and distribution of seed of Oryza sativa cul
tivars at the International Rice Germplasm Coner, 197Z to 1983. 

Year 

1973 

1974 
1975 

1976 

1977 
197R 

1979 

1980 

1981 
1982 
1983 


Distinct 
accessions in 

germplasm bank 

24,162 

26,818 
30,332 

34,229 

36,956 
40,768 

47,743 

53,431 

57,027 
60,181 
63 ,4 90a 

Requests received (no.) from Samples supplied (no.) to 

IRRI 

66 

108 
151 

194 

196 
182 

268 

337 

319 
279 
287 


National programs 

95 

83 

150 

137 

148 
142 

157 

156 

206 
154 
150 


IRRI 

8,275 

20,498 
22,155 

40,200 

50,354 
31,941 
26,694 
29,734 
29,053 
33,975 
28,443 


National programs 

9,777
 
2,603 
4,043
 
4,819
 
4,126
 
7,316
 
3,260
 
3,659
 
4,376 

11,075 
3,756
 

aAbout 5,038 recently received seed samples are still to be grown and registered; 

9,831 duplicate accessions and 4,950 nonviable seed samples were removed from 
the registry Juiing 1973-83. 

When an accession has produced sufficient seed 
for canning, a second 30-g seed lot is sealed in 
aluminum-foil envelope and svnt to the U.S. 
National Seed Storage Laboratory in Ft. Colins, 
Colorado. This duplicate storage increases the 
collection's security. During 1983, 3,891 duplicates 
were processed. Records on seed rejuvenation and 
canning were entered in the computerized files. 

COMPUTERIZED DA IA MANAGEMENT AND 

DISSEMINATION 

[his procedure facilitates seed preparation by 
IRGC staff, data gathering by GEU staff, and 
encoding the computerized data. More impor
tantly, it ensures data" accuracy, especially of' 
accession number and name entered in the IRGC 
master file. 

In the last quarter of i983, the Interactive 
Germplasm Bank Information Retrieval system 
was installed at the newly established IRRI Com

puter Center (IBM 4331). The system provides 
speedier information retrieval and allows IRRI 

wider access to the system.Staitirs Department andhiternaiionalRic eresearchers 

Gerniplasm Center 

The year 1983 sawa significant rise in the t-ie of the 
computerized data retrieval system in locating 
appropriate accessions by rice researchers at IR RI 
and from national and international research 
organizations. Most frequently requested traitsare 
early maturity, resistance to blast, tolerance to cool 
temperatures, flood tolerance, drought resistance 
and tolerance to acid soils. Frequently, a clear 
specification of desired traits does not accompany 
the request for seeds. In such cases, one or more 
lists of retrieved accessions, with their associated 
information, were sent to the requesting scientist. 

For each seed request for screening purposes 
received from IRRI's GEU scientists, a computer-
generated data sheet is produced. The data sheet 
contains accession number, name, and origin as 
well as column headings for traits to be screened. 

ENZYMATIC POI.YMORPHISM IN RICE 
(,EGRMPt.ASM 
hIternationalRice Germplasmn Center 

Isozymes provide convenient marker genes to 
study the genetic structure of a species and have 
potential in breeding programs. 

A simple method to analyze the enzymatic 
polymorphism of Asian cultivars was developed. 
Two to five plants of a given variety were indivi
dually analyzed. Proteic extracts were prepared 
from the plumule and coleoptile of seedlings a few 
daysafter germination. The proteins were separated 
by electrophoresis in starch gels and 10 enzymes 
were studied. Fifteen polymorphic genes having 
two to eight alleles per locus were identified (Table 
3). 

To represent Asian diversity, 1,161 varieties 
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were chosen from 21 countries (Table 4), with Vorieiies (na)
 
particular attention to local varietal groups and
 .4::Family of the aus rices
 
crop en\ ironments.
 

Simple data analysis produced a discriminant 300 Forlyof the basmati rices
 
axis that accounts for the main part of the
 
variability. The distribution of the varieties along
 
the axis (Fig. I ) shows two malor groups with few
 
intermediatcs. 
 200 

The first group, having negative scores, embraces
 
tropical varieties, such as the h.sien rices from ...
 
China, the cere rices from Indonesia, and theantan
 
riccs from Bangladesh .nd northeastern India. It too
 
coincides with the indica group.
 

The second group, having positive scores, (" n- .
 
prises temperate varieties such as those from .lapan - ok
 

0 L_ 

-4 -3 -2 -I 0 +1 +2 +3 +4Table 3. Enzymes studied and marker genes identified in i----- Indsco .. .. - ....... -- - - A 
Asian cultivars. Discriminont score 

Enzyme Loci Alleles I. Ililtogianm sh .m.rig thc(f' r(no.) (no.)/locus i I I( I cgpiln b%th.e ;nalisis o . r i ili .161 inallelic crnbiinjirirs tit 15gcncs ct.lcd lot 10 
cll/ Ill/. 

Catalase 1 3 
Shikimate dehydrogenase 1 5
Phosphoglucose isomerase 2 2, 6 and Korea, the Chinesek/'ent rices, and most highAlanine aminopeptidase 1 5 elevation rices in the Himalayas. It also includes 
Arginine aminopeptidase 1 5

Leucine aminopeptidase 2 
 8,4 tropical rices such as the Indonesian/tn/ht and mostAlcohol dehydrogenase 1 3 Southeast Asian upland rices.
Esterase 
 4 2, 2, 2, 3 Two rice families, each defined by the presence
Acid phosphatase 1 2 1
Isocitrate dehydrogenase 1 3 of a particular allele, are noteworthy (Fig. I).

The first family includes the aus rices from 
Bangladesh and northeastern India and someTable 4. Origin of varieties chosen to represent Asian others from Nepal, Pakistan, Afghanistan. and

diversity. Iran. Within this distribution, the aus rices have the 
Origin Var'eties lowest scores on the discriminant axis while the(no.) others have scores near zero.Afghanistan 17 The second family covcrs most of tile aromatic 

Bangladesh 59
Bhutan 34 rices from northwestern India. Pakistan, and Iran.Burma 88 including Basmati rices. Many of these fall into theChina 142 second overall classification group, but some areIndia 234 

Indonesia 102 intermediate. 
Iran 34 
Japan 
 33
 
Kampuchea 13 I RAINI\(G (FNI: IWS lOCK OFICIRHS 
Korea 31 
Laos 30 I/til'ern~tlio tial Rice (wrin/asm en er 
Malaysia 48
Nepal 42 IR R I continued to provide short-term training onPakistan 47 rice genetic resources management. The trainees
Philippines 26 i o riceSri Lanka 33 were responsil for maintaining rocal Icollec-
Taiwan 57 tions at their home stations. One scientist fromThailand 49 Senegal spent 6 mo with the staffof the germplasm
Vietnam 42 bank to learn about different aspects of genetic 
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conservation. Two staff members from the Rice accessions. Two Vietnamese scientists spent the 
Research Institute of Thailand stayed I mo to last 2 mo of 1983 studying seed technology and 
observe the laboratory management of conserved production techniques. 
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MAXIMUM YIELD EXPERIMENT Grain yield t/ho) 

Agronomy Departmentcoordinating 
0 - Old site 

Ten varieties representing three maturity groups 5.0 -..- New site 

received corresponding N rates. The first N appli- N 

cation was deep-placed USG with subsequent PU 19 iC N 
-_topdressings as required. Planting dates were stag-

gered for a uniform ripening period at two IRRI 0 
sites. (D t CIn DS, IR21820-154-3-2-2-3 yielded highest (8.88 I %. ,, , . : 

N, % jONR - 6 
t/ ha) at the lowest N rate in its maturity group at LI: \ - 6 
the new site (Fig. I), significantly higher than 3.0 &, 
others tested. N rate increase did not increase yield 2.5 

significantly in either site except for IR58 at the old LI 
2.0 -, Mediansite. Most maximum yields came from the lowest N 

rates. The mean yield for the old site was higher 0 1X y I I I II I I 
(6.45 vs 5.92 t! ha). IR13540-56-3-2-l and IR21820- 1 2 3 4 5 6 7 8 9 

no.(6.45 Variety 

were most susceptible to lodging at
154-3-2-2-3 

the new site. Here, 2.ilighet yieldsat experiment. 19832 IRRI sites. IRRI maximum yieldhigher N rates, especially at 
hopperburn lowered IR8 yield. 

During WS, late maturing IR29723-143-3-2-1 
consistently yielded highest at both sites at the response to N. Each variety yielded equally at both
 

lowest N rate (Fig. 2). IR58 yielded highest among sites, but RTV was moderately severe in IR42 and
 

early varieties and IR21015-80-3-3-1-2 among the severe in IR8.
 

medium-maturing varieties. Except for IR42,
 
-which yielded more at 88 kg than at 59 kg N./ ha at YIEL.) I'IR-ORMANC ANI) NrIRO(IEN RESPONSE 

both sites, varieties had either negative or flat OF VARIITFIES ANI)SII.ECIIONS 

Agronom.' I)epartnU'nt 

Grain yieldt/hal Irrigated rice. Yield performance of IR varieties 
9 .and promising lines were evaluated at IRRI, in a 

0- Old site farmer's field in l.aguna Province, and at Philip
8 0-Fpine Bureau of Plant Industry (BPI) stations in 

Bicol. Iloilo, and Nueva Ecija. Rices were tested at 
N levels with WS application lower than_ _different 

" C \ DS. 

6 - - --O IIRRI. Table I shows the response of42 rices to 5 
' ' ., 6 ' N levels. In DS. IR13540-56-3-2-l and lR28128-
II
 

5 F4 45-2 produced the highest yields at high N rate and 
,a % also at low N rate. 
F4 .Without fertilizer N,5 promising lines yielded 

4 - ! 4.0 t! ha or more while most early-maturing lines 

Lat yielded below 3.0t ha. IR28128-45-2 outyielded all 
3 r test varieties and lines. 

were low compared toO 8 All yields during WS 
S2 3 4 ,5 6 7 a 9 103 those in I)S (Table I). IR13525-43-2-3-1-3-2 gave

Variety no. the highest WS yield of4.8 t/ ha. IR 19672-140-2-3
l.est do, olNlexceptlor IR58 M,.hcre. 2-2 and IR25604-99-1-3-2-2 vielded 3.2 t/ha with

highestdose was used) at 2 IRRI %ite". 
I. Highest yieldsat iekuat the 

IRRI ma ximum yieldexperiment, 
1983 I)S. out N fertilizer. 
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Among early-maturing varieties, IR25588-7-3-1 
yielded 4.6 t' ha at 90 N. 

With low insect and diseaseFartier's fiehl. 
infestation. IR8 can yield more than other MVs. 

During DS,IR8 yielded 6.8 t, ha, more than all 
other varieties in all N levels. Yield was .1.2 t/ha 

without N fertilizer (Table 2). 
-In WS, IR21820-154-3-2-2-3 gave the highest 

yield, but IR42 outvielded it and other 	 MVs 
yieldwithout N. Most entries show minimal 

response to increasing N levels. 
stations. Four varieties and 13 promising 

breeding lines were evaluated at BPI stations in 
Maligaya, Bicol, and Visayas. 

At Maligaya during DS, all entries except 

IR9729-67-3 and Peta yielded 7.0 t/ ha or more at 
one or more N levels (Table 3). IR8 had the highest, 

3BPI 


8.2 t ha at 90kg N'ha. IR21820-154-3-2-2-3 and 

IR2208241-2 yielded 8.0 t ha. !R21820-154-3-2
2-3 	appeared outstanding compared with other 

lines and had better N response at lower 

WS, yield increase for most varieties and lines 

was from 30 to 60 kg N/ha. Only IR19672-140-2-3
2-2 yielded 6.0 t/ha. Six promising lines and IR42 

comparable yields at zero N. 
At Bicol during DS. promising lines had com

parable or better yields than named I R varieties at 

zero N (Table 4). Five lines yielded more than 7.0 
t ha. I1R21820-154-3-2-2-3 yielded highest at 7.9 

tIhawith 150 kgN/ha. 
During WS,heavy rainfall caused severe lodging 

in plots with applied N, and BLB affected most 
entries. Therefore, yield response to applied N was 

low. Breeding lines IRI 352543-2-3-1-3-2, IR28150

84-3-3-2, IR2970841-2, IR29723-88-2-3-3, and 

1R9729-67-3-85 yielded more than named varieties 
at zero N. 

1he experiment in the Visayas began in DS but 

abandoned at PI because of lack of irrigation 
In WS,yield at zero N was high (Table 5). 

Most varieties and lines increased yield with 30 kg 

twas 

!Ia 
Rainfed rice. IRRl. Four IR varieties and eight 

five N levels.promising lines were evaluated at 
IR42 was eliminated during maximum tillering 

because of severe infestation of RTV and GSV. 

RSV and ShR reduced IR46 yields. 
A promising new line, IR32809-26-3-3, yielded 

4.9 t/ha at 90 kg N/ha, the highest recorded yield in 
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Table 2. Yields of IR varieties and promising lines at 4 N levels (0-150 kg/ha) on an irrigated
farm. Laguna, Philippines, 1983.a 

DS yield (t/ha) WS yield (t/ha)
Variety or line 

0 50 100 150 400 80 120 

IR8 	 4.2 5.6 5.8 6.8 3.9 4.2 5.0 5.1
1R36 	 3.5 3.5 3.6 5.7 3.1 4.0 4.2 4.5IR42 3.5 4.8 5.7 5.4 4.1 4.1 5.0 5.21R13429-299-2-1-3-1 3.6 5.0 5.3 5.1 -  - -
IR13525-43-2-3-1-3.2 3.8 4.7 5.7 5.0 3.5 4.6 4.6 5.0IR19672-140-2-3.2.2 3.7 5.1 5.6 3.56.0 4.6 4.3 4.9IR19672-155-2-1-1-3 - - - - 3.7 4.8 4.8 4.81R21820-154-3-2-2-3  - - - 3.9 4.8 5.0 5.5IR21848-65-3-2-7 - - - 3.5 3.9 4.4 5.21R22082-41-2 3.2 4.4 5.2 5.2 -  - -
aAv of 3 replications. Each treatment includes 20 kg N/ha topdressed 5-7 DBPI in both seasons. 

the 	same plot for the last 5 yr. The same line logicai features. They are usually spheroid or ovoid
outyielded all MVs tested except at zero N (Table having a single aperture with a conspicuous oper
6). culum at or near its center. The scanning electronYields of early-maturing line IR9729-67-3-85 microscope (SEM) was used to resolve different 
were low compared to those of medium-maturing descriptions of the rice pollen grain surface. Dif
lines. ferent tests used pollen grains of six Or*vza species

IR42. In the last 8 yr, IR42 without N fertilizer to ascertain the best sample preparation for SEM
yielded higher than other MVs in DS and WS in 4 to show surface sculpture well. 
experimental sites. These treatments were used: 

A. 	Pollen collection and preservation.
SOURCES OF SEMIDWARFISM Al. 	Anthers and pollen grains air-dried. 
InternationalRice Germplasm Center A2. 	Anthers and pollen grains fixed in 

Carnoy's fluid 2-3 h and transferred toNew sources of semidwarfing genes among recent 70% ethanol. 
IRGC accessions were evaluated to determine A3. Samples fixed in 4(j, glutaraldehyde for
whether they have an identical gene for semi- 16 I (04'C) then washed with phos
dwarfism, and to identify new promising sources to phate buffer I or 2 times and stored in
broaden the genetic base of MVs. Every new the same solution. 
semidwarf was crossed with one of the IR varities A4. Pollen grains placed in vial and refri
carrying scdl, the gene derived from Dee-geo-woo- gerated.
 
gen. 
 B. Pollen grain cleaning or dehydrating after

Sources identified were Chai-,eh-ching, Tung- treatment A.

ting-wan-hsien 1, Kwang-er-ai 5, and China 1039 
 BI. Sample placed in acetolysis mixture (9
mutant from PROC; M401, M302, and Calmochi parts acetic anhydride and I partsulfuric
202 from California; Pulut Unggul from Indonesia, acid) and heated in water bath (100'C)
and Dwarf B.Theega. Dwarf J. Sanna, and Dwarf for I min, then washed with distilled
Jenugudu from the University of Agricultural water 34 times and air-dried.
Sciences, Bangalore, India. B2. 	 Sample washed with glacial acetic acid, 

then with distilled water 3 times, and 
PREIPAIAIION OFORZ..I POI.I.EN (IRAINS FOR 	 air-dried. 
IME SCANNING 171.E("IRON MCROSCOP B3. 	Sample dehydrated serially by different 
Plant Phsioln,'y Departnw concentrations of ethanol. 

B4. Untreated pollen grains were spread onOrvza pollen grains have almost uniform morpho- double sticky tape directly from anthers. 

http:POI.I.EN


Table 3. Yields of IRRI varieties and promising lines at 6 N levelsa (0-180 kg/ha) in irrigated plots. Maligaya Rice Research and Training Center, 

Mulfoz, Nueva Ecija, Philippines, 1983 DS and WS. 

DS WS 

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

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

IR8 132 5.1 5.7 8.2 7.3 7.8 7.4 129 4.3 4.2 4.8 3.9 3.9 4.4 
IR20 118 3.9 5.8 6.3 7.3 7.7 7.8 129 4.4 4.9 4.9 4.7 4.7 4.1 
IR36 112 4.0 6.7 7.8 7.6 6.8 6.7 117 4.3 5.1 5.3 5.1 5.4 4.7 
1R42 132 4.3 6.8 7.7 7.1 6.8 7.7 133 4.8 5.0 5.7 5.8 5.8 5.3 
1R9729-67-3 104 3.8 4.6 6.3 6.9 6.9 6.5 - - - - - -

IR9729-67-3-85 - - - - - - 110 4.0 3.9 4.0 3.2 3.2 2.3 
IR13429-299-2-1-3-1 IR60) 104 3.8 6.0 6.4 7.4 7.0 7.2 - - - - - -

IR13525-43-2-3-1-3-2 112 4.3 6.5 7.2 7.3 6.4 7.0 122 4.8 5.3 5.5 4.9 5.7 5.0 
IR13540-56-3-2-1 112 4.1 6.9 7.6 7.6 6.4 6.2 123 5.0 5.0 4.8 5.2 5.4 3.8 
IR18350-175-2-3 112 3.1 5.4 7.1 6.7 7.0 6.4 - - - - - -

IR19672-140-2-3-2-2 132 4.4 6.6 7.6 7.6 7.3 7.1 133 4.8 5.0 5.3 6.0 5.6 4.0 
IR19672-155-2-1-1-3 - - - - - - 133 5.1 4.6 4.9 5.2 4.6 4.6 
IR21015-80-3-3-1-2 118 4.3 6.6 7.8 7.7 7.7 7.9 122 4.3 4.7 4.9 5.0 5.1 4.4 
IR21820-154-3-2-2-3 125 4.0 7.5 8.0 7.8 7.6 7.0 129 4.8 5.4 5.3 5.0 4.9 4A 
IR21848-65-3-2-2 132 4.1 5.7 7.1 6.8 6.7 7.2 129 4.2 4.5 5.1 4.9 4.8 4.5 
IR22082-41-2 125 4.3 6.1 6.8 7.2 7.2 8.0 - - - - - -

IR25588-7-3-1 109 4.2 6.6 7.3 7.7 7.5 6.9 110 3.7 3.9 4.1 4.2 3.5 4.0 
IR25924-51-2-3 109 4.G 5.1 7.0 7.3 6.9 7.2 - - - - - -

:R28128-45-2 109 3.8 5.1 6.6 7.3 7.1 6.7 - - - - - -

IR28150-84-3-3-2 - - - - - - 122 4.7 4.7 5.2 5.3 5.2 5.3 
iR29692-65-2-3-3 - - - - - - 110 2.6 3.0 2.6 2.9 2.6 2.8 
IR29708-41-2 - - - - - - 110 4.1 3.9 4.0 4.4 3.7 3.7 
IR29723-88-2-3-3 - - - - - - 133 4.8 5A 5.5 5.6 5.4 5.2 
Peta (traditional check) 136 4.0 4.1 4.4 3.6 3.7 3.6 133 3.7 3.3 2.2 2.6 2.5 2.2 

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



Table 4. Yields of I RRI varieties and promising lines at 6 N levelsa (0-180 kg/ha) in irrigated plots. Bicol Experiment Station, Pill, Camarines 
Sur, Philippines, 1983 DS and WS. 

DS WS 

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

0 60 90 120 150 180 
Duration (d) 

0 30 60 90 120 150 

IR8 
IR20 
IR36 
1R42 
1R972967-3 

133 
115 
102 
138 
96 

1.7 
3.4 
2.9 
2.6 
3.4 

1.8 
5.2 
4.9 
5.2 
4.4 

4.0 
6.2 
6.1 
4.9 
5.9 

2.9 
6.6 
6.5 
3.8 
5.8 

4.0 
6.2 
5.8 
4.7 
5.8 

3.0 
3.2 
4.9 
4.7 
5.1 

125 
123 
107 
132 

2.4 
2.3 
3.8 
3.5 
-

3.2 
4.8 
3.3 
4.3 
-

3.3 
3.6 
3.6 
5.4 
-

3.9 
3.5 
2.4 
4.8 
-

1.9 
3.1 
2.8 
4.0 
-

2.3 
3.6 
2.7 
3.7 
-

IR972967-3-85 
1R13429-299-2-1-3-1 IR60) 105 

-
4.2 

-
4.8 

-
6.1 

-
6.6 

-
6.4 

-
5.6 

100 4.0 
-

3.4 
-

3.5 
-

3.8 
-

3.0 
-

2.6 
-

IR13525-43-2-3-1-3-2 
IR13540-56-3-2-1 
IR18350-175-2-3 

107 
105 
105 

4.3 
3.8 
3.7 

5.5 
5.5 
4.6 

6.5 
5.1 
6.7 

5.8 
6.0 
5.7 

5.9 
6.9 
6.6 

4.9 
5.8 
6A 

111 
112 

4.2 
3.8 
-

4.2 
4.5 
-

3.4 
4.8 
-

3.0 
3.1 
-

2A 
3.2 
-

2.5 
2.1 
-

IE 19672-140-2-3-2-2 
IR19672-155-2-1-1-3 
IR21820-154-3-2-2-3 
IR21828-65-3-2-2 
IR22082-41-2 
IR25588-7-3-1 
IR25924-51-2-3 

108 

114 
120 
122 
105 
105 

3.4 
-

4.3 
3.1 
4.2 
4.3 
3.9 

4.6 
-

6.1 
3.5 
5.9 
5.2 
5.3 

6.2 
-

6.7 
4.1 
7.3 
7.1 
6.4 

5.8 
-

6.2 
3.8 
6.2 
6.8 
5.3 

5.8 
-

7.9 
4.9 
7.7 
7.1 
6.6 

6.8 
-

6.0 
5.3 
7.6 
6.4 
7.6 

132 
127 
118 
125 

100 

2.9 
3.1 
3.0 
3.7 
-

3.6 
-

5.1 
4.5 
5.7 
3.9 

. 
4.0 
-

4.8 
5.3 
3.2 
3.6 

. 
3.7 
-

5.2 
4.1 
2.3 
3.2 

. 
3.8 
-

4.9 
2.9 
2.9 
3.6 

. 
3.7 
-

3A 
2.7 
2.5 
2.2 

3.2 

IR28128-45-3 
IR28150-84-3-3-2 
IR29692-65-2-3-3 
IR29708-41-2 
IR29723-88-2-3-3 
Peta (traditional check) 

133 4.6 
-
-

-
-

-

6.0 
-
-

-
-

-

7.2 
-
-

-
-

-

5.9 
-
-

-
-

-

6.6 
-
-

-
-

-

6.1 
-
-

125 
100 
100 
125 
142 

. 
4.5 
2.5 
4.0 
4.2 
4.2 

. 
5.2 
3.9 
4.5 
5.2 
2.6 

. 
4.8 
4.2 
5.0 
3.8 
1.9 

. 
4.9 
3.9 
4.8 
4.6 
1.9 

. 
4.3 
4.3 
3.7 
2.6 
1.8 

. 
4.4 
3.1 
3.6 
2.7 
1.7 

aEach treatment included 20 kg N/ha topdressed 5.7 DBPI in both seasons. 



Table 5. Yields of IRRI varieties and promising lines at 6 N levelsa (0-180 kg/ha) in irrigated
plots. Visayas Experiment Station, Jaro, Iloilo, Philippines, 1983 WS. 

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

0 30 60 90 120 150 

IR8 124 5.8 6.2 5.9 5.8 5.0 4.0 
IR20 112 4.7 5.2 4.7 3.3 3.2 2.7 
IR36 103 5.9 6.6 6.6 6.3 5.9 5.4 
1R42 126 5.7 5.9 5.3 4.1 3.5 6.1 
IR9729-67-3-85 94 4.5 4.7 4.2 4.0 2.8 3.3 
IR13525-43-2-3-1-3-2 110 6.9 7.2 5.7 5.7 4.5 4.6 
IR13540-56-3-2-1 110 5.2 4.9 4.0 3.9 3.8 3.9 
IR19672-140-2-3-2.2 118 4.9 5.1 5.1 5.4 5.4 4.6 
IR19672-155-2-1-1-3 122 4.5 !t.2 4.5 3.8 3.4 2.9 
IR21015-80-3-3-1-2 110 5.7 6.2 4.7 3.9 3.5 2.8 
IR21220-154-3-2-2-3 118 5.8 6.3 5.0 3.9 3.5 3.4 
1R21848-65-3-2-2 118 4.9 5.2 4,6 4.3 3.0 3.0 
1R25588-7-3-1 103 6.7 6.8 6.5 6.6 5.7 5.2 
IR28150-84.3.3-2 118 6.3 6.3 6.7 5.4 4.8 5.2 
IR29692-65-2-3-3 94 3.6 3.9 3.3 3.4 2.4 2.1 
1R29708-41-2 94 5.6 6.0 5.9 5.4 5.2 5.4 
IR29723-88-2-3-3 124 6.5 5.5 5.7 3.9 3.4 3.7 
Peta (traditional check) 132 3.6 3.6 2.9 2.9 2.9 2.5 

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

Table 6. Yield of IR varieties and promising lines at 5 N levels (0-120 kg/ha) on rainfd farms.a 

IRRI, 1983 WS. 

Yield (t/ha) 
Variety or line 

0 30 60 90 120 

IR36 
 1.8 2.2 2.7 2.7 2.9 
1R42 - - -  -
IR46 
 2.5 2.8 3.0 2.6 3.2 
IR58 
 1.9 3.1 3.1 3.5 4.0 
1R9729-67-3-85 1.9 2.0 3.4 2.6 2.3 
1R21015-80-3-3.1-2 3.4 3.3 3.8 4.0 3.6 
IR21820-154.3-2.2-3 3.4 3.2 4.5 3.7 3.6 
1R21848-65-3-2.2 3.5 3.4 4.3 4.5 3.8 
1R24637-207.3.2-3.2.2 2.5 3.1 3.5 3.2 3.1 
IR29506-60-3-3.2 2.8 3.5 3.8 3.4 3.3 
IR32809-26-3-3 3.5 4.1 4.7 4.9 4.4 
IR32819-37-3-2 2.9 3.0 3.5 3.7 3.5 
8Av of 3 replications. Each treatment included 20 kg N/ha topdressed 5-7 DBPI. - = complete
ly damaged by RTV. 

C. Critical point drying akier treatments A and 2000X to 10000X photomicrographs showed sur-
B. face sculpture very clearly( Fig. 3) but all opercula 
C,. Critical point dryer not used. were lost. 
C. Critical point dryer used. B3 can he used (particularly after A2 or A3) but 

All pollen collection and preservation methods critical point dryiring is necessary. Pollen grains 
can be used depending on convenience. including opercula can be obscrved with clear 

BI can he used to clean specimens: critical point surfacc sculpture at 700OX (Fig. 4). When magni
drying is unnecessary. [he samples did not collapse ficd I00(OXX. clarity was less than that of acetolyicd 
under the SEM even at 12.5 kV or higher. [he samples (BI). It is possile thlat the niatrix was not 



3. Illengr nol )ri alIarthii,ig urlacetexture 7OlXIX).Sample 
as accloly/ed nmllut critical Pointdr.\ag. 


remol0ved and itafeclted clarity. Granules oit
sem tobe shallower tha thoseof B3i31.Tro compa e 

seemac t treshalower an thosenofioc aen iLeaf 
surfiace textur. howeer, 450OX agnificationis 
sficient. 
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frames covered with various layers ot fish net. To 
compare shade-tolerant with submergence-tolerant 
varieties, one set of' plants was placed it- the 
darkroom for 7 or 14 d.Another was submerged in 
30 cm water for 6 d with continuous !:ght intensity 
of 60 lux. Control plants were unshaded. 

Dry weight. As solar radiation decreased, total 
DM also decreased in shaded seedlings. iR26, 
IR42, and IR 1529-680-2-20. which ploduced less 
DM at a!l levels, lacked shade tolerance. At 5511' 
shading Kurkaruppan had highest I)Nl and one of 
the highest relative growth rates. 

Plant height. With 55(7 shading, most seedlings 
were slightly taller than the control. As light 
intensities decreased to 28, 14. and 0l'', height also 
decreased (Table 7). Onlv R1)I9, Kurka ruppan,
and 1 havalu grew illconiplete dark ness. 

i)ecreasing solar radiation gradually reduced 
leaf nher per seed liiig, and tilenuniiher of leavesdid riot increase druring tiledark treatment. 

area and specific leaf weight. ILower light 
intensities greatly reduced leaf area. The varieties 

Without critical point drving, pollen grains irom which had high I)M weight also had high leaf area, 
B2 and B4 collapse and crach, easily when exposed 
toivacuurn arid the SE M electron beam except at 
100OX f'or a very short time. flox ever. the surface 

texture is unclear. 
To compare surface textures o( diffrent O)ra 

species, acetolysis with magnification ranigitng fronl1 

2000 to 450X is preferable. 

SCRI[ENiN( F)R SIII) I()I-tRANCT INRICE 
Plait/ hy.%ioh r 

In the shade of coconut trees, in forest clearings. 
and in riiixed(cropping wit Iicassava or banana, rice 
may suIffer from iniisufficient solar radiation. Varic
ties in thce areas need somiie shade tolerance to 
improve yield. 

lo screen for shade toleranc. 10 pregerminated 
seeds of I0 varieties ard lines f'rni earlier trials 
were sown in a row iii a plastic tray filled 6cm deep 
with fine soil. Ii the greenhouse. I0varieties were 
randonly grown iii each tray with three replications 
per treat ment. Ten-d-old seedlings wcre tranisferred 
into 3 grades of' shade: 45. 28. and 14"'1of riormal 
light for 14 d. The trays were shaded by wooden 

except Thavalu which had high DM because of 
thicker leaves. Leaf area was positively correlated 
Ir= 0.965**) with total I)M in all levels of shading
(Fig. 5) indicating its importance in I)M produc

tion in shade. 
I.caves become thinner with shading. Thin leaves 

(;11 , 

graini On :a hmiIainafiti sthowing intact 
glutaraltlehde fixation srial dh dration in ethanol I7(X)0X). 
4.PIollcn opereulum after 

anl 
(,tticll 'Ai lJcd.point ,h\.,ng 
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Table 7. Effect of 14-d shading end 7-d darkness on seedling height. IRRI, 1983. 

Seedling ht (cm) 

Variety Before Shading (%) Darkness (d) 

treatment 
0 55 72 86 7 14 

IR 1529-680-3-2 16 37 39 32 24 16 15 
31 17 17
 

RD19 15 

IR52 	 18 39 42 37 


40 42 37 29 20 21 

Thavalu (Acc.15314) 23 63 59 53 40 24 25 

Leb Mue Nahng 111 20 59 63 52 42 22 22 
Kurkaruppan 21 58 60 52 42 25 25 
Nam Sagui 22 57 63 52 39 23 24 

FR13A 22 56 60 47 39 22 22 

IR42 18 36 41 31 27 16 16 

IR20 15 36 34 30 23 16 16
 

Mean 19 48 50 42 34 20 20
 

are characteristic of varietics suitable for low solar survival at 6 d of submergence (r = 0.780**). In 

radiation such as FRI3A. IR52, and RD19. testing to sec if submergence tolerance can be 
FRI 3A had large thin lcaves inall shade treatments determined by complete darkness, IR52 showed 

while Thavalu had thick leaves at all levels. highcr survival in darkness for 7 d but not when 

Leaf area and thickness at later growth stages submerged. Almost all seedlings died after 14 d 

need evaluation as they cn serve as important dark treatment. 
selection criteria. Varieties tolerant of shade and submergence 

Submergence toleranc, vs dark tolerance. The have some common characteristics. Screening for 

performance of RDI9, Kurkaruppan, Thavalu shade tolerance can be conducted at seedlin, stage 
(Acc. 15314), and FR 13 kshows that plant survival using a 7-d dark treatment but needs testing with a 
at 7 d of darkness is positively correlated with 	 large number of entries. Similarly, varieties should 

be tested for submergence tolerance to find out the 
degree of correlation between dark tolerance and 

Dry matter production (n.9/plant) 	 submergence tolerance. 

500
 

* I00%light 	 'VAI.t AI ION OF IIYIlRI1) R,ICES FOR RAIOONING 
45% light
 
28% light 
 ABIII IY 

400 140/iht Plam Ihsiol)).r and Plan Breeding Deparnments 

China currently plants about 6 million ha to F, 
300 hybrids which yield 20-30j higher than the best 

semidwarf nonhybrid varieties. A successful ratoon 
o o from the hybrid rice crop would be advantageous. 

200 0 0 It would also help compensate for the hybrid seed 

0 0 cost which is three to four times more than that of 
conventional varieties. 

00 o v y=55682x-58.0236 To investigate the possibility of ratooning hybrid 
rice in the tropics, 57 rice hybrids and 5 check 

1 2 I I I varieties were evaluated at IRRI during 1983 DS. 
0 0 20 30 40 50 60 70 80 90 

2	 abovegroundAt maturity,stalks were cut 15 cm

Totalleaf areo/plant (cm ) and entries were rated for ratooning ability 3 wk 

ctwcn total leaf area/plant and WM production. later. 
5. Rlationship 
IRRI, 1983. later.
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Table 8. Plant characltrs of rice hybrids screened for ratooning ability.a IRRI, 1983 DS. 

Reqene- Plant Total Tillers Total Panicles Viral 
Hybrid and variety ration lit tillers (no./hil panicles (no./hill) diseasi 

0%) (cot) (no.,1o:) (no./rm) rating 

IR 19657.34.2-2-3-3A/I R56b 70 65 279 11 189 8 1 
IR56 (check) 81 62 284 10 179 6 0 
IR19657-34-2-2-3-3A/IR36b 97 65 515 15 423 12 1 
I R 19657-34-2-2-3-3A/I R4Oc 81 60 389 14 145 6 0 
IR19657-34-2-2-3-3A/IR19735-5-2-3-2-1b 93 64 485 15 420 13 0 
1R 19657-34-2-2-3-3A/I R 19729-67-3 83 68 301 10 246 8 0 
1R 19799-17-3-1-1A/I R13420-6-3-3-1 83 55 349 12 231 8 0 
1R19799-17-3-1-1A/M R2797-125-3-2-2 81 70 353 12 274 10 1 
IR56 (check) 93 60 348 11 294 9 0 
MR365A/IR48 80 65 378 14 307 9 1 
IR56 (check) 93 56 348 11 307 9 0 

aAv of 3 replications. b In one replication plants were mostly vegetative; flowering started. CBased on two replications. I 

third replication, flowering did not occur. 

' A' C, .
 

AC D"
 

6. Fflccts of different trcatmh ents nt ho m me ine spikelet lecp1 fecene flrol 7\.ohjectie 40X). A-I): distilled 
%%atcror aetco-caliu¢ for lreh anther q.l h; ,V-I )':31; glmmm~rldehmde; ( "'id ID- (C ro'i\ , fluid. A. I1.C. 1) are 
diltivic . Npikcl t. A ,\ ', e. tc. a .re nthct.l , the sic pik.elctdillcrent fromm 
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The ratooning ability of the hybrids and check 
varieties varied widely. A total of 14 hybrids and 
IR56 were selected. Mean regeneration for hybrids
varied from 62 to 9771, but 8 showed regeneration 
of 70% or more (Table 8). IR56 had few missing
hills, but in some hybrids with poor regeneration,
missing hills were compensated by the high number 
of tiller:; and panicles per hill. Ilyhrid ratoons were 
more vigorous than those of 1R56. 

Hybrid I R 19657-34-2-2-3-3A I I,36 had the most 
tillers and panicles, in2 . Hybrids with I R 19657-34-
2-2-3-3A as a parent line showed high regeneration 
and vigorous ratoons. 

Varied hybrid response in replications suggests 
cultural management might be as important as 
genetic factors in controlling ratooning. Subse-
quent studies Will evaluate parents and F, popula-
tions of the selected hybrids, 

()NI.IG t RA I)N ( I- IIIl RICI MICRO()SPOR F IN 
Ill:FI), MA II Ft'lRO('ISS 

PltI Ph'.Yioou.' Dlepartm', 

S,"tudies of rice microspores showed configurations 
different from those previously reported. To learn 
their real structure during forniation, six lIR36 

A 


anthers from the ,ame spikelet were treated with: 
I. distilled water or phosphate buffer for fresh 

anther squash slide preparation, 
2. aceto-carmine for fresh anther squash slide 

preparation, 
3. Carnoy's fluid as fixative for 24 h and trans

fcrred to 70% alcohol for preservation or for 
15 min before using aceto-carmine to make 
the anther squash slide, or 

4. 3 ' glutaraldehyde as fixative for I hand then 
rinsing twice (20 min each) with phosphate 
buffer (pI-I 6.8) before making the anther 
squash slide. 

The first and second contractive stages by 
Kihara and IHIiuravoshi'sclassification in rice micro
spore formation were not evident in the few 
nlicrospores in treatments I and 2. As tetrads 
matured into pollen grains, they, grew larger and 
changed from a fan-like to a global shape. Cell wall 
thickness increased, and the pore became more 
visible (Fig. 6). 

As the microspore grows, the number of vacuoles 
decrease but their siie increases. Finally a central 
large vacuole forms during the uninucleate stage 
but gradually disappears as nutrients accumulate. 
Filled pollen grains are opaque and sperm nuclei 

B C
 

D E 
7. Other differeit IcaIur ul ccnl racted micro spirc (eyepiccc (,.7X. ohictnc 40X 1.A. Ii. and C"I ront 3'
glutiraktlh.\dc: I ) alnd 1 from ('irno's fluid. 



are invisible if dyed with aceto-carmine. The 
chemicals caused different shaped contractions 
with Carnoy's fluid showing fewer contractions at 
the tetrad stage and glutaraldehyde showing fewer 
at the young microspore stage (Fig. 7). 

There were fewer uncontracted microsporcs in 
treatments 3 and 4. Regardless of the I-h or 3-d 
fixing time, or whether fixed anthers were serially'
dehydrated or rehydrated to 70'i alcohol before
staining with aceto-carmine, microspore contrac-
tions were evident throughout growth until vac-
uoles almost disappeared. 

Sometimes normal and contracted microspores 
appeared on the same slide showing that contrac
tion cannot identify growxth stage sequence. The 
first and second contraction reported by Kihara 
and Hfirayoshi are not act ually development stages 
of the microspore. The first and second "recovering 
phase" reported by Satakc is also irrelevant. All 
contracted configurations result from fixative 
acting on young microsporcs with various cell wall 
thickness, sizes, and numbers of vacuolcs. 

Instead of the long, expensive, andIt tedious 
paraffin sectioning process to check microsporc 
development stages. fresh anther(or Carnov's fluid 
fixed anther) aceto-carmine squash techniquie can 
be used. It isalso cheaper than the glutaraldehyde 
method. 

Treatments I and 2 show the shape of the cells 
better while 3 and 4 reveal the cell contents. These 
treatments should be re-examined fr study of 
other cereal crop microspore contractions. 

I): II' RNIININ(i I I1" REI)I(CI IVI.."I A(iF RIC'I 
USING A, R IER ISIN I I SI iK\VI IIiFiP/aln, I'htl. io/ogirI/epu)iu'lni(lt 

PlanII 

Since the reductive division stage is the most 
critical growth period of the rice plant, its correct 
identification isimportant in rice cultivation a idIn 
resistance screening. Although the anther squash 
method is precise, which and how many spikeletsbe sampled is difficult to determine,
should 

IR36 and IR42 panicles with flag leaf auricle 
distance of -0.35 cm to 4.0 cm were sampled and 
fixed in Carnox's fluid. Anthers were squashed 
with aceto-carmine and the growth stage was 
identified. 

Spikelet designation. The first of the two-part 

(il :liI i.VAI UAI ION 

r 

2IV 

X2-1 

Order Primarybranches 
Top I 

1 
III 

Bottom 

Spikelets con-
nected directly to 
primary branches 

1 -1 

1-2 11-2 
1-3 11-3 

8.i)iagraim , paniicl. 
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-2 : 
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Secondary Spikeletsbranches
 
I I1 IV 1
 

11 IV 22 
IV, 3 
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nected directly
to secondary 
branches 

1 1 I 
1,-2 12-211-2 

1,-3 12-3 lI,-3 



Table 9. General morphology of I R36 and I R42 panicles.a I RRI, 1983. 

Primary branches Secondary branches 

IR42 IR36 IR42 IR36 IR42 IR36 IR42
IR36 IR42 IR36 


I \/ 11 V / 12 V V 

,I /,I V % 112 V AZ2
I 'l / 1I 1 111/I l 3%l 


IV V I/V1 / IV2 \/ IV3 V I/ IV4
 

v V V Vi V V v2 V V v3 I/ V
 
viI Vii V V V12 N/ v13 V V
 

VII V V Vil 1 V V VII 2 V V VII 3 V
 
VIII i ll V VIII 2 V V
VIII V 


IX 2
IX V IX1 V V 

a'1= present. 

Table 10. Growth stages and representativeness of specific spikelets. 

Panicles Spikelets (%) at given growth stage 1111-2 Vo-3 IV 1-2 IV 2 -1 

Auricle Pollen Reduction Pollen Othersa Growth Checking
b Growth Checking Growth Checking Growth Checking 

No. distance mother division ripening stage stage stage stage 

(cm) cell (M) (R) (Ri) 

IR36 

1 -3.5 51 49 0 0 M V M V M V M V 
2 -3.3 41 54 5 0 R V R V M X R V 
3 -0.5 12 55 33 0 R V R V M X R V 
4 0 13 54 32 1 R V R V R V Ri X 

5 0.2 24 68 8 0 R V R V M X absent 

6 0.4 6 56 35 3 R V R R V Ri X 

7 1.0 12 53 35 0 R V R V R V R V 
8 4.0 0 13 87 0 Ri V Ri V Ri V Ri 

9 4.1 3 37 59 1 Ri V Ri V R X Ri V 
IR42 

1 -3.4 43 49 8 0 R V R V M X R V 
2 0 28 57 15 0 R V R V M X R V 
3 0 29 50 21 0 R V M X R V R 

4 3.5 0 10 90 0 Ri V Ri / Ri V Ri V 

a Missed spikelets. bV= growth stage of this spikelet is the same as that of most spikelets. X opposite of V. 



G[NE I IC EVAI (JAI ION AND r)II.I/AI ION IROGIRAM 27 

Table 11. Length of floret in reductive divisionstage. 

Panicle Minimum and 
Length of paleaa maximum limits CV 

No. Auricle (mm) (mm) 
distance (cm) 

2 
4 
7 
8 

-3.3 
0 
1.0 
4.0 

3.31 ± 0.72 
4.37 ± 0.83 
,.24 ± 0.76 

4.75 ± 0.93 

2.2-4.8 
2.3-5.6 
2.8-5.5 
3.0-6.1 

21.78 
18.98 
18.02 
19.59 

aExclusive of rachilla. 

spikelct designation indlicates the primary branch 
bearing the spikelet (Fig. 8). Branches are nUnll-
bered from top to bottom with subscripts indicating 
secondary branching. A spikclct dircctly froni the 
first prinlary branch is I,. That from atsecndarv 
branch o the first primary branch will be I 
depending upon tile position of the secondary 
branch. 

The second part ol'the designation indicates the 
spikelet position within I branch numbering froi 
the top down. Thus, 1-5 isthe fifth spikelet of the 
first (topmost) primary branch: 111-3 is tile third 
spikelet on the first secondary braich of the second 
primary branch. 

General morphology of IR36 and IR42 panicles. 
Table 9 gives the general morphology (if 1R36 and 
IR42 panicles. By comparing the model with 
sampled panicles, abortive spikelets (as high as 
20J,', of the total) can be separated from the normal 
ones. 

Most representative spikelet. Paniclcs with dif-
ferent flag leaf-penultimate leaf auricle distanc:s 
were sampled. In IR36, the auricle distance oft-?.3 
to -3.5 cm contained most spikelets in the ; ,ilen 
mother cell (M) and reductive division stages (R). 
Panicles with auricle distance of-0.5 to 1.0 cm had 
most spikelets in the reductive division stage. When 
auricle distance was 4cm or greater, spikelets were 
mostly in the pollen ripening stage (Ri). 

Spikelet 1111-2 was tile most representative 
spikelet: its growth and development coincided 
with those of 50-70% other spikelets. The pattern 
holds true for IR42, with spikelets II I1-2 and IV.-
being the most representative at all stages (Table 
10). 

Correlation of floret length with-reductive divi-

letrad) Wa.Is 2.6 to 5.2 mill (Table I1). The 2.2 to 
6.1 ill range was wider than in previous reports. 
Sinco the spikelet can start reductive division when 
it is2.2 ito to4.0 mn long, spikelet length can onh, 
estimate growth stage. 

A panicle in reductive division has spikelets in 
diflcrent dcvclopnaental stages: p(ollen mother cell, 
reductivc division, and pollei grain ripening. It is 
important to know which spikelet coincides with 
the panicle growth stage. A crop isat its reductive 
division stage if exarnination of 1111-2 spikelets of 
about 10paniclesshowsat least50Ci of the panicles 
are in reductive division. 

I Wi IN RICE GRAIN YIELD REDUCION 
)ND)MEASURM NI ECIINIQUE 

..I.j,,tn Depa'tnw/t/ 

Groin yield (t/ho) 

Supported 
4- Unsupported 

3 

2 

H
 
IL 

0 1R210I5:80-3-3-I12 IR9729-67-:385 
sion stage. The length of 68% of spikelets ill 9. Yid respon% r c n hpportd ud ti pp or t niue o) 
reductive stage (flon svnizesis up to and inlcluding IRRI. 1983 \%S. 
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10. Bending resistance of plants of3 maturitygroups: late lR21820-154-
3-2-2-3, IR29723-143-3-2-1, IR21850-84-3-3-2, IR42; medium 1R21015
80-3-3-1-2, IR29708-41-2-2-3. IR36; and early IR9729-67-3-85, 1R58. 
MT= maximum tillering, PI = panicle initiation. IRRI, 1983 WS. 

Lodging isa major cause of reduced grain yield and 
quality and is common even in modern semidwarf 
varieties. 

Grain yield reduction. IR9729-67-3-85 and 
IR21015-80-3-3-1-2 were used in a study to deter-

mine the degree to which lodging reduces yield in 
semidwarf plants. A 9-mi steel frame support with 
nylon mesh to prevent crop lodging was placed in 
the plot adjacent to an equal sized unsupported 

Grain yields were significantly higher in the 
supported treatment for both breeding lines (Fig.9). Lodging in WS can reduce yield as much as ! 

ha. A rapid quantitative technique is needed te 
MVs for lodging resistance. 

Resistance to bending. Bending resistance is the 
force required to push 3 hills 30' above the water 
level. Another experiment in 1983 WS tested nine 
varieties and breeding lines for bending resistance 

various growth stages (Fig. 10). Seeding dates 
were staggered to synchronize flowering. Actual 

crop lodging started between the flowering and 
ripening growth stages. Average bending resistance 
was 1.28 kg for the early-maturing group and 
incieased to 2.78 kg in the late-maturing group. 

Observed crop lodging percentage and grain yield 
were 37% and 2.98 t/ha for the early-maturing 

group, 22% and 2.75 t/ha for the medium
maturing, and 14% and 4.05 t!ha for the late
maturing. Bending resistance cannot presently be 
used to predict lodging resistance because it needs 
to be studied with the time and degree of actual 
lodging as well as other plant mechanisms and 
environmental variables. 
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BREEDING PROGRAM 

PlantBreedingand Cereal Chemistry 
Departments 

With intermediate-amylose content as a breeding 
objective, these types of lines continue to be 
evaluated, 
Cooked rice hardness of intermediate amylose 

rices (Cereal Chemistr' and Plant Breeding). The 
relationship of various quality factors with cooked 
rice insti on hardness was further investigated in 32 
intermediate amylose elite IR lines in DS and 22 in 
WS. Besides the negative relationship with gel 
consistency (GC) (r = -0.54** and -0.45*),cooked 
rice Instron hardness values in both seasons were 
positively correlated with alkali spreading value 
(Fig. 1). This trend probably reflects the 1978 
annual report observation: BPI-121-407 cooked 
rice was about 1 kg harder (alkali spreading 
value 7)than C4-63G cooked rice (alkali spreading 
value 3-4). Both varieties are important sources of 
intermediate-amylose lines, 

With these samples, GC values were hard to 
medium at 100 mg rice/2 ml0.2 N KOH, and soft 
to medium at 90 mg rice/2 ml 0.2 N KOH. Only 
8 medium-gel rices out of 32 were identified in 
the DS crop and Ihard and 6 medium-gel rices out 
of 22 in the WS crop. Thus selection among 
interznediate-amylose lines should be for interme-

Cooked-rice Instron hardness(kg) 
9 dryse85% 

V dry seoson ( 


~wet seosoi t---)I4.5-4.8, 
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7 - V 
0 . •Table 

2 

6 -'S 6 0 

S 

5 

I 1 I 


0 3 4 5 
 6 7 

Instron 
hardness value among intcrmediate-amylose IR lines in DS and Ws. 
I. Relationship between alkali spreading value and cooked rice 

diate alkali spreading value (3-5) and soft GC 
(>60 mm) to ensure soft cooked rice. 

Milling quality studies (Cereal Chemistry). 
Agronomy Department elite lines continued to be 
screened for milling quality of aged grain to better 
understand factors involved and discover ways of 
predicting them. Because of its good milling quality 
and high market price, IR42 remains the check 
variety. 

Although hull percentage and total milled rice 
yield were not affected by season, head rice yield 
showed extreme variability particularly for the 
1983 DS crop (Table 1). Percentage of light grains 
removed by winnowing varied considerably and 
correlated positively with hull content and total 
milled rice yield. However, light or immature 
grains did not significantly affect total rice yield. A 
large proportion of grain breakage during milling 
results from fissures already in the grain. Therefore, 
a study of grain fissures in different varieties under 
controlled stress conditions should supplement 
milling studies. 

Amylose analysis of defatted rice (Cereal 
Chemistr'). Starch chemists have shown that 
refluxing with water-saturated butanol more 
effectively defats starch than refluxing with 95% 
ethanol or 85% methanol. A comparison was made 
of the effect of defatting using these three aqueous 
alcohol solutions, on amylose content (AC) of 
nonwaxy milled rice and of undefatted milled rice. 
A 67% butanol: 33% water mixture at 920C 
completely gelatinized rice starch in contrast to 

methanol and 95% ethanol. Using an amylose/ 
amylopectin mixture for a standard curve at pH 

methanol and ethanol defatting increased 

AC by a mean of 1.1 to 1.5% for nonwaxy milled 
rices, but refluxing water-saturated butanol in

1. Range of milling properties of aged IR elite lines. 

IRRI, 1983. 

Property
Samples (no.) 

1982 WS 
14 

1983 DS 
17 

Hull (%of rough rice) 21.6-26.9 20.8-26.6 
Total milled rice (%of 64.6-68.8 62.2-71.0 

rough rice) 
Head rice yield (%of 29.0-57.0 2.3-53.3 

rough rice) 
Lightgrains (%of rough
rice) 

1.5- 8.3 -

Milled rice whitene M) 33.3-45.5 38.8-47.4 



Table 	 2. Comparison of amylose values of undefatted 
milled rice and milled rice flour defatted by refluxing 85% 
methanol, 95% ethanol, and 67% butanol in water. a IRRI, 
1983. 

Apparent AC (% dry basis) 
Defatte 

Sample Un- Defatted with 

defatted 95% 85% 67% 
ethanol methanol butanol 

IR29 0.3 0 0.1 0 
IR3351-38-3 10.3 11.6 11.8 11.7 
IR480-5-9 19.4 21.0 21.0 21.7 
IR8 23.2 23.6 24.4 25.2 

Meanb 17.6 18.7 19.1 19.5 

aUsing amylose/amylopectin standard curve at pH 4.5-4.8. 
bNonwaxy samples only. 

creased AC by 2 ± 1%(Table 2). Thus, with 85% 
methanol, interference of milled rice lipids is still 
2%, as reported in 1980 annual report. The Inter-
national Standards Organization has proposed the 
simplified amylose test using amylose/ amylopectin 
standard and acetate buffer pH 4.5-4.8 as an ISO 
standard method for milled rice amylose. 

GRAIN QUALITY FACIORS 

Cereal Chemisrj andAgriculturalEcononics 
Departments 

Country samples (Cereal Chemistrr). Research 
fellows characterized representative milled rices 
from their own countries at IRRI as part of their 
training. 

Japonica and indica/japonica Korean rices. 
Because Korean consumers continue to prefer 
traditional japonica rice over modern indica/
japonica crosses, the properties of these rices were 
examined in the 1981 and 1982 Korean crops. 
Japonica rices were shorter and coarser than 
indica/japonica rices although some overlap was 
evident (Table 3). Protein and AC and alkali 
spreading value in 1.15% potassium hydroxide 
overlapped; however, mean protein content tended 
to be lower for japonica rices. Gel consistency and 
cooked rice hardness and stickiness were similar. 
The results suggest that the major difference 
between japonica and indica/japonica rices is in 
grain size and shape. 

Amylograph pasting viscosity of japonica and 
indica/japonica milled rices was measured on 
selected samples using 12% pastes. In four samples 
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of each from the 1981 Korean crop, Amylograph 
viscosity was lower for japonica than for indica/ 
japonica rices. Peak viscosity was 765-890 Bra-
bender units (BU) for japonica samples and 970-
1,135 BU for indica/japonica. The trend was less 
consistent for the 1982 Korean crop samples: 740-
1,330 BU (mean 888 B') for II japonica samples 
and 970-1,215 BU (mean 1,129 BU) for 13 indica, 
japonica samples. IRRI-grown Korean rices in 
1982 showed a similar trend in amylograph peak 
viscosities: 925-995 BU (mean 945 BU) for 4 
japonica rices and 1,070-1,190 BU (mean 1,149 
BU) for 6 indicaijaponica rices. This difference in 
amylograph viscosity was not reflected in cooked 
rice hardness or stickiness and isthe reverse ofwhat 
is expected from relative protein contents of the 
flours. Korean researchers have also reported 
conflicting relative amylograph viscosities of starch 
of Korean japonica and indicaijaponica rices. 

Pakistaniand Vietnamese rices. An examina-
tion of fine and coarse Pakistani rices from 
Faisalabad and Lahore confirmed that the four 
Basmati rices had intermediate amylose and the 
two coarse varieties high amylose. All samples had 
hard GC and low to intermediate gelatinization 
temperature (GT) based on alkali spreading values, 
Cooked rice hardness was 0.9-1.2 kg/cm2 for the 
fine varieties and 1.3-1.4 kgicm2 for the coarse. 
Two promising fine-grain lines and one promising 
coarse-grain line came close to standard varieties in 
properties, but the coarse line has harder GC than 
Mehran 59 (IR6-156-2). 

A waxy and 14 nonwaxy Vietnamese rices were 
assessed for quality characteristics. All nonwaxy 
samples were high amylose (27.0-29.5%). Protein 
content was 5.9-8.6%. Eleven had low GT (alkali 
spreading value 6-7) and 3 had intermediate GT.GC was soft for I, medium for 6, and hard for 6.GCor ws, sftmdiu for6, nd ardfor6 ' 
Cooked rice hardness ranged from 10.5 to 13.4 kg 
for nonwaxy rice and was 8.0 kg for the waxy rice.
The waxy variety had low GT. 

Consumer demand for grain quality (Agricul-
tural Economics and Cereal Chemistry,). To 
determine the value consumers place on chemical 

and physical charateristics of milled rice, 108 rice 

samples were collected in three retail markets in the 
Philippines, Nepa-Q (Cubao, Metro Manila), 
Calamba (Laguna), and Baguio City, during the 
first 2 wk of June 1983. Samples included both 
poor and high quality rices, generally with 30-50% 

brokens. Ninety-seven samples had high AC, in
dicating that they were probably I R varieties. 

Physical and chemical quality characteristics 
to-ether explain 70% of price variances showing 
that grain appearance and cooking quality in
fluence much consumer demand. Lower AC and 
percent brokens were the most important price 
detcrminants, accounting for 53% of variation 
(Table4). Samples with low-intermediate(18-23%) 
AC were mainly aromatic Azucena and Denorado; 
both sold above the government price support of 
iP3.10/kg. However, even among high-amylose 
(26-30%) rices, AC remained a very significant 
price determinant. Other price-related factors are 
grain length, whiteness, translucency, and alkali 
spreading value. 

Popped rice (Cereal Chetni.'trv).Three Nepalese 
varieties used in popped rice processing had high 
AC, intermediate to low GT,and soft gel. To assess 
for popping quality, raw rough rice of different 
amylose types was heated with 207' C air for 45 s. 
Waxy rice had the highest popping quality and also 
the lowest mean density of popped grains by xylene 
displacement (Table 5). Values overlapped among 
nonwaxy rices. Aged rice samples showed de
creased popping percentage (also reported by 
Indian scientists) and the few popped grains 
showed poor volume expansion. In addition, de
hulling reduced the popping percentage of 5 inter
mediate AC rices from 51-88% to 2-18% with a 
decrease in volume expansion as indexed by 
popped rice density of 0.25-0.40 g/ ml in rough rice 
and 0.37-0.72 g/ml in brown rice. 

ICC Working Group 21-11 (Cereal Chemistr). 
The International Association for Cereal Chemistry 

Table 4. Relationships between grain quality measuresand price of milled rice.a 
IRRI, 1,983. 

Estimated 
Grain Expected value 

characteristic relationshiP (/kg per 

unit)
 

Whiteness (%) + 0.04 
Brokens (%) - -0.01 
Length (mm) + 0.37 
Chalkiness scor (1 to 9) - -0.04 
Alkali(i tospreading7) value - 0.24 
A0 (%) - -0.10 

GC (mm) + n.s. 
aAII t-statistics estimates significant at the 1%level, except 
for GC. 

http:0.37-0.72
http:0.25-0.40
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Table 5. Popping quality of various amylose types of rice.a IRRI, 1982-83. 

Amylose 
type 

Samples 
(no.) 

Popped grains 
(%) 

Density of popped 
grains (g/ml) 

Range Mean 
Waxy 
Low 
Intermediate 
High 

4 
4 
7 
6 

65-76 
47-61 
41-85 
46-66 

0.20-0.33 
0.29-0.35 
0.24-0.36 
0.25-0.32 

0.24 
0.32 
0.30 
0.29 

aIncludes only samples with more than 40% popping. 

(ICC) Working Group 21-II "Test Methods for 
Rice-Cooking Properties" analyzed and reported
its cooperative intests 1982-83. This included 
research on grain elongation during cooking,
Amylography of rice flours, and the effect of 
cooking and measurement methods on texture 
(mainly hardness) of cooked rice with 75% watercontent. The methods were those used in each 
laboratory for measuring texture - a Texturo-
meter. Instron, and taste panel. Viscoelastograph 
was not run on bulk sample since the method 
employs three discrete grains. 

Cooperative studies on starchrice (Cereal
Chemistry). In a cooperative study with starch 
chemists at Kagoshima University in Japan, the 
mean chain length ± standard deviation was 
measured as 19.4 ± 0.6 glucose units for IR32 and 
IR36 starches and 19.0 ± 0.6 glucose units for IR42 

starch. Japanese waxy rice amylopectin had a 
mean chain length of 17.1 ± 0.2 glucose units and 
those of two other Japanese rices had 17.5 ± 0.6 
and 18.3 ± 0.2. A low-angle laser light-scattering
technique verified the presence of <5% very ;igh
molecular weight fraction in once-recrystallized 
amylose. 

Japanese starch scientists compared high
amylose milled rices with medium (IR36) and hard 
(IR42) GC to Amylomaize (high amylose corn
starch) for use as paste for water-resistant cor
rugated fiberboard. Rice flour was inferior to 
Amylomaize in adhesive strength, but similar to 
nonwaxy cornstarch as carrier starch. High protein
content (>2-3%) may have contributed to heavy
foaming of the paste, poor water-holding ability,
and unstable paste viscosity against mechanical 
shearing. 
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EVAIUATION OF GIRMPI.ASM, BREEDING LINES, performed 85,028 tests for BB; 37,192 for BI; and 
AND IR VARIETIES 11,026 for RTV, GSV, and RSV. Among the rice 

germplasm collection evaluated, 882 of 4,090 

IRRI continued to evaluate ricegermplasm, breed- entries were resistant to BB .ace I; 208 of 2,435 

inglines,and IR varieties for resistance to bacterial, were resistant to BI (Table 1, 2); 50 of 2,701 were 

fungal, and viral diseases. In 1983, researchers resistant to RTV; 110 of 1,762 were resistant to 

Table 1. Summary of screening of breeding materials and varieties for BB resistance, IRRI, 
1983. 

Entries (no.) rated as 
NPb 

tested R HR MS S R/SaSource Total entries Race 

Germplasm material 4,090 I 882 3,102 100 6 
Hybridization block 584 I 244 67 139 106 23 5 

584 II 48 110 299 115 11 5 
Replicated yield trial 1,050 I 767 181 53 24 25 

1,050 II 92 442 342 170 4 
Observational yield trial 2,827 I 1,619 360 236 506 68 38 
Pedigree nurseriesc 76,209 I 58,310 205 45 7,890 9,468 29 
Elite lines 137 I 6 30 61 40 

137 II 0 4 32 101 
137 III 4 13 37 83 
137 IV 1 13 35 88 

Other materials 
Genetic studies (Plant Breeding) 52 I 36 5 4 4 7 

52 II 1 2 13 2 34 
52 III 11 - 3 4 34 
52 IV 11 1 2 4 34 

Chinese breeding materials 33 I 7 7 1 18 
Cuban materials (IRTP) 46 I 0 1 1 44 

46 II 0 0 13 32 
46 III 0 0 4 42 
46 IV 0 2 2 42 

85,028 62,039 1,443 1,322 1,417 9,699 454 

aR/S = segregating. bNP = no plant. CNo available data for October, November, and December 

pedigree nurseries. 

Table 2. Screening for BI resistance. IRRI, 1983. 

Entries (no.) rated as
Source ~~Total entries______________ 

tested R M S 

(0-2) (3-4) (5-9) 

Elite breeding lines 69 2 5 62 
Observational yield trialsa 1,925 139 166 1,620 
Replicated yield trialsa 977 31 43 903 
Hybridization blocksa 540 69 55 416 
Medium deepwater yield trial 73 2 3 68 
Pedigree nurseries 30,686 3,403 3,913 23,370 
International Upland Rice 201 35 47 119 

Observational Nursery '83 
International Rice Blast Nursery 'T3 286 57 i9 210 
Germplasm bank 2,435 208 255 1,972 

Total 37,192 3,946 4,506 28,740 
% 100 10.6 12.1 77.3 

a2-3 tests. 
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RSV; and 37 of 83 were resistant to GSV. The Table 3. Entries with resistance to 3 virus diseases usingentries that were resistant to the three virus diseases the mass-screening method in the greenhouse. IRRI, 1983. are shown in Table 3. Disease Acc. no. Variety or lineOf 107 elite breeding lines and IR varieties Tungro 16684 Utri Rajapanevaluated for disease resistance, 30 were inter- 17204 Ballmau Putih
mediate or resistant to RTV or RSV (Table 4). 19680 ARC1096321473 ARC11554 

Grassy stunt 1 1R13540 
BACIERIA L BILIGHT IR17494IR19735 

New resistance sources. A total of 425 rice entries IR24637IR27327 
were tested against the 7 races of Xanthomnona, 5207
campestris pv. orT-zae occurring in the Philippines 52185299 
(Table 5). Kalimekri 77-5, Aus 303, AC19-1-1, and Ragged stunt 15278 Mahamawee 2Raital were resistant to all seven races. Many of the 15307 Kaharamana
entries were moderately susceptiblc to race 7, 15488 Suduhathiyal
presently of minor concern. IR13524IR1354SR 13540

Adult plant resistance. Rice seedlings are often IR19661 
susceptible to BB, but as they grow older, they may IR25603 

Table 4. Disease reactions of 30 GEU elite lines znd I R varieties, 1983. 

Disease reaction 

IR36 
IR54 
IR58 
IR60 
IR6115-1-1-1 
IR8455-78-1-3-3 
IR9729-67-3-85 
IR9729-67-3-87 
IR13429-299-2-1.3 
IR13540-82-2.3-

ShB 
M-MS 
M 
M 
M 
M 
M 
M 
M 
M 
M 

ShR 
MS-S 
R-S 
MR-VS 
M 
MS-VS 
MS 
R-MS 
R-MS 
MS-S 
MR-MS 

BI 
S 
S 
MR 
MR 
R-S 
S 
-
-
-
-

BLB 
S 
MR-S 
MR-S 
R-S 
S 
MS-S 
MS-S 
MS-S 
MS-S 
MS-S 

BLS 
MR 
MR 
MR 
-

MR 
-
-
-
-

R 

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

GSV 
R 
R 
R 
-
R 
-
-
-
I 
R 

RSV 
I 
I 
I 
-
I 
-
-
-
R 
R 

2-3-1 
IR17494-32-1- MS R-MS S MR-S MS - R 1 

1-3-2 
IR18348-36-3-2 
IR18350-175-2-3 
IR18818-87-2-2-2 
1R19058-107-1 
IR19661-131-1-

M 
M 
M 
M 
M 

R-MS S 
MS-S -
R-S -
MR-MS -
R-VS S-I 

MR-S 
MR-S 
MS-S 
S 
S 

R 
R 
MR 
MR 
MS 

S 
-
I 
-
I 

R 
R 
I 
R 
I 

I 
I 
1 
R 
R 

3-1-3 
'P 19670-263-3- M MR-MS S MS-S S - R R 

2-2-1 
IR19735-5-2-3-2-1 
1R21015-196-3-1-3 
IR21912-131-3 

M 
M 
M 

R-MS 
R-S 
MR-VS 

-
-

S 

S 
3 
MS-S 

MR 
MR 
R 

-
S 
S 

R 
R 
R 

R 
R 
R 

3-2-2 
IR25572-87-3"3 
IR25603-20-2 

M 
M 

MR-S 
R-MS 

S 
-

S 
MR-S 

MS 
MR 

-
-

R 
I 

R 
R 

1-3-2 
IR25924-51-2.3 
IR25926-87-1-2 
IR27325-63-2-2 
IR28118-138-2-3 
IR28128-45-2 
IR28143-51-3-3-1 
IR29512-81-2-1 
IR29692-65.2-3 

M 
M 
M 
M 
M 
M 
M 
M 

R-MS S 
MR-S -
MR-MS -
R-S -
R-MS S 
R-MS -
R-MR -
R-MS -

MS-S 
MR-S 
MS-S 
MS-S 
MS-S 
MS-S 
MR-S 
MS-S 

MR 
S 
MS 
MS 
R 
MR 
MS 
MR 

-
-
-
-
-
-
-
-

R 
I 
R 
R 
R 
-

R 
R 

I 
S 
R 
I 
I 
-

I 
S 
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Table 5. Reactiona of 76 selected rice germplasm samples to 7 races of BB in the 
Philippines, 1983. 

Acc. no. Reaction to Xanthomonas campestris 

pv. oryzae race 

1 2 3 4 5 6 7 

Group 1 
6613 Kalimekri 77-5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
29091 Aus303 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
32753 AC19-1-1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
25915 Raital 1.0 1.0 1.0 1.0 2.0 2.0 2.0 

Group 2 
12366 ARC7325 1.0 1.0 1.0 1.0 1.0 5.0 3.0 
11484 Chinsurah Boro 2 1.0 3.0 1.0 1.0 5.0 4.0 6.0 
17366 Camor 3.0 1.0 1.0 3.0 1.0 4.0 G..0 
8555 DZ78 1.0 3.0 1.0 5.0 1.0 4.0 5.0 

29035 Aus 230 1.0 1.0 1.0 1.0 2.0 3.0 4.0 
3711 BJ 1 1.0 3.0 1.0 1.0 1.0 2.0 5.0 

26511 Mura Bazal 1.0 1.0 1.0 1.0 2.0 3.0 5.0 
6594 Kalimekri 391 1.0 1.0 1.0 1.0 1.0 5.0 6.0 
6607 Laki 462 1.0 1.0 1.0 1.0 3.0 5.0 5.0 
6540 Bazail 407 1.0 1.0 1.0 1.0 4.0 4.0 5.0 

32745 AC 10-38 1.0 1.0 1.0 1.0 4.0 5.0 7.0 
12346 ARC7260 1.0 1.0 1.0 1.0 4.0 5.0 7.0 
17153 Andel 1.0 1.0 1.0 1.0 1.0 5.0 7.0 
12712 ARC11094 1.0 1.0 2.0 1.0 4.0 6.0 7.0 

Group 3 
12426 ARC10303 1.0 1.0 1.0 1.0 4.0 9.0 7.0 
28878 Aus 15 1.0 1.0 1.0 1.0 5.0 9.0 7.0 
25853 Gambir 1.0 2.0 1.0 1.0 1.0 3.0 9.0 
29075 Aus 287 1.0 1.0 1.0 1.0 2.0 4.0 9.0 
12682 ARC10952 1.0 1.0 1.0 1.0 2.0 5.0 9.0 
27051 AsePulut Celia Ringgi 1.0 2.0 1.0 3.0 2.0 5.0 9.0 

5811 Baishbish 1.0 2.0 2.0 1.0 3.0 6.0 9.0 
25862 Himolee 1.0 1.0 1.0 1.0 5.0 6.0 9.0 
12653 ARC10843 1.0 1.0 1.0 1.0 4.0 7.0 9.0 
12560 ARC10657 1.0 1.0 1.0 1.0 3.0 5.0 9.0 
12678 ARC10945 1.0 1.0 1.0 1.0 2.0 7.0 9.0 
29014 Aus 190 1.0 1.0 1.0 1.0 1.0 9.0 9.0 
29008 Aus 176 1.0 1.0 1.0 1.0 3.0 9.0 9.0 
31835 Kalmi Lata 1.0 1.0 1.0 1.0 3.0 9.0 9.0 
29007 Aus 175 1.0 1.0 1.0 1.0 3.0 9.0 9.0 
29025 Aus 207 1.0 1.0 1.0 1.0 4.0 9.0 9.0 
28986 Aus 133 1.0 1.0 1.0 1.0 4.0 9.0 9.0 
28532 Aus 69 1.0 1.0 1.0 1.0 4.0 9.0 9.0 
28911 Aus 48 1.0 1.0 1.0 1.0 4,0 9.0 9.0 
28999 Aus 156 1.0 1.0 1.0 2.0 4.0 9.0 9.0 

3687 PI 180060-1 1.0 1.0 1.0 2.0 4.0 9.0 9.0 
28940 Aus 77 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
28992 Aus 143 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
28995 Aus 152 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
29002 Aus 168 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
29024 Aus 206 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
29036 Aus 233 1.0 1.0 1.0 1.0 5.0 9.0 9.0 
28945 Aus 253 1.0 1.0 1.0 1.0 7.0 9.0 9.0 
28963 Aus 104 1.0 1.0 1.0 1.0 7.0 9.0 9.0 
28920 Aus 57 1.0 1.0 1.0 1.0 7.0 9.0 9.0 
28903 Aus 40 1.0 1.0 1.0 1.0 9.0 9.0 9.0 
28936 Aus 73 1.0 1.0 1.0 1.0 9.0 9.0 9.0 
28939 Aus 76 1.0 1.0 1.0 1.0 9.0 9.0 9.0 
32819 Bazail 1187 2.0 2.0 2.0 1.0 9.0 9.0 9.0 
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Table 5 continued 

Reaction to Xanthomonas campestris 
pv. oryzae race 

Acc. no. 
1 2 3 4 5 6 7 

Group 429348 Gasmal 734 7.0 9.0 1.0 7.0 6.0 9.0 4.025916 Rambuga 5.0 3.0 4.0 5.0 5.0 5.0 5.026547 Bali Ray 7.0 4.0 4.0 1.0 9.0 9.0 5.024907 Dara Maman 7.0 4.0 4.0 5.0 5.0 7.0 7.015749 Sudu Heenati 5.0 5.0 6.09.0 9.0 7.0 7.031803 Hori Gachi 7.0 4.0 4.0 5.0 5.0 9.0 7.028184 Ratru 139 3.0 3.0 3.0 2.0 5.0 5.0 9.017513 Djawa Sendang 4.0 3.0 1.03.0 1.0 4.0 9.031211 Tower (A4-2) 2.0 6.0 6.0 7.0 5.0 6.0 9.0
26975 Adina 6.0 4.0 5.0 5.0 4.0 7.0 9.03358 Early Prolific Sel 4.0 2.0 3.0 4.0 4.0 7.0 9.0 

1028 P 
30673 Compleh (A 4-25) 3.0 5.0 9.0 9.0 4.0 7.0 9.016652 Tjina 5.0 7.0 7.0 3.0 5.0 9.0 9.017350 Bulu Putih 3.0 7.0 7.0 2.0 5.0 9.0 9.019970 Ketan Untup 3.0 7.0 7.0 3.0 5.0 9.0 9.030384 Ngankhao 1.0 4.0 9.0 7.0 2.0 9.0 9.030411 IR28 2.0 5.0 7.0 3.0 5.0 9.0 9.029406 Sailboro 385 5.0 7.0 4.0 5.0 5.0 9.0 9.030757 Kortue (A2-265) 3.0 5.0 5.0 7.0 3.0 9.0 9.030847 Liberian Coll. Y77 2.0 5.0 9.0 5.0 3.0 9.0 9.031179 Quilligama (A2-258) 2.0 5.0 7.0 7.0 5.0 9.0 9.031296 Ch 1111 4.0 3.0 3.0 5.0 9.04.0 9.028582 Tnau 6484 9.0 9.0 9.0 3.0 9.0 9.0 9.0 

aGroup 1 = resistant to all 7 races; group 2 = moderately resistant to race 5, 6, or7; group 3 susceptible to race 5, 6, or 7, or all 3; group 4 = with differential re
sistance to all races. 

become resistant at flowering. [his process iscalled replicated yield trials, upland observational yieldadult plant resistance and is a synonym for hori- trials, and the germplasm bank were screened forzontal plant resistance. The resistance geneVa 6 of Sh I resistance in the field. Although no variety
Zenith and Malagkit Sungsong confersadult plant was highly resistant, 1.5ci were moderately resisresistance. In tests for this resistance. IN I was 
 tant; 98.4%' , moderately susceptible 0.03,, sussusceptible to four races at all growth stages. ceptible, and 0.03%', very susceptible.

IR 1545, which carries thexa5 resistance gene, was
 
resistant to races 1,2,and 3 but susceptible to race4 RICE 
 It N(GRO )ISEASI: 
at all growth stages. However. Zenith and Malagkit
Sungsong and their progeny lines IR1695 and Rice tungro virus complex as influenced by insectIR944 were resistant f'rom I Ith leaf stage. lheir pressure. Five IR varieties were tested for theirresistance was stable in difTerent temperature con- reaction to RTV complex after inoculation with 1,ditions but TN I, infected with the otur 1Il1races, 5. 10, 20, or 30 vi ruliferous .V hoetin.v virescevhad lesions which appeared longer and developed per plant. Individual plants in mylar-enclosed clayfaster in high temperature conditions (21-33" C). pots were inoculated for 24 h I mo after planting.Temperature did not affect interactions between They were tested for RTI3V and RTSV with thethe races and varieties with adult plant resistance, latex test I mo after inoculation. 

R 1IV RTSV infection increased in moderately
SHEA I IBII i resistant varieties IR36 and IR42 when the number

of insects increased from I to 30 (Fig. I). In theIn 1983, 3,092 entries from elite lines, upland highly resistant IR50and IR54, only RFBV infec
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IR36 IR42 IR50 IR5'4 IR56, TNt 

Healthy 0 RTSV infected 

SRTEBV infected "RTBV 1-RTSV infected 

m.~i nko ii ittd \%ith I S ill 20t r 3tt iruliferou ifiL~ct%p r plant. 
I. Reaction of IR irketies to R I Vomnpke
IRRI. 1983. 

tion increased. However, these plants are not a 

virus source for the spread of the disease, because 

the virus cannot be recovered by the vector insect, 

IR56 had an almost equal infection of RTBV + 

RTSV and RTBV alone. 
The test varieties, however. may not be immune 

to RTSV because preliminary results using RTSV 

alone resulted in infection (Table 6). 
Reaction of green leafhopper-resistant varieties 

to rice tungro virus complex. GLH-susceptible 
variety Habiganj DW8 and resistant varieties Ptb 

18, Palasithari, Gam Pai 30-12-25, (Jam Pai 30-12-

30, ASD7, Jingasail, and ARCI 1554 were tested 

for their reaction to RTV complex. Test varieties 

were planted individually in clay potsand enclosed 

in mylar cages. One mo after transplanting, the 

plants were inoculated for 24 iwith 1,5,10, 20, or 
30 RTV N.virescens per plant. The latex test was 

done I mo after inoculation to determine the 

presence of RTV complex in the inoculated plants 

Habiganj DW8. Ptb 18, and ARC 1554 showed
I 

stable resistance to RTV complex by their low 
infection rate from RTBV 1- RTSV or RTBV 
alone, regardless of number of insects per plant 

(Fig. 2). However, RTBV infection alone in Pala-
sithari, Gam Pai 15, Gam Pai 30, and ASD7 

as the number of insects per plantincreased
increased from 1 to 30. ,lingasail htad mild symp

torus but a high R[BV + RTSV infection rate, 

while AS D7 exhibited severe symptoms but had a 

high infection of RT3V alone. 
Results revealed two types of resistance to RTV: 

* high resistance to complex RTSV + RTBV 
and to RTBV alone, even with high insect 
pressure as in Ptb 18, Habiganj DW8, and 

ARCI 1554, and 
0 	 increased RTBV infection with increased in

sect pressure as in Palasithari, Gam Pai 15, 

Gam Pai 30, and ASD7. When the latter 

varieties are infected, they do not serve as a 

virus source for the disease, because RTBV is 

not transmitted without RTSV. 
Resistance to tungro and green leafhopper. 

Resistance of'8 rice varieties to RTV infection was 

Table 6. Percentage infection of IR varieties when inoc

ulated with RTSV at 1 insect per seedling. I RRI, 1983. 

Variety 
Inoculated
seedlings

(no.) 
Infected seedlings 

No. % 

IR36 
IR42 

36 
38 

21 
15 

58.3 
39.4 

IR50 38 6 15.7 

IR54 38 8 21.0 
IR56 
TN1 

39 
102 

32 
85 

82.0 
83.3 
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determined by mass and test tube inoculation'with showed that the\' did not prefer the four varieties1,3, and 5 GLH per seedling. Percentage seedling with lower seedling infection. Although GLH fedinfection in test tube inoculation was higher than in on the xylem, no population growth occurred. mass inoculation. The percentage increased as the IR28 and Ptb 18 resist RIN infection because thev,
number of insects increased from I to 5 regardless resist the vector insect.
of variety (Table 7). ARC 11554. Basmati, Pth 18, lhe latex test determined the presence of RTBVand lI,28 showed resistance at one insect per and RTSV in RTV-infected plants of the eightseedling: however. ItR 28aaid Pth 1X changed from Varieties. A bo%, percentage of ARCI 1554 and Ptbresistant to susceptible at 3 and 5 insects per IXplants rcacted to both RIHTVand RISV (Tableseedling. ARC 11554 and lasmati showed stable X). virusand retention \was shorter and GIHresistance in both methods of inoCulation, inlectiVe capacity \%as loner on A RCI 1554 andStudies of (i.1] feeding ichavior. mortality. IR2., ARC 1155-1 should be a good source for
and population growth on the selected at'icties R IV resistance. 

Table 7. Reaction of 8 selected varieties to RTV when Table 8. Presence of RTBV and RTSV in 8 varieties ininoculated with 1, 3, or 5 GLH per seedling using the fected with RTV detected the latex test.as by IRRI,mass and test tube methods of inoculation. IRRI, 1983. 1983. 

Variety 

Seedling reaction 

Mass inoculation Test tube 

1 3 5 1 3 5 

Variety 

Plants 

tested 
I no.) 

Plants (no.) reacting toprsneowiho 
presence of 

RTBV+RTSV RTBV RTSV 
+RTSV RTV(S 

Plants 

with no 
infection

(o)
no.) 

ARC11554 
Basmati 
Latisail 
Peta 
Ptb 18 
TKM6 
IR28 
TN1 

R 
R 
I 
I 

R 
S 
R 
S 

R 
R 
S 
I 
I 

S 
R 
S 

R 
R 
S 
S 
I 

S 
I 

S 

R 
R 
S 
S 
R 
S 
R 
S 

R 
I 

S 
S 
S 
S 
R 
S 

R 
I 

S 
S 
S 
S 
S 
S 

ARC11554 
Basmati 
Latisail 
Peta 
Pb 18 
TKM6 
IR28 
TN1 

25 

6 
31 
31 
17 
33 

30 
29 

1 
0 

18 
15 

2 
4 
5 

19 

12 
5 

10 
11 
3 

25 
21 

9 

0 
0 
1 
2 
0 
0 
0 
0 

12 
1 
2 
3 

12 
4 
4 
1 
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RICE YELLOW DWARF DISEASE clay pots, and kept in screened metal trays for 
symptom development. Diseased plants were 

IR varieties were tested for their response to YD counted 40 d later. 
disease by artificial inoculation of 7-d-old plants in Results showed that IR5, IR8, IR24, IR26, 
test tubes for 24 h with viruliferous GLH at 2 IR29, IR30, lR43, and IR58 had low infection 
insects per seedling. They were transplanted into percentages and were rated resistant (Table 9). 

Table 9. Reaction of IR varieties to rice YD in the test RESISTANCE TO RAGGFD STUNT VIRUS AND ITS 
tube inoculation using 2 viruliferous GLH per seedling. VECTOR 
IRRI, 1983. 

Variety InfectionIfcinRatinga The resistance of eight rice varieties to RSV and its 
1%) BPH vector was studied ('Fable 10). Varieties 

IR5 20 R showing resistance in the mass screening test were 
IR8 17 R less preferred by BPH. The insects probed more 
IR20 76 S per day, had shorter lifespans, produced fewer 
IR22 55 1 
IR24 20 R nymphs, and had lower nymphal survival rates on 
IR26 13 R the resistant varieties. 
IR28 
 49 1 Reactions of eight varieties toIR29 19 R RSV infection 
IR30 18 R with three BPH biotypes were tested. Some cor-
IR32 42 I relation exists between a variety's resistance to 
IF134 74 
 s
IR36 67 S BPH biotypes and its resistance to RSV. 
11138 60 1 Both resistant and susceptible varieties infected 
IR40 45 I with RSV showed no recognizable difference in 
IR42 54
IR43 16 RR symptom severity and no significant difference in 
IR44 45 I amount of virus in the tissues. The results indicate 
IR45 38 I that resistant varieties were resistant to RSV 
IR46 73 S infection but not to virus multiplication. 
IR48 57 
IR50 43 
IR52 34 
IR54 46 I PATIIOGlIN VARIATION 
IR56 66 S 
IR58 19 R Rice blast pathogen. In the 1983 Korea-IRRI 
IR60 43 I collaborative project, parallel experiments were 
TN1 (check) 95 S conducted on the pathogenic variability of Pricu
aR = 0-30%, 1 = 31-60%, and S = 61-100%. laria orvzae in both locations. In Korea, single 

Table 10. Reaction of 8 selected varieties to 3 BPH biotypes and RSV transmit
ted by 3 biotypes. IRRI, 1983. 

Reaction to BPH Reaction to RSV trans
b 

biotypes
a mitted by biotypes

Variety 
1 2 3 1 2 3 

Ptb 21 S S S I S S 
Murungakayan R R S R R I 
Mawee R R R R R R 
Balaratawee R MR S A I S 
Hathili R R MR R I I 
IR22 S S S I I S 
IR50 R R MR R I I 
TN1 S S S S S S 
a Data from Entomology Department, IRRI. bResults of mass inoculation based 

on 0-20% infection = R,31.60% infection = 1,61-100% infection = S. 
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Table 11. Reaction of Philippine differential varieties to SSI of Pyricularia oryzae in Korea and 
IRRI, 1983. 

Varietal reactiona 

Differential 
variety Korea lesionsb IRRI lesionsc 

M23-3 M23-2 IR-1 IR-2 IR-3 IM23-2 IM23-3 

Kataktara DA-2 R S S R R R R R R R R
CI5309 R RS R R S R R R R RChokoto R R R R R S R R RR RCO 25 R R R S S S S S S R SWagwag R R R R R R R R R R R
Pai-kan-tao R R R R R R R R R R RPeta S S S S S S S S S S SRaminad Str. 3 R R R RR R R R S R R
TaichungT. C.W.C. S S S S S S S S S S SLacrosse S S S 
 S S S S S S S SSha-tiao-tsao (S) R S S R R R R R R R RKhao-tah-haeng 17 R S S RS R R R R R R 

No. of SSI 19 17 1 22 3 25 24 23 1 1 25 

aReaction was considered susceptible if more than 20% of the plants exhibited type 4 lesions
(SES scale). bThe experiment was conducted at Suweon, Korea, with isolates from Milyang 23,replicated 3 times. cThe experiment was conducted at IRRI with isolates from Milyang 23(M23) and IR442-2-58 (IR), replicated three times. Variant isolates were retested. 

Table 12. Race frequency of Xanthomonas campestris pv. oryzae population inthe Philippines with specific virulence to a set of differential varieties. IRRI, 
1980-83. 

Race Reaction to FrequencyC (%) 
agroup differential varietiesb 1980 1981 1982 19 83d 

(55) (33) (123) (66) 

1 SRRSR 1.8 0 0.8 0 
2 SSRRR 75.9 84.8 85.4 92.43 SSRSR 14.9 6.1 9.8 7.6 
4 SRSSR 0 3.0 0.8 0
A SRRRR 0 6.1 1.6 0
B SSSSR 1.8 0 1.6 0
C SSSSMS 5.6 0 0 0 

aLetters represent one or more isolates causing reaction combination differentfrom that to the known races. bDifferential varieties corresponding to the reaction 
pattern of each race: IR8, IR20, IR1545-339, CAS209, DV85. CNungber of
isolates tested each year are in parentheses. dCollection from one locality only. 

spore isolates (SSI) from two single lesions on Experiments at IRRI showed similar results
Milyang23(M23-3and M2 3 -2 ) were tested against (Table I1). Since there were no vari:tit isolates
the Philippine differential variety set. Based on among the SSI from lesions IR2, IR3, an'1M23-3,
pathogenicity patterns, all 19 SSI from lesion M23- they were all classified as one race. Although more
3 were identical and only I of the 18 SSI from than one race was found among SSI from lesions
lesion M23-2 produced a different reaction (Table IR I and IM23-3, the variant SSI were few.
II). Moreover, the variant SSI from lesion M23-3 Bacterial blight pathogen races. A 1980-83 sur
was identical to the other isolates except fora more vey of the natural BB population determined
pathogenic reaction on CI 5309. frequency of race occurrence and distribution in the 
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Philippines. A total of 276 isolates were collected 
from naturally infected native or IR varieties 
carrying the Xa 4 gene for BB resistance and tested 
for their reactions to BB differential varieties. Race 
2, virulent to rices with Xa 4 gene for resistance, 
was the most predominant group in the population, 
probably because ofcontinuouscommercialplant-
ing with the same genetic background since mid-
1970s (Table 12). The large difference in race 2 
could come from selection pressure on the patho-
gen population by the resistant varieties. Previously 

undescribed races also had a low frequency rate. 
Further study compared variability of the BB 

population pathogen for 3 yr. Variability was 
measured by the pathogen's virulence: variance of 
lesions induced on IR8, IR20, IR1545-339, and 
DV85. On IR8 and IR20, variance values were 
higher and inoreased each year, indicating the 
tendency of the )acterial population to become 
more heterogeneous. Variance values of IR1545
339 and DV85 were low but increased propor
tionally with mean lesion length. 
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SOURCES OF RESISTANCE 
Entomology and Plant Breeding Departments 

Greenhouse screening for resistance to rice thrips. 
To evaluate rice varieties for resistance to thrips 
Stenchaetothrips biformis, a greenhouse technique 
providing sufficient insects for screening was de- 
veloped (Fig. I). A work schedule of 2 h/d 
produced 400 adult thrips daily. 

Rice varieties were evaluated by a new rating 
scale (Table I). Eleven of 79 traditional varieties 
and 12 of 85 wild rices were selected for resistance 
(Table 2). 

Leaffolder. With a new LF rearing and screening 

method for identifying resistant varieties (Fig. 2), 5 
of 5,908 germplasm accessions were selected as 
moderately resistant to LFand I as resistant (Table
3). Of 17,914 accessions screened through 1983, 
116 were resistant or moderately resistant to LF. 

NATURE OF RESISTANCE 
Entonology Department 

Thrips. Studies of resistance mechanisms show 
that thrips usually did not prefer resistant varieties 
for feeding and oviposition (Fig. 3). Fewer larvae 
survived (Table 4) and adult life-spans were shorter 
on resistant than on susceptible varieties (Table 5). 
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Table 1. Rating scale used in evaluating rice cultivars and 
species against thrips. IRRI greenhouse, 1983. 

Scale Reactiona Damage 

1 HR Rolling of terminal 1/3 area of 1st 
leaf only. 

3 R Rolling of terminal 1/3 to 1/2 area of 
1st and 2d leaves, 

5 MR Rolling of terminal 1/2 of 1st and 2d 
leaves. Scorching of less than 30% 
of the leaf surface. 

7 5 Rolling of entire length of all leaves, 
Scorching of 30-60% of the leaf area. 
Wilting not pronounced. 

9 HS Rolling of entire length of all leaves. 

Scorching of more than 60% of the 

leaf area. Wilting of leaf tips. 


aHR = highly resistant, R = resistant, MR = moderately 

resistant, S = susceptible, HS = highly susceptible. 

had an adverse effect onResistant varieties also 
fecundity and oviposition rate, resulting in low 
popunditantion rTable,Plant iny lononpopulation growthgrowth (Table 6). slantiinjury 
susceptible varieties resulted in low plant height
and weight i 

Whorl maggot resistance in wild rices. About 

300 wild rice accessions were screened in the field 
for RWM resistance. Those selected were retested, 
and succeeding selections were evaluated in the 
greenhouse to determine their resistance mecha-

nisms. IR40 was used as the moderately resistant 
check and IR36 and TN I as susceptible checks. No 
resistant check has been identified in Orizasativa. 

The tests indicated very high levels of resistance 
to the RWM in wild rices, which were not preferred 
for oviposition (Table 7). Only 2 eggs were laid on 
0. brach'vantha accession 101232 while more than 
300 were laid on the checks. Damage was low on 
most of the wild rices, and larval survival was 0 ~ 
on several. 

Resistance of Indonesian radiated mutant lines 
to the brown planthopper. Seven mutant rice lines 
from the National Atomic Energy Agency, Jakarta, 
Indonesia, were tested at IRRI for resistance to 
BPH.The lines, which had been derived from a 

BPH-susceptible variety Pelita 1/I, were Atomita 
1,627/10-3/PsJ, Atomita. 2, and 627/4-E/Psj

627/ 03Pi 1 r d101424 
derived from a Pelita I/I, irradiated with 0.2k Gy 
of gamma rays; and A227/2/ Psi, A227/3/ Psj, and 
A227/5/ PsJ, derived from an early-maturing mu-
tant of Pelita I/I and irradiated with 0.1 k Gy of 
gamma rays. Seedbox screening for plant damage 

and population growth tests measured 9PH resis
tance levels. 

The Indonesian mutant lines were resistant to 
moderately resistant to biotypes I and 3 but 
susceptible to biotype 2. The mutant lines had 

moderate resistancetoGL- and WBPH compared 
to the susceptible check TNI. 

Atomita 2 has been released for commercial 

resistance
cultivation inIndonesia.Inaddition to its 

to BPH biotypes I and 3,it has high yield potential, 
salt tolerance, and good eating quality. 

Green leafhopper feeding and rice tungro virus 
infection. The teeding activity of GLH on sus
ceptible, moderately resistant, and resistant IR 
varieties was compared with RTV infection (Table 
8). The percentage of basic honeydew spots, an 
indication of phloem feeding, was most closely
related to percentag~e of RTV infection. In sus

ceptible IR22, 100% phloem feeding resulted in 
99('' RTV infection. The low percentage of phloemfeeding in IR29 (10%) resulted in low (14%) RTV 
fedninIZ2 1( rsutdnlo(W)RT
infection. Even though total feeding, as indicated 

by area of honeydew spots, was high on 1R29, 

Table 2. Rice cultivars and wild species found resistant to 
thrips based on their performance at IRRI and in other 
countries. 1983. 

Species, IRRI Resistance Origin 
cul tivars accession no. ratinga 

O.sativa 
ASD 7 06303 3 India 
BJ1 00256 3 Bangladesh 
BAl 03711 3 Bangladesh 
Dahanala 682 50729 3 Sri Lanka 
Dahanala 2220 50730 1 Sri Lanka 

Gonabaru 07809 3 Sri Lanka 
Heenati 08964 3 Sri Lanka
Heenati 08921 3 Sri Lanka 

Kalubalawee 07702 3 Sri Lanka 
Kaluheenati 15568 3 Sri Lanka 
Wanni Dahanala 11726 3 Sri Lan ke 

0. officinalis 100181 3 Burma 
100973 3 Philippines 
101073 3 Philippines 
101117 1 Philippines
101155 1 Malaysia 

0. eichingeri 101418 3 Uganda
101422 3 Uganda

3 Uganda 

0. minuta 101079 3 Philippines 
101083 3 Philippines 
101097 3 Philippines 

0. nivara 100897 3 India 

aOn ascale of 0-9 in order of ascending susceptibility. 



48 IRRI ANNUA. REPORI FOR 19X3 
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RTV was low. This indicates that feeding must Leaffolder. Varieties with different levels of 
occur in the phloem, not the xylem, for RTV to resistance to LF, based on damage ratings in 
occur. Feeding is restricted to the xylem on greenhouse screening, were studied to determine 
resistant varieties. their resistance mechanisms. Females did not 

prefer resistant varieties for oviposition, and larvae 
Table 3. Data on germplasm collection vr, seties R or MR had antibiosis as indicated by pupal weight (Table 
to LF. IRRI, 1983. 9). 
IRRI accession no. Name Origin Rating Yield losses to striped stem borer compared to 
IRR__accessionno. __Name _Origin_ Rating resistance level. SSB resistance level is based 

- 54369 Acheh 62 Malaysia 5 percent deadhearts in screenhouse tests 
on 

when 
54440 Hema Malaysia 3 plants are infested at 30 DT. On a 0-9 scale varieties 
54645 CH5 India 5
55059 ADT8 India 5 with ratings 0-3 are considered resistant; 5, moder
55111 Kighuwela India 5 ately resistant; and 7-9, susceptible. The value of 
54444 Itan Empati Malaysia 5 resistance levels in preventing yield loss had not 
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Preference (%) 
Table 4. Survival of thrips larvae on R and S varieties andw wild species.a IRRI insectary, 1983. 

25 
Species, IRRI Damage Larval survival 
cultivars accession no. rating %) 

-0. sativa 
20 


Dahanala 2220 
 50730 
 HR 9.33 c
Bil 00256 R 7.33 cSuduru Samba 11671 MR 20.70 b 
HBJ Boro 6 064392 E S 27.30 bTN1 3

15 - HS 2.00 aI 2 0.officinalis 101117 HR 6.67 c0. eichingeri 101424E- R 4.67 cO. punctata 100,54 MR 4.67 c.) O. minuta 101094 S 11.30 c 
o - t0 0 0. nivara 103836 HS 19.30 b 

i b 2AvCD :' 
of 5 replications with 6 subsamples each and 1500 larvae/treatment.
 

5 I 

of larvae per hill increased (Table I1). Yield losses 
were highest in susceptible varieties followed by the07 
 1 3 5 7 9 9 1 3 5 moderately resistant. At the high rate of 20 larvae/

Rusistarce rating 
hill, yield decreased only 34% in resistant IR36, but87% in susceptible IR46. Yield loss was related to3. I'rlercence. ha td on the petce. tage (itIset that sttiled ,tnCach screenhouse ratings for SSB resistance.entr% at 48 IIAI. til adfult thrips lot 'atctic, anddillerent resuintaIce Wlt(tanel ratlgIR. It. 193. 

ild( tcieswitllI SSB resistance in tra itional and modern vari
eties. Resistant varieties IR20, IR36, and IR50
 

been previously tested. In 1983, varieties with 
were compared with traditional varieties Peta and
lntanforlevelofSSBresistance. DeadheartsonlRdifferent resistance levels to SSB were evaluated varieties were one-half that on Peta and Intanfor yield loss at various populations 30 DT. (Table 12). Insect survival, pupal and larval weight,Resistant varieties IR36 and IR40, moderately and egg production were lowest on IR varieties,resistant 1R52 and IR54, and susceptible IR29 and indicating that as food they were less suitable thanIR46 were infested with three levels of SSB larvae, traditional varieties. More males than females werePercent deadhearts was highest in the susceptible produced on IR varieties, which greatly influencesvarieties (Table 10). Yield loss increased as number population size over several generations. 

Table 5. Longevity, fecundity, oviposition, and hatchability of thrips on R and S Oryza spp. IRRI insectary, 1983. 

Longevity (d)Species, cultivar Fecunditya
IRRI accession no. Oviposition

(eggs/ 
 (eggs/5 females 
 Hatchabilityb
 

Male Female female) 
 per 3 d)
 

9. sativa
Dahanala 2220 
 50730 (HR) 
 2.4 c 
 4.2 c 
 2.6 c
BJ1 6.0 cd
00256 (R) 84.9 a
4.0 b 6.6 
b 3.1 c
Suduru Samba 11671 (MR) 9.8 abcd 85.5 a
3.8 b 7.4 a 
 7.1 b 
 11.8abc
HBJ Boro 6 94.0a
06439 (S) 
 5.6 a 7.2 a 
 9.1 ab 
 13.8 ab
TN1 87.4 a
- (HS) 5.6a 11.4a 
 15.4a
).officinalis 

7.8a 
94.1 a101117 (HR) 
 4.0 b 3.8 c 0.6 d 9
2.eichingeri 7.8 cd 3.3a101424 (R) 
 4.2 b 6.0 b 1.5 9
).punctata 100954 (MR) 6.4 

cd 6.8 cd 1.8a4.0 b 
 b 2.6 c
).minuta 5.4 d101094 (S) 92.7 a
3.8 b 6.4 b 4.0 c 
 8.4 bcd
). nivara 82.1 a103836 (HS) 
 5.0 ab 
 6.8 ab 
 3.8 c 
 7.6 cd 
 86.0 a
 
Av of 10 replications and 10 adult pairs/treatment,bAv of 5 replications and 25 adult pairs/treatment. 

http:I\'AI.AA
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IRRITable 6. Population growth of thrips on R and S Oryza spp. and its effect on plant weight and height at 14 DAI. a 

insectary, 1983. 
IRRI Population Plant wt (g) Plant ht (cm) 

Species, cultivar accession 
no. 

growth 
(no./female) Noninfested Infested Difference Noninfested Infested Difference 

0.sativa 
Dahanala 2220 
BJ1 
Sudur. Samba 
HBJ c3oro 6 
TN1 

0. officinalis 
0. eichingeri 
0. punctata 
0. minuta 
O. nivara 

50730 (HR) 
00256 (R) 
11671 MR) 
06439 (S) 

- (HS) 
101117 (HR) 
101424 (R) 
100954 (MR) 
101094 (S) 
103836 (HS) 

3.4 a 
9.6 ab 

15.4 c 
27.2 d 
25.0 d 
6.0ab 
5.2 ab 
6.2 ab 
4 6 a 

14.6 c 

2.35 
3.19 
4.03 
4.12 
3.27 
2.13 
1.93 
1.54 
2.41 
2.72 

2.23 
2.96 
3.93 
3.61 
2.51 
2.32 
2.01 
1.81 
2.08 
2.08 

0.12 ns 
0.23 ns 
0.11 ns 
0.51" 
1.76"* 

-0.19 ns 
-0.08 ns 
-0.27 ns 
0.33 ns 
0.64* 

27.5 
22.5 
29.3 
26.3 
19.7 
17.2 
19.2 
21.3 
15.3 
21.3 

27.3 
23.1 
27.2 
23.2 
15.2 
18.5 
17.3 
22.1 
13.5 
19.2 

0.2 ns 
-0.6 ns 

2.1V 
3.1" 
4.5" 
1.3 ns 
1.9 ns 

-0.8 ns 
1.8 ns 
2.1 

aAv of 5 replications. 

Table 7. Resistance of wild rices to RWM Hydrellia philippina.a IRRI greenhouse, 1983. 

Esb Damage Plant Larval
IRRI 

ratinC damaged survivald 
Species, variety (no./pot)accession 

no. 	 (visual) W % 

101232 O. brachyantha 2.3s 1.0 e 0 t 0 i 

101235 0.brachyantha 2.5s 1.0 e 5 st 0 i 
90 ab 90 ab5.5 b101084 0. minuta 3.5 q--s 

3.0 c--e 20 k--t 10 g--i100125 0.punctata 3.5 q--s 
3.8 p--s 1.0 e 55 d--h 0 i100161 0. alta 

101234 O. brachyantha 4.3 rs 1.0 e 5 st 0 i 
31 f--n 5 hi

101392 O. latifolia 4.5 n--r 1.0 e 
25 g--p 15 f--h

100884 0.punctata 5.3 1--r 3.0 c--e 
101395 O. alta 5.8 j--r 1.0 e 13 n--t 0 i 

5 st 0 i101236 0.brachyantha 6.0 k--r 1.0 e 
4.5 b--d 66 c--g 20 e-g100181 0. officinalis 6.0 k--r 

6.8 i--q 3.0 c--e 26 g--p 10 g--i100964 O. latifolia 
101233 0.brachyantha 7.0 j--q 1.0 e 5 st 0 i 

20 k--t 5 hi100126 0. punctata 7.3 j--q 2.0 de 
101439 0.punctata 7.8 i--p 2.0 de 25 g--q 20 e--g 

1.0 e 	 10 g--i100885 O. latifolia 8.3 h--n 	 24 j--t 
38 f--n 20 e--g100172 O. latifolia 9.3 g--n 1.0 e 

5 st 0 i101234 0.brachyantha 9.8 f--n 1.0 e 
100965 0.latifolia 11.3 e--l 3.0 c--e 70 b--e 45 d 
100891 0.latifolia 11.8 e--I 2.5 c--e 60 c--h 25 d--f 
100962 0.latifolia 11.8 e--I 2.5 c--e 30 f--n 15 f-h 
100890 0.latifolia 1.0 e11.8 e--l 	 50 f--j 40 de 

100887 	 O. minuta 12.8 e--m 2.5 c--e 54 e--h 30 d--f 
30 d-f101417 O. punctata 12.8 e--m 1.5 e 45 f--i 
20 e--g100168 0. latifolia 13.8 e--I 1.0 e 45 f--i 

101231 O. brachyantha 14.5 d--i 1.0e 5 st 0 i 
20 e--g101434 O.punctata 14.8 d--i 1.0 e 85 a--d 

101378 Oryza spp. 14.8 d--i 1.0 e 10 I--t 0 i 
16.0 d--h 5.0 bc 70 b--e 20 e--g100966 0. latifolia 

100963 0. latifolia 17.8 c--g 2.5 c--e 20 k--t 10 g--i 
18.0 c--f 1.0 e 65 e--g 25 d--f100169 0. latifolia 

100895 0.latifolia 21.8 c--e 3.0 c--e 40 f--I 20 e--g 

101167 0.ridleyi 28.8 cd 3.5 b--e 70 b--f 30 d--f 
1.0 e 35 f--n 10 g--i101397 0.australiensis 29.0 cd 

101443 0. latifolia 35.5 c 5.0 bc 80 ab 75 c 

100882 0.australiensis 79.8 b 1.0 e 20 k--t 0 i 

101410 	 0.australiensis 95.8 b 1.0 e 5 st 0 i 

36958 IR40, 0.sativa (MR check) 302.5 a 5.0 bc 100 a 85 bc 
100 a 100 a30416 IR36, 0. sativa IScheck) 360.8 a 9.0 a 

105 TN1, 0. sativa (S check) 335.5 a 9.0 a 100 a 100 a 

aAv of 4 replications. bpopulation density of 25 RWM adults/pot infested inside a cage. Eggs were counted 48 HAl. CAl 
= = more than 1/2 of the leaves damaged with20 DAI with 25 adults/pot. Rating was based on a 0-9 scale: 0 no damage, 9 

some leaves broken. dAt 15 DAI, percent damaged plants was determined by counting damaged tillers and larval survival 

(infested with 1 egg/plant) by dissecting the plants. 
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Table 8. GLH feeding activity and RTV infection on S, MR, and R rice varieties. IRRI, 1983. 

Feeding Area of Basic Tungro
Variety punctures honeydew spots honeydew spots infection 

(no.) (mm 2 ) %) (%) 

IR8(MR) 82 c 188 b 49 b 75.7 b
IR22 (S) 45 d 228 a 100 a 99.0 aIR24(MR) 125a 179 b 52 b 71.0 bIR29(R) 88 bc 197ab 10 c 14.4 d
IR40(MR) 110ab 172 b 
 43 b 42.9 c
 

Table 9. Varietal resistance to LF. IRRI, 1983. 

Variety Damage Eggs Preferencerating (no./pot) (larvae/plant) Pupalwt (mg) 

ARC10560 7.4 a 350 bcd 2.8 a 20.05 aARC6650 7.4 a 341 bcd 2.5ab 18.84 abASD5 3.4 b d218 1.4 cd 17.13 bc
ASDll 3.4 b 480 abc 1.0 d 19.05 abBKNBR-1008-21 4.6 b 427 bed 2.9 a 16.57 cTKM6 3.4 b 277 cd 1.4 bcd 15.22 cIR36 9.0 a 539 ab 1.5 bcd 19.79 aPtb33 3.4 b 211 d 2.0abc 17.13 bcTN 1 (susceptible check) 9.0 a 876 a 2.9 a 20.06 a 

Table 10. Percent deadhearts in rice varieties with different resistance levels and various populations of SSB at 30 DT. IRRI 
greenhouse, 1983. 

Larvae/ Deadheartsa C%) 
hill IR36 (R) IR40 (R) IR52 (MR) IR54 (MR) IR29 (S) IR46 (S) 

0 0.0 c (a) 0.0 d (a) 0.0 c (a) 0.0 c (a) 0.0 c (a) 0.0 d (a)5 27.5 b (b) 25.1 c (b) 28.4 c (b) 28.8 b (b) 45.4 b (a) 43.7 c (a) 
10 29.6 b (c) 29.9 b (c) 39.2 b (b) 34.1 b (bc) 48.4 b (a) 50.5 b (a)20 38.0 a (c) 35.3 a (c) 47.9 a (b) 45.0 a (b) 67.4 a (a) 63.2 a (a) 

aLetters in parentheses indicate separation of means in a row. 

Table 11. Grain weight loss of rice varieties with different Plant age effect on yellow stem borer resistance.
*resistance levels when infested with various populations lR46 is considered susceptible based on screen
of SSB. IRRI screenhouse, 1983. house evaluation where plants are infested with 

Grain wt loss %) YSB larvae at 30 DT. When plants were infestedVariety 5 larvae/ 10 larvae/ 20 larvae/ with 5 YSB larvae at 39, 54, 69, and 84 DT, most
hill hill hill Mean significant yield losses occurred at 39 and 84 DT 

-- (Fig. 4). There was no yield loss at 54 DT, even atIR36 (R) 8.0 24.5 33.5 22.0 c 800 YS B larvae//36 hills. Yield losses at 69 DT were 
IR40 (R) 17.7 28.6 31.9 26.1 cIR52 (MR) 54.5 65.8 67.0 62.5 b low. Yield loss at 39 and 84 DT was partially due to
IR54 (MR) 46.2 57.3 63.5 55.7 b the high percentage of unfilled grains.IR29 (S) 69.1 84.7 90.2 81.3 a Technique for demonstrating phloem or xylem
R46 CS) 63.7 72.8 87.4 74.6 a feeding by leafhoppers. To monitor the feeding 
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Table 12. Percent deadhearts and response of SSB reared on I R varieties and traditional varieties. IRRI screenhouse, 1983. 

Variety Deadhearts
M(%) 

Survival
(%) 

Pupal wt 
(r 

Larval wt 
(ing) 

Egg masses (no./
female) 

Eggs (no.d 
egg mass) 

Males 

IR20 30.6 c 74 a 52.8 bc 45.0 c 2.9 1) 40.2 b 60.6* a 

IR36 33.3 c 78a 53.5 b 47.9 b 3.4 a 41.3 b 60.3* a 
IR50 31.4 c 70 b 50.2 c 43.3 c 2.7 b 30.1 c 62.9* a 

Peta 62.8 b 87 a 63.7 a 50.2 a 3.9 a 49.6 a 49.1ns b 

Intan 66.9 a 88 a 64.6 a 50.5 a 3.8 a 49.4 a 45.5ns b 

a.. = significantly different from 50% at 1%level, ns = not significantly different from 50% at 5% level. 

behavior of(il. , BIPland W13BPH in susceptible 
and resistant rice varieties, a simple technique using 
a lignin-specific dyc that selectively transloates in 

xylem vessels was tested. 
Roots of IN I, a variety susceptible to all three 

hopperspecics: ASD7, resistant to GI.H and BlIT 
and IR2035-1 17-3, resistant to WBPIH, were ir-
mersed in an aqueous solution of (.2 i safranine 
"0" for about 6 h. The tralnslocated dye colored the 
seedling xylem vessels red. Ten hoppers of each 

Damage (0) 

100 

80 - Whitehead 

60 

40 

20
 

0 J il I-iE 

2 )Yield (g/m 

600 

400200 -

O ____i_

species were then released in mylar cages oil the 
seedlings. The honeydew they excreted dropped
onto filter paper discs and was readily absorbed. 

Red honeydew spots indicated xylem feeding by 
hoppers on the safranine-treated seedlings. When 
filter paper discs from untreated seedlings were 
treated with a 0.1 i ninhydrin-acetone solution, 
bluish amino acid spots indicated phloem feeding. 

GIL.H proved to be primarily a phloem feeder on 
susceptible TNI, auihough occasionally it sucked 

60 Yield loss 

0 100 200400800 0 100 200400800 0 100 200400800 0 100 200400800 

39 0T 54 DT 69 DT 84 DT 

Lewis of Infestation (no of Ist-instar larvoe/36-hill plot) 

4. Reaction of IR46 at dillerent groNth stage%'.'hen expo d to dilrent N'SH popula:iwrm IRRI. 19X3\VS. 
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IRRI, 1983. 


small amounts of xylem sap. On resistant ASD7, 
the hopper switched to xylem feeding but also did 
some phloem feeding, evidenced by amino acid 
traces in the honeydew. 

BPH and WBPH were only phloem feeders on 
both susceptible and resistant varieties and con
sumed less on resistant than on susceptible plants. 

Electronically recorded waveforms associated 
with ieeding behavior ofwhitebacked planthopper. 
To determine WBPH feeding activity on suscepti-
ble and resistant varieties, a 10-cm, fine (2 0p) 
copper wire was attached to the dorsum of an 8-to 
10-h-old brachypterous female by Duco cement 
and a small quantity of EKG electrolyte paste. The 
insect was starved for 2 h and then placed on the 
leaf sheath of 45-d-old plants of susceptible TNI or 
resistant IR2035-117-3. The copper wire was con-
nected to the negative input terminal of a transis-

P 

P 

R-v 
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torized, automatic, and null-balancing DC chart 
recorder. The voltage source consisted of two 1.5 
penlight batteries connected in a series. The 

terminal of the battery was connected with 
the leaf sheath substrate through aluminum foil 
and moistened fiter paper (Fig. 5). The recorder 
pen was adjusted to the base line of the chart andthe insect's feeding activity was monitored for 60 
min. Probing, salivation, and ingestion registered 
distinct sequences of waveforms during feeding on 
the two varieties (Fig. 6). Feeding patterns suggest
that WBPH ingests mainly phloem sap of both 
susceptible and resistant varieties. 

The waveforms showed that insects probed 
readily and fed longer on the susceptible variety but
made brief repeated probes on the resistant variety, 
reducing effective feeding time. 

CIEMICAL BASES OF RESISIANCE 

Brown planthopper. The seedling dip bioassay 
technique was used to monitor factors for BPH 
resistance in extracts of rice seedlings at maximum 
tillering. Extraction and solubility fractionation of 
fresh or frozen rice plants and their steam distillates 
confirmed the presence of resistance factors in all 
susceptible and resistant rice samples in the rela
tively nonpolar fractions eluted by hexane and 
diethyl ether. Crude oils obtained by steam distilla
ting leaf sheaths from plants 45-60 DT of 3 
susceptible and 7 resistant rices showed the same 
trend. 

S -Salivation 

6. Tcrn-Ingest in S Ir 

(Rah to Left)P H 4 seconds 

X-wo
 

Pp P pP 
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6. Wave~foris recorded with tinectroniicntit(iiorinig devicedtirinigW[JlIUIIc'tdingontsusceptible TN I 
and resistant IR2035-117-3. IRRI. 1983. 
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Striped stem borer. Gas chromatography of with maximum tillering. TKM6 had a higher level 

plant extracts can estimate the oviposition deter- of Compound A than Taitung 16, but both 

rent Compound A in TK M6 plants. Variable levels varieties showed identical trends. 

have been observed on TKM6 and Rexoro plants 

of the same age but sown at various dates. To find COLLABORATIVE PROJECIS 

out what influences the Compound A level, four Entomology and Plant Breeding Departments 

rices differing in SS B resistance were grown in pots 
Green leafhopper. GLH-resistant varieties werein the phytotron. At 50 DT, only resistant TKM6 


showed significantly higher Compound A level at evaluated against local GLH populations at IRRI,
 

12 h daylength and 50 klux light intensity than at and in India, Indonesia, Malaysia, and Thailand.
 

10- and 14-h daylength and 25 klux light intensity. 	 Population virulence was based on damage ratings 
in the seedbox screening test and on percentage ofTKM6 and, to a limited extent, 1R20 had a higher 
insect survival. Most varieties responded similarlyCompound A level 60 DT at 26° C day/I 8 C night 

temperatures than at 29°/210C and 35°/27°C. in the seedbox test in different locations (Table 13). 

This was not true of Rexoro and IR1514A-E666. However, Pankhari 203 having the G/h I gene was 

Compound A contents of whole TKM6 and susceptible in India and Malaysia but resistant or 

Taitung 16 plants were estimated at 10-d intervals moderately resistant at other locations. IR8 was 

from 10 DT to maturiy at 90 DT. Compound A susceptible in Malaysia and moderately resistant 

level decreased sharply up to 40 DT, coinciding at other sites. Moddai Karuppan was moderately 

Table 13. Damage ratings of seedlings in seedbox screening for GLH resistance. GLH Collaborative Project, 1983. 

Reaction at 

IRRI India Indonesia Malaysia ThailandaVariety Gene 

1 2 

S MR MR
Pankhari 203 G/h R S R 

R R R
ASD7 GIh 2 R MR R 


MR S MR MR

IRB GIb 3 MR MR 


R MR R R 
 R
Ptb 8 	 glh 4 MR 

R R MR MR
ASD8 GIh 5 R MR 

TAPL #796 GIh 6 MR MR MR R R MR 

Moddai Karuppan GIh 7 MR R R R R R 

R R R MR MR R
IR29 (resistant check) -

TN 1 (susceptible check) - S S S S S S 

= 
= Rice Division, 2 Entomology and Zoology Division.a1 

Table 14. Survival of GLH at different locations. GLH Collaborative Project, 1983. 

Survivala (%) 
\'ariety 	 Gene-

IRRI Indonesia Malaysia Thailandb 

4 c 66 bcPankhari 203 	 GIh I 2 c 0 c 
b 6 bc 40 cd

ASD7 	 GIh2 B bc 32 
42 b 28a 78abIR8 	 GIh3 24 b 
40 b 2 c 58 bcdPtb8 	 glh4 76a 

2 c 2 c 72 b14 
28 b 32 b 12 abc 38 cdASD8 	 GIh5 bc 

TAPL #796 GIh 6 
Moddai Karuppan GIh 7 74 a 34 b 6 bc 32 d 

0 	 4 80 ab0 c c 	 cIR29 (resistant check) 
80 a 74 a 28 a 94 a

TN1 (susceptible check) 

aAv of 5 replications. bRice Division. 
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Table 15. Damage ratings of varieties in seedling screening for WBPH resistance. WBPH Collaborative Project, 1983. 

Variety Gene 
IRRI 

N22 Wbph I R 
ARC10239 Wbph 2 R 
WC1240 Wbph 1 + 1 recessive R 
Colombo Wbph 2 + 1 recessive R 
IR2035-117-3 Wbph I+Wbph2 R 
TN1 None S 

resistant at IRRI and resistant at other locations, 
In the insect survival test, Pankhari 203 appeared 
resistant in Malaysia (Table 14). Survival was high 
on Moddai Karuppan at IRRI and lowat the other 
locations. Survival on the resistant check IR29 was 
high in Thailand and low at other locations. GLH 
populations differ in virulence on resistant varieties 
depending on the country. 

Whitebacked planthopper. Seedbox reactions 
of varieties with genes for WBPIH resistance were 
similar at all locations in South and Southeast 
Asia. However, ARC10239 was resistant in all 
locations except Vietnam although insect survival 
there was low (Table 15). 

INHERITANCE OF RESISlANCE 
Plant Breedin,,ant Entomohgi, Departments 

A new gene for resistance to whitebacked plant-
hopper. The ongoing program studying inheritance 
of resistance to WBPIH investigated 15 additional 
resistant varieties. Susceptibility to WBPI was 
studied in F, and F, populations and F., progenies 
from their crosses with susceptible TN I. Results 
showed that single dominant genes confer resis-
tance in Boegi Boera, DD4, PI 184675-7, Siam 
Garden, Rening, N'Diang Marie, Manggar, Oha, 
Gokhue Saier, Tjempo Tolo, and Nemai. Two 
independent dominant genes govern resistance in 
ARC5752, Chaia Anaser, Katuyhar Dhan, and 
Dhera Dun Basmati. 

Tests for allelism with known W13PHl resistance 
genes revealed that the single dominant genes in 
Boegi Boera, DD4, PI 184675-6, Siam Garden, 
Rening, Oha, Gokhue Saier, Ijempo Tolo, and 
Nemai, and one of the two independent dominant 
genes in ARC5752, Chaia Anaser, Katuyhar Dhan, 
and Dhera Dun Basmati are allelic to Whp/h I. The 

Reaction at 

India Indonesia Korea Thailand Vietnam 

R 
R 
R 
R 
R 
S 

R 
R 
R 
R 
R 
S 

R 
R 
R 
R 

MR 
S 

R 
R 
R 
R 
R 
S 

MR 
S 

MR 
MR 
MR 

S 

second gene in ARC5752 is allelic to IVIhph 2. The 
second gene of Chaia Anaser, Katuyhar Dhan, and 
Dhera Dun Basmati is allelic to Wbph 3. The 
dominant genes of N'Diang Marie and Manggar 
segregated independently of Wph 1, Wtph 2. and 
H'h7lph 3. The dominant gene of N'Diang Marie 
was designated I'hph 5. The allelic relationships of 
the dominant gene of Manggar to 1f17ph 5 are not 
known. 

CYTOLOGICAL VARIATIONS AMONG BPH 
BIOTYPES I, 2.AND 3,AND A GRASS-INFESTING 
BIOTYPE 
Entomology Department 

Studies were made of the cytological-cytogenetic 
aspect of BPH biotypes 1,2, and 3that arc specific 
to rice and another biotype specific to L. hexandra 
grass. Specificity of populations to their host 
variety or species is strong, and individuals die 
soon when caged on nonhosts. 

The cytology of the rice and the grass biotypes 
showed that they shared a prereductional meiosis. 
The first and second meiotic divisions were reduc
tional and equational for all components of the 
species' genome. The male diploid number was 
constant among the four biotypes, 2n = 30, 
consisting of 14 bivalent autosomal pairs and XY 
sex chromosomes. Thus, BPH has an XY sex
determining mechanism. Males are heterogametic 
(14 I1A + XY), producing two types of secondary 
spermatocytes, 14 1A + X and 14 1A + Y. Females 
are homnogametic (14 II A +XX), producing a 
single type of secondary oocyte. 14 1 A + X. 
Likewise, chromosomal behavior (orientation, 
broad spindle attachment, parallel anaphasic dis
junction, and normal segregation of X and Y 
chromosomes) indicates that BPH chromosomes 
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Table 16. Variation a in nuclear and chromosome 
infesting biotype during prophase I. IRRI, 1981-83. 

Prophase I (substages) 

Leptonema 
(Nuclei:aml and amw) ns 
Zygonema 
(Autosomes) 
(Sex chromosomes) 
Pachynema 
(Autosomes rml) 
(Sex chromosomes rml) ns 

Diplonema 
(Autosomes aml)b 
(Sex chromosomes aml) 
Diakinesis 
(Chromosomes aml )c 

Biotype 1 

31.75g and 26.50M 
intermediate 

No difference 

11.11 mm, lowest 
6.50 mm, lowest 

5.92p, lowest 
7.50M 

4.35ju, highest 

measurements of BPH biotype 1, biotype 2, biotype 3, and a grass-

Biotype 2 

29.90ju and 24.00% 
lowest 

No difference 

12.43 mm, intermediate 
9.00 mm, highest 

8.081,highest 
5.00p 

3 7 7 . p, intermediate 

Biotype 3 Grass-infesting
biowype
 

7 5 330.50 and 2 4 . ju 8.20,u and 30.60 
intermediate highest 

No difference No difference 

13.17 mm, inter- 15.50 mm, highest 
mediate 7.00 mm, inter

7.00 mm, inter- mediate
 
mediate
 

7.08/A, 	inter- Negatively
 
mediate, 5.00 pycnotic
 

3 3 9 . , inter- 3.25j, lowest 
mediate 

aDifferences in absolute mean length (aml), absolute mean width (amw) and relative mean length (rml). bBiotype 1 was sig

nificantly different from biotypes 2 and 3; biotypes 2 and 3 did not significantly differ from each other at the 5% level by 
analysis of variance and Duncan's multiple range test. cBiotype 1 significantly differed from biotype 3 and the grass
infesting biotype but not from biotype 2; biotype 2 did 
biotype at the 5% level. ns = not significant at the 5% level. 

during gonial meiosis are holokinetic or possess the 
typical diffuse centromeres. 

Salient variations were detected in nuclear 
chromosome measurements during different stages 
of prophase I (Table 16). Despite numerical varia-
tions among populations, statistically significant 
differences were observed only during diplonema 
and diakinesis. During pachynema, which provides 
the most favorable material for characterizing 
chromosome lengths, the karyotypes and idio-
grams of 15 bivalent chromosomes varied in length 
(Table 16, Fig. 7). 

The following observations were noteworthy in 
the four biotypes: 

I. The most metaphase I cells were detected in 
biotype I, followed by biotype 3 and biotype 
2; the grass-specific biotype had the fewest. 

2. 	 Biotype i, biotype 3.and the grass-specific 
biotype revealed two types of metaphase 1 
cells: those with sex chromosomes isolated 
from autosomes and cells with both chromo-
some types together. Biotype 2 showed only 
the first type of cells. 

3. The average distance of the sex chromosomes 
from autosomal grouping was highest in 
biotype 2, almost twice that of biotype I. 
Biotype 3and the grass-specific biotype ranked 
next. 

not significantly differ from biotype 3 and the grass-infesting 

4. 	 Biotype I had more cells with combined 
autosomes and sex chromosomes than bio
type 3 or the grass-infesting biotype did. Intra
and interchiasmatic connections were higher 
in homologues of biotype I than of biotype 3 
or the grass-infesting biotype. 

5. The sex chromosomes of the four biotypes 
varied in length and width with biotype 2 
having the longest chromosomes followed by 
biotype 3 and the grass-infesting biotype. 
Biotype I and biotype 3 had almost equal 

Bioype 1 	 I 'V ii 
65657 9 9 9 90511 13 1415516 2mm 
t
 

Biotye 2 i II]
 
I I I I I I
 

69 7 76 8 9 9 95 11 11514 1 17 18 19 23 

8;otype3 	 II i 
I 	 I i I i 

35 6 7 8 9 1012253 1313517521 2 29 

t
 
Coss- infesting bioty e I 
I I I I I I I I I ,
 

68 7 72 72 721335137e 2o 2oasr627
fo 
7. Karyotyriesand idiogram-s of (fhbiealent pachytene chroniosomnes of 

iIll iotype. Arrows indicate %ex chroniosomes. IRRI. 1981-83. 
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girth, and the grass-specific biotype had the 
narrowest X and Y chromosomes, 

The four biotypes can be ranked in genetic 
versatility: biotype I > biotype 3 > Diotype 2 > 
grass-specific biotype. In genetic stability they 
would be grass-specific biotype > biotype 2 > 
biotype 3 > biotype 1. 

Considerable genetic variation exists in BPH 
biotypes which are apparently morphologicaly 
alike. The cytological variations among the bio-
types indicate that they are generating de novo 
genetic isolating mechanisms. Those variations 
further support the observed subtle differences in 
BPH behavior, physiology, and morphology. 

Comparative cytology of field populations of 
brown planthopper infesting gra.-,and rice. BPH 
were observed thriving on grass weed L. hexandra 
along irrigation canals at IRRI. The population 
was unique in its strong preference for the weed 
host and individuals died when caged on rice 
plants. It was considered a primitive, nonvirulent 
BPH biotype. To ascertain its taxonomic status, its 
cytology was studied and compared with that of 
the rice-infesting field population. Testicular cells 
of brachypters from grass and rice hosts were 
examined using the standard cytological tech-
niques. 

Table 17. Variations in relative mean length of pachytene
chromosomes of BPH biotipes infesting field rice and 
grass hosts. IRRI, 1982-83. 

(rnm) 

Autosome Differencea 
no. BPH (grass) BPH (rice)DGenetic 

3C SEM R SEM 

1 10.0 0.00 18.0 1.61 - 8.0.. 
2 10.3 0.21 

3together 
22.3 1.26 -12.0* 

4 
5 

10.4 
11.0 

0.27 
0.36 

28.2 
29.5 

1.89 
1.56 

-17.8 *°  

-18.5* 
6 20.0 0.00 30.7 1.43 -10.7* 
7 
8 

20.3 
20.5 

0.21 
0.22 

32.7 
35.3 

1.84 
0.80 

-12.4*" 
-14.8** 

9 21.0 0.06 38.4 1.87 -17.4* ° 

10 
11 

30.0 
30.0 

0.00 
0.00 

40.3 
42.7 

1.82 
1.71 

-10.3al 
-12.7** 

12 30.2 0.17 47.5 2.20 -17.3-* 
13 30.8 0.17 51.2 2.33 -20.4** 
14 40.0 0.00 54.5 2.79 -14.5* * 

a..significant at the 1%level, av of 6 samples. 
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The two populations varied substantially during 
the pachytene stage (Table 17). Karyotypes and 
idiograms of the two populations show clear 
individual chromosomes of different relative mean 
lengths (rml). For instance, the chromosome with 
the nu.deolus organizing region (site of ribosomal 
RNA synthesis) measured 47.20 mm for the rice 
BPH anid 20.75 mm for the grass BPH. The rice 
insects had longer chromosomes than the grass 
insects. The nucleolar organelle in rice BPH was 
either a darkly stained body or two fused nucleoli, 
but in the grass BPH, it was a densely stained ovoid 
body. 

Chromosomal behavior was similar for both 
populations, except that the intensive coiling of 
chromosomes during diakinesis resulted in shorter 
and more heterochromatic chromosomes in rice 
BPH than in the grass BPH. 

These cytological criteria may help characterize 
and differentiate thegrass BPH from the rice BPH. 
The study also confirms that the grass BPH is 
unique and justifies its categorization as an addi
tional BPH biotype. 

INRASPECIHC HYBRIIZAIONBETWEEN RICE
 
AND GRASS-INFESTING 
 BROWN PiANTIHOPPER 
BIOTYPES 

Eniotnology Department 

Hybridization trials were conducted between grass
and rice BPH to determine biological and evolu
tionary relationships of the parental biotypes andto understand how host specificity could be trans

mitted to their progenies.
 
crosses between grass and rice BPH
 

populations were made on the grass host and the 
respective rice plants (TNI for biotype I, Mudgo
for biotype 2, and ASD7 for biotype 3) enclosed 

in mylar cages. The cross between biotype 
1(BI) and the grass-specific (BL) produced three
generations of offspring and backcross progenies.
The cross of a BL female and a BI male had low 

successful mating frequency and low percentage of 
egg hatchability (Table I8). The reciprocal cross of 

a BI female and a BL male had a high mating
frequency and egg hatchability, but the survival of
F, hybrids remained low. Some premating and 
postmating barriers exist between the two populations. 

Host specificity was controlled bya single major 
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Table 18. Successful matings and oviposition and egg hatchability in crosses between and withifi hiotype 1 (B1) and the 

grass-infesting biotype (BL).a IRRI, 1983. 

Mating frequency (no.) 

Cross 
Successful Unsuccessful 

Female Male 
B1 B 10 0 

BL BL 10 0 

B1 BL 9 1 

BL Ri 4 6 


aAv of 10 replications. 

autosomal gene. Tests showed that the ability of 
the F1 progenies to feed and survive on rice was 
dominant over that on grass. This dominance was 
observed up to generation 3of the genetic cross and 
generation I of the backcross progenies (Fig. 8). 

ENZYME POLYMORPHISM AMONG BROWN 

PLANTHOPPER BIOTYPES INTHE [PHILIIPINES 

EntomologrDepartment 

Among the three BPH biotype populations, 18 
enzymes were surveyed. Polymorphism was noted 
in 6 of I I enzymes for which activity was detected. 
For all three biotypes, the variant enzymes indi-
cated a high proportion of polymorphic loci (P), 
equal to 0.54. An enzyme was considered poly-
morphic when the most common allele had a 
frequency not greater than 0.99. The polymorphic 
enzymes were catalase, esterase, isocitrate dehy-
drogenase, malate dehydrogenase, malic enzyme, 
and phosphoglucose isomerase. Acid phosphatase, 

(TNI+L) -t(TNi +L) 

rentParent 81 Fl 

(TNI+L) (TNI+L) 

Backcross Bockcrms 
progenies progenies 

TNI L TNI L_.
(died)9(died) 9R 

generation I genrohn I 

TlL TlL 
(died) I (died) 

8. Scheme ol direct. reciprocal, and Nickcrel cs in%oling II'II bii ,pe 

I l1l))anrd the grass-inicsting hiotpc(111-). 3'll1 crc maiuitalledonil rice 

variety5- IN I riiah a,,dra l..ra mi.trrr l INI arlI. he.%adra 

(TN I 1- I.). 

Nymphs that Hatchability 

Eggs laid (no.) emerged (no.) W 

588 a 520 a 94 a 
160 b 154a 95a 
506 a 436 a 81 a 
108 b 56 b 27 b
 

glucose kinase, glucose-6-phosphate dehydrogen
ase, leucine aminopeptidase, and phosphogluconate 
dehydrogenase were all monomorphic. 

Phosphoglucose isomerase (PGI). Based on the 
,nogram pattern, PGI appears to be coded by 
two gene loci: Pgi-l and Pgi-2 (Fig. 9). Both were 

polymorphic, but the analysis was restricted to the 

more anodal Pgi-2 because of the poor banding 

pattern of Pgi- I. Pgi-2 had three alleles designated 
as Pgi95 , Pgi l 1 , and Pgi105 , designated as I, 2,and 
3, respectively (Table 19). The banding pattern 
indicated that PGI is a dimer and heterozygotes 
formed a hybrid band in addition to the homo
zygote bands. 

+' 

PGi.2 

]PGI-I 
Origin
12 3 4 5 6 7 8 9 K)11 1213 1415 161718 192021 

+ 

Origin 
I 2 3 4 5 6 7 8 9 1011 1213141516171819202122
 

;~+ 

" 

t IOigi 

Origin 
I 2 3 4 5 6 78 910 11 12 13 14 15 17 18 

to right)fl a) I' [-2: 1-6.9.15, 1. . I. 
I ; (IM) 115); 7. 12. 13. 17. 21 (I) 10)) X. 10 (95 IX)) ; IH. 14, 20 

1105 105); b) 11)11:1-6. 8-14. 16-21 (1) )I): 7, 15,22, (93 1f)8); c) 

M I)I: - ,6 , I -10-13.15-17(1(X)1I))5.7,9, 14 (1() IN).RRI. 1983. 

9. F1cctrophol c)ic ii .lo ', IV,,(1c) 

http:1-6.9.15
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Table 19. Allele frequencies in 3 protein loci of BPH biotype 1 and biotype 3. IRRI, 1983. 

LocusAllele frequency Heterozygositya 
Le1 2 3(H) 

Pgi-2 1 0.018 0.583 0.398 0.38 

ldh 

Mdh 

3 
1 
3 
1 
3 

0.005 
0.037 
0.003 

-
-

0.868 
0.963 
0.997 
0.957 
0.997 

0.128 
-
-

0.043 
0.003 

0.17 
0.07 
0.006 
0.09 
0.006 

R1 = 0.068 
-F13 = 0.023 

aThe 5 other invariant lociwere in.luded in the calculation of Rl. 

Isocitratedehydrogenase (IDH). The I DH locus k . 74 
contained two alternative alleles, ldh9 designated 2. 
as I and Idh'01 designated as 2. The banding 
pattern indicated that IDH is a dimer and hetero
7 1,yotes formed a hybrid band in addition to the 
hr.nodimer bands (Fig. 9b).

Malate dehydrogenase(MDH). MDH had alter- i 
40 

° 9native allele 2, MdhIu,1 and allele 3, Mdht 1 . This 
hybrid was noted in heterozygotes, indicating that 
MDH is a dimer (Fig. 9c). 

The allelic frequencies and heterozygosity of ... 
each of the three protein loci are presented in Table . . ,SU " 
19. Biotype I had a slightly higher mean hetero

zygosity of 0.068 than biotype 3 (0.023). This was Wt.('omplet genonc inmle t.'31 (2n 14 II A+X). Sexdue to the higher number of heterozygotes in Pgi chrr,,,er i%indicated hNan arro\,.IRRI, 1983. 
than in ldh and Mdh. The last two were almost 
monomorphic ic biotype 3. Biotype I exhibits INTEGRATION OF VARIETAL RESISTANCE AND 
mort; genetic vanation than biotype 3. INSECTICIDES FOR GREEN LEAFHOPPER 

CONTROL 

CYTOGENETICS OF THE WHITEBACKED Eilomnologyt Department 
PLANTHOPPER 

Entomolog' Department Two WS experiments in a farmer's field in Victoria,
Laguna, and at IRRI tested GLH-susceptible

WBPH chromosomes were holocentric: the kine- IR22, moderately resistant IR36, and resistant 
tochores were diffused along the entire length of IR28. 
both autosomes and sex chromosomes. The diploid In the Victoria test, 3 rates of carbofuran (1.0,
number in males was 2n = 29 while females had 2n 1.5, and 2.0 kg ai/ ha) were soil incorporated before 
= 30. The sex chromosome in each testicular cell transplanting. Even with high insecticide rates, 
was a univalent X body, 2j long and I to 1.5yp GLH populations were high in the susceptiblewide. 
The oogonialcells had XX bivalentseach measuring variety, intermediate in the moderately resistant,
about 3y long. The sex-determining mechanism and low in the resistant. As a result, RTV infection 
was XX-XO type with males being heterogametic was high on both untreated and treated plots of 
and females homogametic. The complete genome IR22. Gross profit was highest on IR28 and 1R36.
in males comprised 14 bivalent autosomes plus an At the GLH population level in the study, there
X chromosome (Fig. 10), but females had 14 was no benefit from applying insecticide on the
bivalent autosomes plus XX sex chromosomes, moderately resistant and resistant varieties. Net 
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Table 20. Rice yield and economicsa of diazinon applications on rices with different levels of resistance to GLH. IRRI, WS 
1983. 

Diazinonapplicationsb 
(no.) 

Yield 
t/ha) 

GrossGosCtofNet 
profitc 

Cost of 

insecticide 
gain e 

($) applicationd 

IR22 (S) 
0 0.06 a 9 0 9 
1 0.09 a 14 20 - 6 
2 0.22 a 35 40 - 5 
3 0.27 a 42 60 -18 
4 0.16 a 25 80 -55 

0 0.69 bc 108 
IR36 (MR) 

0 108 
1 0.55 c 86 20 66 
2 0.91 b 143 40 103 
3 1.27 a 199 60 139 
4 1.34 a 210 80 130 

IR28 (R) 
0 2.64 b 415 0 415 
1 2.88 ab 452 20 432 
2 3.00 a 471 0 431 
3 2.94 ab 462 60 402 
4 2.8d ab 452 80 372 

Gain fromcde~Benefit/ 

insecticide f 
(%) costg 

-
0 <1 
0 <1 
0 <1 
0 <1 

- -
-42 <1 
- 5 <1 

31 <1 
22 <1 

- -
17 <1 
16 <1 

-13 <1 
-43 <1 

a Based on an exchange rate of 1 US$ P14 in December 1983. bGranules broadcast at 1.5 kg ai/ha. One application was 

made at 1 DT, two applications at 1 and 11 DT, three at 1, 11, and 21 DT, and four at 1, 11,21, and 31 DT. CBased on a 
rough rice price of US$ 157/t. dCost of insecticide application = cost of insecticide + labor. aNet gain = gross from insecti
cide application. fGain from insecticide = net gain of treatment minus net gain of control. gGain from insecticide + cost of 
insecticide application. 

RTV infection (M) 

, MR22(S) IR36MR) IR28 R 
100 

80 

60 

40-

20 

0 . 2 4benefit
01234 01234 01234
 

Diazinon applicofion(no) 


ii. I'ercnt RIVlectionat601) roftarictie.s S,,MR. ranlI to 1(il. 
when treated with dia/ino n applicatIi ons hroadcast at 1.5 kg a hia.alt 1, 
11. 21. and 31 l)T. IRRI. 1983 WS, 

gain increased when insecticide was applied on 
IR22. 

RTV infection wai higher on the IRRI farm 
(Fig. II). None of the treatments controlled RTV 

on IR22. RTV decreased on IR36 as the number of 
insecticide applications increased. Insecticide was 
not needed on IR28 as RTV was only 3% in the 
untreated check due to the high level of GLH 
resistance. 

Gros profit and net gain were highest in IR28 
and intc~mediate in 1R36. 

When RTV pressure was low (Victoria test), 
there was some benefit from applying carbofuran 
on susceptible varieties. However, when RTV 
pressure was high (IRRI farm test), there was no 

in applying diazinon on resistant, moder
ately resistant, or susceptible varieties (Table 20). 
More effective insecticides and application methods 
are needed to increase their profitability for con

trolling GLH and RTV. 
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EVALUATION TRIALS 

Cereal Chemistr', Plant Breeding, and Statistics 

Departments 

Since rice is the major protein source (30-80%) in 
the Asian diet, all promising lines have been 
monitored for brown rice protein (BRP) content to 
maintain their nutritional value, 

Protein screening of replicated yield trials 
(Cereal Chemistrl, Plant Breeding, anlStatistics). 
Continued screening of the replicated yield trials 
for BRP monitored nutritional value of the pro-
mising lines. The correlation coefficient between 
rough rice yield and BRIP was -0.44** (it = 456) for 
the 1982 WS crop and -0.33** (it = 462) for the 
1983 DS crop. BRP and yield values for check 
varieties in WS were 8.9U and 4.6 t/iha for IR42, 
and 9.8% and 3.6 t/ha for 1136. In DS, BRP and 
yield values were 7.7% and 6.4 t/ ha for IR42 and 
8.4% and 6.2 t/ha for IR36. IR58 had 10.2% BRP 
and 3.4 t yield/ ha in WS and 7.8% and 5.9 t/ ha in 
DS. 

Only IR18350-229-3 had yield (4.64 t/ha) and 
BRP (9.3%) comparable to those of IR42 in WS. 
The yield and protein content of many lines were 
comparable to those of the check varieties and 
IR58 in the 1983 DS. IR18350-229-3 yielded 7.11 
t/ha and 9.2% BRP in DS, comparable to IR36 
and better than IR42 in the same trial plot. 
IR32819-37-3-2 also had 7.17 t yield/ ha and 9.1% 
BRP in the DS crop, comparable to IR36. How-
ever, it had more BRP than IR42 in the same trial 
plot. 

Protein loss during milling (Cereal (hemistr'r). 
Studies on protein loss during milling using dif-
ferent varieties and a McGill miller showed less 
protein loss from brown rice as protein content 
increased (1971 annual report). These studies were 
verified using 1R36 and IR42 brown rice with BRP 
of 8-13% and a Satake TM-05 abrasive mill. The 
fraction of BRP retained in milled rice with 10 ± 
1% bran-polish removal also tended to decrease 
linearly with increasing BRP. Staining milled rice 
with May-Griinwald reagent for bran-polisi, 
showed that, at the same degree of milling, more 
bran streaks were present in milled rice with the 
Satake abrasive mill than with the McGill friction 
mill. Protein loss during milling was higher for 
IR42 than for IR36 particularly at the lower BRP 

levels. This was verified by low protein content of 
R36 bran layers compared to that of 1R42. 

PROTEIN AND ENERGY tUTILIZATION 

Cereal Cumistrv Department 

Studies were made on the effect of traditional heat 
processing on the protein quality of rice based on 
the decomposition of its heat-sensitive amino acid, 
lysine. 'Fhc cause of poor energy digestibility in 
children with high mungbean intake was also 
studied. Cooperative studies with the Nutritional 
Evaluation La boratory (NEL.) led to valuable data 
on protein requirements for typical rice-based 
weaning foods and the interrelationship between 
protein and energy requirements in preschool 
children. 

Effect of beat treatment on iysine content. 
Earlier studies on rice yellowing and on mungbean 
toasting suggested that lysine was the amino acid 
most sensitive to heat decomposition. Since tradi
tional processes expose rice to dry and wet heat, 
their effect on lysine content of protein was 
surveyed. Accelerated rice aging and toasting 
without charring had minor effect on protein 
quality (Table 1). To induce yellowing, high 
moisture milled rice was heated at 60' C for 4 d. 
The induced yellowing affected lysine content the 
same way natural yellowing did in high moistute 
rice. Even lower-moisture grain which did not 
change color decreased in lysine content. Popping 
also decreased lysine content, but this could be 
partly caused by loss of high-lysine germ. Puffing 
dry cooked milled rice decreased lysine content of 
protein as previously reported. 

Energy and nitrogen balance in rats. A con
firmatorystudyat the National Institute of Animal 
Science, Copenhagen, Denmark, on high protein 
IR58 milled rice for human feeding studies showed 
satisfactory net protein utilization (NPU = true 
digestibility X biological value) for its protein level 
(Table 2). In addition, yellow milled rice represent
ing two of the three worst samples from the 
National Food Authority (Manila) were analyzed 
again to verify 1982 data. The analysis using rats 
confirmed that yellow rice has lower lysine content 
and reduced digestibility and biological value 
(Table 2). These samples had lower NPU than the 
62.3 and 62.7% of 1982 samples, probably because 
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Table 1. Effect of heat treatment on the lysine content of vice grain protein. IRRI, 
1983. 

Lysine contentb (g/1 6.8 g N)a
Treatment 

Check Treated 

Accelerated aging (1000 C, 3 h, sealed container) 3.5 3.4 
Toasted 4.00 ± 0.08 3.83 ± 0.07 
Induced yellowin' (60C,4 d, sealed)


IR42, 25% moisture 4.00 ± 0.08 
 3.40 ± 0.02 
IR36, 14% m'histure 3.46 ± 0.02 3.16 ± 0.02 
IR36, 26% moisture 3.46 ± 0.02 2.99 ± 0.01 

Yellow ricec (high moisture, <100*C)
 
White 
 3.8 3.08 ± 0.02 
Yellow 3.8 2.99 ± 0.04 

Popped (2070 C, 45 s) 3.6 3.08 ± 0.04 
3.6 3.0 

Cooked and puffed (commercial) 
Cooked 
 3.8 3.30 ± 0.10 
Puffed 3.8 2.45 ± 0.21
 

aAII weie milled rice samples except popped rice, which was brown rice. bMean ±
 
standarderror. CMean of two samples.
 

Table 2. Energy and N balance in growing rats fad IR58 milled rice and two

yellow milled rices from the Philippine National Food Authority. National Insti
tute of Animal Science, Copenhagen, Denmark, and IRRI, 1983. a
 

Yellow rices 
Property IR58 

1 2 

Protein (% N X 6.25) 11.9 ± 0.0 7.0 ± 0.0 7.5 ± 0.0
 
Lysine (g/16 g N) 
 3.48 ± 0.04 3.04 ± 0.02 2.96 ± 0.07 
Energy content (kJ/g) 15.9 15.4 15.3 

Balance data in 5 rats 
Digestible energy (% of intake) 97.0 ± 0.3 96.0 ± 0.3 95.9 ± 0.2
 
True digestibility (% of N intake) 99.1 ± 0.4 92.1 ± 0.5 93.1 ± 0.3
 
Biological value (%of absorbed N) 68.8 ± 0.2 63.7 ± 0.2 
 64.8 ± 0.3
 
NPU (% N intake) 68.3 ± 0.1 58.7 ± 0.3 60.4 ± 0.4
 

aMean ± standard error. 

Table 3. Energy and N balanco in growing rats fed boiled mungbean preparations. National
 
Institute of Animal Science, Copenhagen, Denmark, and IRRI, 1983.
 

Whule Dehulled MechanicallyProperty mungbean toasted dehulledmungbean mungbean 

Boiling time (min) 30 20 10

Protein (%N X C.25) 23.7 26.0 24.0
Lysinea (g/16 g N) 6.87 ± 0.02 6.03 ± 0.00 6.95 ± 0.09 
Cystine + methioninea (g/16 g N) 2.10 ± 0.01 2.16 ± 0.10 2.01 ± 0.06
 
Energy content (kJ/g) 15.8 15.9 
 15.8 

Balance data in 5 rats 
Digestible energy (%of intake) 79.4 b 79.6 b 93.6 a 
True digestibility (% of N intake) 83.7 b 81.6 c 97.1 a
Biological value (% of absorbed N) 60.0 a 49.3 b 60.1 a
NPU (%of N intake) 50.2 b 40.2 c 58.3 a 

b
(53.0 a)b (44.4 c)b (50.5 b)

aMean ± standard error, bNPU of raw mungbean in 1982 annual report. 
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of more yellow grains, lower lysine content, and 
lower biological value. 

Rats were fed three kinds of boiled mungbean 
whole, toasted dehulled; mechanically dehulled 
green; and raw - to test their effect on the nitrogen 
balance (1982 annual report). Results showed that 

'' 
C 
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+, 
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only the mechanically dehulled green bean im-
proved in NPU from increased biological value 

0 
C6 
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(Table 3). The poor NPU for toasted bean is V 
probably due to lower biological value from .o . 

protein decomposition shown by lysine content. 
The rat data suggest that mungbean's poor nutri-
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tional value is not from trypsin inhibitor but the 
low content of sulfur-containing amino acids, 
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cystine, and methionine.E . 
Protein requirements for rice-based weaning 

foods. AID funding which established the NEL at 
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the Food and Nutrition Research Institute (FNRI),_
National Science and Technology Authority 
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(Manila), has now terminated. NEL studies on C 0 
protein requirements for rice-based weaning foods x z 

PZD
0 

in preschool children began as part of the United 
Nations University World Hunger Programme. C 

q* 
1+1 

". 0CM 

Since the protein content of rice was too low forthe IM 0 N o' -
slope ratio multilevel technique, IRRI grew the 0a . . 
high-protein(> I1%) IR58 rice in 1982 and applied .2 .2
fertilizer close to the flowering stage for higher 0 to 
protein content. 0 o. 0 

Using market rice, rice-fish and rice-milk diets 
(1/3 of nitrogen from fish or milk) had better In 

, C'U NO 

CDNO .- C 

+, 

protein quality than rice-mungbean diets as 
reflected by lower protein requirements (Table 4). "Z 
Based on the reported safe level of daily protein cc . 
intake of 0.89 g milk protein/kg body wt, rice-milk n >. 
approached milk in protein quality. The rice-whole V 
mungbean diet had poorer quality despite its better 
amino acid balance than high-protein IR58 rice. 

v) 
z8 z 

. 

E 
0 

--
Toasting and dehulling the mungbean improved .. 0 
the quality of the diet somewhat, but it was still 
inferior to rice-fish. The short-term nitrogen 

Z .- .Z 
_ 

,. o %, > 
balance index for IR58 rice estimated on the same 0 . T 0 
children showed relative protein quality of 69% of 
rice-milk or 66% of milk. These rice diet values are 'COD ' , 
similar to the amino acid score based on dietary . 
lysine of 65% and to the 68% NPU of IR58 rice in 
rats (Table 2). Thus. addition of lysine-rich animal . 2' < ,,- E'E 
protein to lysine-deficient milled rice improved the 
protein quality of rice-based weaning diets to 
nearly that of milk. 
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In nutrition trials with rice-mungbean diets, rate slowed in 3 out of 6 test children. Resultspreschool children continued to improve in nitro- suggest that the optimum daily energy intake for agen balance above 1.25 g protein/ kg body wt, but rice-fish diet providing 1.6 g protein/ kg body wtenergy digestibility decreased as fecal weight and may be higher than the current recommendation ofvolume increased. Antinutrition factors such as 418 kJ/kg body wt. This energy level has beentannin adversely affect both protein and energy adequate for 9-day balance periods with 1.56 gdigestibility. Investigations show both whole and milk or casein protein/ kg body wt daily, but it hasdehulled toasted beans had about 4% free sugars, not been tried for longer periods.
mainly galactose-rich. Humans cannot digest them
 
and they can cause flatulence 
 from microbial BY-PROI)UC ISSIUIIS
 
fermentation in the large intestine. Soaking beans
 
in wattr before mechanical dehulling leached out Cereal Chemistrythe sugars, leaving 0.7% residual free sugar. To investigate possible income-generating pro-

Nitrogen balance studies at 1.50-1.56 g protein cesses involving rice by-products, IRRI beganand 418 kJ/kg body wt intake showed that screening studies to determine varietal differencesEnergro weaning food is simi lar to the milk diets in in oil content of bran-polish, nutritional value ofprotein quality (Table 5). Energro is an extrusion straw, and silicon content of rice hull.cooked blend of 60% rice flour, 35% full fat Oil content of bran-polish of IR lines. Preli-Association of Southeast Asian Nations soybean minary studies showed significant differences in oilflour, and 5% nonfat dry milk developed by FNRI. content of bran-polish of IR lines using a McGillProtein-energy interrelationship in preschool mill at 10% weight removal from brown rice.children. Preliminary studies were undertaken at Crude fat ranged from 16.7 to 20.2ci wet basisNEL on protein-energy interrelationship using (mean 18.7%, 10.6-I 1.8(,;moisture) for 3 varietiesrice-fishdiet(l/3ofproteinfromSpanishmackerel and 13 lines in the 1982 WS.For 23 lines and 3Sconiberomorus conmerson) at the safe intake varieties in the 1983 DS, differences in oil contentlevel of 1.6 g!kg body wt daily. The energy intake were again significant and ranged from 17.4 tovaried from the recommended level of 418 kJ/kg 2 5.1%wet basis(mean 22.1%,9.8-11.j3 ' moisture).body wt for preschool children to 95, 90, and 85% For six samples represented in both crops, oilof recommended value. Energy absorption (91- content also was lower in WS than ;n DS.This94%) and apparent N absorption (72-77%) were suggests that oil content of bran-polish is highersimilarat all levels ofenergy intake, but apparent N during DS (Table 6). Japanese workers haveretention was lower at 90% of recommended level, reported a positive correlation between crude oilAt 85% of recommended energy intake, all three content of brown rice and ripening temperature.test children lost weight. At 90%,4 out of5 children Fat deterioration in rice bran. The biggestprogressively lost weight. Even at 418 kJ/ kg body drawback to the use of rice bran as a source ofwt energy intake, after 2 wk normal growth, the edible oil isits potent lipase, the enzyme involved in 

Table 5. N balance data in preschool children consuming Energro weaning fooda. NEL and 
IRRI, 1983. 

Property of diet Milk diet I Energro diet Milk diet II 

Protein content 1%N X 6.25) 5.1 7.09 t 0.03 4.9Lysine (g/16 g N) 7.2 5.16 ± 0.01Nitrogen intake (mg/kg body wt) 6.7
240 ± 10 248 ± 9 241 ± 6Urinary rmirogen (mg/kg body wt) 89 ± 18 89 ± 12 94 ± 19Fecal nitrogen (mg/kg body wt) 59 ± 13 68 ± 11 62 ± 14Nitrogen balance (mg/kg body wt) 92 ± 18 90 ± 12 85 ± 16Apparent nitrogen absorption (% of intake) 75 ± 5 73 ± 4 74 ± 6Apparent nitrogen retention (%of intike) 39 ± 8 36 ± 4 35 ± 6 

aDaily energy intake of 418 kJ/kg body wt. Mean ± S. D. 

http:9.8-11.j3
http:1.50-1.56
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Table 6. Effect of saon on ol content of braenplidi of 
egd rice. IRRI, 1983. 

Oil content (%wet basis) 
Variety or line 1982 WS 1983 DS 

Pete 17.8 18.4 
IR19672-140-2 20.0 24.2 
IR21015-80-3 16.7 22.5 
IR21848-65-3 19.8 23.4 

IR22082-41-2 20.2 20.4 


IR28128-45-2 18.6 20.8 


Mean 18.9 21.6 

the rapid hydrolysis of its fat to fatty acids. Fat 
deterioration also could reduce palatability of the 
bran as feed. The importance of bran lipase and 
microbial lipase to bran deterioration was studied 
on IR58 bran (4% free fatty acids). Ultraviolet 
(UV) treatment for 6 h to disinfect and heat 
treatment at 94-96 C under partial vacuum for 5 h 
was used to completely inactivate lipase. The dry 
heat treatment reduced moisture content to 10% 
and lipase activity per gram of bran from 0.30 mg 
4-methyl umbelliferone/min to <0.1. It also kept 
free fatty acid level at 6%for 4 wk after which acid 
formation increased linearly during storage at 60-
75% RH at 27-30' C. In contrast, UV-treated and 
control bran samples maintained high lipase 
activity, and free fatty acids increased to 60% in 
4 wk and were 100% hydrolyzed by 16 wk. Results 
verified observations of others that bran lipase is 
the principal cause of fat hydrolysis in stored rice 
bran. The increase in fat acidity of heat-treated 

bran may be from residual lipase or microbial 
lipase. 

Straw and hull properties. Possible factors whica 
reduce nutritional value of rice straw for ruminants 

include high oxalate, silica, lignin, and cellulose 
(fiber) content. Farmers also worry that pesticides 
applied during crop growth may still be present in 
toxic levels in the straw. However, pesticide residue 

analysis of selected rice straw samples with different 
growth duration, studied for nutritive value by 

UPLB animal nutritionists, verified minimal pesti
cide levels. 

Animal nutritionists assessed the effect of variety 
on nutritional value of IRRI-grown rice straw. H4 
str; w had lower mean protein content (5.6%) and 
in vitro DM digestibility (36%) than IR8, IR36, 
and IR42 straws (5.9-7.3% protein and 38-43% 
DM digestibility). Nitrogen fertilizer increased 
protein content and reduced neutraldetergent fiber 
content of the straw. 

Hull feed value ismuch lower than that of straw 
dueto highersilica, lignin,and cellulose levels. Rice 
hull may be a source ofsolar grade silicon forsolar 
batteries. The rice hull silicon content of 18 IR 
varieties from the 1982 WS crop replicated yield 
trial ranged from 5.4 to 10.3% wet basis or 5.9
11.3% dry basis. For 16lR varieties from both 1982 
crops, mean silicon content was 7.6% wet basis 
(8.3% dry basis) for DS crop and 9.6% wet basis 
(10.5%dry basis) for WS crop. Analysis ofvariance 
showed highly significant differences in silicon 
content within each crop. But interaction between 
season and sample was also significant, resulting in 
inconsistency in sample ranking in the two crops. 
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VARIETAL SCREENING 8 yr had been up to 10 bars, except in 1979 when 

Agronomy' and Plant Breeding Departments early rains allowed scoring only at 2 and 5 bars. 
Of 3,842 tested breeding lines, varieties, and 

Field screening, 1983 dry season (Agronon').Soil accessions, 37 scored better than the tolerant 
moisture tension (SMT) values were 3 bars at 21 d checks (Table I). 
from start of soil moisture stress, 10 bars at 28 d, KDML65 GIU-45 from Thailand and Rikuto 
and 15 bars at 35 d. For the first time in 9 yr, Norin Moshi I from Japan showed only slight leaf 
scoring was up to I5 bars SMT. Scoring in the past tip drying at 15 bars S MT. At this time, K DM L65 

Table 1. Outstanding selections for vegetative growth drought tolerance in field screening at 
IRRI, 1983 DS. 

Drought scorea at SMT of Recovery 
3 bars 10 bars 15 bars scoreb 

IR52 1 3 4 3 
1R3646-13-3 1 1 4 1 
IR5178-1-1-4 1 1 3 1 
1R6115-1-1-1 1 3 4 3 
IR7801-1-2-1 1 1 3 1 
IR9782-111-2-1-2 1 1 3 1 
IR11438-1 0 1 4 1 
1R12721-4-1-1 1 1 4 1 
IR12721-24-3-1 1 1 4 1 
1R15413-4 1 1 3 1 
IR19728-9-3-2-3-3 1 1 4 1 
IR19774-23-2-2-1-3 1 1 3 1 
IR21015-196-3-1-3 1 1 4 3 
IR24761-35-3 1 1 3 1 
IR24761-156-3 1 1 3 1 
IR33153-5 1 2 3 1 
Agsam Philippines 1 1 3 1 
ARC10372 India 1 1 3 1 
Arpa Italy 1 1 4 1 
Balibod Philippines 1 1 4 1 
IITA117 Nigeria 1 1 3 1 
IRAT104 Ivory Coast 0 1 4 1 
IRAT113 Ivory Coast 0 1 3 1 
IRAT133 Ivory Coast 1 2 4 1 
IRAT144 Ivory Coast 0 1 3 1 
Kabodit Philippines 0 1 4 1 
KDML65 G1 U-45 Thailand 0 1 1 1 
KU86 Thailand 1 3 4 1 
Magaya Philippines 1 1 3 1 
Mestesa Philippines 0 1 3 1 
Moroberekan Guinea 0 1 4 3 
NCS130 India 1 1 3 1 
NCS166 India 1 1 3 1 
RD19 Thailand 1 2 4 1 
Rikuto Norin Moshi 1 Japan 0 1 1 1 
Thangone Laos 1 2 4 3 
TOX504-13-N K33-N 1B Nigeria 1 1 4 1 
IR20 (susceptible check) 3 5 7 5 
IRAT9 (susceptible check) Ivory Coast 4 7 8 7 
IR442-2-58 (tolerant 1 3 6 3 

check)
 
Salumpikit (tolerant Philippines 1 3 5 1 

check)
 

= a1980 SES scale 0-9: 0 no symptoms, 9 = all plants apparently dead. b 198 0 SES scale 1-9: 

1 = 90-100% plants recovered, 9 = 0-19% plants recovered. 
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Table 2. Drought resistancea of entries at the vegetative growth phase, 1983 DS. 

Entries Entries (no.) 
1 2 

IRGC accessions 2924 13 197 
Thai hill rices 
Oryza glaberrima 

35 
102 

0 
8 

8 
12 

Advanced breeding lines 949 73 95 
from dryland nurseries 

F4 lines from dryland nurseries 845 66 44 
Advanced lines from 205 0 8 

rainfed-wetland nurseries
GEU elite lines 57 0 0 
Hybridization block entries 
Introduced lines and varieties 

245 
173 

13 
24 

8 
55 

(TOX, IRAT, ITA, and 
Indonesian lines) 

Total 5535 197 427 

a1 = resistant, 9 = susceptible. 

GIU-45 was already headed and showed no visible 
symptoms of moisture stress, 

The tolerant checks Salumpikit (a Philippine 
traditional variety) and IR442-2-58 had only one-
fourth leaf tip drying 28 d from start of soil 
moisture stress (10 bars S MT), and about one-half 
the leaves still green I wk later (15 bars SMT). The 
susceptible checks IR20 and IRAT9 had severe leaf 
desiccation. The recovery scores of the selected test 
rices were excellent, as were those of the tolerant 
checks. 

Field screening under dryland culture (Plant 
Breeding). A total of 5,535 test entries and check 
varieties from IRGC, breeding lines from upland 
and lowland nurseries, Or vza glaberrima strains, 
and introduced lines from outside sources were 
screened for field drought resistance (Table 2). Of 
the 2,924 test varieties from the IRGC, 64.3% were 
resistant to moderately resistant (drought score of 
1-4 where I = resistant and 9 =susceptible), 23.3% 
were intermediate, and 12.2% were moderately 
susceptible to drought at the vegetative phase. 
Most IRGC accessions were traditional upland 
varieties from Asia, Latin America, and Africa. A 
high percentage of drought-resistant varieties came 
from Thai hill rices and African 0. glaberrima. 

Upland nursery breeding lines also had a large 
percentage of progenies with high levels of drought 
resistance. Of the F4 lines selected earlier for deep 
and thick root systems, 77% gave drought scores 
between I and 4. Most IRRI hybridization block 

Frequency of indicated drought score 

3 4 5 6 7 8 9 

637 
20 
29 

235 

1037 
3 

22 
232 

682 
4 

19 
204 

382 
0 

12 
75 

29 
0 
0 

34 

1 
0 
0 
1 

0 
0 
0 
0 

307 
62 

233 
37 

155 
57 

36 
19 

3 
22 

1 
0 

0 
0 

0 
42 
53 

0 
46 
25 

10 
108 

11 

21 
19 

2 

26 
6 
3 

0 
3 
0 

0 
0 
0 

1385 1635 1250 512 
 123 6 


entries had intermediate resistance while the GEU 
elite lines scored from 5 to 7. 

Introduced lines from IITA, IRAT, and Brazil 
also showed high levels of drought resistance at the 
vegetative phase. 

Screening at the reproductive phase (Agronomi'). 
A screening method to detect genetic variability in 
drought resistance at the reproductive phase was 
developed in 1981, refined in 1982, and used in 
1983 DS for a mass screening. The trial included 
345 entries from Agronomy, Plant Breeding, and 
IRTP plus some genotypes with outstanding per
formance in the previous 2-yr trials. 

Entries were seeded on five different dates based 
on their maturity class for simultaneous flowering. 
Two replications of the control (well watered) and 
three of the stress treatment were in the randomized 
complete block. 

Water applied by the whole plot sprinkler 
irrigation system was gradually increased from 
seeding to full canopy. Thereafter, irrigation sup
plied water to a depth equivalent to 1.2 X pan 
evaporation (Epiin) except during the stress period 
which began on 8 Apr (day 0) with application of 
the last full irrigation. 

Some entries flowered too early(beforeday6)or 
too late (after day 12). Only 187 entries that 
experienced 50% flowering on stress days 6 to 12 
were considered for sampling and observations 
(Fig. I). 

Of the 345 entries. a few genotypes with mean 

0 
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Entries (no.) Table 4. Entries
a with high and low estimated spikelet 

32 fertility percentage in the stress treatment. IRRI, 1983. 

Mean 
28 Genotype spikelet fertility(%) 

24 	 High 

IRAT140 71.2 
20 M55 61.0 

IRAT110 	 45.0 
16 	 IRl13 39.2
 

M18 37.2
 
12 	 Sokoni 36.5
 

IR 10025-16-2 34.8
 
B3007b-Tb-22-2-33-1 34.0
 

8 	 1R9669 Sel. 30.8
 
C 991-5 29.0
 

4 Low 

IR25588-7-3-1 1.2
 
01 - IR7950-31-4-1 1.2
 
-16 -12 -8 -4 0 4 8 12 16 20 1R 17494-32-1-1-3-2 1.2
 

Days to 50% flowering IR 10133-30-1-2 1.0
 

1. Number of entries at 50% flowering stage in relation to the start of the IR22082-41-2 1.0 
stress period (0on X axis). IRRI, 1983. RP14424-3-1-1 0.8 

BPI Ri-6 (MRC 438) 0.7 
IR2987-13-1 0.7 

Table 3. Entries
a with the highest and lowest grain yield iR25863-8-2-3 0.5 

during stress treatment. I RRI, 1983. IR25882-32-1-3 0.5 
2	 0.3Grain yield (gm ) IR25621-94-3-2Genotype 

Highest yielding aOnly 115 entries out of 172 were available for estima

112 tion of spikelet fertility.IH9669 Sel. 
IRAT140 102 
RAU4020-10 97 
IRAT144 89 drought tolerance scores of less than 5.0 were 
IR12702-10-1-1 83 selected. IR9669 Sel. plus several IRAT and IR 
IRAT101 	 78 
IR10147-113-5-1 77 lines were among the best entries. Other genotypes 
B201-193-1 71 that performed well were the tall entries such asB3007b-Tb-22-2-3-3.1 	 71
IR5873-9-1 67 	 M 18, M55, Azucena, and Carolina sp. 407. IR9669 
IR 11383-20 67 Sel. was consistently outstanding in this category in 
IR3880-10 66 the past years' tests. 
ITA139 	 64 

61 In the previou, -̂"r, grain yield, relative yield,IR10029.26-3 
M18 61 and percent spikelet fertility were highly correlated 
Lowest yielding with flowering date. This year, the relationships 
Rata 74-5 3 were not significant, an expected response because 
IR25863-8-2-3 w 

3 of the improvement in synchronizing flowering.IR25898.57-2-3 
B3016b-Tb-64-3-4-2-3 2 Most entries flowered within a 7-d period; flower
RP1931-14-2-1-1 2 ing in previous years was at 21 and 28 d. Since the 
C894-21 2 

entrie- can beIR17494-32.1.1-3-2 2 	 flowering date effect is removed, 
IR3839-1 2 compared directly without computing drought 
IR19670.263-3-2-2-1 1 indices. Tables 3, 4, and 5 show entries that ranked 
IR19058-107-1 1 

I high or low in grain yield, spikelet fertility percentIR25882-32-1.3 
RP1442-4.3-1-1 1 age, and relative grain yield. Among the entries 
IR28 0 that flowered on stress days 6 to 12, 1R9669 Sel. 
IR2987-13-1 0 and IRATI40 were consistently outstanding in 

an I eld, r e y ie nd s t fertin
a0f 187 entries that flowered synchronously in the con-

trol, only the 172 with good stand in the stress treatment grain yield, relative yield, and spikelet fertility 
were considered. percentage. 



Table 5. Entries with high and low relative grain yield. 
IRRI, 1983. 

Relative 
Genotype grain yielda 

W% 


High 
IRAT140 66 

ITA139 60 

1R52 
 54
 
0201-193-1 53 

IR3880-10 49
 
RAU 4020-10 49150
47
1R 1138-3-20 

Rats 35 
 45
 
IR9669 Sel. 43 

IR5873-9-1 
 35
 

Low 
IRAT109 2
 
IR25898-57-2-3 / 2 

IR25863-8-2-3 2 

IR25774-3-1 (A) 2 

RP1931-14-2-1-1 1 

C894-21 1 

B3016b-Tb-64-3-4-2-3 
 1 

IR17494-32-1-1-3-2 1
 
IR3839-1 
 1
 
RP1442.4-3-1-1 
 1 

IR19058-107-1 0.7 

IR19670-263-3-2-2-1 
 0.6
 
IR25882-32-1-2 0.6 

IR28 0 

IR2987.13-1 
 0 

aYield in the stress treatment in relation to the control. 

A positive linear relationship (r O.85**) 
resulted when grain yield was regressed against 
estimated percentage of spikelet fertility (Fig. 2). 
This confirms that grain yield and spikelet fertility 
are important parameters in drought studies at the 
reproductive phase. 

Actual spikelet fertility percentage regressed 
against estimated spikelet fertility showed a cor-
relation coefficient value of 0.93** (Fig. 3). There-
fore, visual estimates of spikelet fertility can be 
important in predicting grain yield in drought 
studies involving a large number of test materials at 
the reproductive phase. 

FIELD EVALUATION OF RAINFED RICES 
Agronomy and Plant Breeding Departmentsand 

IRTP 

Upland rice yield trial, 1983 wet season (Agro-
nomy). Twelve varieties and lines from the 21-entry 
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Grain yield (g/m2)
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Estimated spikelet fertility(%)
 
2. Relationship between grain yield and visually estimated spikelet
 
fertility of entries from both control and stress treatments. IRRI. 1983
 
DS. 

International Upland Rice Yield Nursery (IURYN)

and 49-entry special group of upland rice yield
 

trials produced higher than or similar grain yield 
averages as the check I R43 during 1983 WS tests at 
IRRI and in 2 farmers' fields in Cuenca and Santo 
Tomas, Batangas Province (Table 6, 7). 

Of the six selected IURYN entries, three were 
Philippine upland varieties, two of which were 

Actu l spielel fertility t%)90
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3. Relationship between actual and visually es';med spikelet fertility.
IRRI, 1983 DS. 
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Table 6. Grain yield of selected rices seeded at different dates in IURYN at 3 Phil:ppine sites, 
1983 WS. 

Grain yield (t/ha) 
Designation IRRI Cuenca Santo Tomas 

Mean 
14 Jun 29 Jun 31 May 4Jul 

IR5931-110-1 1.4 4.1 3.5 2.8 3.0 
BR319-1 2.1 3.6 3.8 2.3 3.0 
UPL Ri-7 2.4 3.9 3.6 1.6 2.9 
UPL Ri-5 2.0 3.3 3.3 2.4 2.8 
BPI Ri-6 2.0 3.2 3.4 2.5 2.8 
C894-21 1.7 3.7 2.8 2.7 2.7 
IR43 (check) 1.5 3.1 3.7 2.6 2.7 
Kinandang Patong (local check) 1.5 2.6 2.4 1.4 2.0 

Mean of 21 entries 1.5 3.0 2.7 2.1 

Table 7. Grain yield of selected rices seeded at different dates in upland rice yield tests at 3 

Philippine sites, 1983 WS. 

Grain yield (t/ha) 
Designation IRRI Cuenca Santo Tomas 

Mean29 Jun 3 y 
14 Jun 12 Aug 31 May 4 Jul 

IR9560-2-6-3-1 2.7 1.0 4.2 2.3 4.0 2.8 
UPL Ri-5 2.3 2.0 3.7 3.1 2.9 2.8 
1R9101-37-1 2.3 2.0 3.1 3.8 2.0 2.6 
IR9814-11-3 2.4 1.6 3.9 2.8 2.4 2.6 
IR43 (check) 2.0 2.0 3.7 2.2 3.1 2.6 
UPL Ri-3 2.0 2.0 3.4 3.0 2.5 2.6 
IR21015-196-3-1-3 2.1 1.5 3.6 2.8 2.9 2.6 

Mean of 49 entries 1.5 1.2 2.6 2.1 2.0 

Table 8. Grain yield and agronomic characteristics of selected rices in IURYfJ at 3 Philippine 
sites and drought tolerance score in Ilagan, Isabela, 1983 WS. 

Grain Plant 

Designation yield Heading height Panicles Drought Important 
average (DE) (cm) (no./m ) tolerancea diseases 
(t/ha) 

IR5931-110-1 3.0 86 101 210 3 ShB 
BR319-1 3.0 82 101 214 5 -
UPL Ri-7 2.9 80 102 202 0 NBI, ShB 
BPI Ri-6 2.8 90 99 209 3 BI, NBI 
UPL Ri-5 2.8 90 105 192 3 
C894-21 2.7 91 106 215 5 ShB 
IR43 (check) 2.7 95 80 224 1 NB1,ShU 
Kinindang Patong (local check) 2.0 80 135 160 0 ShB 

a1980 SES scale 0-9: 0 = no visible effects of soil moisture stress, 9 = all plants apparently 
dead. 

developed by UPLB and one by the Philippine 26 cm (Table 8). 
Bureau of Plant Industry; one(BR319-1)was from Five of the six selected entries in the special
Bangladesh; and the other two were IRRI and group were earlier maturing than IR43 (Table 9). 
UPLB breeding lines. All 6 headed earlier than The earliest entry, IR9101-37-1, headed 19 d 
IR43 by2 to 13 d and were taller than IR43 by 19 to earlier. UPL Ri-3 and UPL Ri-5 had intermediate 
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Table 9. Grain yield and agronomic characteristics of selected rices in upland rice yield test at 3Philippine sites and drought tolerance score in Ilagan, Isabela, 1983 WS. 

Grain 

Designation 
yield 

average 

Heading 
(DE) 

Plant 
height 

Panicles 
(no./m ) 

Drought 

tolerancea 
Important 

diseases 
(t/ha) (cm) 

IR9560-2-6-3-1 
UPL Ri-5 
IR9101-37-1 
IR9814-11-3 

IR43 (check) 
UPL Ri-3 
IR21015-196.3.1-3 

2.8 
2.8 
2.6 
2.6 
2.6 
2.6 
2.6 

96 
90 
74 
80 
93 
90 
84 

78 

109 
83 
83 
80 

110 

80 

252 
176 
280 
244 
214 
181 

271 

3 
5 
1 
1 
3 
1 
3 

BS,ShB, SR 
BS, FSm, NBI 
NBI 
NBI, ShB 
ShB 
NB1, ShB 
BS, ShB 

a1980 SES scale 0-9: 0 = no visible effects of soil moisture stress, 9 = all plants ap;::'rently dead. 

Rainfall (mm/wk) Soil moisture tension (bors) 

30 RR/ Ranfl 1O-cm depth2.
S7 RoinflIl .20-cm depth 2 0 

40 
 602
1 
02
 

280 F 3 C-en-o Boawn [s
 

240  /AC- 08 

30- 4 65 06
 

16 44
 

340
 
160 6 2 

160 

- 0 

o 
 0o
 

12o 7 
80 6 6 -6
40 34 

4 

I- u u -4----- Aug --- Sep ----- Oct -4I--- Nov --
4. Wcekly rainfall distribution at 5 Philippine experimental sites and daily SMT at20-cm soil depth in IRRI and latangas 10-andsites, 1983 WS,Values on the bars indicate number of 
rainy days per week. 
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Table 10. Solar radiation in IRRI and 2 Batangas upland 
rice test sites from August to October 1983. 

Decade mean of solar radiation 

Decade (g cal/cm2 per d) 

IRRI Cuenca Santo 
Tomes 

Aug 1-10 318 346 312 
11-20 271 317 29640140537021-31 

Sep 1-10 404 366 354 

11-20 443 383 395 
21-30 275 291 234 

Oct 1-10 301 :18 276 
11-20 297 318 322 
21-31 327 334 35 

160 
Fied/ Floering Hrvest 

-IVery early 

12o-e-- -120-ErlyMedium 


Late 

40 

0 OWN __ 

height, while four other IRRI entries were similar 
to semidwarf IR43. Short growth duration and 

intermediate height are desirable agronomic cha
racteristics for upland rice. 

Rainfall was low in August and September and 
caused root zone SMT to rise above 0.3 bar for up 
to 4 wk in Cuenca (Fig. 4). A typhoon passed 
through southern Luzon on 15 Jul and gave 2-d 

rainfalls of 356 mm at IRRI, 264 mm at Cuenca, 
and 296 mm at Santo Tomas. 

The lower June to October rainfall in Ilagan, 
Isabela, prolonged the growth duration of all 

Ilagan test rices by an average of 30 d. Uneven 
maturity prevented accurate harvest data. A 2-wk 

dry spell in September caused leaf desiccation on 

most entries but did not visibly affect UPL Ri-7 
and Kinandang Patong, the local check (Table 8). 

B!and NBI infected many entries in all sites, but was most serious in Santo Tomas. ShB was 
observed in Cuenca and Santo Tomas. In La 

Granja, Negros Occidental, an unidentified grain 
disease caused high sterility and highly variable 
grain yield. BR319-1 was disease free (Table 8). So 
was UPL Ri-5 in IURYN (Table 8), but in the 
special group it was infected with BS, FSrn, and 
NBI.
 

The season's highest grain yield was 4.2 t/ha 

---, _ the 31 May seeding of IR9782-1!1-2-1-2 at_from 

20-cm depth Tomas, and IR9560-2-6-3-1 Lt Cuenca, andASanto
o 


60-cm depth IR 19728-9-3-2 at La Granja. The record high grain 
io60 m m um 

-Aug---Sep 

160 

------ Oct ----- Nov --

Flowering Harvest 

Dec

1 160 16 

Fld 2 Very early 
Eearly I',-Water depth gouge 

.120 ed iu 120 12~ 

2-
" _lzo Me~i,,Medium I I 1, Wee--yr--fal 

Earlry 

40 

0 
20-cm 

-30 .30 

depth 

LIAug .. Sep Oct ----- Nov----+ 

6-60-cm 

(piezometer at 20 and at 60 cm), field water depth, and 
rainfall in 2 IRRI fields, 1983 WS. 
5. Water level 

Flowrin Haves 

40-lLte 4 

0- 0 

depth 
-


6 m _ O
 

Uug Sep 1 Oct - Nov- Dec 

6. Water level (piczometer at 20 and at 60 cm), field water depth, and 
rainfall at Liloan, Cebu, 1983 WS. 
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s 6.6 t/ha with 1R3260-91-100 at Santo Integrated performance trials for rainfed-shallow 
nd 6.3 t/ ha with IR937-76-2 at Cuenca in droug'-t-prone environments (Agronomy, Plant 

Breeding,andIR TP). Three replicated trials during 
sease pressure and higher solar radiation the 1983 WS assessed the yield performance of the 
,)during the reproductive phase produced International Rainfed Rice Shallow Water Yield 
st grain averages in Cuenca (Table 6, 7). Nursery (IRRSWYN). They also were used to 

Table 11. Summary of grain yields and plant characters for the top 13 entriesa in each group of 
the integrated performance trial for rainfed shallow drought-prone environments. IRRI, 1983. 

Yi 'Id (t/ha) Plant DaysRank Designation height to 
Cei;,t IRRI IRRI Mean (cm) flowering 

Group A (IRTP entries)
3 IR46** 5.43 ab 2.05 bcde 1.87 abcd 3.12 87 92 

10 IR15853-89-7E-P3 5.38ab 1.21 ef 1.34 d 2.65 87 92
5 C1158-8 5.04 abc 1.64 bcdef 1.86 abcd 2.85 71 81 
2 IR19431-72-2 5.01 abc 2.31 b 2.17 abc 3.17 97 94
9 IR14875-98-5 4.91 abc 1.37 cdef 1.86 abcd 2.72 86 94 

11 1R18599-68-1 4.85abc 1.64 bcdef 1.35 d 2.62 85 92 
16 IR3880-10 4.70 abc 2.24 b 1.57 bc 2.84 101 92

1 IR13146-45-2-3" 4.68 abc 3.05 a 2.26 ab 3.33 105 95
7 IR2307-247-2-2-3 4.52 abc 2.28 b 1.57 bc 2.79 75 84 
8 IR14632-2-3 4.26 abc 1.77 bcde 2.22 Lbc 2.75 95 98 

12 IR14753-49-2" 4.16 bc 1.34 cdef 2.10abc 2.54 99 94 
13 	 fR4829-89-2 4.13 bc 1.36 cdef 1.64 bcd 2.38 96 88 
4 BRIO (BR51-46-5) 4.00 bc 2.26 b 2.38 a 2.88 93 92 

Group B
6 
6 

IR10025-8-1 
IR36"* 

5.7 a 
5.3 ab 

1.28 
1.72 

de 
cde 

1.44 
1.39 

def 
def 

2.81 
2.81 

101 
81 

86 
82 

7 
1 
5 
3 

B4242-30-2-1 
1R19274-26-2-3-1 
IR21015-80-3-3-1-2* 
IR22082-41-2"* 

5.19 ab 
5.17 abc 
5.13 abc 
5.07 abc 

1.53 de 
2.78 a 
1.66 cde 
2.03 bcd 

1.62 cdef 
2.52 ab 
1.83 cde 
2.2 abc 

2.78 
3.49 
2.88 
3.10 

95 
88 
82 
85 

92 
84 
85 
90 

4 
10 

IR21188-87-3-3-2-2 
IR5931-110-1* 

4.95 !hc 
4.73 abc 

2.04 
1.51 

bcd 
de 

2.2 abc 
1.35 def 

3.07 
2.53 

90 
93 

95 
89 

2 
13 
8 
9 

IR26933-16-2.3 
1R 1014"--113-5.1 
IR21015-196-3-1-3 
IR3179-25-3-2 

4.72 abc 
4.65 abc 
4.56 abcd 
4.36 abcde 

2.38 abc 
1.36 de 
1.43 de 
1.48 de 

2.65 a 
0.95 f 
1.95 bcd 
1.78 cde 

3.25 
2.32 
2.65 
2.54 

86 
101 
83 
93 

87 
97 
86 
89 

12 
11 

IR13759-16 
1R19058-107-1 

4.03 
3.97 

bcdef1.48 
bcdefl.72 

de 
cde 

1.67 
1.66 

cdef 
cdef 

2.40 
2.45 

100 
81 

89 
80 

10 
2 

11 
3 
1 
7 

BPI-76 N.S. ° 

IR19672-140-2-3-2-2" 
IR13754-5 * * 
IR5853-198-1-2 ° " 

IR13146-13-3-3-
1R8997-4-18.1 

4.83 a 
4.71 ab 
4.70ab 
4.54 ab 
4.37 abc 
4.36 abc 

Group C 
1.03 de 
2.3ab 
1.13 cde 
1.44 cde 
2.63 a 
1.57 cd 

1.22 de 
1.82 bcde 
1.21 e 
2.79 a 
1.95 bc 
1.59 bcde 

2.36 
2.95 
2.35 
2.93 
2.99 
2.51 

108 
94 

102 
92 
98 

106 

93 
96 
97 
93 
96 
96 

9 
11 

IR9852-22-3" 
IR25774-3-1-1 

4.3 abc 
4.1 abc 

1.55 
1.27 

cd 
cde 

1.47 
1.68 

cde 
bcde 

2.44 
2.35 

86 
99 

92 
94 

4 KKN7205-39-3- 3.99 abc 1.96 bc 1.89 bcde 2.62 95 89 
KN-1-1-l* 

6 1R21363-13-2-2-1-1 3.96abc 1.69 bcd 1.91 bcde 2.52 94 98 
5 
8 

IR54*** 
IR10044-24-1-1" 

3.92 abc 
3.9 abc 

1.14 
1.37 

cde 
cde 

2.63 ab 
2.2 ab 

2.57 
2.49 

86 
96 

92 
92 

12 IR12665-8-3-5 3.54 abcd 1.83 bcd 1.5 e 2.29 122 94 
13 1R21313-36-2-2-3 3.15 bcd 1.58 bcd 1.59 bcde 2.11 99 104 
a. = entries performed well for 2 yr, " entries performed well for 3 yr, entries per
formed well for 4 yr. 
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select advanced lines from IRRI's breeding pro-
gram for drought-prone environments. Two trials 
were planted on a well-drained field at IRRI, and 
the other on a farmer's field in Liloan, Cebu, using 
a group balanced block design with four replica-
tions. A dry spell at IRRI (Fig. 5) during the 
vegetative phase, which caused the soil to crack, 
produced little apparent crop stress. During the 
growing season the IRRI field did not retain 
standing water except during rainfall. Low grain 
yields (0.2-3.0 t/ha) at IRRI were attributed to 
water stress, high weed density, and severe RTV. 
Among the heavily infected entries in the second 
planting at IRRI were BR4, Cisadane, IR13419-
113-1, IR24, UPL Ri-2, IR10120-5-1-1, IRI 1438-
13, IRI 3761-16, IR 13763-5, and IR9669 Sel. 

The Cebu field "roduced yields of up to5.7 t/ha 
with adequate rainfall throughout the growing 
season. The field retained impounded water until 
the flowering stage of the medium-maturing lines 
except for brief periods (Fig. 6). The water table 
stayed near the soil surface until harvest was 
completed. 

Table II shows the top 13 entries in each group 
of the integrated performance trials for rainfed 
shallow water drought-prone environments. Some 
entries produced high grain yields for2 or more yr. 

Many lines produced high average yields in Cebu 
but only low yields at the two IRRI fields. The 
IRRI site yields illustrate the entries' response to 
stress while the Cebu yield shows the potential 
without water limitations. 

Highest yieldinggenotypesinthetrialinallthree 
environments included IR46, IR19431-72-2, 
IR13146-45-2-3, IR19274-26-2-3-1, IR22082-41-2, 
IR26933-16-2-3, and IR13146-13-3-3. 

Yield potential of rainfed wetland breeding lines 
with improved nitrogen management (Agronomyv). 
The yield potential of 10 breeding lines was 
evaluated in Cebu and Santa Rosa, Laguna, in 
1983 DS. The improved N management practices 
were PU (2/3 basal incorporated, 1/3 topdressed 5 
DBPI), forestry-grade SCU (B&I),and USG (point 
placemert). Fertilizer rate was 60 kg N/ha. The 
rainfall was adequate in Cebu during the growing 
season and 9 of 10 varieties produced high grain 
yields (Fig. 7). Very early-maturing varieties 
IR9729-67-3-87 and IR58 also produced high 
yields, but IR9729-67-3-87 was more responsive to 
fertilizer. Bird damage caused IR32809-22-5-5 to 
produce the lowest yield, which was, however, 
consistently low even when amended with PU, 
forestry-grade SCU, or USG. Yields increased with 
all N sources. 

Grain yield (g/m 2 
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7. Grain yicld of rice varieties asacfected by N sourcs. Means connected ny thesame line are not significantly different at 5%;level. Cebu, 1983 WS. 
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Water toble(c) Rainfall (mm) Groin yield (g/m 2 )
00 

-20 - •o 185 - .. ." " 

175 

660 

-80-

-8 C 

IR97:9-67- -87 

-100 155 

5o0 15 20 25 L36415 0 IR58 

Oct NOV
 
8. Rainfall and underground water table in Sant, Rosa, Laguna 145,
1983 WS. 

Control PU Forestry-grade USG 

Low rainfall caused severe water st.-ess in most 9
ScU 

9.Grain yield (X± S.E.) ofIR58 and IR729-67-3-87 fromdifferent N
of the test cultivars in Santa Rosa, Laguna (Fig. 8). sources. Santa Rosa. Laguna, 1983 WS. 

Although the early maturity of IR9729-67-3-87
 
and 1R58 helped them escape water stress (Fig. 9),

their yields 
 were still low. During early stress, Root length density(cm/cm 3) Root dry wt (ag)

varieties fertilized with USG appeared greener than 15 LayeA 0-16cm00
 
those with PU and forestry-grade SCU. As stress

became severe especially in the reproductive phase, 
 10 - 400
the remaining varieties could not produce panicles. Z, 

05 200 - -' 
ROOT STUDIES 

Agronomy' and Plant Breedling Departments 0 I C I 

160Root and shoot responses to soil mechanical 
04 

\%,tLa'erB'12-15=mCavfocted I5 
impedance (Agronoiny). An impeding soil layer 03 20 (high soil strength) which affects root penetration Potong
may be a constraint to rainfed rice production. A -C25 -2-
greenhouse study using clay loam soil determined 02 80 
the root and shoot responses of four rice varieties %% 
to four soil strengths during the vegetative phase. A 0- 40 
15- X 24- X 21-cm container grew one plant with I \L -. _1_11 
soil moisture at about field capacity (-0.03 MPa) 0 o 
and a compacted subsoil layer at 12 to 15 cm. 02- £o,-c- 40 

All varieties declined in root length density and 
root weight at 1.05 MPa in the compacted zone Ol N20'. 
(layer B) and in the layers above (layer A) and 
below (layer C) that zone (Fig. 10). Total root 

01length density decreased by 62% as soil strength Control 0035 105 176 280 035 1.05Control 176 280
increased from 0.35 MPa (uncompacted) to 1.05 Soil strength (MPo)
MPa. As soil strength increased to 2.80 MPa, 10. Effect of soil strength (layer B)on root length density and root weight
varieties did not differ significantly in root length inclayloamsoilmaintainedataboutfieldcapacily(_,.O03 MPa)for35d.
density Soil strength was measured with a penetrometer before adding 12-cmor in their response to the soil strength surface soil. IRRI, 1983. 
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Shoot dry wt/plant (g) 	 Root length density (cm/cm )
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Plant ht/plant (cm)
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oT I I I 

0 35 1.05 1.76 2.80 
Cofitral4 

Soil strength (MPo) 
I1. Effect of soil strength on shootdry weight, tiller count, and height of 
rice. All mean points ± S.E. IRRI, 1983. 

3 

treatment levels in layers A, B,and C.Variation in 
root length density at 0.35 MPa could relate to 2 - B 
difference in tiller count (Fig. I1). 

The same trend occurred in root weight except at 
2.80 MPa in layer A (Fig. 10) where root dry I - c 
weights of most cultivars increased significantly D 

and equalled or exceeded values at 0.35 MPa. An E 

impeding layer of greater soil strength in the 0 
subsoil strongly influenced response in layer A 0 2 6 8 10 12 14 16whereb7%ol teotaly engt desnseiycurterADays 	 after withholding water 
where 73% of the total root length density occurred. 
IR36 had significantly higher root dry weight than 
the 3 other varieties in layer A at 2.80 MPa which 
indicated a corresponding increase in root diam
eter. Shoot dry weight of most varieties (Fig. Ii) 
paralleled root dry weight in layer A at increased 
soil strength. High soil strength increased tiller 
development especially in wetland varieties IR36 
and IR52 by 10% at 1.76 MPa and by 40% at 2.80 
MPa (Fig. 11). There was no clear trend in plant 
height but upland varieties Kinandang Patong and 
IAC25 were consistently taller than the semidwarf 
IR varieties. 

Response of rice root system to water stress in 
puddled soil (Agrono?:v). A greenhouse experi-
ment with IR36 was ..-,.ducted to understand the 

12. Effect of water management on root length density over time and 
depth. IRRI greenhouse, 1983. 

response of the rice root 3ystem to water stress in 
puddled soil. The randomized complete block 
design experiment with 4 replications involved 2 
systems of ,vater management: continuously 
flooded (2 cm of standing water) and stress. Nine 
kilograms of ground, air-dried, and sieved Maahas 
clay soil was placed 25 cm deep in 27-cm-deep 
plastic containers with an internal diameter of 
23 cm at the top and 19 cm at the bottom. Each 
container received fertilizer according to recom
mendations before transplanting. Two 21-d-old 
uniform-sized seedlings were transplanted into 
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Soil moisture (%) Shoot dry wt (g) Percent of control70 14 70 

60- 12 -60 

0 Control 
50 10- Stress 50 

40 -8- -4 

200 

o20 

0 2 6 8 10 12 14 16 0 2 6 8 10 12 14 16 
Days after withholding water 	 Days after withholding water 

13. Soil moisture content of flooded and stress treatments. IRRI 15. Effect of water management on shoo: dry weight accumulation. 
greenhouse, 1983. IRRI greenhouse, 1983. 

each container and thinned to I plant 7 d later. and flooded plants were negligible from day I to
Watering for the stress treatment stopped 17 DT. day 10. On day 12, stressed plants averaged 31%
The wet soil was frozen and later sectioned into less RLD than flooded plants, and on day 16,45%
5-cm depths. less. Slow root growth, old root death, reduced soil 

A Root Length Scanner estimated root length moisture (SM) (Fig. 13) and low dawn leaf water 
density (RLD) from 0-25 cm at every 5-cm-depth potential (DLWP) (Fig. 14) probably reduced 
increment through a 16-d drying cycle. Figure 12 RLD significantly after day 12. 
shows that differences in RLD between stressed The effects of stress on plant dry weight were 

observable on day 6 but the decline was not 
dramatic (Fig. 15). By day 8, the dry weight ofDavm leaf water potential (MPo) stressed plants was 36.5% less than that of the0 oflooded plants and by day 16, 45.3% less. Leaf 
elongation rate (LER) was also reduced with 
moisture stress (Fig. 16). On day 6, LER was 33% 
reduced with 49% SM and -0.09 MPa DLWP. The-04 greatest reduction (94.0%) in LER was on day 16 at 
19% SM and -1.02 MPa Di.WP. 

Genetic studies on root systems (PlantBreeding). 
Genetic studies on root systems in the field were 

-08 o onro 	 conducted to improve the selection method for 
deep-and-thick root characters. Seeds of two F2
bulk populations, IR20/Kinandang Patong and 
IR20/Moroberekan, and the parent lines were 
grown in a dry seedbed for 25-30 d. Root data on

-1.2 -500 F2 seedlings showed that in the cross IR20/ 
SI I I r I I Kinandang Patong, the F2 distribution was con0 2 6 8 10 12 14 16 tinuous with transgressive segregation beyond 

Days after withholding water 
14. Dawn leafwater potentialofflooded and stress treatments.IRRI 	 parental limits (Fig. 17). Root length of the F 2greenhouse, 1983. seedlings varied from 5 to 21.5 cm with mean root 
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Leaf elongation rate (mm/d) Percent of control 
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Days after withholding waterter Eafea g16. thoinm tre e 117. 
of water management
16.Effect on LER.[RRI greenhouse, 1983. 


thickness of 0.65 mm ranging from 0.2 to 1.2 mm. 
Only 1.2% F., plants transgressed the lower limit of 
the thin-rooted parent IR20 (Fig. 18). 

Root number also showed a continuous F, 
distribution with slight positive skewedness (Fig. 
19). The number ranged from I to 76, having a 
mean of 30. 

An F2 population of the same cross was grown 
in an aeroponic culture system. In both cultures, 
results indicated that root length, root thickness, 
and root number were controlled by multiple 
genes. IR20 had more dominant alleles for thin 
roots, while Kinandang Patong showed more 
dominant alleles for low root number and root 
length. In the IR20/ Moroberekan cross, the longer 
Moroberekan roots appeared to be governed by 
dominant alleles. 

Correlation analysis showed that root length is 
significantly related with root thickness (0.27**), 
plant height (0.96**), and tiller number (0.87**). 
Although there was a positive significant correla-
tion between root len th and root thickness, the 

value israther low. However,it still 
indicates the 

possibility of selecting intermediate height plants 
with deep-and-thick root systems. 

This study demonstrated that it is possible to 
study the rice root system under field conditions 
when physical facilities and financial inputs of an 
experiment station are limited. The results also 

Plants (no) 
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Root length (cm) 

Distribution and means of parent and F2 plants by root length 
classes in the cross IR20 (PI)!Kinandang Palong ([12)in the field. 
IRRI. 1983. Solid horizontal lines show ranges of the parents about 
the mean (circles); the arrow shows the mean of the F population. 
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Root thickness (mm) 

18. Distribution and means of parent and F.,plants by root thickness 
classes in thecross IR20PI ),Kinandang Patong(P12)in the field. IRRI. 
1983. Solid horizontal lines show the rangeofthe parents about the mean 
(circles); the arrow shows the mean of the F. population. 

provide useful information on selecting progenies 
with deep and thick roots. 

Root characters of 25-day-old seedlings grown 
in a dry seedbed (Plant Breeding). A deep-and
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Plants (no) upland varieties ranged from 12.9 to 15.4 cm. 
Improved upland varieties had root lengths from100 12.0 to 15.0 cm. Auls 61 had a mean root length of 
13.4 cm and the bulu variety Hawara Batu, 
14.1 cm. 

80o IACs of Brazil and ITAs of Nigeria had thick 
roots. Traditional upland varieties have thicker 

LL roots -- 0.91 mm to 1.02 mm. IR20 had the60 thinnest root, but the highest root number. Moro
berekan and IAC25 had the lowest. 

40-
f0 Analysis of variances showed that the varieties 

had highly significant differences in root length, 
+ pI root thickness, and root number. 

20 Root systems of aas, bulu, and upland rices 
F2 (Plant Breeding). Traditional upland rices com

0 I I I I 
"11 monly have an avoidance mechanism to resist 

14 21 28 35 42 49 56 63 70 77 drought. Deep roots exploit the lowersoil horizons 
Root number for nutrients and water to meet the evaporative 

19. Distribution and means of pa.rent anJ F plants h* root number demand. Thick roots are important to water
classesinthecrosslR20(l'l) Kinandanigl 'atongl'2)intheiceld. IRRI. uptake and translocation; they allow easy flow1983. Solid horizontal lines show the rnngeof the parentsabout the mean through conducting vessel; and thus
(circles); the arrow sho%.s the men of the F2population. t r e s trel prevent

moisture stress. 

A comparative study of"6 parental varieties andthick-root system is useful in selecting for drought 15 F hybrids investigated root system, water 
resistance. Fifteen rice varieties, including upland, uptake, and similarities among the aus, bulu, and 
aus, bulu, and semidwarf, were grown in a dry upland groups. An acroponic culture of the root
seedbed for 25 d during WS. Seedlings were gently systems showed that upland varieties generally
pulled and roots were washed thoroughly before have deep and thick roots, higher root-to-shoot 
data were recorded. Kalakeri had the greatest ratios, lowest root numbers, and lowest root dry
mean root length (15.4 cm) and IR20 the shortest weight among the three varietal groups.
(9.4 cm) (Table 12). The root length of traditional Correlation analysis showed positive associa-

Table 12. Mean values of 3 root characters of 15 rice varieties grown in the field. IRRI, 1983 
WS. 

Variety Type of culture 
Root 

length 
Root 

thickness Root no. 
(cm) (mm) 

IR20 
IR43 
IR45 
1R6115-1-1-1 
UPL Ri-7 
ITA235 
IAC25 
IAC165 
Black Gora 
Kalakeri 
Kinandang Patong 
Moroberekan 
OS4 
Aus 61 
Hawara Batu 

Lowland 
Lowland 
Lowland 
Improved upland 
Improved upland 
Improved upland 
Improved upland 
Improved upland 
Traditional upland 
Traditional upland 
Traditional upland 
Traditional upland 
Traditional upland 
Aus 
Bulu 

9.4 
11.0 
10.8 
12.0 
14.0 
14.4 
15.0 
14.5 
15.0 
15.4 
13.0 
12.9 
13.0 
13.4 
14.1 

0.52 
0.69 
0.76 
0.67 
0.95 
1.03 
1.08 
1.09 
0.98 
1.02 
0.92 
0.91 
0.94 
0.82 
0.93 

32.8 
24.9 
17.1 
21.3 
21.8 
18.7 
14.1 
15.9 
23.1 
23.8 
15.3 
12.3 
12.9 
16.1 
17.7 
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Table 13. Matrix of correlations among 8 traits in 6 parents and 15 F 1 hybrids. IRRI, 1983. 

Tiller Plant Root 
number height length 

Tiller 1.0000 
Plant height -0.74719 1.0000 
Root length 0.42993ns 0.66198 1.0000 
Root number 0.88373 0.85843 -0.49329 
Root thickness -0.53115 -0.1 7258ns 0.43303 
Root dry weight 0.65258 0.75582 0.91635 

Shoot dry weight 0.87586 0.91340 0.68512 
Root-to-shoot -0.60878 -0.54887 0.07022ns 

tions among eight root charactcrs(Table 13). Root 
length was significantly and ;iositivelv correlated 
with root thickness, root dry weight, shoot dry 
weight, and plant height but not with the root-to-
shoot ratio. The correlation between root thickness 
and root-to-shoot ratio was positive and highly 
significant, but that between root thickness and 
tiller number was negative and significant. Root 
number was positively and highly significantly 
correlated with root dry weight, shoot dry weight, 
and tiller number. The unusual correlation between 
plant height and root number was likely con-
tributed by the bulu parents as they are both tall 
and high in root number. However, there was a 
negative and highly significant correlation between 
root number and root-to-.shoot ratio. The inter-
relationship of different root characters indicates 
that selection for one desirable root character 
could lead to improvement of others. 

A study on water uptake of three varietal groups 
in hydroponic culture was conducted in DS. The 
upland group had significantly lower water uptake 
than the drought-susceptible check IR20 (Table 

Root Root Root dry Shoot dry Root-to

number thickness weight weight shoot 

1.0000 
-0.42911 ns 1.0000 
0.70976 0.22769ns 1.0000 
0.91417 -0.1971',9ns 0.83225 1.0000 

-0.63967 0.71087 -0.07231ns -0.57016 1.0000 

14). Water uptake estimates for the aus and bulu 
groups were higher than for IR20. The aus and 
bulu groups have higher drought resistance than 
IR20 and also gave higher water uptake values. 
Therefore, the uptake data alone cannot be a 
criterion for drought resistance screening in 
hydroponic culture. 

Correlation coefficient values among varieties 
showed that the aus group is similar to upland and 
bulu groups in root length, root thickness, and root 
number. 

Root development of varieties grown in aero
ponic culture (Plant Breeding). A preliminary 
study on root development of 10 rice varieties in 
aeroponic culture included upland, aus, bulu, and 
two semidwarf varieties. Measurements at 14, 21, 
and 28 DAS showed that most deep-rooted upland 
varieties have a slower root elongation rate up to 21 
DAS (Table 15). From 21 to 28 DAS, however, the 
rate increased, with Kalakeri increasing most 
(13.4 cm) followed by Kinandang Patong 
(11.9 cm). The shallow-rooted IR20 rapidly in
creased 5.4 cm at 21 DAS, but further increase to 

Table 14. Root characteristics and water uptake of 7 rice varieties measured on the 30th day 
from sowing.a IRRI, 1983 DS. 

Variety 

Moroberekan 
Kinandang Patong 
Aus 61 
Dular 
Hawarabatu 
Rodjolele 
1R20 

aAverage of 3 replications. 

R3ot Root Root Root dry Root-to-shoot Water uptake/ 

thickness length weight plant 
1m) numbr wegt ratio (cImm) (cm)(cm) u be (g) (cc) 

1.20 
1.01 
0.89 
0.90 
0.68 
0.56 
0.35 

27.5 38 0.59 0.340 29.7 
21.0 51 0.60 0.306 33.4 
26.1 39 0.83 0.323 46.6 
24.4 47 0.86 0.326 34.8 
22.3 74 0.85 0.299 39.4 
25.1 81 0.89 0.287 53.1 
19.0 87 0.45 0.286 33.6 
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Table 15. Root length of 10 cultivars grown in aeroponic
 
culture. I RRI, 1983 WS.
 

Variety Root length (cm) 

14 DAS 21 DAS 28 DAS 

IR20 6.6 12.0 18.6 ,
 
IR43 7.5 13.8 23.7." 
Black Gore 12.3 16.6 25.5 1.V, 

Kalakeri 12.6 17.1 30.5 
Kinandang Patong 11.8 17.3 29.2 
Macuspana A75 8.3 11.9 20.9 
Moroberekan 11.6 16.6 27.5 
OS4 12.5 16.5 27.2 ,. 
Aus 61 10.1 14.5 24.2 11WHawara Batu 16.3 18.0 26.4 % 

Table 16. Root thickness of 10 cultivars grown in aero
ponic culture. I RRI, 1983 WS. 
 k 

Root thickness (mm)
Variety - ______________ 

14 DAS 21 DAS 28 DAS 

IR20 0.53 0.55 0.61
 
1R43 0.57 0.59 0.84
 
Black Gora 0.63 0.68 
 0.96 20. Instrument scale with heavy duty handle and clamp device used to
Kalakeri 0.62 0.69 0.91 measure force it kilograms required to pull rice plants from the soil. 
Kinandang Patong 0.77 0.72 1.02 IRRI. 1983. 
Macuspana A75 0.58 0.57 0.71 
Moroberekan 0.65 0.73 0.92 
OS4 0.62 0.66 0.87 
Aus 61 0.61 0.66 0.97 pull the seedling.Two check varieties or lines (IR20
Hawara Batu 0.56 0.56 0.90 and MGL 2 for GEU, 1R36 and IR42 for RYT) 

w%ere used each season. The root pulling force was 
measured by attaching a spring balance with 

28 DAS was almost tile same (6.7 cm). maximum reading indicator to each seedling with a 
Upland varieties also showed tilethick root clamping device (Fig. 20) and raising the seedling

characteristic early. At 14 DAS, root diameter out ofthe soil at a uniform ratc. Ten hills per entry 
among the 10 varieties ranged from 0.53 mm of' were pulled alternately in the center of the 2 inside 
IR20 to 0.77 mm of Kinandang Patong (Table 16). rows in each 10-row plot. Varieties with insect pests
The thick-rooted varieties like OS4,Moroberekan, and diseases %ver discarded and the maximum kg
and Kinandang Patong grew 0.04 mm to 0.08 mm reading was recorded for each seedling at 25-30 
from 14to21 DAS, and 0.21 mm to 0.30 mm from DT. The test showed that IR9729-67-3 and 
21 to 28 DAS. The thin-rooted IR20 and IR43 1R19735-5-2-3-2-1 performed well for 3 or more 
both grew 0.02 mm from 14 to 21 DAS. IR20 grew years (Table 17). The test used transplanted seed
0.06 mm and I R43 0.25 mm from 21 to 28 DAS. lings and is most relevant to shallow wetland areas 

Root pulling force as a means of evaluating where water deficits decrease yield. 
drought resistance in rainfed lowland rice (Agro

otflO').Earlier studies show a positive correlation SOIL-PLAN r-WA IFR REI.A rlONSllPS 
between greater root pulling force and tolerance 
for drought possibly because deeper root systems 

can acquire more moisture. Since 1980 GEU elite Drought tolerance under limited rooting depth. A 
breeding lines and tile replicated yield trials (RYT) total of 105 GEU elite lines and selected varieties 
have been screened for root pulling force. A were evaluated in 2 seasons for drought tolerance 
randomized complete block design with four repli- and ability to recover from drought stress with 
cations was used to measure the force required to rooting depth limited to 45 cm. All entries were 



Table 17. Varieties or lines with high root pulling force 3-2, it recovered; Leb Mue Nahng did not. Results 
for 2 or more years. indicate that the ability to tolerate drought does 

Variety 1980 1981 1982 1983 not necessarily mean good drought recovery. 
Response of divergent rice ecotypes at vegetative 

IR52
IET1444 // phase to a line source sprinkler irrigation gradient. 
IR9729-67-3 /, Previously line source sprinkler irrigation was used 
IR9763-11-2-2 .i ! to assess reproductive phase drought tolerance of
IR13443-53-2-2-1-1.1 / / several varieties. In the 1983 DS, the sprinkler was 
IR1978-5-23-21 \/used to determine response of lowland and upland 

IR25572-87-3-3 I / varieties at the vegetative phase.1IR25621-68-2-3 v x" Lim, surc' trelmen anl t'vaporalive 'nandl.I R25840-38-3-2 I/ IIR25861-64-3-2 / / Irrigation was imposed from 44 to 55 DAS. Figure 
IR25863-8-2-3 I \/ 21 illustrates the linearly decreasing amount of 
IR25890-82-5-3 \/ "/ water applied by a centrally located single line of 

sprinklers. During the treatr,,-nt period, average 
total radiation was 20 MJ, m- daily, maximum 

seeded in dry soil in steel drums and watered vapor pressure delIcit 3.1 kPa. rainfall 0 mm, and 
regularly to 30 DAS when evapotranspiration pan evaporation 7 mm d. 
dried the soil. When indicator plant Leb Mue le'fivaterlpotential.Figure 22 shows tile devel-
Nahng was apparently dead, the plants were scored opment of plant water stress from treatment I 
for drought tolerance and then rewatercd. (wettest) to 4 (driest). Immediately after differential 

Promising entries recovered after relief fron irrigation treatment, average middly IMP of 
stress (Table 18). Some have outstanding drought varieties in treatments 3 and 4 decreased pro
tolerance as compared to Leb Mue Nahng, but gressively until rcwatering. The predawn LWP in 
recovery was poor and slow compared to previous treatment 4 decreased 8 d after differential irriga
tests. Despite the poor rating of IR 17525-7-19-1-3- tion treatment. Since predawn IAVP (lid not differ 

signilicantly among the varieties (Fig. 22), the 
Table 18. Drought tolerance ratings of promising entries diurnal change in IWP (difference between midday
during the vegetative phase and their recovery after relief and predawn values) ill tile well-watered plants was
from stress. IRRI greenhouse, 1983. fromers sts Rsignificantly greater in the two lowland varieties 

Tillers than in the five upland varieties (Fig. 23). However,
Drought that 

Variety or line tolerance recovered tile diurnal change in the upland cultivars became 
ratinga 2 wk after greater as water deficits developed.

relief from 
stress
 

Applied water (mm)
Dry seasonIR101 10-24-1 6 17.9 400 Day 96e,, 

IR25861-64-3-2 7 15.5 Day 93 
1R28143-51-3-3-1 6 15.4 350 - Day 90 
IR25924-92-1-3 7 14.9 Day 88 
IR17525-7-19-1-3-3-2 9 14.1 
IR3639-1 6 6.9 300- Day85
IR25863-8-2-3 6 6.3 
IR6115-1-1-1 7 4.80 250 Day829Leb Mue Nahng 

Wet season L ---- D y 78 
B44b-50-2-2-5-1-1 7 17.9 200 
IR10011-16-3 6 9.1 West 16 12 8 4 0 4 8 12 16 East 
IR19735-5-2-3-2.1 6 7.5 Distance from the hne source (m) 
IR29725-3-1-3-2 7 7.5 21.Amount of water applied before, during, and after the differential 
IR5931-110-1 7 5.0 irrigation treatment. IRRI. 1983. East and wet hal[vs of the plot
Lab Mue Nahng 9 0 represent 2replications. Distance from the line source isrepresented by

treatment I at 4 m, 2 at 8 m,3 at 12 m,and 4 at 16 m.All mean pointsaBy the 1980 Standard Evaluation System for Rice. ± S.E. 
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22. Changes with tite it the predas\n ((H00 to 1)6101h)and midday (12X) 

to 1501)h) rice lea fwater potential itt the4 w'atertreatntettts. IRR I,1983.Standard errors less thtan-0.2 MPa are omitted for charily. l,'aflroi,. The leaf rolling score, a visual stress 
indicator used in field screening, was related to 
total LWl) and its com~ponent. turgor pressure

Diurnal ct'nge in water potentil (MPal ( Fig. 24). This score showed th'at Aiucena and
-0.4	 

2AC25 were the first to roll duringthe day and first 
to remain rlled (oernigh while IR36 was last to 

-0.8-	 roll. Although IR36 and IR20 had the lowest 
midday W, they' also had the lowest water 

-1.2 potential and turgor presstre at which leaf rolling 
hegan. They had the ar e leaf rolling score, but at 

-1.6 	 2 2 )Photosynthesis {Cgmol/m per s) Leaf conductance (mmol/m 

I-x) IRATI3 12002.0 a 3Photosynthesis / 
10 - A •IConductance 64a i I 

2.4 A 
 'R36=3 	 r 1 0 

IAC25 5 i0al-2 8 0 BpI6 	 ctA 400 
0 Azucena 	 0,d 

TlchirrI .• . /
 
-5 - 1=ll -i	 0 

3.21 3 5 7 9 II -5 -4 - t-2 -I 0 
Timreafter differential water treatment (d) Leaf wa3terpotential (MPa) 

25. Changes in leaf photosylntbesis and leaf conductance in response to 
23. Diurnal change in l.WPlmidday %aluesminus prcdassii values) over changes in IWP. IRRI, 1983. The solid line is the fitted linear regressiontime after differential irrigation for treatment 4. IRRI, 1983. All mean o conductance values behtotand above-2 M Pa and the broken line is thepoints ± S.E. fitted linear regicssion to the photosynthetic values. 
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a -0.8 MiPa lower IWIP than IAC25 and Azuicena. 
Results show that the leaf rolling index does not 
indicate LW! ) or leaf turgor since it is higher at 

higher M Pa in upland than in lowiland \arieties.nld.S iwia tl t't~l IIC tUll(('. 
IJ'olOS.tlnrheis a 

Water stress decreased stonlatal conductance and 

photosynthesis rates in IR20 and IRAT13 (Fig. 

25). leaf conductance decreased fron 800 nmol at 

4).8 MPato I(M innolat -!.8 MIPa photos-nthesis 

rates decreased from 15 y nol at -IH! M Pa to 0 at 
- 1.9 M Pa. Leaf cond uctance values were constant 
at about 100 nniol n-' ir second to below -5.0 

There was no difference in the relationshipiPa. 
between stornatal ctnductance and midday IMW P 

in the two varieties. 
(frot'th. There was no significant difference 

amiong varieties inl growth rates, but average 

Leof elongationi rate (rrer/d)
Period o differential irrigation

) 
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Water treatment 


26. a)Change over time in LER in 4 water treatttents. IRRI, 1983. All 
mean points ± S.E. b) the LER in the 4 water treatments. All mean 

poinsi S.F,.Standatrderroirsles.tttan2.5 itt d are omitted fot clarity, 

Turgid osmotic potential (MPa 

1 Period of differential irrigation 

--o- ) 

- 2 - .- / 
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-14 - 0 1 
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- a 4 

65 75 85 95
Day of the year 

-to N 

-12 

o IAC 25
V____S36___ 

0BPI 7'65
 
0 Azucenan
 

-1 6 - Tachiminori 

treatment 
Wart 

27. at Aeragc turgid oslotic piotenttial respontse of all ,arieties oVer time 

itt at'r treatttmettis. IRRI, 1983. \'alui are mIean 
% - standard error ofm4 

the mcans i 4 rcplicatiotn h) Iurgid osmotic potential in 4 water 

ial irrigation treatmtent.treatmtsttt on thc da) after ienimoal ol difrlrl 
niean points t: S.I. 

growth rate in Ireatlvent I was 0.22 ± 0.02 g g 
daily and 0.16 ± 0.01 g g daily in treatment 4. 

reduction in applied \vier rapidly affected the 
othler,\~ 

leaf elongation rate (Fig. 26a ). In treatment I, the 

two lowland varieties had lowcr I. R than the 

varieties (Fig. 26b). The lower LER inl the 
varieties could come from the greater 

diurnal change in I.WP (Fig. 23). I I".R decreased 
linearly with lidday turgor pressure but without 

differences among varieties. lie dcgrec of diurnal 
ostnotic change in the lowland varieties was in
suflfcient to maintain leaf growth. 

Similarity amiong varieties in the relationship 
between I.ER and MPa shows that leaf growth 

from tile greater diurnal change ill IWP in 
lowland compared to upland varieties. Lowland 
varieties probably reduce watcr loss by reducing 

leaf area, and upland ones by leaf rolling. Both 

decreased D)M production equally in all varieties. 
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Osnotic adjfusiment. Figure 27a shows change Leaf water potential (MPoI 

in turgid osm otic potential (wr, ) in 4 water 0 ....... . ...... 

treatments. As plant water stress developed, 7rpa) ' 
decreased from -1.1MPa in treatment I to -1.5 -Io 

MPa in treatment 4. or an osmotic adjustment of own 
-0.4 M Pa. Drought stress can induce a -0.5to -0.6 
M Pa osmotic adjustment in lowland varieties (Fig. -20 

27b). However, upland IAC25, IRATI3, and -- 2kgN/ho 

Tachiminori adjusted least. Although stress rate 
and degree were similar in all varieties, leaf rolling -30 - -. 60kg N/ha 

(Fig. 24) reduced water loss, particularly in IAC25 
and Azucena. Plant or soil plant resistance pre- .40 -L.L .L 
sumably induced greater diurnal changes in LWP 0 
in lowland than in upland varieties (Fig. 23).
 
Therefore, cumulative stress is different for dif- Mday
 
ferent varieties. -0 -.. . .
 

Figure 28 shows a threshold summary of 

1


K 
minimum mid iav values of water potential (M Pa 

-2.0days) for 16 d. There was no significant difference 

among varieties in the threshold stress or rate of 
solute accumulation with cunulative stress. IAC25 -30 

lacked osmotic adjustment and IRATI3 and L 
Tachiminori had a smaller degree of adjustment 
perhaps because they experienced less stress than -40 

the othervarieties.Thereare no inherent differences _ I t I__L_ 
in osmotic adjustment. 0 4 9 12 16 20 24 

Days after water was withheld 

Nitrogen and water stress interaction. A green- 29. Dawn and midday IwPo.IR36groswn at 3 N levelsduring the 23-d 
house experiment determined how IR36 reacted to stress perihod. IRRI. 1983. 

water stress after receiving different N rates. Prc
germinated seeds were sown in trays (32X 24 X 10 
cm) containing 6.5 kg of sieved soil. The plants pluants received no water 25 DAS while the controlwere thinned to one plant per tray 11 D)AS. P group was well-watered. 

Dawn and midday IWP of stressed plants
(solophos) and K (muriate of potash) were applied grown at the 3 N levels decreased on day 14 (Fig. 
at a rate of 30:30 kg/ ha based on 200,000 plants, ha. 29). Over the next 9 d. LWP dropped to an average 
N treatments were 0, 20. and 60 kg hla. Stressed of -2.83 MlIa at dawn and -3.72 MPa at midday. 

Cttatqe ,nturJ~ 0Sn',OCpotential PM Pa) Control plants maintained dawn IWMP above -0.2 
0 - 02 M Pa and -idday values ranged from -0.62 M Pa to 

S-I .13 M Pa throughout the stress period. 
, 0 Figure 30 shows the relationship between dawn 

0 I.WP and the ratio of N uptake in shoot of stressed 
A A,20 and control plants. Uptake at all N rates decreased" IR6 below control levels at -0.2 to -0.45 MIPa LWP. 

0O IRAT13 O 

/ nc25 However, water stress reduced N uptake by about 
S0" Azucear - -06 50% at60kgN ha andvbyabout 3Ouiat)8and20kg 

* Toch N, ha.'nori 
-25 -- --- -08 Transpiratinrates declined at the same dawn 

-220 -15 -10Isirto dcie 
Cumulative stress (MPa days) lWP that N uptake decreased. Amount of N had 

28. Relationship between the change in turgid osmotic potential (dif- no effect on the transpiration rate ratio between 
ferences between treatment I and treatment 4 values) and cumulative 
stress for the period of the differential irrigation treatment. IRRI. g83. stress and the control at any particular dawn LWP. 
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Rato of stress to control Relohe w ter otent %) 

100 

.2b 1 

0 1.0 9 0 R 52 

o KinJ;Pes PoeM 

0.. 80 

-6 	 70 

_ ,a 	 t agR1.2 

(b) 	 50 ' 

-1.0 

00kg N/ho 	 0.8 0 2'0."0 30O 4'0 
V 2OkgN'ho Pressure (MPal 

60k.Wo031. o Relationship between IP or applied prcssure and relative 
06 water content in 11152and K'nandarg I'atong. IRRI. 1983. 

0.4 due to change in bulk pressure potential. The bulk 
0 volumetric modulus of elasticity was calculated 

o 0.2 from the slope of the linear portion of the curve. 

Applied pressure (P) or LWP replaces pressure
L - * - 53. -30 -2.5 -2.0 -1.5 -I'0 -05 00 potential. There was no significant difference in c; 

Dawn LWP (MPo) flag leaves and second youngest fully developed 
30. Relationship ofdawn LWP and the ratio of stressed to control plants 	 leaves had similar c values (Table 19).
for a)N uptake and b) tutal amount ofwalergiven .:daily in IR36at 3 N Effect of water stress during postanthesis. To 
levels. IRRI, 1983. 

increase understanding about rice :sensitivity to 
water stress at postanthesis, a greenhouse experi-

Stress treatment transpiration decreased to 6 to 9% ment was conducted during 1983 WS using diverse 
of the control. varieties: upland rice IRATI3 from West Africa 

Rice leafelasticity. Tissue elasticity affects turgor 
response of plants to water stress and is describedits ulk oluetri 	 19. Bulk volumetric niodulus of elasticity (El ofmoulusof eastcity(c)Table
by its bulk volumetric modulus of elasticity (E): rice grown in lowland fields. IRRI, 1983. Values are 

means of 3-5 observations (±S.D.)
Z J' 

" - X 100 Variety E (MPa) 
ARWC 

where AxIl, is the change in bulk pressure potential 	 Flag leave. 
AP,,Binato 12.3 ± 1and A R WC is the change in relative water content IR46 11.6 ±0.4 

of the tissue. High - means low elasticity and vice Moroberekan 7.8 
versa. Kinandang Paton9 11.1 

RD19 	 11.4
The pressure-volume technique was used to Second leaves 

determine leaf elasticity of 10 varieties grown in 	 IR20 13.1 ± 1.0
lowland conditions. The technique uses a pressure 	 IRAT13 8.7 ±0.6 
chamber to apply a series of pressure on a leaf to 	 Moroberekan 12.1 ± 2.2 

Kinandang Patong 8.5 ± 1.8determine water potential. The leaf is weighed after IR5 10.9 ± 1.6 
each reading. Figure 31 illustrates the pressure- RD19 10.7 ±3.5 
volume curves for 1R52 and Kinandang Patong. IR36 12.6 ± 2.8 

Change in LWP at high water content was mainly IR52 11.0 ± 2.4 
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and modern lowland rice IR36. Pregerminated Dawn leaf water polential (bars)
seeds were sown in rows 25 cm apart in large steel o
 
drums (58 cm diam and 
 49 cm deep) which
 
simulated an aerobic upland clay loam soil with 
 -2
 
adequate draiuage. The crop grew at soil moisture
 
levels near field capacity. Two WAS, plants were
 
thinned to rows of 100 IR36 plants/m and 120 -4 - Contml
 
IRATI3 plants/m, maintaining equal leaf area. Stres
 
The crop was adequately fertilized and protected 0 IR36
 
from pests and diseases. 

1R36
6 0 IRATI3 
Normal watering in the stress treatment was * IRATI3
 

stopped I d after flowering but control plants -a
 
received full irrigation. Foliage temperature was
 
measured daily at noon with a hand-held infrared
 
thermometer and 
 the crop water stress index 
(CWSI) was computed using the air wet- and dry
bulb temperature. Based on CWSI and pan -5 
 I I I , I 
evaporation, the stress treatments were differen
tially irrigated to allow slow and steady water stress 
 Crop water stress index 
development for a 15-d period in both varieies. 1.2
 

The average CWS land dawn leaf water potential
 
(DLWP) ofc~ntrol and stress treatment flag leaves 1o
 
are shown in Figure 32. The DLWP of both
 
varieties decreased 
 linearly as CWSI increased.
 
The midday leaf water potential (MLWP) of IR36 0.8
 
deviated fiom control plants 5 d after the stress
 
treatment was initiated. Significant differences
 
were apparent for IRATI3 between 
 the control 06
 
and stress treatment after 9 d (Fig. 33). During
 
stress, IRATI3 maintained a higher MLWP than 0.4
 
IR36. Panicle water potential (PWP) responded 
similarly (Fig. 34). The contiols maintained high
 
PWp but it decreased markedly in the stressed 0.2 
plants. The responses of both varieties to PWPand
 
MLWP were similar. .--- -


Water stress affected yield components of varie- 1 5 
 7 9 II 13 15ties differently (Table 20) with IR36 having 29.0% Time (d) 
reduced grain yield compared to 17.4% for 32. RelationshipbetweenCWS (@,O)andDLWP (0,E)ofIR36and
IRATI3. A similar reduction occurred in grains 

IRATI3 during the 15-d stress period after anthesis. IRRI greenhouse,
1983. 

per panicle, percent unfilled spikelets, and 100
grain weight. Drought-resistant IRATI3 had high
stem weight losses and increased apparent trans- has evaluated the usefulness of remotely sensed
location. This indicates that it contributed more canopy temperature asan indicator of water stress.
stem carbohydrates to grain filling than IR36 did. Canopy-minus-air temperature (T-Ta) was com-
Maintenance of high LWP, PWP, and increased pared with visual scoring for drought resistance 
apparent translocation are probable reasons for during the 1983 DS using the 1982 International
the better performance of IRATI3 under water Upland Rice Observational Nursery as the test 
stress conditions at grain-filling stage. material. The two-row plots were marked as in the

Development of a canopy temperature-based standard DS field screening. They were seeded two
screening method. Over the past few years, IRRI replications per entry on 23 Feb 1983 apd received 
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0 


-4-

-8.1
 

-12 


-16-

Control 

o R36, 
*I1 RAT,3 

1:) 3" 5 7 9 II 

Time (d) 

836 

Tc-To (°C) 
57 

54 

48 

4.5 

0 

42 

3 
/- oY 

5.34-2.22 

13 15 r 0.94*, ' n: 200= 

33. Effect of postanthesis water stress an MLWP of IR36 and IRATI3. 
33IRRI greenhouse, 1983. 
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Panicle water potential (bars) 
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Visual drought resistoce score 

....... -35. Relationship between canopy-minus-air temperature (T,-T) and 

-20o . 
. 

Stress 
IR36 
IRAT 13 

-24 

1 3 5 7 9 
Time (d 

visual drought resistance scores of the same replicated plots from the 
International Upland Rice Observational Nursery. IRRI. 1983 DS. 

the last irrigation 25 Apr 1983. Canopy-minus-air 
temperature and visual drought resistance scoring 
were recorded on several dates. Plots with poor 
germination, disease, insect damage, or excessive 
weeds were discarded. Results from 4 May, 9 d 
after the final irrigation, compared the screening 

11 13 15 methods with replicated plots of 203 entries. 
Analysis of variance showed that entries were 

34. Effect ofpostanthesis water stress on panicle water potential of IR36 
and IRATi3. IRRI greenhouse, 1983. significant sources of vari3nqe for both evaluation 

Table 20. Effect of water stress at postanthesis on yield components of IR36 and IRAT13. IRRI, 1983. 

Variety 

IR36 

IRAT13 

Treatment 

Control 
Stress 

Difference (%) 

Control 
Stress 

Difference (%) 
LSD (.01) 

Grain yield Straw yield Grains Unfilkd 100-grain Apparetit 

(g/container) (g/container) per panicle spikelets
W% 

weight
g) 

translocation 
W% 

144.9 235.9 64.1 12.4 2.1 3.2 

102.9 206.4 41.2 25.7 1.7 24.5 

(29.0) (12.5) (35.7) (13.3) (19.8) (21.3) 

145.9 275.8 40.3 6 1 3.7 13.3 

120.6 216.4 36.3 1 1.1 3.1 40.6 

(17.4) (21.5) (10.1) (5.0) (14.8) (27.3) 

13.6 7.9 2.9 2.2 0.1 10.9 



methods. However, the coefficient of variation was 
22.0% for T-T,and 61.2% for vi,;ual scoring. T,-
Ta values ranged from +2.0 to +6.2' C while visual 
scores ranged from 0.0 to 6.0. Using Duncan's 
multiple range test to separate means gave 13 
groups for T-Ta and only 3 for visual scoring. 
Visual scoring takes place =20 d after irrigation 
and it may be too difficult to discriminate between 
entries after 9 d without irrigation and to use this 
method. T,.- T,appears more sensitive. Figure 35 
illustrates the curvilinear relationship between the 
two methods. It shows that T,.-7, can detect 
differences among entries in the visual scoring 
range of 0 to 2, a very mild stress level found early 
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in the normal stress period. When the top entries 
were selected, visual scoring +0.5 gave 31entries 
and T,.- --T, <+3.0° C gave 9. These 6 entries were 
common: Chianung Si-Ri-661020, INIAP 415, 
IR5260-1, IR5853-196-l-PI, IR9560-2-6-3-1, and 
343 D.T. 

With further experimentation measurements, 
7.-7, may increase preciseness in selecting entries 
for water stress regimes. T,.-Ta is being tested for 
screening rainfed lowland rice where 6-10 d rainless 
periods commonly decrease growth and yield. T. 
7, also offers interpretation based on water use, 
which has not been investigated for visual scoring 
systems. 
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SCREENING 

Soil Chemistry /Physics, Plant Breeding. and 

Plant Physiology Departments, and International 
Rice Testing Program 

In 1983, screening continued to identify rice vari-
eties tolerant of soil problems such as salinity, 
alkalinity, strong acidity, excess OM. Btoxicity, Al 
and Mn toxicities, and deficiencies in Zn, P, and 
Fe. Screening expanded to accommodate materials 
from IRTP and Plant Breeding. Collaborative 
experiments were started with the Tissue Culture 
Section. 

Of 17,701 rices screened, 4,371 were tolerant 
(Table 1). 

Salinity. Mass screening. Outstanding among 
9,054 entries screened for salinity in the green-
house were IR36, IR9884-54-3, IR8236-B-B-336-2, 
IR22107-113-3-3, and international breeding pro-
gram entries M242, RP975-109-2, and UPR251-
101.2. 

Of 400 varieties screened in a coastal saline field 
at Labrador, Fangasinan, 63 were tolerant. 

In a salinized fie!d at IRRI, 12 of 238 rices were 
tolerant. In DS, IR31788-29-3, IR18348-36-3, and 
IR22105-7-5 were tolerant. 

In WS, advanced lines IR29723-143-3, IR21015-
80-3, 1R21848-65-3, IR27316-96-3, IR28153-l0-3, 
IR32807-1!-3, IR32829-123-1, IR29723-12-2, and 
IR29706-200-3 were tolerant, 

IRSATON entries as resistant as or more resis-
tant than thecheck were IR36, IR52, IR1019866-2, 
IR10206-29-2, IR14632-22-3, IR15314-30-3, 
IR2153-26-3, IR2307-247-2, IR2863-35-3, IR4422-
6-2, IR4595-4-1,and Nona Sail. IR 15314-30-3 was 
outstanding during both DS and WS. 

Yield trials at IRRI. Of 48 rices tolerant in 
greenhouse tests, II yielded more than I t/ha in an 
artificial saline soil. IR54 yielded highest (1.9 t/ha) 
during DS. 

Tests in farmers' fields. Twenty-one rices were 
tested during DS and WS in coastal saline soils in 
four locations at Apalit, Pampanga; Bani, Panga-
sinan; Labrador, Pangasinan; and Cogon Pardo, 
Cebu. Salinity was from seepage or inundation by 
brackish creek water. Salt dynamics varied among 
locations and greatly affected plant performance. 
Mean grain yields ranged from 2 to 2.5 t/ha. 
IR4432-28-5, IRI0198-66-2, and IR13423-10-2 
produced significantly higher yields at most sites. 

Table 1. Summary of screening for adverse soils tolerance. 

IRRI, 1983. 

Soil stress Varieties (no.) 

Screened Tolerant 

Salinity 9,692 2,780 
Alkalinity 4,065 925 

Peat 561 266 

Acid sulfate 428 19 
Fe toxicity 452 35 
Zn deficiency 1,799 191 

Pdeficiency 619 141 
Btoxicity 95 14 

Total 17,701 4,371 

Alkalinity. Massscreening. Of 3,561 entries, 916 
were tolerant ofalkalinity. Outstanding were IR36, 
IR42, IR44, 1R48, IR50, IR56, and IR60, 40 IR 
lines, and Pelita I/I. 

In the field, 165 entries were tested ina soil made 
alkaline by added sodium carbonate. In DS, 
IR25621-94-3 was most tolerant, followed by 
IRI8350-175-2, 1RI9058-107-1, 1125603-20-2, 
IR25882-32-1, 1R54, and 1R36. During WS IR54 
and IR19672-155-2 were most tolerant. 

IRSA TON. Outstanding IRSATON entries 
were BRI0, IR4227-109-1-3, IR19660-131-3-3-3-3, 
IR36, IR46, and IR8192-200-3-3. 

Yield trial at IRRI. On an artificial soil, 7 of 16 
rices consistently rated tolerant in mass screening 
tests gave mean yields of 2.3 to 2.7 t/ ha during WS 
and DS. IR56 gave the highest yield. 

Yield trial in afarmer sfield. After 3 crops in 
unamended alkali soils at General Santos, South 
Cotabato, the average yield of 10 rices was 3.1 t/ ha 
during WS and DS. IR13149-3-2, IR60, 1R9764
45-2, IR56, and IR9884-54-3, consistently rated 
tolerant, gave the highest mean yields. 

Acid sulfate soils. Mass screening. During 1983 
WS and DS, 428 varieties from the international 
breeding program were screened in fields at Balza, 
Malinao, Albay (pH 3.7, exchangeable SO 4 = 

0.20%). Nineteen lines and varieties showed toler
ance for acid sulfate soil conditions: B58b-MriO5
2, UR1529-680-3-2, Mahsuri, Suakoko 8, BR222
B-358, BR51-282-8, Mat Condu, CR 149-5010-228, 
PNA237-F4-57-1, B2791-B-MR257-3-2, 1R3518
96-2-2-2, IR10781-75-3-2-2, IR19061-57-4E-?l, 
IR20880-25-P3, IR21O841-PI, IR21074-53-Pl, 
1R21836-90-3, IR9217-6-2-2-2-3, and IR4819-77
3-2. 
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Yield trials in farmers' fields. Yields of 15 the international nurseries, and 4 breeding lines. 
varieties in DS and WS ranged from 0.9 to 2 t/ ha. Yieldtrials. Selected rices were grown to maturity 
Symptoms were more severe during WS and yields with and without Zn in replicated trials at four 
were lower. IR9764-45-2 was the consistent top sites. IR60 yielded highest at 6.1 t/ ha with Zn and 
yielder during both seasons but IR46 and IR56 2.9 t/ha without Zn. 
gave comparable yields during DS. In severe Zn-deficient sites (0 mg available 

Iron toxicity. Mass screening. One hundred and Zn/kg) such as Tiaong, Quezon and Lagao, Gen. 
seventy-six anther culture materials were tested in Santos, Zn added 3 t/ha to the yield. 
the greenhouse in an Fe-toxic soil from Malinao Mechanism of varietal tolerancefor zinc deft
(pH 3.5, 2.5% active Fc. Rated tolerant were TCP cienc,. In the Soil Chemistry/ Physics Department 
No. 852 (1R48/Suweon 290), TCP No. 664 (Taipei field trials in moderately Zn-deficient soils, sus
309/Tatsumi Mochi), and IR4570-124-3-2-2-2 (a ceptible varieties responded to Zn addition while 
parent). resistant varieties gave negative or no response 

In a farmer's fildd in San Dionisio, Iloilo (pH (Fig. 1). Research studied the effects of added Zn 
4.5, 2.36% active Fe), 276 entries were screened and on chemical and electrochemical properties of the 
10 were tolerant: 1R42, IR52, PMI 121, Brasilero, soil solution from Zn-deficient soils. The growth 
IR21033-31-P2, IR9729-67-3-85, IR12721-24-3-1, and mineral nutrition of two rices (IR26and IR34) 
IR13525-13-2-3, IR18819-87-2,and IR29725-22-3. differing in tolerance for Zn deficiency were also 

Yield trial in afarmer'sfield. Twenty cultivars compared. Culture solution studies showed how 
and lines previously found tolerant on acid sulfate Zn addition affects translocation of other nutrients. 
soils were tested in an Fe-rich soil in San Dionisio, In both soil and culture solutions, plant Zn 
Iloilo. Highest yields came from IR60 (4.3 t/ha) concentrations alone were not enough to account 
and IR 13540-56-3 (4.5 t/ ha). for varietal tolerance for Zn deficiency. A compari-

Peat soil. Massscreening. Ina farmer's fertilized son of nutrient-to-Zn and shoot-to-root ratios of 
field in Calauan, Laguna (pH 6.6, 20.3% organic 
C), 551 entries were tested during DS and WS. Grain yieldWho) 
Stress was more severe during WS. Six entries were 3.6 n a 

outstanding. IR 13525-43-2, IR 13540-56-3, IR 15314- I no Zn added 

43-2, IR22105-7-5, IR24637-38-2, and IR19274- 32 2%Z0 d 
26-2. 

Yield trials infarmers'fields. In DS 15 selected 28 
rices were evaluated in 2 peat soils in Pangil, 24 

Laguna, with a basal application of NPK and a 
zinc oxide root dip. Without Zn stress, IR42 20 .. .. 
yielded highest at 4.3 t/ha and IR19743-40-3, the 
lowest at 0.93 t/ha. IR26, which responds to Zn, 1, % 
averaged 4.0 t/ha. 

In WS, field tests were conducted in a peat soil 
with a basal application of NPK in Calauan, 
Laguna. Of 15 rices, IR19058-107-1, IR56, and 08 
IR13525-43-2 yielded highest at more than 3 t/ha, .. .. 
confirming their tolerance for Zn deficiency in a 04 

peat soil. 
Zinc deficiency. Mass screening. Of 1,799 rices .... 

_
screened in afarmer's field in Bay, Laguna(pH 6.7, (V o c W 
0.19 mg available Zn/kg), 191 were tolerant. IR50 -X m T E 
displayed remarkable tolerance for Zn deficiency [_Susceptible Moderately Highly 
during DS and WS. Other outstanding entries varieties I -varieties - varieties I 
were IR54, IR58, IR21037-2-1-2B-P3-9, IR28905- 1.Effect of Zn addition on grain yield of some rices in field 

Ixper3ments on marginally Zn-deficient soils. IRRI. 1981)WS.198110-1, B4242-30-2, and B425939-2, 13 entries from Ds. 
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Table 2. Nutrient ratios in shoots of IR26 and IR34 
grown in Zn-deficient Tiaong soil and in culture solution 
without added Zn. IRRI, 1983. 

Variety Fe:Zn Cu:Zn Mg:Zn P:Zn 

Tiaong soil 
8.0 a 0.9 bTR26432 a 245 a 

IR34 4.8 bc 0.5 b 299 b 157 b 

Culturnsolution 
IR26 7.1 a 0.7 a 126 a 69 a 
IR34 4.9 b 0.5 b 129 a 41 a 

nutrients in IR26 

and IR34 grown in culture solution without added Zn. 
IRRI, 1983. 

Table 3. Shoot-to-root ratios of some 

Shoot:root 
Variety 

Fe Cu Mg P 

IR26 0.3 a 0.20 a 6.5 a 3.0 a 
IR34 0.1 b 0.16 a 1.4 b 0.9 c 

nutrients was more useful in determining the 
possible mechanism of varietal tolerance. IR34 
tolerated Zn deficiency since it has a lower Zn 
requirement, more efficient Zn translocation, and 
the ability to maintain lower Fe:Zn, Cu:Zn, Mg:Zn, 
and P:Zn ratios in the shoot (Table 2). Culture 
solution studies revealed that compared with IR26, 
IR34 had lower translocation of Fe, Mg, and P to 
shoots and lower absorption of Cu.by the roots 
(Table 3). Adding Zn further reduces translocation 
of these nutrients (Table 4) and, depending on soil 
nutrients, could cause deficiencies and mineral 
imbalances especially of Fe, Cu, and P. 

These varietal differences in Zn requirement and 
Zn interaction with absorption and translocation 

of plant nutrients shows that recommendations for 
Zn fertilization need revision. Zn needs to be 
applied on severely Zn-deficient soils regardless of 

rice variety. But in marginally Zn-deficient soils, 

especially those low in Fe, Cu, or P, Zn fertilization 
is not advisable if resistant varieties are used. 

Phosphorus deficiency. Varietal differences in P 

efficiency were studied by mass screening in the 
greenhouse and yield trials on a P-deficient field. 

Mass screening.Ofthe 619 rices tested inculture 
solution, 141 were rated P efficient. Among them 
were IR28, 1R34, IR40, and IR52; Calrose Bulk P.
T. BRI0, BRI51-B-48-2, Cisadane, and ITA235; 

and the lines 1R4432-52-6, IR14632-22, and 
IR25840-38. 

Yield trials. Thirty-two rices were grown without 
P fertilization during DS. 1R9764-45-2, 1R 13149
3-2, and IR15791-163-2 yielded 4.9 to 5.1 t/ha, 

confirming earlier restIts. 
Boron toxicity. Mass screening. In greenhouse 

tests on a soil treated with 10 mg B/kg, 14 of 138 
entries were rated tolerant: IR20, IR54, 1R6115-1, 
IR21848-65-3, IR19672-140-2, IR12721-4-3, 
IR19672-155-2, IR21015-80-3-3, IR12979-24-1, 
IR27316-96-3, IRI0011-16-3, IR25560-132-3, 
IR2558 2 -133, and IR25916-15-3. 

Yield trials. Twenty-five IR varieties and lines 
were compared at two Blevels: no Badded and 10 
mg B/kg added as borax. Baddition reduced mean 
yields by 45%. IR42, IR50, IR54, IR976445, 
IR21820-154, and IR29723-143 were least affected, 
giving mean yields greater than 2 t/ ha. IR34, IR52, 
and IR58 yielded poorly with the yield of IR58 
most reduced. 

Aerobic conditions. Yield trial.Twelve varieties 
were exposed to Al and Mn toxicities under 
aerobic conditions in a naturally occurring acid soil 

Table 4. Shoot-to-root ratios of Fe, M9, and P, and Cu content of plants at 6 wk after transplanting, as affected by added 
Zn in culture solution. IRRI, 1983. 

Shoot-to-root ratios Cu (mg/kg) 
Variety Zn added 

(mg/kg) Fe Mg P Shoot Root 

IR26 0 0.34 a 6.5 a 3.0 a 14 a 70a 
0.3 0.11 c 1.4 b 0.83 hc 12 bc 31 c 
3.0 0.07 d 0.73 b 0.88 bc 12 bc 44 b 

IR34 0 0.12 bc 1.3 b 0.94 bc 11 bc 66a 
0.3 0.07 d 1.0 b 0.74 bc 10 d 58ab 
3.0 0.06 d 0.97 b 0,72 c 10 d 48 b 
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Table 5. Performance of 12 rices under strongly acid, VARIETAL DIFFERENCESaerobic Luislana clay (pH 4.3). IRRI, 1983 DS. 	
IN NITROGEN 

UTILIZATION EFFICIENCY 
Entry Grain !t/hai Soil Chemistry/Physics Department 

IR20 	 1.93 b(. N deficiencyIR2415-94 	 is the most important nutritional2.49 ablR5677-22-5 	 factor limiting rice yields on most soils, makingIR7473-118-2 	 3.17 a1.55 cd fertilization necessary. Rice varieties differ in theirIR9752-71-3 0.96 dIR9828-36 	 capacity to extract and utilize soil and fertilizer N.JR10781-105.2 1.67 cd Traditional varieties Peta and H4 respond to low NB44b-50-2 2.46 ab 
Kinandang Patong 

2.74 a applications and IR26 responds to high.1.35 cd During theSalumpi kit 	 1982 WS and 1983 DS, two IR1.77 bc varieties and two IR lines were planted under six NIET1785
IR43-check variety 	

2 .95 ayile2 .73 a levels. IR8192-200-3-3 yielded highe',! 
an
and IR48 

the lowest at N levels above 50 ppm. IR48produced the highest straw and total DM yield and 
IR 13525-43-2 the lowest.(pH 4.8) and in a soil with induced acidity (pH 4.3). Grain yields of all varieties significantly increasedIn DS, plants showed symptoms of Al and Mn with increasing N levels (Fig. 2, 3). Excepttoxicities on both soils. 	 forIR5677-22-5, IET1785,

IR10781-l05-2, and B44b-50-2 
IR48, straw and total DM yields of all varieties gave yields corn-

parable to those of check variety 1R43 (Table 5). 	
peaked at 150 ppm N, 'hen leveled off ordecreased. 
Straw and total DM of IR48 still increased at 250During WS, Al toxicity became severe when ppm N.acidity was adjusted to pH 3.9. IR5677-22-5 and 

B44b-50-2 	
At all N levels, IR48 absorbed significantly lessmaintained their superiority over the N than the 3 other varieties (at the 5% level byother entries. 

LSD) except at the 50 ppm N level. 
Mathematical treatment of grain, straw, andMULTIPLE STRESS TOLERANCE total DM yield can be described by the equation:Soil Chemistry/ Physics Department 

I= a + hx + . 
Rices, previously tested in the greenhouse, were
evaluated in 6-m X 8-m concrete beds at IRRI. In Straw yield (g/pot)
these tests (Table 6), IR9764-45 showed multiple 250 
stress tolerance for salinity, alkalinity, saline-alkali 

1R48soils, peat soil conditions, B toxicity, Zn deficiency,
and P deficiency. IR43 was tolerant of Al and Mn 200 
toxicities and Fe deficiency. R8192 

Table 6. Entries found outstanding in concrete bed tests
for multiple stress tolerance, 1983. 

N (ppm) 

Soil problem Outstanding variety or line IR13525 

Salinity IR34, IR46, Ii350, IR976445 O0 
Alkalinity 
Salinity-alkalinity 
Peat 
Zn deficiency 
Pdeficiency 
B toxicity 
Al toxicity
Mn toxicity 
Fe deficiency 

IR9764-45, IR8192-31, IR9884.54 
IR9764-45, IR8192-3, IR7545.27 
IR34, IR8192.31, IR9764-45 
IR34, IR8192-31, IR9764-45 
IR54, IR52, IR976445 
IR48, IR8192.3, IR976445 
IR43, IR52, IR6023-10-1.1
IR43, IR52 
IR43, IR8055-48, IR3839-1 

50 

01 
0 50 100 150 200 250 

2. Straw yeld of4 entries under 6 N le'ls. IRRI greenhousc. 1982 WS. 
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Varieties respond differently to N utilizationand 
where l = yield (t/ ha), 

to fertilizer N. 1R lines 8192and 13525 are betterN 
a, b,c, = coefficients, 

users, providing more return per input than IR42 
x = N (kg/ha). 

and IR48. 
a values can exploit soil NVarieties with large 

efficiently; those with large b values respond to BREEDING FOR SAI.TTOLERANCE 

added N markedly, and those with large c decline 
Plant Breeding and Soil Chemistry/ Phisics 

in yield as the N level goes up. Regress:ons for grain 
Departments13525, which

yield show that IR lines 8192 and 
Rices are being tested for salt tolerance to identify

have higher a values, can utilize soil N better than 
those with good agronomic characteristics for use

the two varieties whose higher b values indicate 

they can use lower N doses more efficiently. in breeding programs. Several varieties including 

tolerant Pokkali and Nona Bokra were evaluated 

during early development stages. They were judged 

for tolerance on the basis of morphological charac-
Grain yield (g/pot) 

250 IR8192 teristics and uptake of major elements at EC 10
 

R13525 dS/m and EC 12 dS! m with the solution culture 

IR42 technique. Table 7 shows the results.

20 

IR48 e P content of shoots remained largely unaf

fected by salinity increase in the nutrient 

solution. N content decreased slightly.150-
* 	K content declined in both roots and shoots as 

salinity increased in the nutrient solution. K 

content of the roots was lower than that of the 

shoots. 
5 	Ca and Na content of shoots increased with 

wassalinity level; increase from the control 

233% for Ca and 655% for Na at salinity level 

of EC 12 dS m.0 50 100 150 200 250 
N(pm) 	 0 Nutrient uptake of shoots did not show specific 

3. Grain yield of 4 entrie, under 6 Nle.ck. IRRI greenhouW. 1982 WS. trends attributable to varietal differences. 

Table 7. Uptake of major elements under saline conditions. IRRI, 1983. 

Uptake %) 

At EC 12 dS/mAt EC 10 dS/mControlEntry 

N P K Ca NaNa N P K Ca NaN P K Ca 

Shoots 
4.7 0.76 4.8 0.41 0.14 3.4 0.66 3.4 0.93 0.86 4.3 0.81 3.4 1.30 1.06 

Damodar 
IR6 4.6 0.89 3.9 0.45 0.21 4.6 0.77 2.8 1.08 1.13 4.7 0.91 2.9 1.08 1.01 

1.54 3.9 0.76 2.6 1.51 1.94
3.9 0.27 0.16 3.7 0.71 2.9 1.08IR4630-22-2-5-1-3 4.3 0.76 

3.4 0.95 1.06 4.2 0.82 3.2 0.96 0.94
0.73 4.3 0.25 0.13 3.8 0.69Jhona349 4.3 3.5 1.08 0.81 

Nona Bokra 4.6 0.74 4.6 0.36 0.13 4.3 0.70 3.6 0.82 0.46 3.5 0.63 
4.2 0.91 3.0 1.10 1.050.13 3.7 0.72 3.0 1.26 1.49

Pokkali 4.3 0.79 3.8 0.37 

Roots 
2.8 0.56 3.2 0.14 0.45 3.0 0.50 2.8 0.25 1.62 3.2 0.83 1.8 0.33 1.45 

Damodar 1.30 3.5 0.90 2.1 0.31 1.300.91 3.3 0.62 2.9 0.22
IR6 2.2 0.50 2.2 0.08 

2.7 0.17 0.72 3.2 0.75 2.3 0.29 1.64 3.3 0.99 1.5 0.44 1.54 
IR4630-22-2-5-1-3 3.2 0.64 2.4 0.29 1.66 

2.8 0.54 2.3 0.20 0.78 2.5 0.45 2.9 0.23 1.58 3.5 0.69 
Jhona 349 

3.1 0.58 3.0 0.25 1.5"1 3.5 0.56 2.4 0.28 1.90 
3.3 0.52 3.2 0.18 0.51Nona Bokra 1.73 3.3 0.73 2.6 0.26 1.92

0.16 0.70 2.7 0.54 2.8 0.29Pokkali 3.0 0.58 3.2 
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* Concentrations of N, P, K,and Ca were lower 11R6 absorbed higher N and P as a tolerance
in the roots than in the shoots. Na in roots, mechanism as salinity increased.

however, was always greater than that in the 
 0 IR28 and IR42 could not survive at salinity
shoots. levels of EC 10 dS/m and EC 12 dS/m. 
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NITROGEN RESPONSE AND YIELD POTENTIAL OF 
DEEPWATER RICES 

Agronomy Department 

During 1983 DS, II photoperiod-insensitive rices 

were tested at IRRI in controlled water(maximum 
depth, 100 cm). 1R21037-2-1-2E-PI and IR21037-
2-1-2E-P2 gave the two highest grain yields (maxi-
mum 5.4 t/ha) without fertilizer Nand with 87 kg
N/ha (Table 1). Those lines had maximum plant 

height of 152-157 cm at 100-cm-deep water, 269-
300 tillers, and 25!-269 panicles/m 2 (Table 2). 
High tillering rices such as IR21071-53-2-3-2E-P2 
and C-168-134 yielded significantly less because 
their poor elongation ability kept their panicles 
submerged and they rotted. Two other rices, 
DWCTI 31-4-1-2-2 and HTA7406-111-0-0-2 that 
had high elongation capacity, were susceptible to 
RTV and produced low yields. RDI7 (check 
variety) was highly susceptible to R'IV and did not 
produce any grain yield (Table 1). 

Submergence tolerance, elongation capacity, 
resistance to diseases and insects, and lodging 
re!.istance are important to get high yields with 
fertilizer at maximum water depth of 100 cm. 

SCEnI FhysioRgy Plan tSUBMERGENCE 

Plant Physiology and Plant Breeding 

Departments 

Additional facilities for submergence tolerance 
screening became operational in 1983. More than 

Table 1. Grain yield of promising deepwater (maximum 
100 cm) rices. IRRI, 1983 DS. 

Grain yield (t/ha) 

Deepwater rice Without With 

fertilizer 87 kg N/ha 
N 

IR21037-2-1-2E-P1 3.0 a 4.8 a 
IR21037-2-1-2E-P2 3.6 a 5.4 a 
IR21071-53-2-3-2E-P2 1.3 bc 2.7 bc 
IR7732-B-196-3 0.6 c 1.1 d 
HTA7406-111-0-0-2 1.2 bc 1.9 cd 
DWCT131-4-1-2-2 1.5 bc 2.5 bc 
C-168-134 0.9 be 2.4 bc 
BPI-76NJ 1.8 b 3.1 b 
IR21574-i5-1E-P1 a a 
IR1 1288-B-B-69-1 a a 
RD17 a a 

aDid not flower in reasonable time. 

Table 2. Some agronomic characteristics of promising 
deepwater (maximum 100 cm) rices that received 87 kg 
N/ha. IRRI, 1983 DS. 

Plant ht Tillers Panicles(no./r (no./m 2 )2)Deepwater rice (cm) 

IR21037-2-12E.I2 157 300 269 
IR21037-2-1-2E-P2 152 269 251 

IR21071-53-2-3-2E-P2 124 475 318 
IR7732-B-196-3 161 250 177 
HTA7406-111-0-0-2 179 175 131
DWCT131-4-1-2-2 167 222 175 

C-168-134 133 308 206 
BPI-76NJ 137 261 209 

23,000 entries - 20,900 from the pedigree nursery 
- were screened, and tolerant entries were planted 
in the field for further evaluation by plant breeders. 

Surviving plants from 66 crosses evaluated in the 
RGA program were transplanted in the field and 
selected for the pedigree nursery. 

EFFECT OF SALINITY ON SUBMERGENCE 

TOLERANCE 

Plant Physiology Department 

In many flood-prone low-lying areas, farmers 

practice early seeding in dry soil to escape from 

floods. In coastal low-lying areas, soils are saline 

during early seeding because of previous seawater 

intrusion and subsequent drying. Early seeded rice 
experiences soil moisture stress, salt stress, and, 
later, submergence. Submergence-tolerant rices 
should be bred with salinity tolerance at the 
seedling and early vegetative stages. Salinity may
change tolerance or susceptibility to submergence. 

Five rice varieties with varying submergence and 

salinity tolerance were grown in trays containing 
0%, 0.2%, and 0.4% NaCI. At 10 d after soaking, 
varieties were tested for submergence tolerance. 

At 0.2% NaCI, percent survival after 8 d sub
mergence increased in all varieties compared to the 
unsalinized control (Table 3). 

Seedling height before submergence decreased 
with increasing salt level in the trays. But plant 
height after submergence increased with increasing 

salt levels possibly because of the iemoval of salt 
stress after submergence. 

At 0% and 0.2% NaCl, dry weight increased 
after submergence. But at 0.4%, except for highly 

http:IR21037-2-12E.I2
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tolerant Pokkali, all varieties decreased in dry Table 4. Entries with good ratooning ability. 1983. 

weight after submergence. 
IRDWON 1982With increasing salt level, N, Na, Ca, and Mg GEU6050-0-194-1 IR11 185.B-B-850-1 

uptake increased while P,K, and Si uptake before IR13260-100-1 E-P3 SPR7292-122-2-1 

submergence decreased. During submergence, N, IR11288-B-B-69-1 SPR7292-151-2-1-B-B 
Mg, Mn, and Si content increased while K and Ca RD19 BKN76026-3-2-2-2 

content decreased at all salt levels. IRRI germplasm 
Pathkola Lal Amon 245 
Matia Amon Khoi Amotar 

SCREENING DEEPWATER RICE FOR RATOONING Sechi Amon Chol Amon 
ABILITY 	 Bhoro Nepa Dhol Amon 

Kal Amon 113 Roj Bhawalia
Plant Physiology'Department 	 Govvai 38-9 Khama 55-2'2 

Matia Amon 70 Gowai 476 
Deepwater rice varieties were screened for ratoon- Gowai 50-9 Kal Amon 21-7 
ing ability during DS. The 118 entries came from Kal Amon 24-3 Kal Amon 243 

Kal Amon 21-7 Kalimekri 391
germplasm collection varieties with an elongation Alad Kumar 

ability rating of 1,from the 1982 IRDWON, from Matia Amon -3-23 

Chinsurah (India), and 13 segregating populations. 
Entries were ratooned at 15 cm aboveground as 

they matured and scored for ratooning ability 15 d Twenty-four varieties (Table 5) from Tamil 
after cutting. Selections verealso made for photo- Nadu were screened for submergence tolerance, 
period sensitivity. salt tolerance, elongation ability, nodal rooting, 

Table 4 lists entries selected for high tiller and kneeing ability. 
number (at least three leaves per tiller before Submergence tolerance. TNRI, Dhanya, and 
flowering) and insect and virus disease resistance in Birpak showed some degree of tolerance for 
the field. Selected entries are being retested. submergence but they did not recover. 

Salt tolerance. Seedlings grown in normal cul-
SCREENING RICE VARIETIES FROM TAMI!. NADU. ture solution were transplanted in saline soil with 
INDIA, FOR DEEPWATER IRArIS electrical conductivity of 9 mS/cm. TNRI, Pon-
Plant Physiology Deparinient 	 kambi samba, Kattuvanam, Kar paddy, Dulai 

More than 12,000 ha of rice lands inTamil Nadu 	 Baron, Kala or Black Aman, and Ponni showed a 

are usually submerged during the vegetative phase 	 salinity tolerance rating of3,equal to that of check 
variety Pokkali.from September to January. It is essential to 

identify dependable donors for various traits Elongation ability. Four-wk-old seedlings were 

through improved screening technique. 	 submerged in40 cm water that was increased to 90 
cm by raising 10 cm/d. Water was maintained at 
tha, level for 7 d. Varieties differed widely in their 

Table 3. Survival of 5 rice varieties grown at different salt elongation ability: 17 to 65 cm, or 25 to 129% 
levels 7 d after complete submergence for 6 and 8 d. increase.TNRI and Ponkambi samba had maxi-
IRRI, 1983. 

mum elongation ability. Chingair and Birpak had 
Survival (%) more of the elongated internodes and high elonga-

Entry 6 d 8 d tion ability. Early nodal rooting, an important 
deepwaer rice trait, increases nutrient uptake. 

0% 0.2% NaCl 0% 0.2% NaCl Chingair, Birpak, Akulu, and Perunel had profuse 

Kurkaruppan 96 98 63 96 - nodal roots compared to other genotypes. 
Thavalu 89 90 55 89 Kneeing ability. Sixty-five-d-old plants were 
FR13A 99 95 56 93 pulled out gently and randomly placed horizontally 
IR36 91 80 19 39 on the puddled field in 2-cm water depth. On the 
Pokkali 79 73 46 80 third day, plants were scored for their kneeing 

Av 90.8 87.2 47.8 79.4 angle. TNRI and Birpak scored the best. 



Table 5. Rice varieties tested for deepwater traits. IRRI, 1983. 

Elongation ability 
Variety Submergence Salt 	 Elongated Kneeing


a
tolerance tolerance Fin'.l Elongated % of internodes ability
a 
scorea score height heightb elonqation (no.) 

(cm) (cm) 

TNR1 	 5 3 119 64 114 2 1
 
Ponkambi samba 9 3 112 63 129 2 7
 
Kattuvanam 9 3 111 47 73 2 3
 
Sarapalli samba 9 5 112 55 95 3 5
 
Sirumani Amon 9 9 115 56 95 2 3 
Deepwater type 9 7 86 17 25 1 3 
Donr3cdao 	 9 7 117 50 75 1 3 
Karpaddy 	 9 3 140 63 82 2 5 
Dulai Aman 9 9 106 50 89 1 5 
Dulai Baron 9 3 92 26 39 1 7 
Dhanya 	 5 7 115 56 95 3 5
 

3c
Akulu 9 5 118 52 75 3 
Poongar 9 7 84 37 77 3 9 
Kala or Black Aman 9 3 93 42 82 1 5 
Chingair 9 5 133 65 96 3c 5 
Lalkanai 9 9 134 63 89 3 5 
Birpak 7 9 14G 63 82 4c 1 
Lakhi 9 9 110 46 72 3 3 
Aeb 368 Rip P type 9 9 95 31 48 1 9 

3c
Perunel 9 7 102 39 62 7 
White Ottadan 9 9 199 32 42 2 7 
Gutak 9 7 77 27 52 2 9 
Mahsuri 9 7 111 37 50 2 7 
Ponni 9 3 71 30 73 1 7 

aBy the 1980 Standard Evaluation System for Rice scale. bFinal height minus height before submergence. CPresence of 
nodal roots. 

Photoperiod sensitivity. Plants were subjected Rayadas continue to grow in subsequent deep 
to photoperiod treatments of 10, 12, 14, and 16 h. water and do not flower until late September and 
All 10- and 12-h treatments flowered. Sarapalli October when daylength is less than 12h. Rayadas 
samba, Aeb 368 Rip P type, and Gutak flowered at are supposed to he photoperiod-sensitive but they 
the 14-h treatment. Sarapalli samba and Gutak do not respond to the shorter photoperiod in 
showed photoperiod insensitivity by flowering in 
the 16-h treatment. Most varieties tested were 
photoperiod sensitive with a long basic vegetative Table 6. Days to flowering, basic vegetative phase (BVP),

and photoperiod sensitive phase (PSPI of 5 strains ofphase (BVP). 	 Rayada, Habigani Aman I, and Habigani Boro V at dif
ferent photoperiods. IRRI, 1983. 

PIIOTOPERIOI) SENSII IVITY OF RAYAI)AS 	 Days to flowering with 

Plant Phy'siology Departmnt 	 Variety or stra indicated photoperiod BVP PSP 
10h 12h 14h 16h (d) (d) 

Rayadas, unlike the traditional deepwater rice
 
varieties of Bangladesh, are cold tolerant at seed- Rayada 16-02 108 126 a a 73 140+
 

ling stage, lack seed dormancy, have a longer Rayada 16-03 108 124 a a 73 140+
 
Rayada 16-05 109 126 a a 74 140+
growth duration (12 mo), and are cultivated in 	 Rayada 16-06 108 124 a a 73 140+ 

deeper water. 	 Rayada 16-08 105 125 a a 73 140+ 
Rayadas are cultivated while mixed with photo- Hlabigani Aman I 38 80 a a 3 140+ 

period-insensitive boro rices which are harvested in Habigani Boro V 92 92 87 92 57 5 
April or May while Rayadas remain vegetative, aDid not initiate panicles after 140 dof growth. 



February and early March when they are planted 
in November. 

Five strains of Rayadas were used to see if they 
are photoperiod-sensitive varieties with a long
BVP. Photoperiod-sensitive Habiganj Aman Iand 
photoperiod-insensitive Habiganj Boro V were the 
checks. Plants were subjected to 10, 12, 14, or 16 h 
photoperiods. 

Habiganj Aman l and Rayada strains flowered 
at 10 and 12 h photoperiods and remained vegeta-
tive at 14 and 16 h photoperiods (Table 6). 
Habiganj Boro V flowered at all photoperiod 
treatments with similar flowering duration. Based 
on flowering behavior, both Habiganj Aman Iand 
Rayada strains are strongly photoperiod sensitive 
with a long photoperiod-sensitive phase (PSP) and 
a critical photoperiod of about 12 h. 

Although the BVP range reported in literature 
varies from 1', to 63 d, none of the strongly 
photoperiod-sensitive varieties tested had a BVP of 
more than 49 d. Rayada strains exhibited a long 
BVP of 70-74 d. 

(;FNI IVICIEVAI.UA I ION AND UI II.IZAION I'RO(iRANM 105 

Based on duration of BVP and PSP, rice 
varieties have been classified into four types. Type 
A has a short BVP and short PSP, type B has a 
long BVP and short PSP, and type C has short 
BVP and long PSP. No type D (long BVP and long 
PSP) has been reported, but this study establishes 
Rayadas a%type D. 

Type D varieties were probably eliminated 
during domestication since they wouid have had an 
unusually long growth duration. This is substan
tiated since Rayadas exist in less than 0c, of the 
total deepwater rice area in Bangladesh. 

Different Rayada strains are strongly photo
period-sensitive with a BVP of about 70 d and a 
critical photoperiod of about i2 h. Their non
response to shorter photoperiods in February and 
March after a November planting may be caused 
by low temperatures in November, December, and 
January. These temperatures could extend the long 
BVP so that when the plant is ready for photo
induction, the daylengths are already longer than 
the critical photoperiod. 

http:IEVAI.UA
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KOREA-IRRI COLLABORATIVE PROJECT 

The success of the Korea-IRRI Collaborative 
Project on Rice Cold Tolerance at Chuncheon led 
to the establishment of other substations in Jinbu, 
Yungduk, Unbung, and Sangju. Yungduk and 
Sangju have cold water screening facilities similar 
to those at Chuncheon. 

New breeding materials screened at Chuncheon 
come mostly from Korea, IRRI, Japan, Indonesia, 
and India, but some have come from as far as 
Turkey. Several entries from the project have 
already been or will be named as varieties in other 
countries, 

COLD TOLERANCE SCREENING NURSERY 

This year, the cold tolerance screening nursery had 
1,270 entries from national programs and con
tinuously provided plant breeders with donorvarieties. The nursery also identified promising 

lines based on leaf color, growth duration, sp.kelet 
fertility, and phenotypic acceptability. 

Growth duration. Short duration minimizes the 

risk of low temperatures during the critical repro
ductive phase. 

Many areas need short-duration varieties for 

cropping and use as donors to shorten the growth 
of tropical high yielding varieties. Several early-
maturing entries with low leaf discoloration scores 

and short stature were identified. However, all 
except Sola-iku 110, VL502-2, and IR29279-R-
TR-2-4 (RGA selection from Turkey) were severely 
affected by NBI. 

Spikelet fertility. Low spikelet fertility is a 
common problem in low-temperature areas, but 
many entries had high spikelet fertility (Table I). 
Spikelet fertility was highest (95%) in 1R23325-R-

Table 1. Entries with >'90% spikelet fertility. 1983. 

China 988 IR27892-5-2-1-1-111/Mlag5 

HR3632-2-4-2 IR36614-2-8 
H R3632-48-4-5 I R7 167-33-2-3-3-1-3-1 

IR18921-41-3 Lengkwang 
IR20656-R-R-R-6-1 Sangpungbyeo (Suwern 23G) 
IR20897-B-6 Seonambyeo (Suweon 305) 
IR20913-B-26-1-2-2-3 SR9144-MB-219 
IR23325-R-R-B-7-2-2 SR4131-19-3-1 
IR23325-R-R-B-7-3-1 Todorokiwase 
IR23351-42-1-3-1-3 

R-B-7-3- 1,an RGA selection sown and screened in 
Korea. 

Phenotypic acceptability. Diverse, outstanding 
materials are available for further testing. The 
following rices have excellent traits in more than 
five characters: 

China 988 11R3629-62-5-3 HR363248-4-5 
IR20913-B-26-1-2-2-3 IR9129-KI Jinjubyeo 
On 211 Sangpungbyeo SR3001-48-5-3 
SR4095-14-3-1-4 SR5204-91-3-3-6 SR9144-MB-276 
SR9144-MB-378 Suweon 306 Tckdorokiwase 

Leaf discoloration. Leaf yellowing is a common 
symptom of cold temperature damage. IR crosses, 
mostly indica types, had poor scores for leaf 
discoloration with none having a score of 1.This 
problem in transferring genes for leaf discoloration 
needs greater attention. 

Table 2. Materials selected at Chuncheon pedigree nursery
for trials in Banaue, Philippines. 1983. 

Plants 
Designation Cross selected 

(no.) 

SR42739 IR20654-R-R-R-1-2/ 20 
Milyang 23 

SR42741 IR20654-R-R-R-1-2/1R1347 12 
SR42742 IR20654-R-R-R-1-2/ 20 

Milyang 54 
SR42745 IR15429-268-1-2/ 30 

IR20654-R-R-R-1-2 
SR42778 IR20654-R-R-R.1-2/ 15 

Milyang 23 

SR42779 IR20654-R-RR-12/ 15 
Milyang 54 

SR42780 IR20654-R-R-R-1-2/ 30 
Milyang 57 

SR44173 Chiang Tsenf Tao ju/Line 62// 10 
SR44185 Suweon 295-11 

S415 IR9752-7 1 3-2/Steiaree 45/ 5Milyang 54 
SR44186 IR19735.5-2.3-2.1/ITatsumi 14 

Mochi//Milyang 54 

SR44205 IR4744-295-2-3/Dourado 41 
Agulha//Milyang 54 

SR44206 IR4744-295-2-3/Suweon 295- 15 
11//Milyang 54 

SR44207 I R4744-295-2-3/Todorokiwase//Mag2 17 

Milyang 23 
SR44217 IR15429-2681-2-1Suweon 21 

295-11//Milyang 23 

SR44254 I R 15429-268-1-2-1 /Shimokita// 20 
IR 15429-268-1-2-1/// 
Milyang 57 

SR44800 SR8141 B-11-2-6-5/Suweon 299 15 
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PEDIGREE NURSERY AND RGA BULK MATERIALS Table 3. Entries with plants having >80% fertility at Pi 
during 12-20 Jul 1983 when average minimum tempera-The water temperature in the pedigree nursery was ture was 18.7°C.

°
kept at 20 C to eliminate plants susceptible to low China 988 K31-1633 
temperature. Ching Hsi 


The nursery had 84 F,bulk populations, 38 F Corallo 
K435
 
Wasetoramochi

bulk populations, and 325 pedigree lines mostly in IR15685-2-2-2-3IR18476-55-2 Tatsumi mochi
CR584-11-1-6F., and F, In the 84 F,populations (Table 2), 300 IR18476-86.3-3 CI1561-1

lines were selected and screened for cold tolerance IR24312-R-R-19.3 Koon-En-Tsan 16 
at the seedling stage. Only nonchlorotic plants were IR7958-191-2 Nongbaek

transplanted in the field. Many plants were selected 

K143-1-2 SR5204-39-5-3
 

from the cross involving IR20654-R-R-R-I-2, in
dicating its good combining ability. IR20654 is a for site-specific selection. An RGA selection made 
cross between japonica K78-13 and indica IR5908 2 yr ago inChuncheon,JO80-27-R-R-C-37,was 
and was grown for three generations in the RGA outstanding in other substations this year. It was 
facilities.named Suwon 329 and will be included inregional

In 1983, 627 lines were selected from 5 F., RGA testing in Korea. 
bulk populations. Selection was based on ability to 
withstand low water temperature, expressed in
optimum growth duration and low sterility, and on SCREENING FOR TOLERANCE FOR LOW AIR
high yields. TEMPERATURE DURING THE REPRODUCTIVE 

STAG FOther RGA bulk materials were planted in
Jinbu, Yungduk, and Sangju Experiment Stations The rice plant is most sensitive to low air tempera
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tures during the reproductive phase (Pi and inthe-

sis). It is very difficult to screen for cold tolerance 

during this phase. It occurs at different times 

depending on the growth duration of the variety 

and is therefore subject to the prevailing tempera-

ture. 
At PI, 17'C is the minimum night temperature 

that would lead to high spikelet sterility in most 
varieties. In this trial, the average minimum tem

perature during PI was 18.7' Cfor varieties flower-
ing 21 to 31 Aug. Several nights the temperature 

was below the minimum. Entries with high spikelet 
fertility despite low night temperatures are shown 
in Table 3. Contrary to earlier reports, many 

indicas now have cold tolerance at P1. Examples 

are IR 15685-2-2-2-3, IR 18476-55-2, 1R 18476-86-3-
3, IR24312-R-R-19-3, and IR7958-191-2. 

OBSERVATIONAL YIELD TRIALS 

The observational yield trials (OYT) show progress 

in breeding rice for low temperatures; of 25 entries, 
more than 5 t/ha at 100 kg N/ha.7 yielded 

Yields in 1983 OYT were lower than in 1982 
because of lodging and fewer daylight hours during 
grain filling. Highest yielders were IR8866-30-3-1 
4, IR5716-18-1, and IR2061-522-6-9 and the Korean 

recommended varieties Pungsanbyeo and Sam-
gangbyeo. The same IRRI lines were also among 
the highest yielders in the 1982 OYT at Banaue. 
IR8866-30-3-i-4 yielded 8.5 t/ha in the 1982 DS 
Banaue OYT. 

N RESPONSE IN LOW WATER TEMPERATURE AT
 
MEIOTIC STAGE 


N use is higher during low temperatures perhaps 
because of changes in N availability, uptake, and 
utilization. This experiment studied the effect of 
low temperature at meiotic stage and of low water 
temperature on N response. 

Pungsanbyeo (indica/japonica), Kwanakbyeo 

(aponica), and IR36 (indica, susceptible to low 
temperature) with different N levels received a cold 
water treatment (I7 C) for 10 d at meiotic stage. 

Under normal field conditions in Chuncheon, 
grain yield increased with increasing N level up to 
150 kg N/ha, then decreased at 200 (Fig. 1). 

Previous findings showed high N level increased 
spikelet sterility and lowered yields. This study 

showed no significant differences in spikelet fertility 
among N level treatments. 

Tab4e 4. Grain yield response to N fertilizer. I RRI, 1983. 

Grain yield (t/ha) 
Entry 

75 kg N/ha 150 kg N/ha 300 kg N/ha 

IR51716-18B-1 6.7 7.2 7.2 

IR7167-33-2-3 7.1 6.8 6.5 
China 988 6.0 6.1 3.8 

tIR15924-265-3 6.3 5.8 4.4 
SR5204-91-4-1 4.2 4.8 5.1 
raebaekbyeo 3.9 4.7 5.3 

Manseokbyeo 5.0 4.7 5.2 
4.1 4.4IR9202-10-2-1-3 4.5 

Average 5.46 5.55 5.24 

Groin yield t/ha) 

Type 1 ;157-16-18-1 Type 1l 

X57.I._..-l 
7 

IR7167-3-2-3 x China 988
 

6 7,3.3
 

IRI 2653
 

5
 

4 

3 

0
 

Type I Type
 

6
 

Monseokbyeo(S.264)
 
SR5204-91-4-1 MascbeoS24 

5 -

ToebToebyeo (S.287) IR9202-10-2-1-1-3 

3 
- , I I I
 

0 75 150 300 75 150 

Nitro- (kg/ho) 

2.Yield response of 4 varietal types to different Nlevels. IRRI, 1983. 

300 
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The cold water treatment at meiotic stage de- because of lower spikelet fertility. However, yields
cieased yield and 1,000-grain weight drastically rose with added N because of increase in panicle 

Table 5.Yield and yield components of 8 varieties at different N levels. IRRI, 1983.
 

N (kg/ha)

Variety 

75 150 300 75 150 300 75 150 300 75 150 300 

Yield (tiha) Spikelet fertility (%) Panicle no. Spikelets/panicleIR5716-18.1 6.7 7.2 7.2 52 61 61 9.2 10.8 13.0 115 121 127IR7167-33-2-3 7.1 6.8 6.5 72 70 73 8.7 9.4 11.7 126 115 93China 988 6.0 6.1 3.8 98 97 69 10.8 12.4 13.4 84 85 86IR15924-265.3 6.3 5.8 4.4 64 60 57 11.8 12.0 14.0 128 126 111SR5204-91-4-1 4.2 4.8 5.1 83 77 68 11.6 14.8 16.2 101 79 92Taebaekbyeo 3.9 4.7 5.2 77 88 82 12.4 11.8 13.8 93 85 97Manseokbyeo 5.0 4.7 5.2 88 86 76 10.9 14.1 17.0 93 83IR9202-10-2.1-1-3 4.5 4.1 4.4 56 46 
80 

36 8.8 9.8 11.9 106 134 114 

Table 6. Growth characteristics of eight varieties at different N levels. IRRI, 1983.
 

N (kg/ha)

Variety 

75 150 300 75 
 150 300
 

Harvest indexIR5716-18-1 Culm length (cm).58 .50 .53 
 76 80
IR7167-33-2-3 .58 .52 .50 
85 

96 107 112
China 988 .53 .51 42 101 111 114
IR15924-265-3 
 .45 .40 
 32 106 111 122SR5204-91-4-1 .52 .51 .48 73 80 81
Taebaekbyeo .41 .48 .52 63 63 66
Manseokbyeo .52 .45 
 .40 54 58 
 56
1R9202-10-2-1-1-3 .35 .33 .38 110 119 122
 
Dry w. (g), 30 DT Dry wr at headingIR5716-18-1 24 30 
 38 194 199 234IR7167-33-2.3 
 24 31 36 
 163 180 182
China 988 
 22 35 40 
 149 152 
 171
1 R 15924-265-3 30 33 
 38 177 205 206
SR520,I-91-4-1 21 25 26 88 
 107 14C
Taebaekbyeo 21 
 22 26 
 124 125 
 147
Manseokbyeo 18 
 27 28 123 142 158
1R9202-10-2-1-1-3 
 26 29 
 41 199 199 
 185


LAI, 30 DT LA/at heading
IR5716-18-1 1.2 1.9 2.2 
 3.8 4.3 6.7
IR7167-33-2-3 
 1.4 1.7 
 2.1 3.2 
 4.0 5.6
China 988 1.2 1.9 2.6 
 2.5 3.9 5.1
IR15924-265-3 
 1.2 1.5 1.8 
 3.4 3.7 
 4.6
SR5204-91-4-1 
 0.9 1.3 
 1.3 2.4 
 4.2 5.9
Taebaekbyeo 1.0 1.1 1.3 2.6 3.1 5.1Manseokbyeo 1.0 1.5 1.7 3.2 3.5 5.2IR9202-10-2-1-1-3 1.4 1.4 2.4 3.8 4.4 5.8 

Tiller no., 30 DT
IR5716-18-1 11 13 
 14
 
IR7167-33-2-3 
 9 10 13
 
China 988 
 11 16 16
 
IR15924-265-3 
 12 13 
 15
 
SR5204-91-4-1 
 10 12 
 11
 
Taebaekbyeo 11 
 10 11
 
Manseokbyeo 9 
 12 15
 
IR9202-10-2-1-1-3 
 10 13 
 17
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number even at 200 N. Although untreated control 
plants generally showed a decrease in panicle 
number at 200 N. This increase seems to protect the 
plant from low temperature and needs further 
study. 

PLANT TYPE FOR HIGH GRAIN YIELD 

The previous experiment showed definite varietal 

responses to N fertilizer. Eight rices were studied to 
see which plant types produce high grain yields at 
specific N levels under low temperatures. 

Grain y'eld. IR5716-18-1 produced the highest 
yield at 150 and 300 kg N/ha (Table 4). However, 

the average yield of all entries at the 300 kg level 
was significantly lower than at 75 or 150 N. Several 
eatries selected for their high yields yielded poorly 
at all N levels. 

There were four types of entries (Fig. 2): 
Type I gives consistent high yields at all N levels. 

Examples are IR5716-18-1 and IR7167-33-2-3. 
Type I is the ideal plant type. IR5716-18-1 may 
produLe even more at higher N levels. Lodging 
reduced IR7167-33-2-3 yield at higher N levels. 

Type 11 gives high yields at low N level and low 
yields at higher N level. Examples are China 988 
and 1R15924-265-3. Type II works well in the 
mountainous areas of Nepal and India. Low yields 
Gf Nepalese variety China 988 at high N result from 
lodging. The tall plants (102-122 cm vs 63-81 cm for 

Korean varieties) produce high yields but will lodge 
under Korean conditions.... 

Type 111 gives low yields at low N and moderately 
high at higher N. SR5204-91-4-1 and Taebackbyeo 
(Suweon 287) belong to this type. Although yields 
increase with added N, they were not higher at 300 

N than those of type I. Comparable higher yields 
may result at higher Nlevels. These two entries did 
not lodge even at high N, showing that the plant 
type is inefficient in using available N. Its N uptake 
needs more study. 

Type IV gives moderate yields at all N levels. The 
poor yields of Manseokbyeo and IR9202-10-2-I - I
3 at higher N levels are partly from lodging. 

Yield components. Panicle number increased 
with N level for all varietal types (Table 5). Both 
entries in Type I had a large number ofspikelets per 

panicle. 

DM (g) 

[ 

IR7167 

Monseokbyeo 

Pungsonbyeo 

Somnombyeo 

Sobekbyo 

.92 

.69 

46 

.23 

I, I.. 

N(mg) 

4 

(3.9) 
(3.9) 

33 (4.0 (3.5) 

22 

. 

K(mg) 

(4.5) 
44 -47) 

(4.4) (41) 

3 (4.4) 

22 

3.DM, total N,and K uptake of 5 varieties before low-temperature 
treatment. Values in parenthess indicate %content in the tissue. IRRI. 

983. 



Dry matter production, leaf area index, and 
harvest index. IR5716-18-1 and IR716733-2-3 had 
the highest average leaf area index (LAI) ar.d 
relatively high DM production at heading (Table 
6). IR5716-18-1 is short while 1R7167-33-2-3 is 
intermediate, but both had high HI. 
IR 15924-265-3 and IR9202-10-2-1-1-3 had high 

DM at heading. However, their tall stature, low 
HI, low spikelet fertility, and the low panicle 
number of lR9202-10-2-1-1-3 resulted in low yields, 

Lodging resistance is an important rice charac-
teristic for Korea. 

DM (g/plant) 

Before and after treatment 

6 

4 

2 

F 

0 Jr 

L14 At heading n i 

12 

10 

8 

6 

4 

Mean IR7167 Monseokbyeo 
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NUTRIENT UPTAKE AND USE AT LOW AIR OR SOIL 
TEMPERATURE 

To study nutrient uptake, especially N, at low soil 
or air temperatures, plants were grown outside the 
greenhouse until 30 DT and then subjected to 
different temperature treatments for 15 d: control 
normal condition (outside temperatures), low air/ 
low water (LA/LW) - 18/18'C, low air/high 
water (LA/HW) - 18/230C, and high air/low 
water (HA/LW) -- 27/180 C. 

Nutrient status before treatment. IR7167 and 

RBefore treatment 

Control 

LA/HW 
HA/LW 

4. DM before and after treatment at 45 DTand at heading in 5 varieties. IRRI. 1983. 

Punvgsanbyeo Samnambyeo Sobaekbyeo 
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Pungsanbyeo had highest DM before treatment 
and Samnambyeo had least (Fig. 3). DM content 
correlates with N (r = 0,97*) and K (r = 0.98*) 
uptake. Percent N and K in plant tissues are similar 
for all varieties. DM and increased N and K uptake 
are responsible for high total N and K content. 

Pungsanbyeo showed high percent and high 
total P. Total Si content was high in IR7167, 
Pungsanbyeo, and Sobaekbyeo. There was no
trend among varieties for P and Si content. 

Nutrient status after treatment. DM weight. The 
mean of five varieties showed that low air or soil 
temperature reduced DM by 62%. DM reduction 
was higher at LA/LW and HA/LW than at 
LA/HW (Fig. 4). Manseokbyeo had relatively 
high DM at HA/lW treatment. That may indicate 

a superior mechanism for overcoming low water 
treatment. Low air temperature had the least effect 
on DM of 1R7167. 

DM at heading shows the amount of recovery 

after treatment. IA/1LW had the most adverse 
effect. A growth imbalance, producing relatively 
high DM but poor nutrient uptake, is probably 
responsible for this poor recovery. LA/ LW had the 
least negative effect on plant growth, followed by 
LA! HW. 

Nitrogen. Low temperatures greatly reduced N 
uptake (Fig. 5) partly because of reduced DM. 
Decreased N was greatest at HA/ LW treatment. 
At LA, N accumulated in the plant even if DM 
remained constant and regardless of water tem

perature. Percent N was higher than in the control. 
IR7167 had highest N uptake at LA, regardless 

of water temperature. HA and LW affected N 
uptake greatly. Manseokbyeo was the least efficient 
in N uptake during treatment (Fig. 5). In some 
cases, asin LA/HWforlR7167and Samnambyeo, 
total N uptake was greater at heading in treated 
plants than in the control. Recovery was least in 
HA/ LW. Varietal differences exist in reaction to 
LA/HW. 

Potassium,phos horus,atdsilica. As with N, K 
uptake was greatly reduced at HA/ LW and least 
reduced at LA/HW. IR7167 showed the least 
reduction in K uptake. 

At heading, recovery was evident but not com-
parable with that of N. Plants in the treatment 
HA/ LW recovered least. 

P uptake was similar to that of K and N. 

Ncontent (mg/plant)
 

Before andafter treatment
 

80 (3.0) 

160- (3S0 

4o (36) 

1 

oo (3,7) 

80 35 (37) 

62 .2.6) 
40 8 (40) 

20 -

0 

20 Atheg Before treatment 
r'otol 
LA/LW (1.4)

1o LA/HW 

HA/LW (1.8) 

Ib- 16) 0.0 

1.8. (1.9) 

140 

2.0) 
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Mean IR7167 Monsekbyeu 

of 5varieties of 5varieties 

S. N uptake in 2 %irictie helore and alter treatment anid at heading. 
itll parentheses indicate ;N it tissuie. IRR I. 1983. 

inhibited by low temperature and most severely at 
HA/LW. 

Recovery at heading was poor in terms of P 
uptake. It was poorest at HA/LW. Unlike K and 
N, P content of treated plants was low. Most P 
uptake occurs during the vegetative phase, and 
adverse conditions at that time affect total P 
content. Varietal differences were significant, with 
IR7167 showing the least adverse effect followed 
by Sobaekbyeo. Pungsanbyeo had the lowest P 
uptake. 

Low temperaturesalso reduced Si uptake. As in 
N, P, and K, the HA/ LW treatment had the lowest 
Si uptake. Because DM production was inhibited, 
percent Si in tissues was higher in treated than in 
control plants. Si uptake was not greatly affected 
by low temperature treatment. Reduced DM ac
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Panicles (no./plant) 

5
 

4
 

Spikelets (no./panicle) 
100 

90 

80 

+ Control 
LA/LW 

LA/HW 
HA/LW 

70 

60 

50 

40 

Mean IR7167 Manseokbyeo Pungsanbyeo Samnambyeo Sobaekbyeo 
6. Panicle number per plant and spikelet number per panicle in 5 varieties after various low temperature treatments. IRRI. 1983. 

counted for low Si uptake. during the vegetative phase had little effect on grain
Si uptake showed recovery at heading with yield. The HA/LW treatment had the lowest yield,

Pungsanbyeo showingthe best recovery. Unlike P, but differences were lot statistically significant.
Si content was higher in treated plants than in Nutrient uptake decreased most in HA/LW and 
control plants. lowered grain yields.

N, P, K, and Si uptake was inhibited by low Low temperatures had the least effect on Man
temperature treatment during vegetative stage, seokbyeo yield.
especially at HA/LW. Spikelet fertility was affected by low tempera-

Recovery in N, K, and Si uptake was evident at tures, but differences among treatments were not
heading. N, K, and Si content at heading were clear. LA/LW resulted in higher spikelets per
equal to, if not higher than, the control. P content panicle. 
was low and low temperature had the greatest Panicle number per plant. Low temperatures
effect on that nutrient in the plant. affected the number of panicles per plant, with

IR7167, followed by Sobaekbyeo had the highest differences between varieties (Fig. 6).
nutrient uptake in most low temperature treat- Yield decreases at low temperatureswerecaused 
ments. Efficient nutrient uptake and DM produc- not only by panicle number, fertility, or spikelet
tion need further study, number per panicle. Decreases varied with variety,

Grain yield and yield components. Treatments with panicle number being the main factor in 
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IR7167. Reduced spikelets per panicle caused 
lower yield in Manseokbyeo, Samnambyeo, and 
Sobaekbyeo. Decreased spikelet fertility was corn-
mon to all entries except Sobaekbyeo. 

SCREENING FOR HIGH-TEMPERATURE 

The 1981 and 1982 International Rice for Arid 

Regions Observational Nursery entries were tested 
for high temperature (350 C) tolerance in the IRRI 
phytotron. Of 107 selections screened, the most 
heat tolerant in terms of spikelet fertility were 
Jubiliene, ES-17-164, and IRAT128. 

Jubiliene, ajaponica variety from Italy, had 88% 
spikelet fertility compared to 84% for resistant 

check N22. Nona Bokra and its selected variants 
were heat susceptible. 
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TISSUE CULTURE Table 1. Cold tolerance response of anther cu.ture-
Plant Physiology Department 

A:7;,ier culture. Anther culture-derived plants from 
13 crosses and 5 varieties were scored for cold 
tolerance at seedling stage (Table 1). In some cases, 

anther culture-derived plants from two susceptible 
parents such as IR48 and Suweon 290 had scores 
indicating higher tolerance than their parents.
Anther culture is a potential tool inbreeding for 


increased cold tolerance. 
Gametoclonal variation in cold tolerance re-

sponse was observed among anther culture-derived 
plants from varieties. Taipei 309 (score of 3) 
produced lines with tolerance scores less than, 
equal to, or higher than that of the parent. 
Therefore, it is possible to increase cold tolerance 
in varieties by passing them through anther culture. 

Tolerance for Fe toxicity of anther culture-
derived plants from varieties and F,sexual crosses 


were tested -,gainstthat of the parents (Table 2). 
Gametoclonal variation in Fe toxicity tolerance 
was also observed in varieties. All Taipei 309 lines 

tested were more tolerant than the parent. 
Anther culture-derived plants from F, crosses 

had higher tolerance for Fe toxicity than their sus-
ceptible parents. In a Taipei 309/Tatsumi Mochi 
cross, 20 of 21 plants scored 3 to 8 while both 
parents scored 9. Increased tolerance of regenera-
ted plants suggests gene complernntation or muta-
tion. 


Somatic cell culture. Lfect of Al-citrate an(; 
AI-EDTA on callus growth. Al solubility is dras-
tically changed by pH.It islow at pH 4.7 to 7.5, but 
below pH 4.0 and above pH 9.2, it increases 
rapidly. However, in a culture medium containing 
phosphate, Al precipitates even at pH 4.0. Very low 
pH reduces precipitation, but it also reduces callus 
growth.
 

Adding AI-EDTA to the culture medium over
came Al precipitation. However, it is possible that 
the presence of a chelating agent is detrimental 
since it could chelate other essentiol catcons, thereby 
reducing their number in the culture medium. The 
agent could be toxic since it may be absorbed by 
the cells. 

A study was therefore conducted to determine 
the effect of chelating agents on callus growth. The 
culture medium used was Murashige and Skoog's. 

derived plants. IRRI, 1983. 

Lines (no.) with 
Lines indicated cold 

Entry tested tolerance score at 
(no.) seedling stagea 

1 3 5 7 9 

Variety 
Taipei 309 113 1 27 83 2 0 
Suweon 290Giza 170 24 -0-----0-0 2 0---0----22 0 0 
Minehikari 1 0 1 0 0 0 
Pai-Kan-Tao 2 0 0 2 0 0 

Cross 
1R48!BG90.2 6 0 0 0 1 5 
IR48/Suweon 290 
Tatsumi Mochi/IR48 

31 
1 

0 
0 

0 
0 

11 
0 

20 
1 

0 
0 

Tatsumi Mochi/T309 1 0 0 1 0 0 
Taipei 309/1R20
Taipei 309/1R30 
Taipei 309/1R36 

1 
1 
1 

0 
0 
0 

0 
0 
0 

1 
0 
0 

0 
1 
1 

0 
0 
0 

Taipei 309/BG90-2
Suweon 290/BG90-2BG90-2/Tatsumi Mochi 

1 
8
4 

0 
0
0 

1 
0
0 

0 
0
0 

0 
7
3 

0 
1
1 

MI48/Pokkali 3 0 0 3 0 0 

IR19226-355.1.1-16/ 1 0 0 0 1 0 
IR520-1-26 

IR9752-71-3-2/IR19792-
15-2.3.2.3 

7 0 0 1 6 0 

Parent Score ofparent 
IR20 9 
IR30 9 
IR36
IR48 9

9 

Taipei 309 3 
Tatsumi Mochi 3 
BG90-2 
M148 5 

9 

Pokka~i 7 
Suweon 290 9 
Silewah
Taichung 65 

3
3 

Giza 170 1 

aScale of tolerance: 1 = seedlings dark green, 3 = seedlings 
light green, 5 = seedlings yellow, 7 = seedlings brown, 9 = 

seedlings dead. 

Each litre of medium was supplemented with 100 
mg myo-inositol, 5 mg nicotinic acid, 5 mg pyri
doxin. HCI, I mg thiamine.HCI, 20 mg glycine, 2 g 
yeast extract, 2 g casein hydrolysate, and 2 mg 
2,4-D. Calluses from Taichung 65 seeds were 
induced and subcultured 4 times (16 wk) in the 
same medium. Al was added as AICI:.6H 20, citric 
acid as citric acid. H., and EDTA as EDTA.2H 20. 
The pH of the medium varied. 

http:AICI:.6H


Table 2. Fe toxicity tolerance response of anther culture-
dcrived plants. IRRI, 1983. 

Lines (no.) with Fees toxicity tolerance 
Fntry ested a(no.) score of 

3 4 5 6 7 8 9 


Variety
Taipei 309 16 0 3 6 2 5 0 0 

Giza 170 21 0 0 5 4 9 1 2 

IR30 1 0 0 0 1 0 0 0 

Cross 
IR48/Suweon 290 4 1 0 3 0 0 0 0 

Suweon 2901BG290-2 5 0 0 1 1 3 0 0
 
Silewah/Taichung 65 1 0 0 1 0 0 0 0 

MI48/Pokkali 2 0 0 1 0 0 0 .
 
Tatsumi Mochi/ 14 0 0 1 5 5 3 0 


BG290-2 
Tatsumi Mochi/ 5 0 0 0 2 0 2 1 


BG90-2 

Tatsumi Mochi/S 290 11 0 0 1 1 7 1 1 

Taiprii 3Og/Tatsumi 21 1 4 5 6 2 2 1
M':hi 

BG90-2/Tatsumi 6 0 0 1 1 4 0 0
 
Mochi
 

IR48/BG90-2 6 0 0 0 0 5 1 0 

IR48/Suweon 290 7 0 0 1 2 2 0 2 

BG90-2/Taipei 309 9 0 0 1 1 4 1 2
 
Taipei 309/BG90-2 1 0 C 0 0 1 0 0
 
Sabanet Taungpyan/ 5 0 0 0 0 1 0 4 


New Sabarmati
 
Pawsanbaykyar/IR4570- 1 0 0 0 0 0 0 1
 

124-3-2-2.2
 
IR9252-71-3-2/IR19792- 3 0 0 0 0 2 0 1 


15-2-3-3-3 
Ngakywe/IR4570-124- 2 0 0 0 0 1 0 1
 

3-2-2-2 

New Sabarmati/IR27300. 2 0 0 0 0 1 0 1
 

124-2
 

Parent Score ofparent 
Taipei 309 9
 
Giza 170 5"1
 
IR30 6
 
IR48 56 

Suweon 290 6 

BG90-2 5 

Silewah 6 

Taichung 65 8 

M 148 7.I
 
Pokkali 5
 
Tatsumi Mochi 9
 
IR 19792-15-2-3-3-3 5
 
IR27300-124-2 5
 
IR29 5 

IR4570-124-3-2-2-2 3
 
IR9752-71-3-2 5 

Pawsanbaykyar 7 

Sabanet Taungpyan 4
 
aScale of tolerance: 3-4 tolerant, 5 = m oderately tole-


= rant, 6-9 susceptible. 
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At pH 7.0, white precipitate was found in the 
medium after sterilization. Al and EDTA do not 
form a stable chelate compound at pH 7.0. WithAl-citrate, precipitation at 0.4 mM was not caused 
by Al since no precipitation occurred at higher 

concentrations. No precipitation occurred at pH 

4.0. 
At pH 7.0, neither Al-citrate nor citrate had an 

inhibitory effect on callus growth at 0.4 and 4 mM 
(Fig. I). At 22mM Al-citrate completely repressed 

callus growth while citrate reduced growth to 43%. 
At40 mi, both compounds completely repressed 

callus growth. 
There was no difference in growth of calluses 

cultured inAl-citrateandcitratewhenthemedium 

wasadjustedtopH4.0(Fig. I). AtthispH, H'ions 
repressed the growth of the control. 

When the medium was adjusted to both pH 7.0 
and 4.0 (Fig. 2) AI-EDTA was more toxic to the 

Relative callus growth 
161
 

1
 

12
 

o 

-
o---o C(pH 7) 
0-6 A-C (pH7) 

4 - -- C (pH 4) II
 
A A-C(pH 4) 

0 

I I
 
0 0.4 4 40
 

Concentrlion (raM) 
1. IIlecct of AI..itrate (A-') and ciialte (') ,)11ca'llus gio\%th aItpll 4.0 
and 7.0alolr 4 %kincuh.ioat 2'C. IRRI. 193. Vertical lineprcent 

%lilnldlid dc iatio'n 
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Relative callus growth 
14 

12 

o-o EDTA (PH 7) 

10 0 
& 

A-E (pH 7)
EDTA (pH 4) 
S(Hgrowth 

. ,TPlant 

6 -inflorescences 

4 -\ 

2 

--- .... -"-
IL - I
0 Concentration2 (raM) 4 

2. Effct of AI-II I A (A-e nand 1:1) 1 A on callu(mgM) th at pll 4.0 and 

7.0 alter 4 ,Ak incubation at 26'C. Vcijcal line, prcsent stanild 
d ialion. I R RI, 1983. 

callus than Al-citrate. Like AI-EDTA, EDTA also 
had detrimental effects at both pHs. 

The study shows that EDTA is *ot a suitable 
chelating agent to prevent Al precipitation in the 
culture medium. Citric acid adjusted to pH 7.0 is 
not an ideal chelating agent, but is better than 
EDTA. Al-citrate and citrate had no toxic effect on 
callus growth at 0.4 and 4 mM but repressed 
growth at higher concentrations. 

Other studies are needed to investigate better 
methodsofpreparingculturen'ediawithhigherAl 
content for screening callus tissues. 

Callus induction and growth.Three kinds of 
media were used to induce and grow calluses: 
Murashige and Skoog (MS), MS + yeast extract 
and casein hydrolysate (MSYC), and Linsmaier 
and Skoog (LS) and HE medium. Mature seeds 
and young inflorescences were used as explants. 
Taichung 65, Reiho, Nona Bokra, IR36, IR50, 
IR52, 1R54, and IR56 provided mature seeds. Only 
IR lines were used for young inflorescences. 

The callus induction rate from seeds varied 

according to media and varieties used. Casein 
hydrolysate alone or combined with yeast extract 

in the medium markedly increased the callus 
induction rate for all varieties except IR54. 

When panicles were used as explants, callus 
induction rates were high for all varieties regardless 

of media.Calluses from seeds and panicles showed highest 

in casein hydrolysate and yeast extract. 
regeneration.from calluses ofimature seeds 

andyoung itqflorescence. Mature seeds and young 

were used for callus induction, pro
liferation, and subculture in MS, MSYC, and LS 
media. Plants were regenerated by two methods. 
The standard method uses MS medium. The two
step method first uses [.S medium with added 
abscisic acid (ABA) and then LS medium alone. 
Two japonicas (Taichung 65 and Reiho) and six 
indicas (IR52, IR54, IR50, IR56, IR36, and Nona 
Bokra) were tested using mature seed explants. 
Only IR lines were tested using young inflores
cence.

In both types of explants, both methods had 
very low regeneration percentage, and the two-step 

method was very inferior. In both methods,
regeneration frequencies from all varieties were 

highest when M S was was used for calltis induction 
and proliferation. After the first regeneration (RI) 
using the standard method, plants from mature 
seeds used as explants produced 14.0% regenera
tion in Taichung 65 and Nona Bokra, 9% in Reiho, 
3% in IR52 and IR56, and 2% in IR54. These 
values increased slightly after R,2 . Using the two
step method, R, values were obtained only from 
IR50 (6.0%), and Taichung 65 and Nona Bokra 
(2.0%). R2 values were obtained only from Tai
chung 65(3.0%) and Reiho (2.0%). No plants were 
regenerated with either method from young in
florescence after R and R.,., 

R, calluses have been obtained from mature 
seeds and R4 from immature panicles. Regenerated 
plants from either method are few, especially those 
of IR varieties. 

Plant regeneration from long-term calhs cul
tures. Four media und three varieties were used to 
define optimum conditions for high plant regener
ation frequency from long-term callus cultures, 
particularly of IR varieties (Table 3). 

Plant regeneration was poor in seed-derived 
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Table 3. Percent plant regeneration from callus cultures. 1R54 more responsive than IR36 and 1R50. Mature 
Medium' Plant regenerationb ( seed was more effective than immature panicle as 
for callus explant for inducing E-callus. Medium No.3(HE
induction 4 wk 12 wk 16 wk 20 wk 

medium + 2 mg 2,4-D/ litre, 2 mg NAA/ litre + 3 
IR36 mg Kn/litre + 1360mg YE/litre+ 33 mgCH/litre)

MS1 0 0 - 0 and No. 5 (MS + 2 mg 2,4-D/litre + 2 mg
MS2 0 - 0 0 
MS3 3 3 0 0 NAA/litre + 3 mg Kn/litre+ 1360 mg YE/litre+
MS4 8 13 0 3 300 mg CH/litre) were most effective in producing 

IR5 E-callus. NAA ind kinetin, special YE (yeast
MS1 0 0 0  extract), and CH icasein hydrolysate) in the sup-
MS2 7 - 4 3 
MS3 7 16 8 2 plement composition were important in inducing
MS4 8 5 0 0 callus development. 

Nona Bokra Nonembryogenic callus (NE-callus) usually
MS1 3 0 - 0 emerged first on the embryo scutellum, and then 
MS2 11 - 3NIS3 16 13 3 107 E-callus developed on the face of NE-callus. 
MS4 30 29 13 2 E-callus is white, granular, and compact.
aMS1 MS + 2 g casein hydrolysate + 2 g yeast extract + Nine media tested on IR36 and IR54 towere 
2 mg 2,4-D + 30 gsucrose/litre; MS2 =MS + 2 mg 2,4-D + determine the optimum media for subculture. =
1 mg zeatin + 30 g sucrose/litre; MS3 MS + 2 rng 2,4-D One medium formed 55% in R, and 80% of them 
,-1 mg BAP + 30 g sucrose/litre; MS4 = .q + 0.5 mg

2,4-D + 9.3 mg NAA + 5.6 mg BAP + 30 g sucrose/litre, were maintained in two subsequent subcultures.

b- = not studied. Although E-callus germinated and formed green
 

spots and green leaves, most of them turned brown
 
callus cultures in all media-variety combinations, and died and only a few plantlets developed
 
However, MS-4 had higher regeneration than the (Table 4).
others, with 28.8% of Nona Bokra from a 12-wk- Fertilized egg cell for mutation induction. Seed 
old callus and 12.7% of 1R36. Regeneration was is usually used for mutagen treatment. Since the 
reduced drastically in 16- and 20-wk-old callus seed contains a multicellular embryo, mutagen
cultures, treatment leads to chimera formation and lower 

MS-4 was modified (MS4+ 60 g sucrose/ litre) mutation rates from diplontic selection. These
 
to improve plant regeneration frequency. IR58 and 
 losses can be avoided by mutagenizing with a
 
IR36 regenerated with reasonably high frequency 
 fertilized egg cell at Lhe unicellular(zygote)stage. A 
(50-60%) from 6-to 8-wk-old callus cultures. One study was designed to induce mutation by treating
experiment regenerated more than 500 1R58 plant- a fertilized egg cell with N-methyl-N-nitrosourea 
lets which have been transplanted into soil. Their (MNU) at monocell stage and to evaluate fre
progeny will be screened for somaclonal variation quency of mutation and occurrence of chimera in 
in salinity tolerance and other agronomic charac- plants derived from treated cells. 
teristics. 

These compact and slow growing callus cultures 
germinate quickly. Plantlets probably arise from 60Freuency(%
multiple shoot formation as well as somatic em- 1.0 mM 
bryogenesis. The mechanism of the origin of these 
plantlets is being investigated. 40 

Embryogenic callus induction. Five media, four 30 0.5 mM 
varieties, and two explants (mature seed and 20 

immature panicle) were tested to induce somatic 
embryogenesis. The type of variety, explant, and r0
media influenced induction of embryogenic callus 0 - 21 2 3 1 2 3 Wh 
(E-callus). Varieties differed in their response to the .. IIc.,i,,j., ,,It,I,,I N12 ,pil,ti,,, byI C[1,,1,)1h1%1 p as,,ected 
same medium for embryogenesis, with IR52 and M il. , 983.gcivIlRRi. 
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Table 4. E-callus regeneration. IRRI, 1983. Fertilized egg cells of Taichung 65 were selected 

1st 2d 3d 4th from uniformly pollinated spikelets and treated in 
passage passage passage passage situ by dipping panicles in M N U solution. Panicles 

were exposed to M N U concentrations (0.5, 1.0, 1.5 
IR54 mM) for 1,2,and 3 h beginning 12 hafter anthesis. 

Calluses trans- 36 56 48 30 Treated fertilized egg cells were grown to maturity
ferred (no.)Green spots (no.) 26 20 in the spikelet. Seed setting markedly decreased at 

% 72.2 60.7 70.8 66.6 higher doses of MNU (Table 5). Germinition 
Calluses regene- 12 9 3 0 percentage and seedling height decreased as dosage 

rated into green and treatment duration increased. MNU treatment 
plantlets (no.) 

% 33.3 16.0 6.2 0 had the most severe effect on panicle fertility. The 

percentage of plants surviving after transplanting 
Calluses trans- 40 

IR36 
32 decreased as the mutagen concentration increased. 

ferred (no.) Chlorophyll mutation rates in the M.,population 
Green spots (no.) 17 11 consistently increased as dosage increased (time X 

% 42.5 34.4 concentration), with the highest rate at 52%b (Fig. 
Calluses regene- 3 0 3). MNU did not have any effect in inducing 

rated into green 

plantlets (no.) specific chlorophyll mutations (Table 6). A com
% 7.5 0 parison of chlorophyll mutation in two random 

panicles from a plant progeny showed that all 
panicles had the same type of mutation. Muta

genesis of iafertilized egg cell at unicellular stage
treatment of fertilizedTable 5. Biological effects of MNU 

egg cell of rice on M1 plants. IRRI, 1983. possibly eliminates chimera. The use ofa fertilized 
egg cell is effective for inducing mutation.Fertilized Sed Seed Seed- Inducing i'ariahilitir in aluminum tolerance. 

setting germina- ling
egg cellsMNU dosagea treated t ion height Development of Al-tolerant varieties through in(no.) t %) %) duced mutation is being studied as an approach in 

256 92 100 100 improving rice productivity on Al-toxic soils.
0 (control, water) 

86 Mutations were induced by treating fertilized egg0.5 mM for 1 h 497 86 94 

0.5 mM for 2 h 1737 90 82 89 cells of Taichung 65 at the unicellular stage with 
0.5 mM for 3 h 787 87 85 83 MNU. 
1.0 mM for 1 h 800 85 80 90 The M, population was screened for Al tolerance 
1.0 mM for 2 h 1493 84 71 74 

in a nutrient culture solution containing 30 ppm1.0 mM for 3 h 1057 85 60 56 
1.5 mM for 1 h 1132 84 74 86 Al. Tolerance for Al was determined by relative 
1.5mM for 2 h 678 78 65 60 root length (RRL). The M, population varied 
1.5 mM for 3 h 1035 72 51 41 widely (Table 7), showing increased Al tolerance as 
aAll treatments were made 12 h after anthesis. well as more sensitivity than the parent. Among 

Teble 6. Relative frequencies of different types of chlorophyll mutation in M2 under different MNU treatments. 

Frequency (%) at MNU dosage of 

Type 0.5 mM for 0.5 mM for 0.5 mM for 1.0 mM for 1.0 mM for 1.0 mM for 

1 h 2h 3h 1 h 2h 3h 

Albina 52 43 50 30 39 26 
Viridis 28 26 30 51 41 42 
Xantha 7 17 6 8 7 11 
Alboviridis 5 8 5 3 5 2 
Viridoalbina 0 1 0 1 6 5 
Xanthoalbina 0 0 0 0 1 1 
Striata 3 1 5 6 1 1 
Tigrina 5 5 4 1 1 13 



(ENITIC I:VAI.UATION AND UI IL I.IZATION PRO(RAM 123 

Table 7. Induced variabili,', in Al tolerance in the M2 population derived from MNU treatment of a fertilized egg call. 
IRRI, 1983. 

Total M2 progeny response (%) Total M2 seedling response %) 
MNU dosage progeny Moderately Highly seedlings Moderately Highly

(no.) Sensitive tolerant tolerant (no.) Sensitive tolerant tolerant 
0.5 mM for 3 h 130 9 69 21 2227 57 40 3 
1.0 mM for 2 h 134 10 76 13 2416 56 42 2 
1.0 mM for 3 h 47 9 72 19 816 52 46 2 

Total 311 10 73 18 5459 56 42 3 

MNU treatments, the lower dose drew a much cytoplasmic male sterile and restorer lines devel
wider Al reaction. Of 5,459 M, seedlings screened, oped or identified at IRRI. F seed of these, 
2.6% showed high At tolerance. The Al-tolerant combinations was produced for further testing in 
progenies are being tested in M:1 . Mutagen treat- 1984. 
ment ofa fertilized egg cell isan effective techniqtue In the late-maturity group (i25-13' d), an 
for inducing variability in Al tolerance in rice. intervarietal F, hybrid IET3257/IR42 yielded 1.8 

hiducitg variabilit.r in salt tolerance. The devel- t, ha higher than check variety IR42 at 7.8 t/ha. 
opment of salt-tolerant genotypes through induced Bulk quantity of F, seed cannot be produced for 
mutation is being explored. In Taichung 65. further evaluation because a stable cms line in the 
variability was induced by treatment of a unicell genetic background of the female parent IET3257 
fertilized egg cell with M NU. is not ready. Heterotic combinations derived from 

The M., population was screened for salt toler- the stable cms lines in the late-maturity group need 
ante using standard nutrient culture solution con- to be identified. 
tai::ing 0.5% NaCI. Salinity stress was imposed at WS replicated yield trials including F, h brids 
the third-leaf stage in seedlings. Seedling response and check varieties were affected by a severe 
to salinity was rated by visible damage, and typhoon and floods which destroyed several plots 
seedling; were categorized as sensitive. interme- and led to inconclusive results. Very early hybrid 
diate, and tolerant. The M., population possesses IR 19792-15-2-3-3Ai IR56 yielded 0.3 t/ha more 
wide variability in salt tolerance. Of 244 M, plant than IR58, and early Jikkoku Seranai 52-37A/ 
progenies, 71 produced salt-tolerant seedlings; IR54 yielded 0.5 t/ha more than IR36. Both are 
among 15,000 M., seedlings, only 1.29% were salt 
tolerant. Salt-tolerant plants selected from the M., 
population are being investigated in the M:;. Table 8. Comparative performance of experimental F1rice hybrids and check varieties in replicated yield trials 

at IRRI during 1983 DS. 
IIYBRII) RICI Growth Yield 

Hybrid or variety duration (t/ha)
Plant Breeding, Plant Phrsiohgy, and (d)
 
Agricultural Economics Dl)epartments;
 
Collaboratorsin the Philippines and Korea MR365A/IR erly 105 
 8.0 
Heterosis studies (P/ai Breding andl Plant Ph/it-s- Zhen Shan 97A/IR13420-6-3-3-1 101 7.6 

IR19799-17-3-1-1A/IR54 105 7.5
iologr;collaborators in the Philipplines and Korea). IR58 (check) 102 6.7 
Perforniance /.onIc e.Xperin ental F, rice hl'brid(s Early 
and commercialvarieties. DS trials produced some IR19657 34-2-2-3-3A/IR54 111 7.9 
very early (105+ MR365A/IR13420-6-3-3-1 109 7.9d) and early (110+ d) F, hybrids MR365A/IR2307-247-2.2.3 108 7.8 
which outyielded the highesL yielding check vanic- IR36 (check) 110 7.0 
ties 1.3 t/ ha over very early IR58 and 0.9 t: ha Late 
over early IR36 (Table 8). All hybrids except Zhen IET3257/IR42 130 9.6 
Shan 97AilR13420-6-3-3-1 were derived from IR42 (check) 126 7.8 
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F1 hybrids derived from IRRI cms and restorer 
lines. 

Some experimental F, rice hybrids were also 
evaluated outside the IRRI farm at Mufioz, Nueva 

Ecija in the Philippines and Suweon and Iri in 
South Korea. Five very early F, hybrids outyielded 
IR58 and one early F, hybrid outyielded IR36 

although yields were rather low (Table 9). Two F, 

hybrids V20A/IR54 and V20A/IR13419-113-1 
outyielded even late-maturity IR42. However, these 
hybrids will not be recommended for the tropics 
since the female parent (V20A) is highly susceptible 
to major diseases and insects, making it difficult to 
produce bulk hybrid seed. 

Eleven experimental rice hybrids were evaluated 
at three locations in eight different environments in 
South Korea. Results show that V20A/Milyang46 
produced 0.9 t/ ha more than the best check variety 
Suweon 294 at 7 t/ha (Fig. 4). Hybrid seed of this 
combination isbeing produced at IRRI for further 
evaluation in Korea and elsewhere during 1984. 

Chinese cms lines may be useful in developing rice 
hybrids for Korean conditions using locally adapted 

restorer lines such as Milyang 46. 
Yield heterosis in rice. Several agronomic and 

physiological traits of four F, rice hybrids, their 
parents, and check varieties were studied during 
1983 DS in a replicated yield trial. Mean values ofF~san men mdpaen),hetero-
eteoss F 

Fs and mean heterosis (F1 - midparent), hfor 
beltiosis (F - better parent), and standard heterosis 

Table 9. Comparative performance of experimental F1 
rce hybrids and check varieties in replicated yield trials 
at MRRTC, Mufloz, Nueva Ecija, during 1983 DS. 

Growth Yield 
Hybrid variety duration t/ha 

(d) 


Very early 
V20A/IR54 107 4.8 
V20A/IR2797-105-2-2-3 107 3.8 
Zhen Shan 97A/IR2797-105-2-2-3 108 4.1 
Zhen Shan 97A/IR 13420-6-3-3-1 107 3.5 
IR58 (check) 107 2.8 

Early 
V20A/IR13419-113-1 111 4.7 
IR36 (check) 116 4.0 
IR56 (check) 116 4.0 

Medium 
IR54 (check) 	 128 3.6 

Late 
IR42 (check) 	 141 4.0 

Yid (/ha) 

E1 10-90-1101g NPK E5 30 Apr seedeq 

E2 180-90-110kg NPK 
E3 20 Apr seeding 

150-100-150kg NPK 
E6 10 May seeding 

150-100"150 kg NPK 150-100-150 kgNPK 
E4 20Apr seed,.N E7180-100-130kg NPK 

10 200-150-200kg ha E 240-140-16Okg NPK 

HybridV2OA/ Milyg 26 
Purine rietySuwon n4 

6 

4 

...
 

0 
E1 E2 E3 E4 E5 E6 E7 E8 Me 

CE1 Ee) 
4. iPerto incei I ie highic~t vild itg i e h brid (V20IA%fi~ilii4b)(i 

ldg iM Kivan4
.dItile highest hicldichhb%atiet\(Suii'n 294) ill 
19x3. 

(Fl-check variety) values for various agronomic
 
(F1 hec taitvalefor vario agroomi 
and physiologicaltraits(Table 10)led to thefollow
ing*conclusions.Higher yield in hybrids was due to heterosis 

DM and HI. 
&Heterosis for DM in tht hybrids could be 

caused by heterosis for LAI and possibly 
heterosis for height. There was no heterosis for 
tiller number per plant. 

a Hybrids also showed heterosis for cumulative 

growth rate (CGR) during preflowering and 
postflowering stages. 

0 Heterosis for leaf area ratio(LAR) was usually 

negative. 
• Increased hybrid HI was mostly from heterosis 

for spikelet number per panicle and 1,000
grain weight.
 

0 	Hybrids showed negative heterosis for panicle 
number/m 2 but their spikelet number/m 2 

(spikelet/panicle x panicle/m") was higher. 

This indicated that their reduced tiller number 
was overcompensated for by the increased 
spikelet number/panicle. 

0 Hybrids showed high heterosis, heterobel
tiosis, and standard heterosis for productivity 
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Table 10. Mean values and mean hetrosis, heterobeitiosis, and standard hetarosis values for various agronomic and physio
logical traits in 4 rice hybrids evaluated 

Trait 

Yield (t/ha) 

DM (kg/m') 


LAI at flowering 

Height (cm) 

Tillers/plant 


CGR (g/m' per wk)
Preflowering 
Postflowering 

LAR (cm 2 /g) 

HI 
Spikelet no./panicle 

1,000-grain (wt (g) 

Panicles/m 2 


Filled spikelets/m 2 
(1 X 103) 


Spikelet fertility (%) 

Productivity/day (kg/ha) 

aEstimated in comparison to the better yielding parent, bEstimated in comparison to the highest yielding check variety. 

per day. Hybrids are physiologically more 
efficient, 

Phsio/ogicalanalrsisv/7heterosis in rice. Thirty-
five rice hybrids and their parents were grown in 
pots and analyzed for photosynthetic rate and leaf 
area. These factors are usually associated with DM 
accumulation. There was no heterosis or heterobel-
tiosis for leaf photosynthetic rate, but there was 
positive heterosis and heterobeltiosis for leaf area 
(Table I1). Heterosis in leaf area showed linear 
correlation with heterosis in shoot DM (Fig. 5). 

Heterosis for leaf area was positively correlated 
with total leaf number and mean leaf size (Tabie 
12). The total leaf number increase may come from 
increased tillering. The correlation between hetero-
sis for leaf area and physiological age was positive 
but nonsignificant. Heterosis for leaf area was 
negatively correlated with specific leaf area al-
though nonsignificant. 

In spite of their high tillering ability, F, hybrids 

Table 11. Average of heterosis and 
F1 hybrids. IRRI, 1983. 

Heterosis 

Leaf photosynthetic rate 
Total leaf area 
Shoot dry wt 

aEstimated in comparison 
DM at IRRI, 1983 DS. 

%) 
-1 

21 


19 

at IRRI, 1983 DS. 

Mean value 

8.1 
1.6 


7.1 
110 


22 


147 

116 


62 

0.50 
126 

25 


316 
39 

84 

82 


Heterosis 

39 


21 


17 

4 
1 

25 

18 


4 

17 

44 

5 

-6 

34 

-2 


47 


Percent mean 

HeterobeltiosisP 
Standard
 
heterosisb 

28 
 20
 
14 
 9 
9 10
 
9 9 
5 0 

22 
 20 
22 
 3 
-7 
 -5
 

12 
 12
 
41 
 18
 

5 3 
-12 
 8 
24 
 11
 
-2 
 +4
 

33 
 16
 

heterobaltiosis of 35 

Heterobeltiosis 
a 

(%) 
-4 

18 


8 

to the better parent for shoot 

also showed heterosis for shoot weight per tiller 
estimated from shoot dry weight/shoot number 
(Fig. 6). 

Heerosis inshoot dry wt
 
16  18. 

1 -: .0459 102X 

0.854 *2r0 

1.4 	-21
 

0 6 

24
 

1.3  019 276
63 
*26 
o 025
 

1 

02 03 

6I 
I 0 3 02
 

I 26
 
022
 

I2
 
IO - 

13 *24 

12 

0.9 10 
0.9 I0 

5. Reltlhiro ix 
iWmIlX- ni1eCpIIS 

1.1 1.2 1.3 1.4 1.5 1.6 
Heterosis 

in leaf area 
nihctcrs,ii, ink ilei .ida in lil dr' Acight.
Ihe
 
tieprc,,nt%,
a dilicrent Ijh ,hrid. IRRI. 1983 DS. 
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Table 12. Correlation coefficients for heterosis for leaf area and plant DM with heterosis for some 
IRRI, 1983. 

Heterosis for 

Leaf area 
DM 

Cytoplasmic genetic male sterility and fertility 
restoration (Plant Breeding). Development of 
evtoplasmic-genetic mnalesterile lines ofricefr the 
tropics. Seven stable cytoplasmic-genetic male 
sterile lines were developed for the tropics by 
transferring nuclear genes of the elite lines into 
cytoplasm (WA type) of Chinese cms lines Zhen 
Shan 97A and V20A. Major agronomic and floral 
traits of these lines were comparable with those of 
the Chinese cms line Zhen Shan 97A (Table 13). 

Heterosis inshoot wt/ot 

1.6

1.5 I Y=0.308+0.629X 
r =0.686 

14 


1.3 

@9 

1.2- e 
I3 

I.I I 6 

3.0 


241 

0.9 0 I 

I 022 
I 


L.8 1 
I 


9 04 
17 2 

732

11 o3e 

0;2928 34. 21 

0 5 
5 ,24 

23 

I I 

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 
Heterosis inshoot dry wt 

6. Relation between heterosis in shoot dry wt and in shoot %kishoot. Ihe 
latter was calculated by dividing shoot dry wt by shoot number. Ihe 

number 0n each spot represents a different F1 hybrid, 193 l)S.IRI 


Correlation coefficient for heteiosis for 
Leaf 

number 

- 0.85* 
0.99" 0.84 * 

Mean Specific 
leaf size leaf area 

0.82* -0,2 2 ns 
0.83* -0.3 6 ns 

physiological traits. 

Physiological 
age 

s
0.62n

s
0.64n


Seeds of these lines and their maintainers have 
been supplied to collaborators in India, South 
Korea, and Indonesia for evaluation and use in 
developing F, hybrids. These early lines (105-110 
d) can grow in the tropics better than Chinese cms 
lines although they still do not possess a broad 
spectrum of disease and insect resistance. Two of 
these lines, IR46829A and IR48483A, appear to 
have good combining ability and are being used to 
develop hybrids for the tropics. Some very early to 

early experimental F, hybrids derived from these 
cmrs lines appear promising and will be evaluated in 
1984 trials. Other nearly stable cms lines with 

broader disease and insect resistance and early (110 

d), medium (120 d), and late maturity ( 130-135 d) 
are in BC.1-BCb generations and should be avail

able next year.
 
Identification of additional sources of cirto

(Ace.
platinc mnale sterility. Oryza glaherrina 
102726) cytoplasm reported last year to give high
pollen sterility in successive backcrosses with IR36 

continued to show similar behavior. Some partial 

male sterile plants continued to occur even up to 
BC 7 generation. Meiotic behavior of chromosomes 
in the partial male sterile (pollen fertility 10-30%) 
and highly male sterile plants (pollen fertility 0
10%) was normal. The mechanism of male sterility 

inthis interspecific cross needs further study. 
Other crosses also indicated cytoplasmic-genetic 

interaction for male sterility. They include UPRB 
31/lri 346, UPRB 31/Suweon 299, ARC13829
26/ 1R10179-2-3-l, Suweon290/N22, Lead/CR179

1-717, Oryza perennis (Acc. 102178)/IR54, 0. 
perennis (Acc. 102178)/Suweon 290, 0. sativa f. 
spontanea (Ace. 102172)/ IR36, 0.sativa f. s)on
tanea (Acc. 102172)/1R54, Khao Lo/IR42, KhaotancI 
Lo/IR52, Khao Lo/IR54, Khao Lo/1R56, and 
Khao Lo/IRI 1248-242-3-2. Backcrossing with 
male parents of these crosses is being continued to 

see if new stable cms lines can be developed. 
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Genetic divergence among selected maintainer 
and restorer lines. Sixty-seven restorer and 33 

lines were evaluated in replicated trials 
agronomic traits: plant height at40 DT, plant 

height at maturity, days to maturity, tillers per
plant, panicles per plant, spikelets per panicle, 
fertile spikelets per panicle, 1,000-grain weight, and 

per in. By using Mahalanobis D2 and 
canonical analysis with those traits, the magnitude 
of genetic diversity among selected lines was 
ascertained. Then the 100 genotypes were grouped 
into 13 clusters(1 to XIII), 3 of which had I variety 
each(Fig. 7). The key to the variety or line number 
1-100 in !he various clusters is in Table 14. The 
most divergent clusters were IV, VI, VIII, X, and 
XIII from cluster VII; and clusters XI and XII
from 1, IV, VI, VIII, X, and XIII. The least 

divergent clusters were VII and IX from Vand 11, 
Ill, and IV from cluster 1. Yieid, tillers per plant,
days to maturity, and 1,000-grain weight con
tributed most to divergence among varieties.Crosses made between varieties belonging to dif
ferent clusters usually show more F, heterosis than 
those between varieties belonging to the same 
cluster. Similarly, F, hybrids from parents be
longing to more divergent clusters show higher 

than those developed from parents be
to leslonging to less divergent clusters. Follow-up experi
ments on heterosis using parents with different
 
genetic diversities will test these theories. If con
firmed, this analysis will be used to select appro
priate parents among available cms and restorer 

developed and/or identified in the hybrid 
breeding program.


The study showed no relationship between
 
distribution ana genetic diersity.
 

IRRI's elite maintainer and restorer lines contain
 
enough genetic diversity. It should be possible to
 
develop heterotic F, rice hybrids for the tropics
 
using parental lines bred at IRRI. 

Seed production (Plant Breeding). IRRI con
tinued using techniques developed in China to
 
multiply seeds ofcms and maintainer lines. Hybrid 
seeds of some experimental rice hybrids were also
 
produced in small plots ranging from 10 to 60 m 2
 . 

DS 20-43% natural outcrossing observed 
on cms lines resulted in a seed yield of 0.16 to 1.6 
t/ ha. During WS, natural outcrossing varied from 
4 to 23% and seed yield ranged from 0.007 to 0.6 
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772.34 

32.732.49 

5 5 

8.551 

4 5 88 Z 

57.72 

562 

Mointolner 

Restorer 

75.97 4 77,VI 

74.58,~ ~ ~ ~ 3.1and8 73.70 frmL4n7VIi 127ad7.2 6II 

syChrniziation of flowerntin an salet.I ofIthe Cin maloer femb In98.sttuteo Agricltiural Econromic Xinse4,3 

parent, and agronomic and floral traits of parental Academy of Agricultural Sciences (CAAS) was 
lines, undertaken to look at the economics of hybrid rice 

Economics of hybrid rice production in China and hybrid seed production in China. Production 
(AgriculturalEconomics).Adoptionof hybrid rice data for 1982 were obtained through interviews 
technology depends on its economics. China is the with farmers in Fujian and Hunan Provinces. 
only country in the world where hybrid rice is HybrM riceproduction.Theaverage yield of the 
commercially grown. A collaborative project be- sample hybrid rice farmers was 8.4 t/ha in Fujian 
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Table 14. Maintainer (M) and restorer (R) lines studied Table 14 continued 
for genetic divergence. IRRI, 1983. 

Variety no. Designation 
Variety 
V 

no. Designation 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
12 

B441b-126-3-2-1 R 
BG379 M 
BPI-RI-4 R 
1ET3257 M 
IR10154-23-3-3 M 
IR10781-143-2-3 R 
IR11248-148-3-2.3-3 
IR11248-242-3-2 M 
IR11297-49-1-3 R 
IR13146-243-2-3 R 
IR13149-9-3-2-2 R 
IR13149-23-2 R 

R 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

IR19819-31-2-3-1-1 M
iR20985-93-5.2 R 
IR2015-180-3.3 R 
IR2035-182-3-2 R 
IR21178-26-1 R 
IR21526-4-3-3 R 
IR21734-70-3-2 R 
IR21734-88-3-1 R 
IR21845-90-3 M 
IR21845-90-3-1 M 
IR21912-9-2 R 
IR2307-247-2-2.3 R 
IR24 R 

13 
14 
15 
16 
17 
18 
19 

21 
22 
23 
24 
25 
26 
27 
28 
29 

31 
32 
33 
34 
35 
36 
37 
38 
39 

IR13149-71-3-2-3 R 
It3240-S-3-MR-8 M 
IR13240-108-2-2-3 R 
IR13292-5-3-1 R 
IR13419-113-1 R 
IR13429-150-3-2-1-2 R 
IR13429-196-1 M 
IR13458-52-1-1-3 M 
IR13524-21-2-3-3-2-2 R 
IR13525-2-3-3-2-1 R 
IR13538-6-2-2-3-2 R 
IR13539-41-2-2:2-3-2 R 
IR15314-43-2-3.3 R 
IR15324-12-2-3-3-2 R 
IR15429-268-1.2-1 M 
IR15795-232-3.3-3-2 " 
IR15797-74-1-3-2 R 
IR15847-215-2-1 R 
IR17429-18-10-2-2.2 M 
IR17492-18-10-2-2-2 M 
IR17494-32-2 R 
IR17521-2-7-2-2-2-2 R 
IR17525-278-1.1-2 M 
IR18342-4-3 R 
IR18349-22-1-2 R 
IR18349-65-1-3 R 
IR18599.68.1 R 

75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

IR26 R 
IR2797-105-2-2-3 R 
IR2863-39-2-8 R 
IR32 M 
IR34 R 
IR36 R 
IR42 R 
IR46 R 
IR4763-73-1-11 M 
IR50 R 
IR52 R 
IR54 R 
IR56 R 
IR747B2-6-3-1 M 
IR7963-30-4-3 R 
IR8073-43-3-2 R 
IR9215-69-1-2 M 
IR9217-6-2-2-2-3 R 
IR970E-51-1-2 M 
IR9761-19-1 R 
IR9761-45-1-3 R 
IR9802-50-1-2-2 R 
IR9828-41-2-1 R 
Jikkoku Seranai M 
Milyang 46 R 
MR365 M 

IR19058-107.1 R 
41 IR19083-22-2.2 R 
42 IR19090-224-3.2 R 
43 
44 

45 
46 
47 
4849 

51 
52 

53 

55 
56 
57 
58 
59 

61 

IR19431-72.2 R 
IR19575-85.2.2.3 R 
IR19577-80-3-1 R
IR195886-3-1 R 
IR19657-34-2-2-3.3 M 
IR19657.87-3.3 M 
IR 19657-90 3.32IR19660-109-3.23-2M 

M 

IR19660-187-2.2.3-2 R 
IR19661-3-2.2-3-1 M 

IR 19661.150-1.2.3-2 M 
IR 19672-140-2.3.2 M 
IR19672-195.2-2 R 
IR19722-9-1.3-2.1 M
IR19746-27-3-3.1.3 M 
IR19792-15-2.3.3 M 
IR19799-17.3-1.1 M 
IR19805.12-1-3-1.2 M 

and 7.0 t/ha in Hunan (Table 15). Average net 
returns for hybrid rice production in Fujian ranged 

from S231 to S1,506,,ha depending upon prices of 
paddy and straw, and $98 to S1,203/ ha for Hunan.
Comparison between the average net returns of 
hybrid and conventional rice growers in Fujian 
showed that profitability depends largely on the
price of paddy (Table 16). At quota prices, average 
net returns of hybrid and conventional rice growers 
were about equal. The economic advantage (aver
age net return) of hybrid rice showed clearly onlyat 

above quota prices. When profitability is viewed ats 
return from labor, hybrid rice growers had a slight
edge over conventional rice growers at all price
levels. When profitability is viewed as return per 
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Table 15. Av yield of sample farmers in Fujian and Hunan, 
China, 1982. 

Fujian Hunan 

Category Sample Av Sample Av 

size yield size yield
t/ha) t/ha) 

Conventional ricea 6 7.2 6 5.8 
Hybrid ricea 6 8.4 6 7.0 
Male sterile seed 2 0.6 4 1.2 
Hybrid seed 4 2.0 4 1.4 
a Late season crop only. 

unit cost, conventional growers showed more 
favorable returns at all price levels. Nonlabor input 
cost as a proportion of total revenue was higher for 
hybrid rice growers. Farmers with cash constraints 
might be less inclined to adopt hybrid rice tech-
nology. 

Hybrid seed prodtction. Table 17 gives the 
average net return of male sterile seed production 
of sample farmers in Fujian and Hunan. Except for 
Fujian male sterile seed producers, other groups of 
seed producers in both provinces had profits more 
than 50% higher than those of hybrid rice growers. 
If the provincial average yield instead of the sample 
average was used, the seed:paddy exchange rate 
could be lowered from the present 1:10 to 1:6 for 
male sterile seed and 1:7 for hybrid seed in Hunan. 
This would still allow seed producers to earn 30% 
higher profits than hybrid rice growers. 

RAPID GENERAION Al)VANCE 

Plant Phsiologv Department 

The rapid generation advance (RGA) facilities at 
IR RI continued to serve plant breediers by advanc-

Table 16. Profitabilitya of production of hybrid rice (HR) 
sample, late rice crop, 1982. 

Net returns 
Paddy price (S/ha)

(S/kg) 

HR CR 


0.116 364 349 

0.172 829 750 
0.202 1083 968 

0.253 1506 1332 
b


0.116/0.172 596 549 


ing their breeding lines and screening for some 
traits saving them 1-3 yr of work. 

Number of populations planted. A total of 333 

populations representing F,, F:t, and F., of 230 
crosses were grown in RGA. Of these, 136 were 
photoperiod-sensitive, deepwater/ rainfed lowland 

crosses and 94 were low-temperature crosses. An 

average of 28 populations (about 36,000 plants) 
were grown monthly for an annual total of441,000 
plants. 

Forty-five more populations were planted in 
1983 than in 1982, but the number of plants was 
less because of the small amount of F.,seeds 
provided by RGA cooperators. 

Screening or selection. Some screening was done 
to obtain advanced materials selected for particular 
traits. 

During DS, 65 F:i and Fl crosses were screened 
for submergence tolerance at the seedling stage. 
Surviving plants were transplanted in the field. 
Individual plant selections were made for 27 
crosses which did not lodge and were resistant to 
field pests and diseases. Selections will be grown by 
pedigree method during 1984 WS. 

Fourteen F: and F.Ideepwater crosses were1 

screened for ratooning ability during the DS. Five 
crosses had excellent ratoon rating: CN646 
(NC214/Mahsuri), CN667 (NC128/Pankaj), 
CN657 (CNL23 I-B-B/ Pankaj), CN581 (Jaladhi 2/ 
CR 1005), and CN665 (Pankalash/OC1383). 

Because of limited facilities and their heavy use, 

only 9 F4 crosses were screened for low temper

ature tolerance at seedling stage. 
Long grain progenies were selected from 10 

RGA crosses for low temperature areas in Burma: 
Yn 213 (Mahsuri/ Kulu), Yn 262 (Pelita-I / Kulu/ / 

and conventional rice (CR) farmers at different prices. Fujian 

Returns to labor Total benefit
(S/labor d) cost ratio 

HR CR HR CR
 

2.70 2.44 1.49 1.58 
4.75 4.01 2.12 2.24 
5.86 4.87 2.46 2.61 
7.73 6.29 3.03 3.21 
3.72 3.23 1.80 1.91 

aStraw value of $0.02/kg was included in the computation of benefits. Wage rate used was $1.01 /d for ordinary operations 

and $1.26/d for plowing/harrowing, transplanting, and harvesting. bAssumed that 50% of output was priced at $0.116/kg 
and the remaining 50% at $0.172/kg. 
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GERM PLASM BANK 

Statistics Department anti InternationalRice 

Germplasm Center 

By the end of 1983, the germplasm computer data 
bank contained 2,065,143 records. These represent 
all existing informati'on on the 45 basic morpho-
agronomic characters (Table I)and 35 GEU traits 
of 59,342 accessions (Table 2). An average of 3,628 
new accessions have been added to the bank each 
yearsince 1976(Fig. 1). Eightypercentareofindica 
type, 9%japonica, 7%javanica, and 4% hybrid, 
There is a large variation among accessions in 
morphoagronomic traits (Fig. 2) and GEU traits 
(Fig. 3). 

To facilitate smooth, rapid information flow 
from individual GEU scientists to the germplasm 
bank, 

* anupdate rule for GEU traiL was standardized 
(Table 2), 

" an operations manual was prepared, and 
* computer-generated data sheets were provided 

for scientists' use in recording screening results 
for various GEU traits. More than 90 sets of 
data sheets were used in 1983. 

Table 1. The 45 basic morphoagronomic characteristics and 
bank described for each character, 31 Dec 1983. 

Accessions 
Character (no.) 

Variety group 43,298 
Seedling height 43,357 
Leaf length 43,214 
Leaf width 43,221 
Blade pubescence 43,369 
Blade color 43,364 
Basal leaf sheath color 43,345 
Leaf angle 12,095 
Flag leaf angle 43,144 
Ligule length 43,190 
Ligule color 43,364 
Ligule shape 12,102 
Collar color 43,363 
Auricle color 43,352 
Seeding to 50% headed 11,967 
Culm length 43,190 
Culm number 43,199 
Culm angle 43,291 
Culm diameter 43,155 
Internode color 43,251 
Culm strength 43,113 
Panicle length 42,175 
Panicle type 43,138 

Activities on the seed inventory system (SIS) and 
the germplasm bank information retrieval system 

(GBIRET) were accelerated in 1983 by the installa
tion of the IBM 4331 system, IRRI's first in-house 
large-scale computer. More than 100 GBIRET 
runs were made in response to requests from GELJ 
scientists at IRRI and from national programs. 
The compilation of a clearly defined evaluation 
system for each GEU trait has also improved 
interpretation of the information retrieved by the 
users. By the end of 1983, the SIS master file 
contained information on 7,714 accessions of 0. 
sativa. Two-hundred-tifteen new accessions of wild 
species of Oryza were added to the wild species 
master file during the year. 

RICE GENETIC ANCESTRY SYSTEM 

Statistics and Plant Breeding Departments 

The rice genetic ancestry system maintains records 
on the parentage ofall crosses made at IRRI and in 
national breeding programs. At the end of 1983, 
the files contained data from 46,831 1R crosses and 
35,900 crosses from 10 countries (Table 3). 

With the constant increase in file size and 

the number of accessions in the germplasm computer data 

Character 
Accessions

(no.) 

Secondary branching 12,105 
Panicle exsertion 43,247 
Panicle axis 12,038 
Panicle shattering 11,660 
Panicle threshability 42,836 
Awning 43,296 
Awn color 8,064 
Apiculus color 43,294 
Stigma color 43,234 
Lemma and palea color 42,858 
Lemma and palea pubescence 11,642 
Sterile lemma color 33,771 
Sterile lemma length 42,249 
Spikelet sterility 42,818 
100-grain weight 42,607 
Grain length 42,258 
Grain width 42,258 
Seedcoat color 42,239 
Endosperm type 42,239 
Scent 6,857 
Leaf senescence 42,780 
Maturity 43,132 
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Table 17. Comparison of av net return of seed and sent in 183 crosses, mostly F2 materials: 120 were
hybrid rice production, Fujian and Hunan, 1982. from IRRI, 40 from Thailand. 13 from India. and 

Category Net Return 10 from Vietnam. IRRI crosses included thosereturn from labor(S/hal (/labor d) specifically requested by national breeders.RGA materials included in the nurseries. The 
Fujian progress A RGA,which began 5yr ago,isshown 

Male sterile seed producers 794 3.02 progres RGAof hich b n5 yrdag i n
Hybrid seed producers 4515 12.66 by the increase of RGA entries in the pedigree and 
Hybrid rice farmersa 596 3.72 screening nurseries. IRCTN had these entries in 

Hunan 1983: IR20654-R-R-R-15-3 (IR9129-192-2-3/
Male sterile seed producers 2120 5.86 1R10183-7), IR22623-R-R-4-3(Paro Local/1R36),
Hybrid sefod producers 3194 10.84 IR24312-R-R-19-3-B (Paro Local/IR5868-112-1-Hybrid race farmersa 439 2.91 2/ / IR26), TK533 l-R-R-R-R-28-3, and IR22623aAssume 50% of output priced at $0.116/kg and the re

maining 50% at $0.1 72/kg. R-R4-2 (Paro Local/IR36). 
IRDWON had two RGA entries: IR23426-R-

R-35-1E-PI and IR7732-RGA-B-496-1. 
Kulu), Yn 265 (IR34/Kulu//Kulu), Yn 274 RGA materials sent to cooperators. Fourteen 
(Weiyou 2/C22), Yn 279 (Weiyou 3/X72-7-8), Yn seed requests, representing 427 crosses were pro
294 (Kulu/IR2053-43-4-1-2-3), Yn 296 (Kulu/ cessed and sent to cooperators for testing and 
C22), Yn 320 (SeiritalayiKulu), Yn 321, and Yn selection at different sites. Of those, 47% were 
322 (BR51-91-6/Kulu). materials for low temperature, 15% for deepwater, 

Seeds from cooperators. In 1983, 8 cooperators and 38% for rainfed lowland areas. 
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Table 2. The 35 GEU traits and the total number of accessions in the germplasm computer data bank screeneda for each 
trait, as of 31 Dec 1983. 

GEU trait Accessions GEU trait Accessiohs(no.) (no.) 

BLBc 39,582 Amyloseb 17,669
 
BIC 20,494 Gelatinization temperatureb 14,854
 
Sh Bc 22,829 Droughtd
 
RTVd 8,897 Seedling vigor 14,718

GSVd 7,468 Rate of recovery
 
RSVd 1,788 After 1st stress 7,666
 
BPHc 
 After 2d stress 7,574 

Biotype 1 21,685 Field resistance 
Biotype 2 4,122 Early vegetative 12,882
Biotype 3 5,908 Late vegetative 12,415

GLHc 46,668 Reproductive 6,980 
SSBc 14,539 Field tolerance (3-4 bars) 1,515 
YSBC 6,862 Field tolerance (9-10 bars) 969 
RWMc 22,791 Rate of recovery after exposure 969 
WBPHc 41,373 to 9-10 bars 
LFb 7,713 Alkalinityb 2,279
Zigzag leafhopperc 2,354 Sal inityb 7,727
Brown rice proteinb Zn deficiencyb 553
 

DS crop 17,587 Elongationb 1,192
 
WS crop 13,631 Flood toleranceb 7,198
 

Cold toleranceb 3,953 
aSuperscripts b, C, and d refer to the specific update rule (i.e., the value maintained in the GB file when more than one 
screening is done) used: b = value from the latest test, C = higher value, d = average value over all tests ever made. 

number of data sources, maintaining uniformity of All alpha suffixes previously used with IR cross 
parentage names has become a major problem. A numbers were eliminated. All affected entries in the 
warning .svsten was developed in which all "new history-of-cross files were modified. 
parents" (those coming into the system for the first 
time) are automatically flagged and thoroughly EVALUATION o: BREEDING LINES 
checked against their original sources. 

In 1983 WS, rules were drafted to designate 
materials developed from the hybrid rice pro- The breeding line evaluation system inventories all 
grams. selected lines tested in various generations at IRRI. 

* An IR cross number with a proper suffix will 
be given to a breeding line (or variety) sterilized
 
through backcrossing using one of the sources Accessions (Ihousand)
 
of cytoplasmic male sterility (such as Zhen 60
 
Shan 97A). The suffix "A" designates the
 
cytosterile line (eg, IR46826A) and suffix "B"
 
designates its counterpart. 50 

* The letter "R," placed at the end of the line
 
name, designates a stable and purified breeding
 
line (or variety) with'capacity to restore the
 
fertility of the male sterile line (eg, IR9761-19- 40
 
IR).
 

" The suffix "H," added to the IR cross number, 
designates an elite hybrid combination involv- 30 , 
ing cms lines and restorer lines. An F, com- 1976 1977 1978 1979 1980 1981 1982 1983 

T n oorbination, such as IR50201 A/I R541 R, which is 
1.Total number ofaccessions
inthe germplasm computer data bank. by

promising, may be designated as IR55150H. year. 1976-83. 
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Accessions (thousand) 

14 

12 

10

8 

6 

4 

2 

0
0.9 1.7 2.5 3.3 4.1 4.9 4.6 6.2 7.8 9.4 11.0 12.6 

100 = groin weight (g) Grain length (mm) 

8 

6 

4 

2 

2.0 2.4 2.8 3.2 3.6 4.0 4.4 4.8 84 104 124 144 164 184 204 
Grain width (m) Growth duration (days) 

2. Frequency distributions of 4 morphoagronomic characters (grain weight, grain length, grain width, and growth duration) of 42.258 to 43,132 
accessions in the germplasm computer data bank, 31 Dec 1983. 

It covers the F, hybrids, F. nursery, pedigree the rest of the trials are conducted twice a year - in 
nursery, hybridization block, observational yield DS and WS. 
trial, replicated yield trial, and elite lines. Except In 1980, when the pedigree nursery was first 
for the pedigree nursery, which is tested monthly, computerized, only irrigated pedigree nurseries 
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Accessions (thousond) Accessions (thousond) Table 3. Crosses from national breeding programs of 10 
countries with information on thcir parentage stored in 
the rice ancestry master file, 1983. 

Country 	 Crosses._____ _______(no.) 
Bangladesh 2,517 

Brazil 17625 Dominican Republic 283 
India 9,774 

20 Indonesia 4,591
Korea 8,304 
Pakistan 48615 Sri Lanka 879 
Thailand 6,5380 	 5 USA 2,352 

Total 35,900 
5 

0 35 79 0 3 5 7 range of scores or values are accepted by the 
BLB score BPH (biotype I) score system. 

3. Frequency distributions of resistance levels to 11I.1and to Billt Alpha designation use in IRRI breeding lines 
(biotype I) of accessions in the germplasm computer data bank, as ol'31 has been standardized: 
Dec 1983. Total accessions were 39,582 (BIlB)and 21,685 (Il). * 	 "B" designates bulk generation: IRI 1288-B-B

118-I signifies that F, and F, populations of 
were covered. Now, all 12 monthly pedigree the cross IR 11288 were grown in bulk.
 
nurseries (irrigated, rainfed, and deepwater) 
 are e "R" designates RGA generation: IR40000-R
computerized. This facilitates composition of the R-R-l 10-3 indicates that Fj, F.1, and F, 
nurseries with materials coming from a large poptdlations of the cross IR40000 were grown
number of sources. in kGA and plant selections were made in F,.

In 1983, standardization of the file format and 9 "Ci", where i is numeric, designates composite

scoring system for various traits was emphasized in population of the ith cycle: IR41235-C3-11
 
all data files in the GEU system. This facilitates refers to plant selection number II selected
 
cross-reference and search for desired information from the third cycle ofa composite population

from all files. An appropriate validation rule was of the cross 1R41235.
 
devised and implemented for each GEU trait. For 0 "AC" designates 
true breeding materials ob
example, only data lying within the permissible tained from anther culture: IR42002-AC-1
 

Table 4. International Rice Testing Program computerized nurseries, 1983. 

Years for which data are in 
Nursery name Acronym computer files 

No. Period 
International Rice Yield Nursery-Early IRYN-E 8 1976-83 
International Rice Yield Nursery-Medium IRYN-M 8 1976-83 
International Rice Yield Nursery-Late IRYN-L 4 1977-80 
Internetional Upland Rice Yield Nursery 	 IURYN 7 1976-81, 1983 
International Rice Observational Nursery IRON 8 1976-83 
International Upland Rice Observational Nursery IURON 8 1976-83 
International Rainfed Lowland Rice Observational Nursery IRLRON 6 1978-83 
International Rice Cold Tolerance Nursery IRCTN 6 1978-83 
International Rice Blast Nursery IRBN 8 1976-83 
International Rice Tungro Nursery IRTN 8 1976-83 
International Rice Sheath Blight Nursery 	 IRSHBN 2 1976-77 
International Rice Stem Borer Nursery IRSBN 2 1976-77 
International Rice Gall Midge Nursery IRGMN 6 1976-80, 1982 
International Rice Brown Planthopper Nursery IRBPHN 8 1976-83 
International Rice Yield Nursery-Very Early IRYNVE 4 1980-83 
International Rainfed Lowland Rice Yield Nursery IRLRYN 3 1981-83 
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refers to the first line selected through anther 
culture from the cross IR42002. 

INTERNATIONAL RICE TESTING PROGRAM 

Statistics Department and International Rice 
Testing Program 

The IRTP computerized system was revised to 
accommodate the processing of the International 

Rice Yield Nursery-Very Early and the Interna
tionai Rainfed Lowland Rice Yield Nursery. Now 
16 nurseries have data for 1976 to 1983 crop years 
stored in the computer files (Table 4). 

The IRTP master entry file has 9,068 entries, 
7,567 of which have been tested in at least one of 
the IRTP nurseries. 
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Genetic evaluation and utilization (GEU) program 

International Rice Testing Program 
International Rice Testing Program 

1982 NURSERY RESULTS 140 
Yield nurseries 140 
Observational nurseries 141 
Specific stress nurseries 141 

1983 NURSERY DISTRIBUTION 141 
Utilization of IRTP nursery entries 142 

MONITORING TOURS AND WORKSHOPS 142 
Rice improvement for adverse soils 148
 
Monitoring tour in China 149
 
Fifth Latin American IRTP conference 149
 



140 IRRI ANNUAL REPORT FOR 1983 

1982 NURSERY RESULTS 	 Table 1 continued 

The IRTP composed 30 types of nurseries in 1982 e International Rice 
Deepwater Observa(Table 1) and dispatched them to 50 countries in 
tional Nursery 

the international network. Of 2,630 entries, 1,578 (Screening Subset II 

were nominated from national programs and 1,052 - Deepwater) 
9 International Ricefrom IRRI. Results were received from about 300 Deepwatei Observa

test locations and data were analyzed and published tional Nursery 
(Screening Subset IIIas individual nursery reports. in theyield-	 Floating Rice)

International RiceYield nurseries. Promising entries in the yield 
nurseries for irrigated conditions (IRYN-VE, Deepwater Observa-

IRYN-E, IRYN-M) and for iainfed lowland tional Nursery 
(Screening Subset IV

(IRLRYN) are presented in Tables 2-5. Yield data - Tidal Swamp) 
flowering of the best performing Nuseries for specific stresses 

and days to 
entries in these nurseries were evaluated and Temperature e International Rice Cold 

analyzed by site, region, and worldwide perform- Tolerance Nursery 
(IRCTN)ance. Relevant data on climatic factors such as 

Soil 	 * International Ricerainfall, atmospheric temperature, and solar radia-
Salinity & Alkalinity

tion during the cropping season were also deter-
Observational Nursery 

mined and reported. Participating scientists can (IRSATON) 
9 Iron Toxicity Screeningreadily analyze the adaptability range of tested 

Set 
varieties and determine those highly suited for their e Acid Sulfate Screening 

countries. 	 Set 
e Peat Soils Screening 

Set 
e Acid Upland SoilsTable 1. Nursery sets distributed in 1982. 

Screening Set
 

Yield nurseries 	 Diseases 9 Internetional Rice 

Irrigated e International Rice Blast Nursery (IRBN) 
Yield Nursery-Very * International Rice 

Early (IRYN-VE) Bacteriai Blight 
* International Rice 	 Nursery (IRBBN) 

Yield Nursery-Early e International Rice 

(I RYN-E) Tungro Nursery 
* 	International Rice (IRTN) 

Yield Nursery- 9 Ragged Stunt Screening 

Medium (IRYN-M) Set 

Rainfed e International Rainfed 9 Cercospora Screening 

Lowland Rice Yield Set
 

Nursery (IRLRYN) * Sheath Rot Screening
 
Set
 

Observational nurseries e Brown Spot Screening
 
Irrigated a International Rice Set
 

Observational Nursery
 
(IRON) Insects e International Rice
 

Brown Planthopper
 
Rainfed e International Upland Nursery (IRBPHN) 

Rice Observational e International Rice Gall 

Nursery (IURON) Midge Nursery 
e International Rainfed 	 (IRGMN) 

Lowland Rice Obser- e Leaffolder Screening 

vational Nursery Set 
(IRLRON-E; * Yellow Stein Borer 

IRLRON-L) Screening Set 

* 	International Rice * Rice Thrips Screening 
Deepwater Observa- Set 

tional Nursery 
(Screening Subset I - Specific environment 9 Arid Regions Screening 

Flood Tolerance) Set 



GENEIC -VAIUA IION AND TlIlIIZAI ION I'RO(R;tAM 141 

Table 2. Best performing entries in the second IRYN-VE, 1982, based on overall and regional mean yield. 

Region a 	 Designation 

Overall 	 IR50 
(41) 	 IR9729-67-3 


UPR103-80-1-2 

BG367-7 
1R19743-25-2-2-3-1 
BG276-5 
IR15429-268-1-2-1 

East Asia 	 IR50 
(4) 	 UPR103-80-1-2 


IR9729-67-3 

TKM9 
IR9752-71-3-2 

Southeast Asia IR50 
(10) 	 IR9729-67-3 

IR19743-25-2-2-3-1 
TKM9 
1R15429-268-1-2-1 

South Asia IR50 
(15) 	 TKM9 


UPR103-80-1-2 

BG276-5 

IR9729-67-3 

W. Asia and N. Africa DR92 
(1) 	 IR19735-5-2-3-2-1 

OR63-252 
IR50 

Sub-Sahara Africa HPU 741 
(7) 	 IR19743-25-2-2-3-1 

IR9752-71-3-2 
BG367-7 

Latin America UPR103-80-1-2 
(4) 	 Kaohsiung sen yu 252 


RG367-7 

!PU741 

aFigures in parentheses are number of trials. 

Observational nurseries. Outstanding entries in 
the observational nurseries (IRON, IURON, 
IRLRON, and IRDWON-I, II, III, and IV)were 
determined by phenotypic acceptability ratings 
(Table 6). Many entries were either resistant or 
tolerant to one or more important stresses at trial 
locations. There were 350 entries in the IRON, 185 
in the IURON, 120 in the IRLRON, and 197 in the 
IRDWON-I to IV. 

Specific stress nurseries. The best entries were 
selected for resistance to individual stresses: 
diseases, insects, low temperature, and problem 
soils (Table 7, 8). 

Origin 	 Av Yield 
days to flowering (t/ha.) 

IRRI 84 4.8 
IRRI 77 4.7 
India 81 4.5 
Sri Lanka 80 4.5 
IRRI 79 4.5 
Sri Lanka 82 4.5 
IRRI 77 4.5 

IRRI 	 100 6.1 
India 	 97 5.9 
IRRI 	 95 5.6 
India 	 97 5.5 
IRRI 	 92 5.5 

IRRI 78 4.4
 
IRRI 73 4.3
 
IRRI 76 4.1
 
India 75 3.9
 
IRRI 73 3.9
 

IRRI 81 4.5 
India 80 4.4 
India 78 4.3 
Sri Lanka 78 4.3 
IRRI 74 4.3 

India 101 9.7 
IRRI 100 9.7 
India 114 9.2 
IRRI 101 9.0 

India 77 5.0 
IRRI 82 4.7 
IRRI 81 4.7 
Sri Lanka 82 4.6 

India 82 6.3 
Taiwan 94 6.2 
Sri Lanka 79 5.18 
India 76 5.8 

1983 NURSERY DISTRIBUTION 

A total of 1,195 sets of 23 types of nurseries were 
composed and distributed in 1983 to 62 countries 
belonging to the IRTP network (Table 9). Test 
entries (Table 10) were composed into 12 nurseries 
for rice cultural types 	and II for specific stress 
tolerance. Overall for 1983, a total of 2,578 entries 
were distributed to rice scientists arornd the world. 

In Latin America, 77 sets of 12 types were 
distributed to national 	programs for evaluation. 
There were 5 yield nurseries, 6 observational, and 8 
for low temperature screening. Of 242 nurseries 
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Table 3. Best performing entries in the ninth I RYN-E, 1982, based on overall and regional mean yield. 

Av YieldYield 
Regiona 	 Designation Origin Av 

days to flowering It/h a) 

Overall IR21015-80-3-3-1-2 IRRI 	 93 4.8 
(38) 	 IR13240-82-2-3-2-3-1 IRRI 93 4.7 

1R9828-91-2-3 IRRI 91 4.6 
IR 13429-196-1 IRRI 89 4.6 
IR36 IRRI 90 	 4.6 

East Asia V41A/IR36 (local check) 	 108 6.6 
(1) 	 Tainung sen 12 Taiwan 104 6.5 

Taichung sen yu 285 Taiwan 102 6.5 
Chianung sen yu 30 Taiwan 107 6.4 
Chianung sen yu 13 Taiwan 105 6.3 
1R13429-196-1 IRRI 99 6.3 

Southeast Asia IR21015-80-3-3-1-2 IRRI 	 84 5.0 
(12) 	 1R 13240-82-2-3-2-3-1 IRRI 83 4.7 

1R 13429-196-1 IRRI 81 4.7 
IR9828-91-2-3 IRRI 82 4.6 
Local chpck 85 4.5 
IR36 IRRI 81 4.5 

South Asia IR21015-80-3-3-1-2 IRRI 	 93 4.4 
(16) 	 UPR254-24-1 India 88 4.4 

Tainung sen 12 Taiwan 92 4.2 
UPR238-42-2-3-TCA1 India 89 4.2 

West Asia and Giza 172 (local check) Egypt 118 10.1 
North Africa CR155-5029-216 India 103 8.0 

(1) 	 1R13429-267-3 IRRI 118 7.8 
UPR82-1-7 India 110 7.8 
1R36 IRRI 123 7.7 
UPR254-24-1 India 122 7.7 
HPU734 India 106 7.7 

Sub-Sahara Africa Chianung sen yu 30 Taiwan 	 90 5.3 
(7) 	 1R21015-80-3-3-1-2 IRRI 93 5.2 

1R13429-196-1 IRRI 90 5.2 
1R36 IRRI 93 5.1 
1R13240-82.2-3.2-3-1 IRRI 93 5.0 

Latin America UPR307-7-1-1 India 	 90 5.8 
(1) 	 UPR254-24-1 India 88 5.5 

Chianung sen yu 13 Taiwan 96 5.3 
IR21015-80.3-3-1-2 IRRI 96 5.2 
CR155-5029-216 India 83 5.1 

aFigures in parentheses are number of trials, 

distributed in sub-Sahara Africa, 84 were for the entries in stress screening nurseries are often used 
West Africa Rice Development Association as donors in the hybridization program. 
(WARDA) in Liberia for testing in the member 
countries. The remaining 158 sets went to the MONITORINGTOUIRS AND WORKSHOPS 

National Cereals Research Institute (NCRI) and 
the International Institute of Tropical Agriculture Monitoring tours and workshops continue to bring 
(IITA) in Nigeria and to Cameroon, Kenya, together rice scientists in national and international 
Uganda, Tanzania, Zaire, and Zambia. programs. They observe local and IRTP trials and 

Utilization of IRTP nursery entries. National discuss action to solve rice research and production 
cooperators continue to make good use of IRTP problems. IRRI scientist participation continued 
nurseries (Table I1). Other entries are frequently to be emphasized to strengthen linkages among 
used infurtheryield testing(Table 12). Outstanding national programs and the IRRI GEU program. 
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Table 4. Best performing entries in the ninth IRYN-M, 1982, based on overall and regional mean yield. 

Region a 
Designation 

Overall IR13543-56-3-2-1 
(32) BG400-1 

IR19670-263-32-2-1 
IR54 
B2489B-PN-1-76-8 
IR22082-41-2 

'outheast Asia IR13540-56-3-2.1 
(8) IR22082-41-2 

IR42 
B2489B-PN.1-76-8 
IR54 

South Asia IR13540-56-3-2-1 
(16) BG400-1 

BR51-282-8 
B2489B-PN-1-76-8 

Sub-Sahara Africa 
1R1552 (purple check) 
BG400-1 

(7) RP1 125-1526-2-2.3 
I R 19670-263.3.2-2.1 
IR54 
IR22082-41-2 

Latin America BR51-282-8 
(1) 82489B-PN-1-76-8 

MR24 
RNR29692 
BG400-1 

aFigures in parentheses are number of trials. 

Table 5. Best performing entries in the second IRLRYN, 1982. 

Origin 

IRRI 
Sri Lanka 
IRR I 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
IRRI 
Indonesia 
IRRI 
IRRI 
Sri Lanka 
Bangladesh 
Indonesia 
IRRI 
Sri Lanka 
India 
IR RI 
IRRI 
IRRI 
Bangladesh 
Indonesia 
Malaysia 
India 
Sri Lanka 

Av Yield 
days to flowering (t/ha) 

103 4.9 
ill 4.8 
106 4.8 
104 4.8 
110 4.8 
99 	 4.8 
88 	 5.8 
88 5.7 

101 5.4 
100 5.4 
89 5.4 

117 4.3 
122 4.1 
112 4.1 
118 4.1 
114 4.1 
104 6.4 
105 6.3 
105 6.1 
103 6.0 
98 	 5.7 
97 	 7.6 

110 	 7.5 
104 	 7.0 
98 	 6.9 

105 	 6.8 

Av Yield 
days to flowering (t/ha) 

107 	 4.1 
104 	 4.0 
96 
 4.0
 

101 3.9 
100 3.9 
111 3.9 
92 4.5 

104 4.2 
101 4.2 
85 4.2 

101 4.1 

113 3.6 
123 3.5 
120 3.5 
109 3.5 
109 
 3.4
 
111 	 3.4 

111 	 3.4 
94 	 5.7 
89 
 5.1
 
90 5.0 

106 4.9 

Regio n a  
Designation 

Overall 	 IR8192-166-2-2-3 
(11) 	 BR4 

1R46 

IR14753-49-2 
IR14632-2-3 
1R13146-45-2-3 


Southeast Asia IR46 

(6) 	 IR13146-45-2-3 

IR8192-166-2-2-3 
IR52 
IR975-109-2 

South Asia BR4 
(4) 	 IR13358-85-1-3 

IR8192-166-2-2-3 
IR4819-77-3-2 
IR10781-75-3-2 

IR14753-49.2 

Sub-Sahara Africa BR4 
(1) 	 IR8192-166-2.2-3 

1R46 

Mahsuri 
IR13146-45-2-3 

aFigures in parentheses are number of trials. 

Origin 

IRRI 
Bangladesh 
IRRI 

IRRI 
IRRI 
IRRI 

I RRI 

IRRI 

IRRI 

IRRI 

IRRI 


Bangladesh 
IRRI 
IRRI 
IRRI 
IRRI 

IRRI 

Bang'adesh 
IRRI 
IRRI 

Malaysia 
IRRI 
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Table 6. Entries in the 1982 observational nurseries that received best phenotypic acceptability ratings. 

Nursery 

IRON 82 	 AD9246 
I R 17525-278-1-1-2 
IR18349-94-2-1-1-3 
IR19349-135-2-3-2-1 
IR24632-60-3-3-2 
IR8608-82-1-3-1-3 
IR9852-22-3 

IURON82 	 M18 
Local check 
UPL Ri-7 
B2997C-TB-60-3-3 
B3016B-TB-260-3-2-1-1-3 

IRRSWON 82 1R46 
IR13146-45-2 
I R 19083-22-2-2 
IR19256-88-1 
IR21141-24-2 

IRDWON 
I. Flood tolerance 	 B981 D-SI -35-1 

CN540 

CNM539 

II. Deepwater BKNFR76014-1-9-2 
BKNFR76014-1-9-3 
HTA7406-1 10-1-1 
TCA1804
 

Ill. Floating rice 	 IR11141-6-1-4 
I R 11288-B-B- 118-1 
SPR7411-7-2-1 
BR222-B-191-3-2 

IV. Tidal swamp B2791 B-MR-196-2-3-1-3 
B2791 B-MR-196-2-3-3-5 
B3063B-CK-8-MD-14-2-1 
B3063C-PN-151-2 
Cisadane 
IR13146-45-2 
IR4819-77-3-2 

Variety 

M12C-34-3
 
Si-pi 692033
 
Si-pi662106
 
UPR79-85 
UPR231-28-1-2-TCA2 
Tainung sen 12 

IRAT 101 
BG35-2 
B299'.B-TB-734-2-3-3-3-2 
ITA 139 
TOX502-2-SLR2-LS3-B1 
IR15853-89-7E-P3 
IR10781-75-3-2-2 
IR13564-95-1 
IR4829-89-2 
Pelita I-1 
RP1045-25-2-1 

CR149-5010-228 
IR20880-25-3 
Jalaj 
RD19 
SPR7282-151-2-1 
SRP7282-2-0-24-1 

HTAFR77043-1 
HTA7205-11 
HTA7421-8-1 
Leb Mue Nahng 111 
1R5657-33-2-2-3 
IR8192-166-2-2-3 
1R9830-26-3-3 
Kajalsail 
Mahsuri 

Table 7. Best performing entries in the 1982 regular disease, insect, problem soils, and cold tolerance nurseries. 

Screening set 

Diseases 
IRBBN (BI) CIAT-ICA 5 

IRAT 104 
IR 1905-81-3-1 
IR2793-30-1 
IR3259-8-172-5 
1R5533-PP856-1 
Tetep 
Ta-poo-cho-z 
Tres Marias 

IRBBN (BB) Cisadane 
IR 13525-43-2-3-1-3-2 

IRTN (RTV) ARCl1554 
Utri Merah 

Insects 
IRBPHN (BPH) PTB33 

Mudgo 
Babawee 
Rathu Heenati 

Promising entries 

BG367-7 
Cheolweon 32 
IR 15314-53-2-3-3 
IR2793-80-1 
ITA 231 
P1377-1-15M-4-1M-1 
Suweon 300 
16877 
16879 

Utri Rajapan 
Nava Bachi 

IR 15324-117-2-2-3 
IR 15324-12-2-3-3-2 
IR 199661-23-3-2-2 
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Table 7 continued 

Screening set Promising entries 

IRGMN RPW6-17 I R 13429-287-3 
W1263 I R 14632-181-1 
CR94-CRRP51-6288 IR8608-189-2-2-1 

Problem soils IR9829-41-2-1 IR9828-94-3 

IRSATON (salinity and alkalinity)
Salinity A69-1 M152 

IR4422-6-2-3-1 Nonasail 
IR4630-22-2-17 
Pokkali 

PN L 36-184-3-2 
PNL 5-30 

IR9884-3-3 

Alkalinity 
Mahsuri 
IR8608-139-1-1-3 IR2307-247-2.2-3 
IR13149-3-2-2 Pokkali 

Acid upland 
IR2071-105-9-1 
Azucena 

Suakoko 8 
ITA1 16 

IR3646-8-1-2 
IR6023-10-1-1 

Salumpikit 
IR9410-80 

BPI Ri-6 IR9671-1-4-6-8 

IRCTN (cold tolerance) 
B733c-167-3-2 
Deog Jeog Jodo 
I R 18476-86-3-3 
IR19126-42-1 
RP1848 109-2-1-1 

Shoa-Nan-Tsan (check) 
Khudwani (check) 
Suweon 235 (check) 
IR9202-5-2-2-2 

Table 8. Best performing entries in the 1982 special screening sets for diseases, insects, problem soils, and arid environment. 
Screening set Promising entries 

Diseases 
LSc BR189-103-2-1-4-1-1 CR1002 

BR 189-103-2-1-5-1-1 1R13146-41-3 
BR236-2-1-6- 1-1 I1R5677-22-5-2 
BR51-282-8 IR5726-31-2RSV IR13525-43-2-3-1-3-1 IR 19661-364-1-2-3 
IR 19661-131-1-3-1-3 IR19660-131-3-3-3-3

Insects 
LF 
 GEB24 T2005
 

PT833 
 W1263
 
TKM6YSB 
 C018 
 IR8608-75-3-1-3 
IR15723-45-3-2-2-2 W1263 
I R19373-44-3-2-2 W 1253 
IR36Thrips Dahanala 2220 CO 32 
Dahanala IR4829-89-2-1 
Kalubalawee IR8 
CO 29 IAC47

Problem soils 
Acid sulfate IR2153-26-3-5-6 RPCB-2B-849 

IR4422-428-2-3-3 IR36 
IR46 IR43 
IR50

Peat soils IR3397-44-1-4-3 
IR4422-51-1-1-2 
IR34

Fe toxicity IR4422-480-2-3-3 IR52 
I R4683-54-2-2-3 IR36 

Arid region IR19725-1-2-2 (RAT 118 
CR5484-2-1 IR1974346-2-3
GZ839-5-2-1 IR 19746-28-2.2 
DRN9 Giza 172 



Table 9. IRTP nurseries' dispatched from IRRI in 1983. 

Region, country 

Yo Y02 

Nurseries (no.) 

Yield 

Y 03 Y 04 
Y05 

for different cultural types 

Observational 

O01 002 003 004 
0 o 

0 o 007 No, N02 

Nurseries (no.) for specific stresses 

N03 N04 No5 Nob, N0 7 N08 N09  N, 0 Nl 

Total X 

> 

East Asia 
China 
Japan 
Korea 
Taiwan 

7 
1 

4 

4 
1 
1 

9 

1 
2 

1 2 6 
1 
3 
1 

3 

2 

1 7 

4 
2 

6 

1 

8 
1 
1 
2 

1 

1 
1 

3 3 61 
4 

14 

12 

X 

(5 

Southeast Asia 
Burma 
Indonesia 
Malaysia 
Philippines 
Thailand 
Vietnam 

3 
2 
6 
5 
5 

1 
2 
3 
5 
5 
4 

1 
1 
3 
5 
3 
4 

2 
1 

20 
3 
2 

2 
10 
10 
1 

1 

3 
2 

29 
5 
3 

1 
9 
2 
13 
7 
1 

1 
2 
2 
7 
7 
2 

1 
1 
1 
2 
5 
2 

1 

1 
4 
3 

2 

4 
2 
1 

1 
2 

3 
3 
2 

1 
3 

3 
3 
3 

1 
4 

2 
5 
1 

1 
7 

3 

2 

2 
2 
1 
9 
6 

2 
1 
1 
1 
6 
2 

1 
1 
2 
3 

1 

8 
1 
2 
1 

1 

4 
1 
1 
1 

1 

1 
1 
1 
3 

16 

59 
24 
130 
87 
38 

0 

South Asia 
Bangladesh 
Bhutan 
India 
Nepal 
Pakistan 
SriLanka 

8 
1 

20 
2 
5 

6 
1 

19 
2 
1 

9 

14 
2 
1 

12 
3 
1 

4 

5 
3 
1 

1 

1 

10 

21 
2 
4 

3 

11 
3 
2 
1 

4 

7 
3 
1 

2 

9 
1 
1 

2 

4 

1 

4 

2 
1 

20 
4 
3 
2 

2 

14 

3 
4 

5 

2 

4 

3 

19 
4 
1 

3 

13 
2 

3 

7 

1 

;0 
1 
2 
1 

8 
2 
2 

8 
3 

1 

1 

1 
1 

1 

64 
3 

236 
38 
29 
12 

West Asia and North Africa 
Egypt 
Iran 
Iraq 
Oman 
Sudan 
Turkey 

2 

1 

3 

2 
2 

1 

2 

2 
2 
1 
1 
1 
1 

2 
2 

1 

2 

1 

2 2 

2 

2 
4 

1 

16 
10 

1 
3 
3 
9 

Sub-Sahara Africa 
Burundi 
Cameroon 
Ethiopia 
Kenya 
Thru WARDA (Liberia, 

Benin 
Ghana 
Guinea 
Guinea Bissau 
ory Coast 

Mali 
Niger 
Senegal 
Togo 
Liberia 
Sierra Leone 
Upper Volta 

4 
1 

7 

1 
1 

1 

2 

2 

3 

1 
6 

1 
1 

1 

1 

2 

3 
1 
1 
5 

1 

1 

1 
1 
1 

1 
6 
1 
1 
1 

1 

2 

1 

2 

1 

1 

3 
3 

7 

1 

2 

3 
1 

3 
1 
1 
5 

1 

1 

2 
1 

2 

12 

10 

1 

4 

4 

5 

5 

2 

1 
1 

1 
4 
2 
1 
3 

1 
1 
1 

1 

6 

1 

1 
1 

1 

1 
1 

1 

3 

1 

1 
1 

1 

1 

3 

6 

1 
2 

1 

4 

1 
1 
1 

1 

1 
28 

9 
5 

84 



Malawi 1 1 1 1 1 1Mauritania 1 6
 
Nigeria- IITA 3 3 3 2 2 2 3 2 

1 2
 
3 3 2 3 31- NCRI 2 2 2 1 2 2 1 2 1 1 1 1 1 1 20
 

South Africa 2 2
 
Sierra Leone 1 1 

2 4Tanzania 1 4 1 2 1 5 1 1 1Uganda 2 2 2 1 1 1 
17
 

Upper Volta 1 1 1 1 9
 
1 5
 

Zambia 3 3 2 

Zaire 1 1 1 1 1 

5
1 1 1 1 2 14 

Latin America
Argentina 

1 1Brazil 1 22 1 4 8
 
Colombia 2 1 1 2 

1 3
 
Chile 2 

1 3 2 1 1 1 1 1Costa Rica 171 
Cuba 1 1 1
 
Mexico 3 1 2 2 1 2
1 1 1 1 1 1 1 3 4 23Peru 1 1 1 2 2 1 1 1 1 1 2 5 1 20
Venezuela 1 

Europe

Italy 
United Kingdom 2 

1 
Oceania
Australia 

3
Solomon Islands 1 

Total 115 
 94 71 61 46 11 120 84 65 35 23 
 18 84 59 31 24 
 99 43 17 41 24 23 7 1195
ayo, = International Rice Yield Nursery-Very Early (IRYN-VE). Y02 = International Rice Yield Nursery-Early (IRYN-E), Y0 3 = International Rice Yield Nursery-Medium (IRYN-M),
Y04 = International Upland Rice Yield Nursery (IURYN), = International RaintedY05 Rice Shallow Water Yield Nursery (IRRSWYN), 00 = InternationalObservational Nursery (IRARON), 002 = International Rice Observational Nursery (IRON), = Rice for Arid Regions

003 International Upland Rice Observational Nursery (IURON), 004 = InternationalRainfed Rice Shallow Water Observational Nursery (IRRSWON). 0o5 = International Rice Deep Water Observational Nursery (IRDWON), 006 = International Floating Rice >Observational Nursery (IFRON). 007 = International Tide-Prone Rice Observational Nursery (ITPRON). No, = International Rice Cold Tolerance Nursery (IRCTN) = InternationalRice Salinity and Alkalinity Observational Nursery (IRSATON). = Acid Lowland, N04 = Acid Upland. N05 

N02 N03 = International Rice Blast Nursery (IRBN). N06 = International RiceBacterial Blight Nursery (IRBBN), N07 = International Rice Tungro Nursery (IRTN). No, = International Rice Brown Planthopper Nursery (IRBPHN).Whitebacked Planthopper Nursery (IRWBPHN). N10 
N09 = International Rice

International Rice Stem Borer Nursery (IRSBN). N,1 Rice Thrips. 

X 
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Table 10. Origin and types of entries in 1983 IRTP nurseries dispatched from IRRI. 

Entries from 

Sets Entriesb National programs IRRI Packets 
Nurserya dispatched 

(no.) 
(no.) 

Improved Traditional Improved Germplasm
bank 

(no.) 

No. % No. % No. % 
No. % 

Yield 
* Irrigated 

IRYN-VE 115 29 13 45 0 0 16 55 0 0 10,005 
IRYN-E 94 28 16 57 0 0 12 43 0 0 7,896 
IRYN-M 71 29 15 52 0 0 14 48 0 0 6,177 

* Rainfed 
IURYN 61 20 10 50 0 0 10 50 0 0 3,660 

IRRSWYN 46 23 7 30 0 0 16 70 0 0 3,174 

Observational 
" Irrigated 

IRON 120 347 180 52 0 0 167 48 0 0 41,640 

IRARON 11 79 47 60 5 6 26 33 1 1 869 

" Rainfed 
IURON 84 200 139 70 3 1 52 26 6 3 16,800 
IRRSWON 65 144 47 33 3 2 '4 65 0 0 9,360 
IRDWON 35 49 51 74 0 0 18 26 0 0 2,415 
IFRON 23 41 34 83 4 10 3 7 0 0 943 
ITPRON 18 66 38 58 6 9 22 33 0 0 1,188 

Stress screening 
* Diseawes 

IRBN 99 325 192 59 41 13 89 27 3 1 32,175 
IRBBN 43 200 100 51 6 3 92 46 0 0 8,600 
IRTN 17 196 84 43 10 5 99 50 3 2 3,332 

" Insects 
IRBPHN 41 234 102 44 8 3 96 41 28 12 9,594 
IRWBPHN 24 115 8 7 16 14 70 61 21 18 2,760 
IRSBN 23 91 40 44 0 0 45 49 6 7 6,279 
Rice thrips 7 31 7 23 10 32 11 35 3 10 651 

*Problem soils 
IRSATON 59 107 33 31 3 3 71 66 0 0 6,313 
Acid upland 24 43 16 37 2 5 25 58 0 0 2,064 
Acid lowland 31 60 12 20 1 2 47 78 0 0 3,720 

* Temperature 

IRCTN 84 101 54 53 3 3 31 31 13 13 8,484 

Total 1,195 2,578 1,247 48 121 5 1,126 44 84 3 188,099 

a See footnote of Table 9 for explanation of acronyms. bLocal check is not included. 

Three monitoring tours/workshops were spon- cannot grow profitably because of an excess or 
sored during the year: deficiency of mineral elements. Increasing attention 

" Rice Improvement for Adverse Soils is being placed on how to increase yield of present 
* Rice Disease and Insect Resistance in China lands having soil stress and how to bring un
* Fifth Conference on IRTP in Latin America cultivated areas into production. 
Rice improvement for adverse soils. In more The Rice Improvement for Adverse Soils moni

than 80 million ha of adverse soils in the tropical toring tour enabled soil scientists and plant 
and subtropical zones of Asia, physiography and breeders to assess current varieties and practices 
hydrology favor rice cultivation. But the crop for rice production on adverse soils, particularly 



saline and acid sulfate. During visits to Thailand, 
Bangladesh, and eastern India, IRTP nurseries and 
INSFFER nutrient management trials were 
evaluated. The following recommendations were 
made: 

" The IRTP/INSFFER adverse soils nurseries 
should be expanded and strengthened. More 
attention should be given to site selection and 
characterization. The number of sites should
be increased to better reflect the range ofbitncasen of 
conditions. 

* The screening methodology for adverse soils 
tolerance should be carefully evaluated and 
modifications introduced to improve repeat-
ability of results. Trials should be replicated 
and include more local varieties. Materials 
should be evaluated at two fertilization levels, 
depending on site fertility. 

"More basic information on chemistry and 

Table 11. Utilization of 1983 IRTP nursery entries.a 

Entries (no.) used for 

Region, country Hybridization Yield testing 

Local State National 

East Asia 
China 134 30 - -
Korea 44 - - -

SoutheastAsia 
Burma 
Indonesia 

-
3 

51 
42 5 -

Thailand 60 49 - -
Vietnam - 10 - -
South Asia 
India 75 132 26 2 
Pakistan 6 33 - -
West Asia and North America 
Egypt 45 45 - -
Iran - 2 - -
Turkey 2 4 - -
Sub-Sahara Africa 
Nigeria 27 27 - -
Kenya 4 - - -

LatinAmerica 
Colombia 6 - - 246b 
Europe 
Italy 3 - - -
Oceania 

Solomon Islands 16 - - -
a Based on data received as of 6 Feb 1984. blnternational 

testing in Latin America for 1984. 
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Table 12. IRTP 1983 entries frequently used in further 
yield testing indifferent countries.a 
BR201-51-1-J8 IR25925-84-3-2 
BR51-282.8.HR83 IR28154-101-3-2 
B2997c-Tb-60-3-3 IR28210-96-4-3-3 
Chianung sen yu 26 IR29692-65-2-3 
C894-7 IR50 

ECIA 31-104-2-1.7 IR9698-16-3-3-2
 
Iri 352 KAU1727

IR13240-82-2-3.2-3.1 MRC5720-3427
R18348-36-3-3 Tainung sen 12
 

IR22623-R-R-4-2 
 UPL Ri-5 
IR24632-145-2-2-2-3 UPL Ri-7
 
IR25571-31-1 UPR103-80-1-2
 
IR25588-7-3-1 UPR231-28-1-2
 
IR25863-35-3-3 UPR254-35-3-2
 
IR25924.51-2-3 UPR82-1-7
 

aBased on data received as of 6 Feb 1984. 

fertilization of adverse soils is needed. More 

INSFFER trials are needed in adverse soil 
environments. 

" For best results in adverse soils screening
nurseries, a breeder and a soil scientist should 

work jointly on the research. 
" All local rice varieties grown in adverse soils 

areas should be collected, characterized, and 

sent for IRTP testing and preservation in the 
IRGC at IRRI. 

Monitoring tour in China. A monitoring team 
visited China 4-13 Oct 1983. Ten scientists from 

seven countries (including IRRI) participated. 
They visited the Provincial Agricultural Academies 
of Guangdong, Hunan, Zhejiang, Jiangsu, and 
Shanghai, and Zhejiang Agricultural University.
The team observed IRTP nurseries and local 

breeding materials and their reactions to BB and
BI. The Chinese BPH biotype is similar to biotype I 
in the Philippines and other Southeast and East 
Asian countries. IRTP nurseries are a good source 
of germplasm for Chinese scientists who want 

more entries with shorter growth duration. 
Fifth Latin American IRTP conference. The 

fifth Latin American conference of the IRTP was 
held at CIAT on 9-14 Aug 1983. Ninety-three rice 
scientists (including 2 from IRRI, and I from 
IITA) from the national programs of 21 countries 
participated. 

Main topics were the exchange of varietal 
improvement information, regional IRTP activi
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ties, recent studies on the lh/atiatavirus and its 	 Orientales) to see upland ecosystems where CIAT 

and ICA rice programs are working. Participantsvector, upland production systems, and future 

research problems and needs. The program in- also observed genetic materials under high pressure 

eluded a visit to eastern Colombia (1Llanos 	 from common stresses. 
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IRRI RICES NAMED IN NATIONAL PROGRAMS 

At present, 127 varieties from IRRI breeding 
materials are planted on more than 30 million ha in 
countries of Asia, Africa, Latin America, and 
Oceania. During 1983, national programs named 
the following IRRI breeding lines as varieties. 

" IR2071-586-5-6 -3, a line with multiple insect 
and disease resistance and tolerance for many 
problem soils, was named Pyi Lone Chan Tha 
in Burma. The name in Burmese means wealth 
for the whole country. A reselection of this line 
was also released in Tamil Nadu State of India 
under the name of AU42/ 1.This line was first 
recommended by the Philippine Seed Board in 
1977 as 1R42 and has since been released as a 
variety in Indonesia, Malaysia, Vietnam, 
Kampuchea, and Nigeria. Grown under dif-
ferent names in different countries, IR42 is 
now the second most widely grown rice variety 
in the world after IR36. 

" IR790-39-5-3, asturdy-stemmed selection with 
good grain quality, was released as Faro 7 in 
Nigeria. 

" 1R661-1-170-l-3 is grown under the commer-
cial name of IR661 in western Australia's 
Kununura region, 

* 1R2058-78-l-3-2-3 was released in Brazil as 
Pesagro 102. This line was released as oR46 in 
thcome nes in 19am nd hvarieties(Fig. 
recommended in Cameroon. 

* IR8208-146-1 was recommended as Pesagro 

101 in Brazil. 
* IR2071-199-3-6, a sibling line of IR36 and 

IR42, was released as BRI5 (Mohini) in 

Bangladesh. It is suitable for cultivation during 
boro and aus seasons. In Bangladesh, it is 
resistant to RTV, BLB, BLS, ShB, SR,and BI. 

" IR2793-80-1 was recommended as BRI6 
(Shahi Balam) in Bangladesh for boro and 
aus. In Bangladesh, it is resistant to RTV,, 
BLB, SR,and BI. 

* 	IR758-15-2 was named as BAU63 (Varasha) 
in Bangladesh and approved for cultivation 
during boro. It is a sturdy-stemmed, lodging
resistant variety with moderate levels of resis
tance to BB, BI, ShR, and RTV. 

" IR2071-625-1-252 was recommended in Anhui 
Province, China. This line was first recom-
mended as IR36 by the Philippine Seed Board 

4n
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1. 1R5. named hb the Philippine Seod Board in 1983,is the earliest 

mting ol IR ,,retl. 

in 1976 and has since been recommended in 
Indonesia, Vietnam, Kampuchea, and India. 
It is the most widely grown rice variety in the 
world. 

9 	1R 13429-209-2-2-1, a line with multiple disease 
and insect resistance and resistance to all 
known BPH biotypes, was recommended in 
Indonesia. This line was released as IR56 by 
the Philippine Seed Board in 1982. 

* 	 IR9752-71-3-2, a very early-maturing selection 
with multipledisease and insect resisanceand 
excellent grain quality, was released as 1R58 
by the Philippine Seed Board. It matures in 
100 d and is the earliest maturing of the IR 

I). It inherited its early maturity 
from Kwang Chang Ai, brought from Chir,,
in 1974. 

* I3429-299-2-1-3 was released as IR60 by 

the Philippine Seed Board (Fig. 2). This early

4 
l,
 

IR60
 

.
 

2. IRW(t.named b% the Philippine Seed Hoard in 1983. is an .varly-
I1iii ritg. r l diisas "ithtir t. - and insect-resistant variety strong 
d,,,na,,. 



maturing selection (105 d) has multiple resis-
tance to various diseases and insects and is 
resistant to all known BPH biotypes. It was 
recommended for cultivation primarily in 
Mindanao, Philippines, where biotype 3 is 
prevalent. IR60 has long slender grains with 
high milling recovery and strong dormancy. 

BREEDING OPERATIONS 

IRRI made 4,147 crosses in 1983, grew F,popula
tions from 1,388 crosses, evaluated 122,614 pedi-
gree nursery rows, tested 1,120 breding lines in the 
replicated yield trials, and sent 88,204 seed packets 
of IRRI breeding lines abroad (Fig. 3). Of the total, 
22,426 seed packets of IRRI breeding lines filled 
192 seed requests and the remaining 65,778 packets 
were sent through IRTP nurseries. 

In 1983, efforts were intensified to develop 
improved germplasm for less favored areas. 

PROGRESS IN DEVELOPING IMPROVED 
GERMPLASM FOR CUHitURAL TYPES 

Irrigated rice. During the year, 789 crosses were 
made; F2 populations from 461 cross combinations 
were grown; 66,802 pedigree nursery rows were 
tested; and 966 breeding lines were evaluated in 
replicated yield trials. From IRRI tests, Philippine 
Seed Board trials at 12 locations, and international 
yield nurseries coordinated by IRTP, several 
promising lines were identified. The most outstand-
ing ones are listed below. 

" 1R 13540-56- 3-2 -1, an early-maturing line, is 
resistant to all known BPH biotypes and other 
major diseases and insects. Ithas long, slender, 
translucent grains and high yield potential. It 
was the highest yielding entry in the IRYN-M 
for the last 3 yr. 

* IR29723-143-3-2-1 is a high yielding selection 
that matures in 135 d, has sturdy stems, and is 
lodging resistant. It has long, slender, trans-
lucent grains with high milling recovery and 
multiple resistance to diseases and insects 
including 3 BPH biotypes. 

" IR31868-64-2-3-3-3 isan early-maturing selec-
tion that matures in 105 d. It has excellent 
yield potential, medium-long, slender, trans-
lucent grains with intermediate gelatinization 
temperature and intermediate AC. It has 

(iFENE IIC I-VAI.IArON ANI) UTILIZATION PROC;RANI 1.. 
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multiple resistance to major insects and 
diseases and a high level of resistance to BI. 

* IR31851-63-1-2-3-2 is an early-maturing line 
that matures in 100 d. It has long, slender, 
translucent grains with intermediate gelatini
zation temperature and intermediate AC. It 
has multiple resistance to major diseases and 
insects. 

Other promising lines for irrigated conditions 
are listed in Table 1.Many promising lines with 
intermediate gelatinization temperature and in
termediate AC are now in the advanced stages of 
testing. The irrigated rice breeding program con
tinues to seek multiplediseaseand insect resistance, 
shorter growth duration, and superior grain 
quality. 

Cold-tolerant rice. Breeding continued to em
phasize the combination of cold tolerance with 
high yield and other desirable attributes. During 
1983, 281 single crosses and 114 multiple crosses 
were made. 

In addition, 31 multiple crosses were made 
between diverse cold-tolerant varieties and the 
IR36 male sterile line to create an intermating 
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Table 1. Some promising breeding lines with multiple attributes suitable for irrigated lowland culture. IRRI, 1983. 

Reactiona toGelatinizationGrowth AC 

Designation Cross duration %) temperature BPH 
(d BI BLB RTV GSV GLH biotype 

1 2 3
 

115 25 I 4 1 3 1 3 1 1 1IR13525-43-2-3-1-3 Ptb 33/1R30//IR36 
IR21820-154-3-2-2 IR1529-680-3/IR4432-52- 130 23 I 6 1 3 1 3 1 1 7 

6-4-//l R7963-3( -2 
IR22082-41-2 IR54/IR5657-33-2 130 24 I 7 1 1 1 3 1 1 7 

1R25587-133-3-2-2-2 IR19657-37-3/IR54 125 26 L 7 1 3 1 3 1 1 1 

IR28128-45-2 IR36/1R10154-23-3-3// 105 22 I 5 1 3 1 3 1 1 7 

IR9129-209-2-2-2-1 
IR29723-143-3-2-1 IR19661-131-1-2/1R4570- 130 26 L 7 1 3 1 3 1 1 1 

124-3-2-2-2 
1 1 1IR29658-69-2-1-2 IR13471-71-2/1R13429- 105 26 L 1 1 3 1 3 

196-1 
3 1 1 1IR3180248-2-2-2 IR13168-143-1/1R13240- 107 22 I 3 1 3 1 

10-1//I R9129-209-2-2-2-1 
125 26 L 1 1 3 1 3 1 1 1IR31805-20-1-3-3 IR13429-62-2/1R2415-90-

4-3-2//I R9129-209-2-2-2-1 
1 1 7IR31851-63-1-2-3-2 IR17491-5-4-3-3/1R2415- 110 22 I 1 1 3 1 3 

90-4-3-2//l R9129-209
2-2-2-1 

1 1 7IR31868-64-2-3-3-3 KDM 105/IR50//IR9129- 105 22 1 1 1 3 1 3 
209-2-2-2-1 

105 25 I 1 1 3 1 3 1 1 1IR32307-12-2-1-2 IR13240-108-2-2-3/1R9129-
209-2-2-1 

IR32429-68-3-3-3 IR19058-143-2-3/1R9129- 110 24 1 1 1 3 1 3 1 1 1 

209-2-2-2-1 
135 27 I 1 1 3 1 3 1 1 11R32822-21-2-3-1 IR4442-46-3-3-3/1R1529-

680-3-2//l R 19661-131-1-2 

a Based on 1980 SES scale. 

Bureau of Plant Industry. In DS, 2,415 single-plantcomposite population. Continued selection on this 
made from 77 F1 populations. Inpopulation, grown initially under normal temper- selections were 

ature and later under low temperature, may the pedigree nursery, 613 plants were selected from 

eventually lead to an accumulation of cold toler- among 1,712 F8i-F() lines. Agronomic characteris
tics were evaluated from 101 varieties and lines inance genes. 

Evaluation and selection of breeding lines con- the International Rice Cold Tolerance Nursery and 

tinued duringtheyear both at IRRI and at Banaue, 246 selections in the International Rice Observa-

Ifugao, Philippines (about 1200 m elevation). At tional Nursery. A replicated yield test during DS 
further confirmed the high yield potential ofIRRI, 46 F populations were grown during DS 

and 2,063 plants were selected. During WS, 1,149 several lines as compared to local check variety 

plants were selected from '24 single and multiple Pinidua (Table 2). 

crosses. In pedigree nurseries, 936 plants were During WS, serious rat infestation from un

saved from 2,846 Fi-Fj lines in both seasons. planted terraces destroyed all the nurseries except 

At Banaue, the expanding breeding nurseries the pedigree nursery from which 351 plants were 

were transferred to bigger adjacent fields. A selected. 
weather station was established in cooperation Rainfed lowland rice. Breeding work on rainfed 

with the Agroclimatic Service Unit of the IRRI lowland rice has focused on three major cultural 

Multiple Cropping Department. The new station types: drought-prone; drought- and submergence

permitted the evaluation of more breeding lines in prone; and medium-deep, stagnant water. The goal 

collaboration with scientists from the Philippine is to incorporate tolerance for drought, submer
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Table 2. Yield and agronomic character..JLcs of some promising cold tolerant lines grown ina replicated yield trial. Banaue, 
Ifugao, Philippines, 1983 DS. 

Yield Days to Height 
Selection It/ha) flowering (cm) 

IR8866-30-3-1-4-2 5.4 117 74 
1R9202-5-2-2-2 4.9 110 82 
1R 13155-60-3-1-3 4.8 106 102 
1R5716-18-1 4.8 118 79 
IR9758-K2 4.6 106 78 
IR15579-135-3 4.6 118 103 
IR2061-522-6-9 4.4 117 86 
Pinidua (local check) 4.2 132 131 

aScoring based on 1980 SES scale. 

gence, and stagnant flooding into breeding lines 
with good plant type and disease and insect 
resistance. Collaboration with national programs 
for improvement of rainfed lowland rice was 
strengthened. 

During 1983, 283 single crossesand 538 multiple 
crosses were made. F, populations from 225 
crosses and 24,355 pedigree nurseries were grown 
and 125 entries were evaluated in replicated yield 
trials, 

Drought and suhnergence tolerance. Drought 
tolerance is essential in both drought-prone and 
flood-prone environments. Both early- and long-
duration varieties are needed for rainfed lowland 
areas with different moisture regimes. In DS, 
pedigree lines were screened from the F, in the 
drought screening nurseries at IRRI. Advanced 
lines that performed well in a drought-screening 
nursery grown at three sites in the Philippines are 

Sterility Reactiona to Amylose Gel 
(%) 

BI BLB 
%) consistency 

(mm) 

18 8 1 25 32 
20 8 1 26 30 
14 9 1 27 34 
25 8 3 25 32 
12 8 1 24 30 
9 8 3 27 34 

18 8 1 25 30 
12 6 7 25 68 

listed in Table 3. Some of these lines were earlier 
identified as drought tolerant in the vegetative 
phase in the 1)S nursery at IRRI. 

Pedigree lines from the F., were screened for 
submergence tolerance in tanks. Surviving plants 
were transplanted in the field and the following 
generation was again tested. Crosses which pro
duced a high proportion of submergence-tolerant 
F., progeny are listed in Table 4. Breeding lines 
tested at several Philippine flood-prone sites were 
not subjected to flooding in 1983. 

,e'diuni-deep raitfrd lowland conditions. A 
medium-deep water (25-50 cm) rainfed lowland 
site was simulated for a replicated yield trial in 3 
fields using 24 entries and the IR42 check. Water 
depth was maintained between 30 and 40 cm from 
3 WT until just before harvest. 

Lodging was severe because of heavy rains 
during flowering and ripening. Yield levels were 

Table 3. Breeding lines that performed well in drought screening during the vegetative phase in the DS drought nursery and 
the WS nurseries at Cebu, IRRI, and Santa Rosa, 1983. 

Designation Parentage 

IR26717-1-1-2-1-1 Goda Heenati/BR4//IR48 
IR26894-37-2.1-3 2526/IR2823-399-5-6//IR9129-209.2-2 
IR28941-164-1-5 IR4227-28-3-2/Tilakchandan//IR48 
IR29337-36-3 IR48/Mahsuri 
IR29341-85-3-1-3 IR52/IR46 
IR29385-2-30-3 Intan Chem. mut. 
tR33353-2-2-1-3 IR52/IR36//IR52 
IR33353-64-1-2-1 IR52/1 R36//I R52 
IR33353-88-3-2-1 IR52/IR36//IR52 
IR33356-14-3-1-3 iR52/IR48//52 

Duration Height Drought nursery
(d) (cm) WSa DSb 

113 90 + 
107 80 + + 
118 100 + + 
128 160 + 
114 100 + 
118 140 + + 
125 85 + 
121 85 + 
127 90 + 
127 105 + + 

aCebu, Santa Rosa, and IRRI (Agronomy Department). bIRRI (Agronomy Department). 
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Table 4. Crosses which produced a high proportion of 
submergence-tolerant F3 progeny. IRRI, 1983. 
Cross Parentagea 


e 


IR38759 Nam Sagui 19 *I R 13146-179 

IR40931 BKNFR76106-16-0-1-0*/ 


IR19661-131-1-2 
IR41431 IR8234-OT-9-2*/! R19661131-1-2 
IR41468 IR17494-32-3-1-1-3/BKNFR76106. 

13-2* 
IR42207 IR14632-22-3//IR19382-42-3.3-2// 

BKNFR76106-16-0.1-0* 
IR42233 IR4563-52-1-3-6/Cafuringa-1 

= the submergence-tolerant parent. 

low (Table 5). In fields I and 3, yields were 
negatively correlated with the degree of lodging, 
indicating that this may have caused the low yield. 
Varieties differed significantly in number of tillers, 
but this was not correlated with yield. The average 
tiller number per plant was about I1, much lower 
than for the shallow replicated yield trial. Water 
depth, which was about 5 cm deeper in the field 
where the third group (long duration) lines were 
grown, may account for reduced yields in this field, 

Population improvemet. The random mating 
population of IR38499 was carried through one 
cycle of selection. In 1983, 638 random S, lines 

were grown in the pedigree nursery and screened 
for resistance to BPH and GLH, translucent 
grains, and acceptable plant type for rainfed fields. 
Of those lines, 47 were identified as acceptable for 

all traits. Most of the S1 lines were also screened for 
submergence tolerance. Only 16 could survive 
submergence for 10 d at the seedling stage. The rest 
of the S seed from the selected lines formed the 

second selection cycle. The selected lines were also 
included in the pedigree breeding program.

St lines of IR38499 were measured for seedling
height in the seedbed at 20 DAS. The submergence

tolerant group contained short and tall lines, but more of the tall lines survived submergence. Lines 

with faster seedling growth seemed more able to 
survive submergence although this was not true in 
all cases. 

Thai-IRRI Collaborative Breeding Project. In 
1983 WS, 70 F, populations of Thai/ IRRI crosses 
were sent to Thailand and grown at 5 research 
stations in the northeast. Thai and IRRI breeders 
made plant selections, and F: seed of 2,781 lines 
were brought to IRRI for generation advance. 
They will be screened for grain quality and resis
tance to BB, and F., seed of the best lines will be 
sent to Thailand for the 1984 WS. 

The goal will be to identify photoperiod-sensitive 
lines with good plant type. When planted in 
December at IRRI, most photoperiod-sensitive 

Table 5. Highest yielding breeding lines in the medium daepwater replicated yield trial. IRRI, 1983. 

Designation Parentage 

Group I (medium)
IR13149-71-3-2-3 BG90-2/ R46//l R4417-177-1-4 
IR9217-58-2-2 IR2071-588-6/1 R2061-213-2/M R2058-78-1 -3-3 
IR31916-1-3-3 2196/1 R4570-74-2-2-3-3//1 R 9129-209-2-2-2-1 
IR54 Nam Sagui 19/IR2071-88//IR2061-214.3.6-20 
IR42 (check) 

Group II (medium-late)
IR33238-25-2-3-2 BR51-282-8/IR46//IR9764-45-2-2 
IR1 9382-42-3-3-2 IR4409-76-1-3/I R44//I R4219-35-3-3 
IR33209-22-1-1-1 BG367-7/ R4744-295-2-3//lRi 1248-131-3-2-2 
IR19319-1-2-1-2-3 IR3372-44-1-2-1/I R4816-70-1 // R46 
IR42 (check) 

Group Ill (late)
IR26702-204-2-2-1-1-3 FR13A/l R48 
IR26760-27-1-3-2-1 Jaganath/l R2797-105-2-2-3//I R48 
IR24705-11-3-2-3-3 CSR 1/1 R52//I R5657-33-2 
B4259-48-3-1-2 IR46/IR4422-98-3-6-1 
IR42 (check) 

Height(cm) Duration(d) Yield(t/ha) 

121 118 2.7 * 
122 119 2.6 * 
110 119 2.4 
126 115 2.4 
112 125 1.9 

147 127 2.5 
135 128 2.4 
153 127 2.3 
123 127 2.2 
120 136 2.0 

130 138 2.1 * 
133 140 2.1 * 
126 136 1.9 
136 145 1.9 
118 135 1.4 
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Table 6. Parents utilized in at least 30 crosses for the deepwater program during 1983. 
Parent 

Crosses
 

used (no.) 

Baisbish 36 

BKNFR76106-13.2 
 64 

BKN FR76106-16-0-1 85 

Chenab 64-117 83 

CN 540 57 

DWCT156-1 147 

IR1 1288-B-B-1 18-1 
 102 
IR13423-10-2-3 88 
IR14632-22-3 51 


IR26702-52-3 114 

IR31406-333 32 

Nam Sagui 19 
 94 

RD19 
 155 

Sail Kotha 38 

TOX 896 131 


lines flower within 3 mo. If planted after January, 
daylengths become too long and the sensitive lines 
do not flower. By planting at both times, seed can 
be harvested from photoperiod-sensitive lines 
planted in December, and lines from a smaller 
nursery planted in February can be classified for 
sensitivity. 

Deepwater rice. In deep water, 464 single-cross
and 794 multiple-cross F,'s were grown. Seventy 
percent of the single crosses, and 60 of the 
multiple crosses tested elongation ability as a 
survival strategy while the remaining crosses 
focused on submergence tolerance (Table 6). F, 
populations from 261 single crosses and 133 
multiple crosses were grown for deepwater condi-
tions. Other F,populations from 70 single crosses 
and 80 multiple crosses were grown for flash flood-
prone deepwater areas, 

In 1983, 19,154 pedigree nursery rows from 599 
crosses were evaluated for stagnant-water situa-
tions, and 10,005 pedigree lines from 374 crosses 
were grown for flash flood-prone areas (Table 7,8).

Screeningfor elongation ability. In a deepwater 
tank during DS, 260 F: families and 214 F, 

Major characteristics 

Floating rice, elongation ability, resistance to RTV 
Deepwater rice, submergence tolerance, medium 

height
Shallow-water rice, submergence tolerance, short 

height
Deepwater rice, submergence tolerance, adaptation 

to Bihar 
Deepwater rice, submergence tolerance, adaptation 

to W. Bengal
Deepwater rice, elongation ability, semidwarf stature 
Floating rice, elongation ability, resistance to BPH 
MV, resistance to salinity, BPH, and GLH 
MV, resistance to salinity, alkalinity, BPH, and GLH, 

Zn efficiency
MV, submergence tolerance and short height 
MV, submergence tolerance and short height
Rainfed rice, adaptation to rainfed environments, 

drought tolerance, Zn efficiency
Deepwater rice, elongation ability in a semidwarf 

plant type, adaptation to Thailand 
Floating rice, elongation ability, adaptation to 

Bangladesh 
Upland rice, excellent straw stiffness and good rootsystem 

populations were screened for elongation ability 
using a Ntandard field test and maximum water 
depth of 85 cm. Tillers of surviving plants were cut 
and transplanted into anormal rice field, and plant
selections were subsequently made in WS. This 
accomplished selection for deepwater survival, 
photoperiod sensitivity, and insect and disease 
resistance ina single season. In WS, 46 single-cross 
F.,s and 6,429 F,,families from 303 multiple crosses 
were subjected to a similar test, but the next 
generation came directly from the surviving plants 
in the deepwater tank. 

Screening .1br submergence tolerance. In 3 
screening tests in submergence tanks, seedlings at 
30 DAS were subjected to 8-10 d submergence in 
water 83 cm deep. The study tested 239 F, 
populations and 431 pedigree lines. Surviving 
plants were transplanted into a regular field for 
further selection for plant type and insect and 
disease resistance. Table 9 compares submergence 
tolerance breeding values of the most frequently 
used donors from one of the tank experiments. 
Values are the aggregate percentages of surviving
F families from multiple crosses involving the 
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Table 7. Some promising breeding lines with survival ability in deepwater tests, good agronomic traits, and insect and 
disease resistance. IRRI, 1983. 

Reactiona to 

Cross Height ElongationDesignation (cm) ability BI BLB GLH BPH Zn 
biotype Salinity Alkalinity deficiency 

1 2 3 

BKNFR76026-3-2-2-2 IR4427-70-4/ 111 7 3 3 7 3 
RD19 

GEU76050-0-19-4-1 IR2061-522-6-9/ 132 5 7 3 9 3 
LMN111// 
random el. 

HTAFR77043-2 LMN111*2/ 163 4 4 3 6 4 6 5 4 4 
PTB18 

IR11141-6-1-4 IR2061-465-1-5-5/ 118 7 6 4 7 4 
LMN 111 

IR11288-B-B-118-1 IR36/LMN111 145 6 1 6 7 3 4 5 
IR11288-B-B-69-1 IR36/LMN111 122 7 2 7 3 2 4 3 7 6 6 
IR31617-19-3-3-4 T1242/T442-57// 105 6 1 7 5 5 7 9 5 3 4 

1R42 
SPR7411-7-2-1 LMN111/PTB18 165 5 4 4 5 2 3 3 

aBy 1980 SES scale. 

Table 8. Best deepwater rice lines with submergence tolerance in 1983. IRRI.
 

Reactiona to
 

Cross Height Submergence
Designation 
(cm) tolerance BI BLB GLH BPH Zn 

biotype Salinity Alkalinity deficiency 

1 2 3 

IR21567-16-3 IR5857-4-1E-1/ 106 5 2 6 3 2 6 3 5 5 4 
KLG6986-133
4P//IR2071-586
5-6-3 

IR21567-18-3 IR5857-4-IE-1/ 103 5 2 6 4 2 4 3 5 3 4 
KLG6986-133-
40//IR 2071-586
5-6-3
 

1R21567-9-2-2-2 IR5857-41E-1/ 108 5 1 7 4 3 5 3 5 5
 
KLG6986-133-

4P//Il R2071-586
5-6-3
 

1R26708-2-2-3-1-1 FR13A/2*IR48 116 5 2 8 2 6 9 6 5 2 3
 
1R26721-135-2-6-1-1 Goda Heenati/ 113 6 1 4 4 9 7 9 5 3 4
 

IR46//1IR4219
35-3-3-2
 

IR26721-135-2-6-1-3 Goda Heenati/ 114 5 1 4 4 7 7 9 5 3 
IR46//IR4219
35-3-3-2
 

IR28884-26-3-505-1-1 Ratanagiri 9-5- 118 3 4 5 8 4 7 3 6 5 2
 
3-2/FR 13A//
 
IR2863-38-2 

IR28884-6-1-502-1-2 Ratanagiri 9-5-3- 115 5 3 5 7 2 7 7 5 5 2
 
2/FR13A//
 
IR2863-38-2 

IR28905-10-1-3 IR3478-134-2-2 104 3 1 6 7 4 3
 
-2-3/Goda
 
Heenati/IR32
 

IR29012-4-1-3 Jagannath/ 113 1 1 5 3 5 31
 
FR13A//IR42
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Table 8 continued 

Reactiona to 

Designation Cross Height 
(cm) 

Submergence 
tolerance 8 8LB GLH BPH 

biotype Salinity Alkalinity deficiency 
1 2 3 

IR31142-14-1-1-3-2 Goda Heenati/ 91 6 6 2 3 7 9 5 4 3 
IR4563-52-1-3

IR31176-141-2-1-1-3 
6/IR 13292-5-3 

IR4658-86-1-3-2/ S 6 1 3 3 3 6 8 4 
BKN FR76023// 
IR13415-9-3 

IR31406-333-1 Kurkaruppan/ 99 4 5 6 6 3 3 5 
CR1002// 
IR13415-9-3 

1R31432-6-2-2-3 Kurkaruppan/ 99 5 1 6 5 4 4 3 4 
1R46//1R13168
143-1 

1F131442-1-503-1-2-1 Kurkaruppan/ 158 3 1 6 3 7 1 6 
IR4422-98-3-
6-1//1R 134,19
113-1 

IR33167-1-501-1-2-3 B3897C-8/Goda 151 6 1 4 9 9 9 6 5 
Heenati// 
IR9764-45-2-2 

IR33279-1-501-1-1-2 FRG2/1R48// 187 5 1 3 3 5 9 6 
IR9764-45-2-2 

IR33279-1-501-1-2-1 FRG2/1R48// 171 5 1 3 7 7 9 6 
IR9764-45.2-2 

IR33284-4-503-1-1-2 FRG2/IR13426- 163 5 1 3 5 5 9 6 
19-2//I R9764
45-2 

IR33284-4-503-1-1-3 FRG2/IR13426- 162 5 1 3 5 5 9 5 
19-2//I R9764
45-2 

aBy 1980 SES scale. 

donor parents for submergence tolerance listed in Station, Ayuthaya, Thailand, standard field tests 
the table, with controlled water were used to screen 2,493 

Collaboration itith Thailand to evaluate rices pedigree lines from 161 crosses for elongation
for elongationahilit.l. At the Huntra Rice Research ability. From IRRI's breeding program, 789 

advanced lines were screened for submergence 
Table 9. Submergence tolerance recovery from 4-parent tolerance. Results were used to select pedigree
 
multiple-cross F2swhen one of 4 parents is a submergence lines.
 
tolerance donor (combined from several crosses). IRRI, Evaluation of Thai breeding lines at IRRI.

1983. Several hundred promising lines from the deep-


Percentages water rice breeding programs of Thailand were 
of families evaluated at IRRI. They were grown in 1ae 

Donor parent Populations with score of(no.) ... . Total pedigree nurseries and tested for resistance or 
1 3 5 7 tolerance for diseases, insects, and soil problems

(Table 10).
BKNFR76106-16-0-1 949 8 12 28 58 
PKNFR76106-13-2 249 4 12 24 40 Rices for adverse soils. Donors of tolerance for 
FR43B 648 1 5 14 20 salinity and efficient P use were used in 42 single-
Chenab 64-117 321 2 17 19 cross and 63 multiple-cross Fls. F, populations
IR8234-OT-9-2 156 7 7 

came from 43 single crosses and 8 multiple crosses. 
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Table 10. Some promising breeding lines of deepwater rice from Thailand and their scores for other traitsa IRRI, 1983. 

Designation Elongation Submergence 
ability 

BKN FR76026-3-2-2-3-1 
BKNFR76035-136-0.1 
BKN FR76035-140-1 
BKNFR80073-1 
BKN FR80080-34 

BKNFR81017-20 

BKNFR81023-13 

H rAFR77012-3-1-1-2 
 x 
HTAFR77043-2 
HTAFR77054-3-5-FC162.1-1 
HTAFR77078-32-1-0-1-1 
SPR7216-RST42-1-2-5 
SPR7316-30-1-1 
SPR7411-7-2-3-3-1-1 
SPR LR76136-25-FC2994.1 
SPRLR76138-1-1-7-1 
SPRLR76138-1-6-3.1 

tolerance BI BLB 

X 
X 

X 

x 


X 
x 

Xx
 

x x 
x x 
x x 
x x 

Reaction to 

GLH biotype 

1 2 3 Salinity Alkalinity Deficiency 

X 

x 
x 
x 
x 
x 
x 
X 
x 

X 
X 

X 
x 

X 
X 

x x 

X 
X 

x 

ax = 5 or better for elongation and submergence tolerance, 3 or better for other traits. 

Five hundred sixty-seven crosses were grown from 
7,706 pedigree lines. Two hundred forty-two early
generation lines and 563 advanced lines were 
p!anted in an artificially salinized field and one in 
which alkalinity was maintained: The best sur-
vivors (Table 11), based on adaptation to problem 
soils, plant type, and resistance to diseases and 
insects, wz-re harvested as plant selections or in 
bulk. 

Upland rice. During the year, 139 single crosses 
and 229 double crosses were made for upland 
nurseries. Fifty percent of the crosses during WS 
were planned to meet the needs of collaborators in 
Africa, Latin America, and Southeast Asia, and at 
IITA and WARDA. 

In WS, about 600 F2 bulk populations were 
grown at IRRI and in a farmer's field in Santo 
Tomas, Batangas. Of those, 315 populations were 
promising; plants were selected and bulked to be 
advanced to the F3 . Six plant breeders, from five 
countries participating in the first upland rice 
training program, identified several F populations 
suited to their local conditions. F3 seeds will be sent 
to their stations for evaluation and seiection. 

F, and F6 breeding lines were yrown in dry 
seedbeds and selected for deep and taick roots after 
seedlings were pulled at 25 DAS f3r transplanting. 
About 144 lines were selected and transplanted in 

4-row plots under intermittent irrigation. From 
those. 867 plants were selected for their interme
diate height, long and well-exserted panicles, heavy 
grains, and moderate tillering ability. 
Ina replicated yield trial during WS,160 upland 

breeding lines were evaluated to determine their 
yield potential and stability and divided into three 
groups. Group A, the 40 most promising lines, was 
grown in expanded plots of 10 M 2.Groups B and 
C, 60 entries each, were mostly advanced lines from 
the upland observational yield trials and were 
grown in 5-M2 plots. The trials were conducted in a 
farmer's field at Santo Tomas, Batangas, and at 
two IRRI sites. 

Yield trials in Santo Tomas, Batangas.The crop 
grown in a farmer's field in Batangas received 
evenly distributed rainfall (1340 mm) from seeding 
to harvest with only short periods of water stress 
(Fig. 4). Average yield was 2.1 t/ha. 

Group A yields ranged from 0.7 t/ha for 
IR5962-294 to 4.1 t/ha for IR3839-1. 1R3839-1 
continued high performance, outyielding local 
checks 1R43, UPL Ri-7, and Kinandang Patong. 

Group B yields ranged from 0.8 t/ha to 3.1 t/ ha 
with IR5929-9-3 as top yielder. It is a progeny of 
Monolaya/IR1487-372-4//MRC 172-9, matures 
in 117 d, is resistant to drought, and has good 
recovery ability. The second highest yield was 3.0 



Table 11. Some promising lines tolerant of problem soils evaluated in 1983, and scores for other traits. IRRI, 1983. 

Designation Cross Height(cm) 

IR15948-4-2 N. Bokra/BF33-2//IR36 
;R21178-43-1-2-2-2 CR146-7055-225/ 130 

1R2061-465-1-5//I R52
IR24705-116-2-1-5 CSR1/IR52// 

IR5657-33-2
IR24705-116-2-3-1 CSR1 1IR52/i 

IRF657-33-2 
IR26916-13-1-1-2-1-1 Cheiviruppu/IR5657. 100 

33-2//I R42
IR26916-13-1-1-2-3-1 Cheriviruppu/IR5657. 102 

33-2//I R42 
IR26940-20-3-3-3 Obs.678/1 R9129-393. 

2//I R4630-22-2-17
IR31375-3-3-1-1 Kuatik putih/IR4422- 117 

98-3-6-1//I R 13415-9-3 
IR31375-3-3-2-2-2 Kuatik putih/IR4422. 125 

98-3-6-1//IR13415-9-3
IR31375-3-3-4-2-1 Kuatik putih/tR4422- 110 

98-3-6-1//I R1 3415-9-3
IR31375-5-2-1-3 Kuatik putih/IR4422. 134 

98-3-6-1//I R13415-9-3 
IR31384-12-3-1-2 Kuatik putih/IR4422-480. 121 

2-3-3//I R 13426-19-2
 
IR31476-71-1-2-3 Pinangkara/IR46// 


1R13426-19-2 
IR33451-12-1-1-1.1 IR13419-113-1/ 123 

IR9264-324-1//
 
IR2307-247-2-2-3
 

aAverages from varying numbers of observations. 

t/ ha from IR5982-7-6-1 corpared to l.4 t/ ha from 
check variety 1R45. 

Group C yields ranged from 0.4 t/ ha to 3.3 t ha. 
IR13822-9 and UPL Ri-7 each yielded 3.3 t'ha, 
followed by IR10070-4-1 with 3.2 t/ha. 1R 13822-9 
is a selection from Moroberekan/I R3273-P339-3 
while IR10070-4-1 came from IRI750-F5B-3/ 
Maligaya 5//BPI 76*9/Dawn. Both lines mature 
in 117 d. Other promising lines include IR10120-7-
2-1 with 3.1 t/ha, IR25816-12-1 with 2.6 t/ha, and 
IR12601-6-3-3 with 2.5 ti ha. 

Yiel triala' IRR;. At the wet and fertile site on 
the IRRI upland farm, yields were lower than from 
the farmer's field. This was caused by erratic 
rainfall distribution (Fig. 5)and prolonged drought 
stress during the reproductive phase. Glume BI and 
ShB after a series of light showers also contributed 
to low yields. 

Group A yields ranged from 1.2 t/ha for 

Reactiona to 
BI BLB GLH BPH 

biotype Salinity Alkalinity Zinc 

1 2 3 deficiency 

9 5 3 4 
3 4 3 1 2 5 7 3 

6 3 9 3 5 3 

6 3 9 3 5 3 

1 6 4 3 5 7 2 

1 6 3 3 5 5 3 3 5 

1 3 5 

1 7 3 3 5 2 3 

1 7 3 3 5 2 3 

1 7 3 3 5 2 3 

1 7 3 5 5 3 2 5 3 

5 7 3 7 7 5 3 3 4 

1 8 7 7 8 5 2 

1 8 3 1 7 3 4 

IR7950-2-4-2 to 2.6 t/ha for IR5929-12-3 and 
IRAT133 (from Ivory Coast). Because the latter 
two are early-maturing (110 d), they escaped 
moisture stress at the reproductive phase. 

Group B yields ranged from0.9 t/ha to 3.0 t/ha. 
IR9669 Sel. and IR12629-45-8-1, the highest 
yielders, performed well under intermittent stress. 
Check varieties UPL Ri-5 and IR45 yielded 2.6and 
1.9 t/ ha. 

Group C yields ranged from 0.5 t/ha for TOM 
4-35 (from IITA) to 2.9 t/ha for UPL Ri-7 (a local 
check). 

Only group A was grown at a poor, well-drained 
site on the IRRI farm. Yields ranged from 0.8 to 2.5 
t/ha, with IRAT 133 as the highest yielder. 

Yields from group A grown on a farmer's field in 
Batangas were compared with those from two 
IRRI sites (Table 12). 

IRAT133yielded highestat2.7t/ha. It matured 
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4. Rainfall distribution,Rgrowth durationaand Niel of proising lines in 
a farmer's field at Sato Tonas. Batangas, Philippines. 1983 WS. 19-
heading. M = maturitu 

in 106 d and was resistant to BI but highly 
susceptible to ShB. The reduced yield of IR3839-1 
at the IRRI railroad site was caused by moisture 
stress during the reproductive phase followed by 
glume BI and ShB. 

Two lines gave stable yield in the three locations. 
They were JR12721-24-3- (a selection from 
IR2735-F3B-6-2/ IR95751 /B541I B-KN-19-3-4) and 
IR 13759-10 (a progeny of IR3880- 1/I R2823- 179-
54). Both lines matured rather late (136 d) with 
heightsbetween 131 and 138cm.Theyareresistant 

Rainfall (mm)
 
200
 

180- IRAT33 H M Yield (LOo) 

2.6 
H 2,6
 

160 - Bleo tM nn2 (varietal mxture) H M
 

I 22 
H . 

140 R420 -112 H M 
2.1 

IR ,a 20 

120 -IR2721-24 -3-I H M-1020
 
IR13759-10 H M
 

100 IOe-18 -2 H w
 
24 I 's 

KInoninng Pe (ocal chet Hh 8 
R I o 1.2 

80-

Jn uIAg e 120c
60

40
ruh n aego Iut reovr abiy 

20 "c 

Jn Jul Aug Sep Oc 

5. Rainfalldistrihutionagrosth durationand ield of promising tIAtes , 
the IRRI upland farm, 1983 %VS. If = heading. N = maturily. 

to drought and have good recovery ability. 
Other promising lines were IR5929-12-3 at 

2.0 t/ha and 112 d matupity and eR5420-1-1-2at 
1.8 t/ha and 120 d. 

Collaborative breeding efforts. During the 1983 
International Rice Research Conference, rice 
breeders from IRRI and 11other institutions 
(Centro Nacional de Agricultura Tropical [CIA]], 
International Institute of Tropical Agriculture 
[IITA], WestAfrica Rice Development Association 
[WARDA], Instituto Nacional de Investigaciones 

Table 12. Yield performance and m12turity -if romising group A lines grown under upland culture at 3 locations, 1983 WS. 

EtyYield 

IRAT133 
IR5929-12-3 
1R3839-1 
IR5420-1-1-2 
1R12721-24 -3-1 
1R137 59-10 
IR10068-18-2 
UPL Ri-7 (check) 

IR43 (check) 

Kinandang Patong (check) 


Santo Tomas Railroad site (I RRI) 
Entry 

Maturity Yield Maturity 

(t/ha) (d) (t/ha) (d) 

3.2 106 2.5 97 
2.6 114 0.7 ill 
4.1 118 0.1 115 
3.4 125 0.1 133 
2.0 137 1.1 139 
2.2 128 1.1 146 
2.4 118 0.6 116 
2.8 117 1.1 1111 
3.3 133 0.1 141 
1.6 124 - -

IRRI upland Mean 
-yield

Yield Maturity It/h a) 

(t/ha) (d) 

2.6 101 2.7 
2.6 110 2.0 
1.5 113 1.9 
2.1 126 1.8 
2.0 131 1.7 
1.8 133 1.7 
1,8 114 1.8 
2.6 ill 2.2 
2.0 132 1.8 
1.2 126 1.4 



Agrarias [INIA], Instituto Colombiano Agrope-
cuario [ICA], Empresa Brasileira de Pesquisa 
Agropecuaria [EMBRAPA], and the national 
programs of Bangladesh, India, Indonesia, Thai-
land, and Venezuela) discussed collaborative ef-
forts to strengthen upland rice improvement. 

African and Latin American breeders empha-
sized the need to incorporate resistance or tolerance 
to Bl, LSc, Helninthosporium LS, glume dis-
coloration, and Al toxicity into improved materials, 

WARDA is particularly interested in long-
duration (135 d) and tall phenotypes. 

GIENE.IIC I.VAIUAI ION AND IIIII.IZAIION PROGRAM 163 

In Asia, Thai breeders prefer long panicles, early 
maturity, and glutinous endosperm. 

Indonesian breeders requested F, populations 
that involve parents with BI resistance, tolerance to 
Al toxicity, and the bulu plant type. 

Indian breeders need adequate grain dormancy 
and tolerance to Fe and Zn deficiencies. 

National program and regional center breeders 
have agreed to send locally adapted materials and 
breeding lines to IRRI for use as parents in the 
crosses. IRRI will make the crosses and send the F2 
bulk populations to the cooperators. 
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MONITORING RICE DISEASES planted to 20 varieties and monitored at tillering 

Plant Pathology and Entomology Departments stage. Major varieties were IR36 (29%) and IR42 
(21%). The predominant RTV vector was adult 

Rice tungro monitoring in the Philippines (Plant GLH, averaging 8 insects/ 10 sweeps. RTV in-
Pathology). RTV monitoring continued in the cidences, ranging from 0.5 to 95%, were observed 
Philippines as a joint project with the Bureau of in 76 fields. Overall incidence was about 10%, but 
Plant industry, Ministry of Agriculture. A total of 35 fields had more than 10% (Table 1), or an 
56 Regional Crop Protection Center (RCPC) and average of 57%. Most fields with RTV had a 
Surveillance and Early Warning System personnel relatively high vector estimate: average of 30.3 
were trained to monitor for RTV at the Maligaya GLH/ 10 sweeps. 
Rice Research and Training Center, Mufioz, Thirty-one percent of the diseased fields were-
Nueva Ecija, and at the RCPC Region 6 station, planted to IR3b, 23% to IR42, and 17% to other 
Iloilo. Two techniques for quick and efficient RTV varieties such as Benkong, CI000, ARC2350, and 
identification in the field were introduced. IR46-9. 

Monitoring covered 236 farmers' fields in 80 Light trapping of rice virus vectors (Plant 
municipalities of 28 provinces. The fields were Pathology).The weekly light trapping of rice virus 

Table 1. Philippine areas covered by 1983 RTV monitoring with more than 10% tungro incidence. 

Province Municipality 
Field 
no. 

RTV
incidence Variety 

Growth 
stagea 

No./10
sweepsb 

(%) 

Kalinga-Apayao Flizal 1 30 1R42 L 41 
Balanau 1 80 1E36 E 21 

2 95 C1000 L 49 
Tabule 1 90 ;t42 L 5 

2 35 1R42 L 4 
Nueva Viscaya Bambang 1 70 1R36 L 6 
Camarines Sur Libmanan 1 35 MRC2350 L 15 
Albay Oas 1 >80 B:nkong E 78 

2 >80 1R42 E 77 
Polangui 1 75 1R42 E 68 

2 <60 1R42 E 56 
3 90 1R42 E 143 
4 50 Benkong E 43 
5 20 Unk E 20 
6 85 IR36 S 63 
7 95 IR48 L 41 

Iloilo Barotac Nuevo 1 40 IR36 B -
2 10 IR36 L 4 

Negros Oriental Santa Catalina 1 60 IR56 L 8 
2 70 IR42 L 20 
3 90 IR36 L 9 
4 90 IR36 L 9 
5 90 IR36 L 6 

Bukidnon Maramag 1 80 IR36 B -
Agusan del Norte Aupagan 1 80 IR36 B -

2 80 IR36 L 0 
Davao Davao City 1 35 Unk E 38 
Davao del Norte Santo Tomas 1 25 Unk L 54 
Davao del Sur Magsaysay 1 40 Unk B -

Bansalan 1 20 IR56 L 11 
Sultan Kudarat Isulan 1 10 Unk E 11 

2 10 Unk L 1 
Mariano Marcos I 30 Unk L 39 

2 45 IR46-9 R 45 
3 75 1R46-9 E 75 

= 
aE = early tillering, L = late tillering, B booting, R ratcon. bDash (- indicates no sweeping; plants were at booting stage. 



Table 2. Average number of rice virus vectors collected by 
light trapa at IRRI and percentage of infective insects, 
1983. -

Insects (no./trap) Infective insects W 
Month 

vectorsb 

Jan 8 1 0 0 0 
Feb 8 1 0 0 0 
Mar 55 43 3.0 0.5 0 
Apr 142 86 2.3 0 0 
May 35 42 3.0 1.3 5.7 
Jun 21 6 3.7 0 4.3 
Jul 77 5 0.8 0 0 
Aug 2026 322 0.1 0 0.4 
Sep 598 398 0.3 0 0 
Oct 131 119 1.3 0 0.8 
Nov 151 244 2.7 0 2.7 
Dec 8 1 0 0 0 
aFrom700 t0aarm00to 2000 h after sunset.N virescons, N. nigro-

pictus, and R. dorsalis. The ratio among the 3 species for 
the whole period was 46:40:14. 

Table 3. Virus-carrying BPH caught by high beam trap as 
detected by ELISA, 1983. 

BPH 

Sample 
no. 

Collection date Tested 
(no.) 

With GSV 

No. % 

With RSV 

No. % 

1 28 Jan-6 Feb 5 0 0 1 20.0 
2 7-16 Feb 0 - - - -

3 17-26 Feb 13 1 7.7 2 15.4 
4 27 Feb-8 Mar 67 8 11.9 13 19.4 

5 9-18 Mar 33 1 3.0 0 0 
6 19-28 Mar 207 0 0 0 0 
7 29 Mar-7 Apr 271 9 3.3 34 12.5 
8 8-17 Apr 134 0 0 3 2.2 
9 8-27 Apr 139 0 0 4 2.9 

10 28 Apr-7 May 74 1 1.4 2 2.7 
11 8-17 May 60 2 3.3 1 1.7 
12 18-27 May 65 1 1.5 3 4.6 
13 28 May-6 Jun 27 0 0 3 11.1 
14 7-16 Jun 99 3 3.0 6 6.1 
15 17-26 Jun 91 1 1.1 3 3.3 
16 27 Jun-6 Jul 108 0 0 4 3.7 
17 7-16 Jul 41 0 0 2 4.9 
18 
19 

17-26 Jul 
27 Jul-5 Aug 

0
0 -- -- -

20 
21 
22 

6-15 Aug 
16-25 Aug 
26 AugA Sep 

0 
339 
407 

-
3 
0 

-
0.9 
0 

-
7 

17 

-
2.1 
4.2 

23 
24 
25 
26 
27Toa 

5-14 Sep 
15-24 Sep 
25 Sep-4 Oct 
5-14 Oct 
15-240Oct 

199 
145 

55 
43 
66

25268 

1 
0 
0 
0 
1

3 

0.5 
0 
0 
0 
1.5

1. 

2 
0 
0 
0 
0

10 

1.0 
0 
0 
0 
0 
40 

Total_2688_32_1.2_ 107_4.0_ 

CONIROI. ANt) MANAGEIMENI 01: RICE PESTS 167 

vectors continued at 1R I and serial transmission 
tests determined the infectivity of some of the 
trapped vectors. 

As in previous years, few rice virus vectors were 
collected in December-February. The percentage
of infective RTV vectors -- Nephotettix virescens, 

N. nigropictus,and Recilia dIorsalis -- ranged from 
0.1 to 3.7% (Table 2), although RTV incidences 

were relatively high on the farm. The overall 
incidences of GSV and RSV were low; the per
centage of infective 13PH was also low. 

Detection by ELISA of virus-carrying BPH 
caught by high beam trap (Plant Pathology and 
Elnomologq'). The enzyme-linked immunosorbent 

assay (ELISA) was applied to detect GSV and 
RSV in individual migratin- 8PH caught daily bv 

high beam light trap. All BPH were tested if thediynme a esta 4 
daily number was less than 54. 

Use of immunoglobulin gamma from antiserum 
for GSV and RSV showed 1.2% of 2,688 BPH 
tested were carriers of GSV and 4.0% RSV (Table 
3). About 0.4% carried both viruses. 

This study is significant for epidemiology of rice 

virus vectors. Similar studies are being conducted 

on BPH caught by sweep nets in Laguna. 
Infectivity of field- ollected green leafhopper 

(Plant Pathology). High KTV incidences in some 

IR varieties were observed in and around IRRI in 
1983. Infectivity tests of N. vitescens collected from 

fields with more than 80% RTV infection were 
conducted to determine whether the insects' trans
missive ability increased. 

GLH were collected in RTV-diseased fields 
planted to IR42 and Sinandomeng. They were 
immediately tested for their infectivity on RTV

susceptible TNI, IR.', and RTV-resistant 1R54. 
The results are in Table 4. 

Some insects were given 2-d feeding time on 

diseased plants from fields with more than 80% 
RTV aad their infectivity was compared with that 
of a greenhouse colony. Infectivity of the field 
colony on 1R42 was lower than that of the 
greenhouse colony (Table 5). There is no remark
able change in GLH's abilit, to transmit RTV to 

TNI, 1R42, and 1R54 even when the insects were 
obtained from severely infected fields planted with 
the same variety. 

Incidence of RTV complex in the field. (Plant 
Patholog.). Occurrence of the RTV complex in 



168 IRRI ANNUAL RIlI'OlIT FORl 1983 

Table 4. Infectivity of field-collected N. virescens tested naturally infected rice varieties was studied in 1982 
immediately after collection on TN1, IR42, and IR54, WS when a high incidence of RTV occurred at 
1983. IRRI. Leaves from diseased and healthy-looking 

N. virescens plants were collected from infected fields and the 
Collection Varietya Test latex test determined presence of RTV complex. Of

site planted variety Tes(no.)te d In fec tivev 326 leaf samples with typical RTV symptoms, 325 

No. % were infected with both RTBV and RTSV, and I 
Bay, IR42 TN1 285 89 3 by RTBV alone. Plants showing typical RTV 

Bay, I R2 TN 28 8931.22 
Laguna IR42 301 70 23.26 symptoms in the field were generally infected with 

IR54 276 21 7.61 both RTBV and RTSV. Of 195 leaves sampled
Maahas, IR42 TN1 111 34 30.63 from healthy-looking plants, 105 contained RTSV 
Laguna IR42 116 19 16.38 

IR54 108 17 15.74 alone (Table 6). 
Calauan, Sinandomeng TN1 76 13 17.10 Generally, greenhouse tests show low RTSV 

Laguia IR42 76 8 10.52 infection even when virus sources are infected with 
IR54 71 8 11.27 

both RTBV and RTSV. Once RTSV is isolated,
aRTV incidence of more than 80%. however, it is easily transmitted by leafhoppers. 

The unusually high incidence of RTSV in the field 
indicates that as art independent virus disease,RTSV is spreading at IRRI. This is the first report 

Table 5. Comparative infectivity of field-collected and on is spral at I R T s i contre s 
greenhouse-reared N. virescens. 1983. on the natural occurrence of RTSV in countries 

where RTV occurs except in ,Japan where it is 
N. viresconsb called rice waika virus. 

Cl,ollction Test The field reaction of lR varieties (replicated yieldColony a 
site and yTeste Infective 

variety planted (no.) trial - 1983 WS - unprotected) to RTV complex
No. % was determined using the same procedure. Leaf 

Field IRRI, IR42 TN1 120 108 90.0 samples from all plants in each variety were tested. 
IR42 119 107 89.9 The incidence of RTV complex varied according to 

Field IRRI, UPRi-2 TN1 117 108 92.3 variety (Table 7). 
1R42 118 92 77.9 

Field Bay, Laguna, TN1 90 64 71.1 
1R42 IR42 112 78 69.6 

Green. IRRI, TN1 TN1 107 86 80.3 CIEMIAl. CONTR(). OF IJNGAI )IS'ASES 
house IR42 108 85 78.7 Plant Paihology De)partment 

aExcept for greenhouse colony, insects were collected An experiment at an upland rainfed field in Santo 
from fields with more than 80% RTV incidence. bAcqui
sition access time of 2 d on diseased plants obtained from Tomas, Batangas, during 1983 WS tested four 
site of collection. fungicides used to control BS, grain discoloration, 

Table 6. Incidence of RTBV and RTSV on some varieties with and without RTV symptoms as detected by latex test. 
IRRI, 1983. 

With RTV symptoms Without RTV symptoms 

Variety Leaves RTBV + Leaves RTBV + 
tested RTBV RTBV RTSV None tested RTSV RTBV RTSV None 
(no.) (no.) 

IR8 50 50 0 0 0 50 0 0 17 33 
IR22 75 75 0 0 0 75 3 0 53 19 
IR36 71 71 0 0 0 29 2 0 23 4 
1R42 61 60 1 0 0 10 2 0 6 2 
UPL-Ri 2 69 69 0 0 0 31 6 2 6 17 

Total 326 325 1 0 0 195 13 2 105 75 
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Table 7. Field reaction of IR varietiesa to RTV complex. Table 8. Effects of 4 fungicide treatments on BS, grainIRRI, 1983. discoloration, neck BI, and yield in IR50 at an upland 
rainfed site. 1983. 

Plants tested Plants (%) reacting toVariety 
(no.) Treatmenta BS Grain disco- nec YieldRTBV + RTBV RTSV NoneRTSV (%)b oration (%) infection /ha)(%) 

Captafol (50% 37.7IR5 42 bc 61.8 bc 46.2 b 2.3 bc50 5 43 2 WP)8 25 96 0 4 020 Chlorothalonil 36.7 bc 54.945 20 60 b 38.3 b 2.6 ab67 13 (75% WP)22 33 20 60 321 Mancozeb 40.6 c 57.6 b 41.9 b 2.5ab24 43 0 58 2 40 (80% WP)26 36 6 19 0 75 Edifenphos 12.7 a 45.8 b 4.2 a 3.0 a28 49 43 14 20 23 (50% EC) 
29 48 21 13 10 56 Unsprayed 55.2 d 82.530 49 c 68.2 c 2.0 c18 29 
 8 45-inoculated32 48 56 11 25 8 check34 53 73 0 19 8 Unsprayed 48.4 c 42.1 a 63.2 c 2.2 bc36 40 45 0 40 15 unino
38 50 40 2. 14 18 culated
40 49 12 53 314 ched 
42 45 91 0 9 0 check43 42 71 10 2 17 Fungicides were applied 3 times at 1.0 kg or litre of44 41 71 0 17 12 formulated product per ha. bpercentage flag leaf area with45 36 86 0 14 0 BS symptoms.
46 50 96 2 2 0 
48 43 88 0 12 050 49 19 14 22 45 Three days after the first chemical spray, BS fungus52 31 19 10 42 2954 50 18 10 36 
56 44 14 

36 was inoculated using a mixture of two virulent11 11 64 isolates. BI occurred naturally with inoculum from58 30 20 430 37 an adjacent experiment.
60 52 13 13 27 47TN1 63 95 0 3 2 Compared to the three other fungicides and theaReplicated yield trials, 1983 WS (Block 400, unpro- unsprayed inoculated check edifenphos signific

tected). antly reduced BS infection on the flag leaves (Table
8). All treatments had less grain discoloration than 
the check. Edifenphos was best for neck B controland neck BI on IR50. Captafol (50% WP), chloro- although other chemical treatments were signifthalonil (75% WP), mancozeb (80% WP), and icantly better than the unsprayed checks.edifenphos (50% EC) were applied three times at Edifenphos-treated plots yielded significantly

weekly intervals beginning at late booting stage. higher than all other treatments. 

Table 9. Effect of fungicide sprays on fungal diseases and yield of IR442-2-58 at an irrigated lowland site. 1983. 

Sprays8a 

Treatment NBLSc ShR Yield
Number Rate Lesions/ Neck (t/ha) 

tiller infection 
1%) 

Edifenphos (50% EC) 6 1.0 22.8 a 0.9 a 0.1 a 0.7 3.8 ab
6 0.5 35.2 b 2.8 abc 0.3 ab 0.9 3.5 ab6 0.25 38.2 bc 9.3 d 0.5 b 0.8 3.4 ab3 0.5 51.0 d 4.8 c 0.9 cBenomyl (50% WP) 6 0.8 3.5 ab1.0 35.5 b 1.8 ab 0.1 a 0.5 4.2 a
6 0.5 41.1 bcd 3.4 bc 0.1 a 0.7 3.9 ab6 0.25 40.3 bcd 9.3 d 0.1 a 0.8 3.0 bNo chemical (check) 49.6 bc 24.4 e d2.8 1.5 2.9 b 

aRates in formulated product/ha. bTillers assessed 1 wk after booting stage; neck infection assessed at harvest. CRated on 
=SES scale of 0 to 9: 0 = no incidence, 9 51 to 100% infection. 
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In a DS experiment in a lowland irrigated field 
in Calauan, Laguna, edifenphos and benomyl were 
tested at various rates for BI control on 1R442-2-58. 
Both reduced naturally occurring leaf and neck BI 
compared to the check (Table 9). Benomyl at the 
highest rate produced yields statistically higher 

Table 10. Effect of fungicide seed treatment on bakanae 
control and grain yield.a 

% with symptomsb 

Mean of 4 replications. bDapog bed reading taken 18 

Treatment Dapog 
bed 

seedlings 

Field 

Tillers Hills 

Yield 
(t/ha) 

Thiophanate methyl 
(70% WP) 

genomyl (50% WP) 

No chemical 

0.3 a 

0.4 a 

16.5 b 

0.06 a 0.6 a 

0.04 a 0.4 a 

7.87 b 33.3 b 

6.2 a 

5.8 ab 

4.7 b 

a 

DAS; field readings taken 8 wk after transplanting. 

Table 11. Viability of R. solani sclerotia collected after 

harvest from irrigated soil with different levels of ShB 

infection. IRRI, 1983. 

Sclerotiab 
Disease 
severitya No. Viable Nonviable 

With Without 

bacteria bacteria 

0-0.1 5 2 3 0 

0-3 15 5 5 5 

5-7 56 32 14 6 
-

aBased on SES. bPer 0.0625 m7 of soil; mean of 4 re-

plications. 

Table 12. Origin of groups of bacterial isolates antagonis-
tic to the growth of R. solani. 1983. 

Isolates (no.) with 

Origin antagonistic % of total 
activitya 

46 61.33Sclerotia 
11 14.66Rhizosphere soil of 

healthy rice plants 
Partially decomposed 9 12 

healthy tissues 
Paddy water 7 9.33 

2 2.66Rhizosphere soil of 
infected plants 

Total 75 

aBased on inhibition zone. 

than those of the check (difference of 1.3 t/ ha). The 
treatments reduced NBLS but had no significant 
effect on ShR. Neck Bl was controlled by the three
spray edifenphos treatment beginning at heading. 

An IRRI field experiment evaluated IR42 yield 
loss from bakanae disease by using fungicide seed 

Table 13. Effect at seed treatment with fluorescent and 
nonfluorescent bacteria on incidence and severity of ShB. 
1983. 

Severity 
Incidenceb (%) (lesion 

Treatment 
a length, cm) 

Trial Trial 
1 2 Trial Trial 

1 2 

Pathogen alone 93.7 97.53 9.7 4 1
 

Pathogen + fluorescent
 
type of bacteria
 

Pathogen + Inb-4 	 81.4 79.34 5.3 3.09 

Pathogen + In-b-20 84.7 72.44 4.1 3.28 
Pathogen + In-b-22 86.5 70.92 2.6 3.57 
Pathogen + In-b-27 87.0 83.28 4.8 3.91 

Pathogen + In-b-23 	 89.2 85.29 3.6 2.66 

Pathogen + In-b.24 91 77.88 2.8 3.20 

Pathogen + nonfluorescent 
type of bacteria 

Pathogen + In-b-17 	 e0.2 69.47 1.7 3.24 

Pathogen + In-b-9 80.9 89.8S 3.7 4.0 

Pathogen + ln-b-3 86.3 71.58 4.0 3.07 

apathogen and autoclaved soil were mixed together then 

sown with IR36 seeds treated with antagonistic bacteria 
for 10 min (1 X 10 cells/ml). bData were taken 26 DAS. 

Table 14. Effect of seed treatment with fluorescent and 

nonfluorescent bacteria on sclerotia produced by ShB 

pathogen. 1983. 
No. of sclerotia produced/40 

Treatmenta 	 plantsb 

1 11 111 IV 

P 	 13 15 7 
Pathogen + fluorescent 

type of bacteria 

Pathogen + In-b-4 8 0 0 0 

Pathogen + In-b-27 0 0 0 0 

Pathogen + In-b-22 	 0 0 17 0 

Pathogen + In-b-24 	 2 0 0 0 

0 0 21 8Pathogen + In-b-20 


Pathogen + In-b-23 
 3 11 34 16 

Pathogen + nonfluorescent 
type of bacteria 

Pathogen + ln-b-9 0 3 14 0 

Pathogen + ln-b-3 0 0 21 14 
5 0Pathogen + In-b-17 	 0 12 

aPathogen and autoclaved soil were mixed together then 

sown with IR36 seeds treated with antagonistic bacteria 
for 10 min (1 X 109cells/ml). bData were taken 2 DAS. 



treatments and naturally infected seed. Treatments 
were benomyl (50% WP) at 1.5 g formulated 
product (fp)/1.5 litre suspension per kg seed, 
thiophanate methyl at 3.0 g fp, and an untreated 
check. Both fungicides controlled the disease and 
the thiophanate methyl treatment resulted in sig-
nificantly higher yield (Table 10), presumably from 
bakanae control. 
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I. Occurrence of Trichoderma in upland fields, Nov 1982-Oct 1983. 
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BIOLOGICAL CONTROL 
Plant Pathology Department 

Influence of antagonistic bacteria on sheath blight 
pathogen. Sclerotia were the primary source of 
inoculum for ShB infection. The population and 
viability of Rhizoctonia solani sclerotia collected 
after harvest from irrigated soil with different levels 

May Jun Jul Aug Sep Oct 
Maize 7 o 7/ Maize 

Wet 

May Jun Jul Aug Sep Oct 
" Falow ,//Rice 

Wet - Flooded - Wet -

May Jun Jul Aug Sep Oct, 

Rice ghum 

-Wet - Flooded -Wet 
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of ShB infection were determined by collecting 
sclerotia samples from the upper 3 cm of 25- X 
25-cm surface soil. When the disease was severe, 
the number ofsclerotia was also high (56/.0625 M2 ) 

(Table II). Sclerotia viability was 57.1%. Of the 
nonviable sclerotia, 50-100% were colonized by 
bacteria, most of which inhibited mycelial growth 
of the pathogen (Table 12). Of 75 isolates showing 
antagonistic activity, 61.33% were isolated from 
sclerotia. 

The influence of antagonistic bacteria on ShB 
development was further evaluated in the green-
house. 1R36 secds were soaked in bacterial sus-
pension (about 10" cells' ml) for 10 min before 
sowing in trays filled with a mixture of sterilized 
soil and 7-d-old inoculum of R. solani isolate 
LR-l. Disease incidence and severity were meas-
ured 26 DAS and the sclerotia attached to the plant 
were counted. Both nonfluorescent and fluorescent 
bacteria reduced disease incidence and severity 
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2. Occurrence of Trichodernia in rainfed fields. Nov 19x2-Oct 1983. 

compared with plants without bacteria (Table 13). 
Nonfluorescent bacteria appeared more effective 
than the fluorescent. Bacteria also affected sclerotia 
production of the pathogen (Table 14). 

Trichodermasp. in upland rice fields. A survey 
determined the presence of Trichoderma harz.a
num and T.viride in soils representative of different 
rice culture types: upland, rainfed, and irrigated. 
The number of Trichodermawas highest in upland 
soil (Fig. 1). Trichodermaoccurred more often in a 
rainfed lowland field when an upland crop was 
planted after rice (Fig. 2) than when only rice was 
planted (Fig. 3). 7. harzianum was more abundant 
than T. viride. 

INT:I. I ENCE OF RICE INSECIS ON RICE I)IS iASES 
Plant Pathologyanti Fntomologt Deparments 

Rice grain discoloration due to pests. Ilenti/iation 
Ofpest species. Insect pests which cause grain 

r7.harzionum 
T viride 
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discoloration were collected with sweep nets at coniella padwickii, Curvularia hnata, Drechslera
IRRI fields. Identified species were IyTuocorisa orvzae, tusariun sp., Phoma sp., and Sarocla
oraloriuls,Ah'nida variljiusi, EI1sYcoris V'llral/i, dium or' :ae (Table 16).
and Nezara viridula. L. oratorius was the most Pathogqenicit" tvet of associatedorganisims. Toabundant in December 1983 (Fig. 4). test the pathogenicity of organisms associated withIR56 was most severely discolored in WS (Table rice grain discoloration, IR22 and IR36 were15). The blotter method identified these fungi inoculated separately at the flowering stage with
associated with rice grain discoloration: Tricho- about 80,000 spores, ml of different pathogens. 
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Buqs /20 sweeps 
40" 

3/?Ice bug 

5 Penlalomld bug 

30I 

25

20 

15 

o 

lf 

IR8 IR22 IR36 IR50 IR56 

Variety 

4. Population density of R1 and a pctntatortid bug at milk stage of 
%arietiesat the nest IRRI farmi.1983 DS. 

Table 15. Discoloration of rice grains from I RRI field in 

1983 VVS.
 

_-

Grains %) 

Discolored Healthy 

IR56 60.0 40.0 
IR8 27.0 73.0 
1R54 15.4 84.6 

IR36 13.0 87.0 

a3,000 grain/variety. 

associated
Table 16. Average percentage of organisms 

with rice grain discoloration on 4 varieties. 1983 WS. 

Pircen tage isolateda 

Organism 
IR36 IR54 IR8 IR56 

Trichoconiella padwickii 26.0 40.0 15.0 17.8
 

Curvularialunata 
 15.0 7.9 10.0 3.0 

- 5.3 1.0 -Drechslera oryzae 
Fusariumsolani 0.5 - - 6.75 

3.8 2.5 4.5 13.6Fusarium equiseti 
Fusarium semitectum 13.5 3.1 6.66 15.5 

Fusarium moniliforme -  - 0.5 

Alternaria tenuis - - 1.0 0.5 

Alternaria longissima 0.5 - 5.5 2.33 

Phoma sp. 3.0 1.76 4.3 3.0 
- 0,5 4.5 0.83Sarocladium oryzae 


Nigrospora sp. - 0.5 - 0.66 

-
Pithomyces - 1.0 0.5 

Gerlachia oryzae - 1.0 1.0 

- 0.83 0.5 0.5Cladosporium sp, 
- 0.5 - -Penicillium sp. 

Aspergil/us sp. 0.5 - 0.5 -
Nematode sp, - 1.0 - a s 

Table 17. Degree of grain discoloration caused by differ
ent organisms inoculated on IR22 and IR36. 1983. 

Discolorationa 

Organism 
IR22 IR36 

Curvularia lunata 2.0 
Phoma sp. 2.0 

Drechslera oryzae 3.0 -

Fusarium solani - 2.0 
3.0Trichoconiella padwickii 
2.3Sarocladium oryzae 

- 2.0Alternaria tenuis 
- 1.0Nigrospora oryzae 

Control - 0 

aAv of 3 replications. Severity of discoloration: 0-3. 

not inoculated with organisms. 

IR22 was inoculated with /). orizae, C. hnata,and 
Pholin sp., and IR36 was inoculated with tsa

rium .lani, T. padst'ickii,Alernaria tenuis, and 

,qro.ora orv:ae. The plants were incubated at 

230C for 30 h, and the severity of discoloration was 
recorded 3 WAI. Each pathogen produced a 
different degree of discoloration (Table 17). 

Grains were inoculated with the organisms. 

When reisolated, the organisms were the same 
(Table 18). 

Interaction betwveen rice hugs anl C. lun1ata. 

IR36 was infested at early milk stage with 5th
instar RB 2 d before sprayiiag with C lhnata. 
TreatmentsweredifferentcombinationsofRBand 
Creataelod were gatere 30 DAI. 
C. hinata.Yield loss data were gathered 30 DAL. A 

high percentage of unfilled grains accompanied RB 
infection with or without C. hnatainfection. Grain 

Table 18. Percentage of organisms isolated from those 

previously inoculated on I R22 and I R36. 

%a 

Organism 
1R22 IR36 

50.0Curvularia lunata 
Phoma sp. 68.0 
Drechslera oryzae 68.0 

- 98.0 
- 88.0 

Fusarium solani 
Trichoconiella padwickii 

- 66.3Sarocladium oryzae 
- 56.6Alternaria tenuis 
- 37.3Nigrospora oryzae 

Control - 0 
s'p.1 observed/treatment. - = not inoculateda3 0 0 .4 0 0 

aAv of 3 replications. 200 seeds observed/variety, with organisms. 
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discoloration was signilicantlyv higher on treat- T-ble 21. Effect of BPH infestation and ShB infection onmerits \where both pests \ere present than \-hen degree of hopperburn on IR22 and TN1. 1983.they occurred singly, but C. hiata infection 
Contributed more tograin discoloration (Table 19). Treatment Av dlegree of hopperburna 

Brown planthopper and sheath blight pathogen IR22 TN1 
interaction. A study investigated the interaction
between insect infe,;tation and disease pathogen BPH + ShBb 7.83 c 7.19 cinfection on rice plants. IR22 and FN I at maximum BPHc + ShBb 0.00 a 0.25 atillering stage were infested with 100 4th-instar BPH only 5.67 b 4.75 bBPH per pot containing I hill of 10 tillers. They ShB onlyb 0.00 a 0.00 awere inoculated with a culture ofR.solani, the ShB Control 0.00 a 0.00 a 
pathogen, 7 )I. 

aDegree of hopperburn: 1-9. Av of 4 replications. blnccu.Disease on both varieties was significantly more lation of R. solani 7 d after BPH infestation. CBPH were 
severe when both IlPHland the ShiB pathogen were removed 7 DI, before inoculation of R. solani. 
present than when the ShB pathogen was alone
 
(Table 20).
 

Degree of hoppcrburn on both varieties 
was Table 22. Transmis on of RTBV and RTSV by N.
significantly higher when BPH and ShB pathogen 

virescens a 
which were allowed sequential accesses toplants infected with RTBV or RTSV alone. 1983. 

were combined than w\'hen BPH was alone (Table
 
21). 
 Accinisition access Plants (no.) with virusesbThe apparent synergistic interaction between 1st for 2d for

BPH and R. .solaniwill be ':tudied further. 1 d 8 hB
 

RTSV None 0 0 25 10Table 19. Effect of RB damage and C. lunata infection on None RTSV 0 0grain discoloration and production of unfilled grains of 
7 8

RTSV RTBV 31 11 2 6IR36. 1983. RTBV None 0 0 0 39 

Mean a 
None RTBV 0Treatment 0 0 14RTBV RTSV 0 0 24 20 

Discoloration Unfilled grainsiricidenceb (%l) 
_______ M aThree insects/seedling for overnight inoculation access.20 RB + Curvularia 8.5 I 73.75 c bDetected serologically by latex test.


14 RB + Curvularia 
 6.5 ef 72.50 c
 
8 RB i Curvularia 
 5.0 de 70.00 cCurvularia 4.0 cd 51.00 b \' RItS-Vii'iOR I\ ERAC[ONS

20 RB 4.5 c 74.75 c
14 RB 3.0 ab 75.00 c Plaill Patlhoh r Depariment
8 RB .5 ab 55.00 b
 

Control 
 1.5 a 18.50 a Transmission of rice tungro virus complex by N.
aAv of 4 replications bDiscoloration incidence scale: 0-9. virescens. TheGL H transmitted RTBV and RTSV 

singly or together from rice plants infected with 
Table 20. Effect of BPH infestation and ShB infection on both RTBV and RTSV. RTBV was not transmitteddisease severity of IR22 and TN 1. 1983. from plants infected with RTBV alone, but RTSV 

Av disease severitya was transmitted alone. RTBV transmission
Treatment 
Treatment IR22 TN1 occurred when GLH fed previously on RTSV-BPH I ShBb 5.33 c 7.00 d infected plants (Table 22). The minimum acquisi-BPHc + ShBb 4.00 c 4.25 c 
BPH only 0.00 a 

tion feeding period for RTSV or hypothetical
0.00 a "helper component" for RTBV transmission wasShB onlyb 2.75 b 3.25 bControl O.00 a 0.00 a about I h. RTBV was acquired after 15 min access.aDisease The leafhopper retained the transmitted RTSV forDsaeseverity: 1-9. Av of 4 replications. blnoculationof R. solani 7 d after BPH infe,tation. CBPH was removed I d. But when the same leafhoppers which failed to7 DI, before inoculation of R. solani. transmit RTSV had access to RTBV-infected 
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plants, RTBV transmission occurred for 7 d. The directly in ELISA. ELISA plate was coated with 
"helper component" was retained by the leafhopper IgG against RTBV or RTSV, and the virus in the 
long after it stopped transmitting RTSV. It was not sample was selectively trapped. Enzyme-IgG con
clear whether the "helper component" was RTSV jugate was complexed with the trapped virus. The 
itself' or a substance produced in the plant as a virus was detected visually or photometrically at 
result of RTSV infection. 405 nm by the coloration of added substrate. 

Determination of RTBV and RTSV infection. Healthy leaf extracts had low absorbance (0.00 
Serological tests are used to determine infection by to 0.09), while infected leaf extracts turned an 
RTBV, RTSV, or both viruses in RTV-infected intense yellow and had signilicantly higher absor
plants. Insect transmission and disease symptoms bances (Table 23). ELISA can be used to differen
were used to determine whether plants were in- tiate healthy from RTV diseased rice plants. The 
fected by the RTV complex. absorbance of homogenates of plants infected with 

Seven-d-old TN I seedlings were inoculated by RTS\ alone or with RTSV + RTBV were lower 
N. virescens after feeding on plants infected with than those from RTBV-infected plants. This indi
both RTBV and RTSV. One moafter inoculation, cates that RTSV is more difficult to detect than 
plants showing symptoms were separated from the RTBV. 
healthy-looking plants. Ten GLH fed on each 
diseased plant for I d and then were individually IURIFICATION AND SEROLOGY OF RICE GRASSY 

tested for their infectivity to healthy N I seedlings. STUNT VIRUS 2 

Source plants that transmitted disease were de- Plant Patholog.' Department 
signated as RTBV- and RTSV-infected and those 
that did not, as RTBV-infected. At the Institute of Plant Virus Research in Japan, 

Each healthy-looking plant separated earlier rice grassy stunt virus 2 (GSV 2) was purified 
was also used as a virus source for I d feeding by following the procedure for purifying RGSV. The 
virus-free N. virescens followed by another I-d purified virus fraction had a maximum absorbance 
feeding on plants designated as RTBV-infected. of 260 nm and minimum at 246-247 nm, which is 
Source plants that infected TN I test seedlings were typical ofa nucleoprotein. The average ratio of UV 
designated as RTSV-infected and those that gave absorption at 260 nm and 280 nm (A 260/280) for 
negative results, as healthy plants. purified virus was about 1.29. Virus yields from 

Of 68 inoculated plants, 31 were infected with 300-400 g of infected plant tissue ranged from 0.85-
RTBV and RTSV, 22 by RTBV alone, and I by 2.0 OD260 units. Electron microscope examination 
RTSV alone. The 100% reliability of this detection of purified virus parti..ies, negati',ely stained with 
method for RTV complex was verified by the latex uranyl acetate ( 1/b), revealed filamentous particles 
test. of various lengths (Fig. 5). 

In another test using plants inoculated with Rabbits were immunized with purified virus and 
RTSV alone, 12 out of 14 plants were identified as antisera with a titer of 1:640 were obtained. 
infected by RTSV by both methods. 

Table 23. Reactions of RTSV-, RTBV-, or RTSV + 
DETECTION OF TUNGRO-ASSOCIATED VIRIUSES BY RTBV-infected TN1 to IgG isolated from an antiserum 
ENZYME-LINKED IMMUNOSORBENT ASSAY for RTSV or RTBV. IRRI, 1983. 

Sample Reaction 
a to 

Plant Pahology'Department 
RTSV-lgG RTBV-IgG 

An experiment was set up to see if ELISA could 

detect RTSV and RTBV. IgG fraction was isolated Healthy (control) - (0.00) - (0.00) 
- (0.00)from each antiserum by AS precipitation and RTSV-infected ++ (0.24) 

RTBV-infected - (0.00) +++ (2.14)
diethylamino ethyl cellulose column chromato- RTSV + RTBV-infected ++ (0.69) +++ (1.87) 

=graphy. The lgG was tagged with the enzyme aVisual evaluation: - coloiless to faint yellow (back

alkaline phosphatase. Plants infected with RTV ground), ++ yellow; ..+ dark yellow. Numbei in 
were homogenized and the extracts were tested parentheses are absorbances at 405 nm. 
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-v showed 	great variation in their use of C and N 
sources. Sucrose, fructose, and raffinose as C 

,, ,.:.. 	 sources and glutamic acid, ornithine, arginine, 
aspartic acid, and NH Cl as N sources were utilized 

,., 
 by at least six isolates. Sporulation of th- isolates 
varied with light treatments and temperature, and 

,, .only one isolate showed heavy sporulation. Con

,;

"'" g. :, ,:,.. ,.: . , 


5. Electron micrograph of purified GSV strain 2 stained with uranyl 
acetate. 1983. The bar represents 100 ran. 

Serological tests were performed by precipitin ring 
interphase and double gel infusion tests. In the ring 
interphase test, antiserum against GSV 2 reacted 
strongly with GSV Iand GSV in Japan. Reciprocal 
tests using antiserum to GSV produced similar 
results. In double diffusion tests, a single band was 
developed between antiserum to GSV and both 
GSV 2 and GSV in Japan. Reaction bands fused 
together (Fig. 6a). Reaction bands between the 
antiserum to GSV 2, and GSV I and GSV 2 also 
fused (Fig. 6b). GSV 2 is serologically very close to 
and indistinguishable from GSV I and GSV in 
Japan. 

PHYSIOLOGY OF RICE PATHOGEN, NUTRITION OF 
HOST PLANT, AND DISEASE DEVELOPMENT 
Plant Pathology Department 

Pathogen physiology. Twelve isolates from dif-
ferent race groups of Cercosporaoryzae (leaf spot) 

A 
6. Serological reactivity of GSV strain I,strain 2, and the Japan isolate. 
1983. A. The center well contains antiserum to Japan isolate and the
peripheral wells contain Japan isolate (J), strain 2 (2), and clarified 
healthy sap (H). B.The center well contains antiserum to strain 2and the 
peripheral wells contain isolate I (I), isolate 2 (2), clarifiedhealthy sap
(H), and buffer(13). 

tinuous exposure 	 to light and incubation at 252
 ° C favored linear growth of ti,e isolates. 

Conidia began germinationafter4 h at 15-350 C. 
No conidia germinated below 98.7% RH at 2535° C. Growth was observed from pH 2.0 to 11.0 
and sporulation from pH 3.0 to I1i.0.

sof t rtiono dsseN 
Effects of host mineral nutrition on disese. N
 

form greatly influenced disease. Ammonitim N 
favored disease development compared to nitrateN in 1R42 and MI-273 plants grown in culture 
solutions with varying ratios of the two N forms 
(Table 24). Increasing Si reduced disease. Increas
ing N increased disease but only in treatments 
having ammonium N as the predominant N form. 
Increasing K and Ca concentrations decreased 
disease severity (Table 25). Mg had no effect. 

MANAGEMENT OF HOST RESISTANCE 
Plant Pathology, Agronom.v, and Plant Breeding 
Departments 

Blast control using upland variety mixtures. Ino
culation trials were conducted by the Plant 
Pathology Department of IRRI and in a farmer's 
upland field near Santo Tomas, Batangas, to 
evaluate three mixture sets, each composed of 
three varieties or breeding lines. The sets were also 
evaluated in the replicated upland yield trials 

Table 24. Effect of N source and N-Si levels on develop
ment of Cercospora leaf spot. 1983. 

Leaf area infected (%) 
N 

Variety level 80% NH4:20% NO 3 20% NH4:80% NO 3 
(ppm) -

30 60 30 60 
ppm Si pprn Si ppm Si pprn Si 

MI-273 20 42.0 18.5 11.8 3.6 
60 44.1 27.9 9.4 3.2120 50.9 38.3 18.0 3.8 

IR42 20 18.5 9.7 3.0 0.1 
60 38.3 11.2 4.3 0.4 

120 38.4 7.5 4.5 0,7 
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Table 25. Effect of K and Ca on Cercospora leaf spot. 
1983. 

Leaf area 'nfected %)at given 
Mineral concentration 


nutrient
 20 ppm 60 ppm 

Ca 71.2 a 35.7 b 
K 31.1 a 16.3 b 

carried out by Agronomy and Plant Breeding. Set 
I had varieties C22, UPLRi3, and UPLRi5; set 2, 

breeding lines IR3839-1, 1R5931-110-1, and 
IR5929-12-1; and set 3, breeding lines 1R6023-10-

The com1-1, IR6115-I-I-I, and lRl001-16-3. 

ponents of each set were sown in pure and 
randomly mixed stands. In the inoculation trials, 
dense bands of sorghum were sown between plots 
to reduce interplot inoculum drift. 

In all of the 14 experiments, leaf BI in the mixed 
stand was less than the pure stand mean (Fig. 7). 
But because of variation between plots, tnedecrease 
was statistically significant in only two cases. 
Similarly, in 9 of 13 experiments, neck BI incidence 
was numerically less in the mixed stands (Fig. 8), 
and in 8 of 14 cases yield was higher in the mixed 
stands(Fig. 9). In general, mixed stands were inore 
effective in reducing leaf BI than neck BI. Since 
neck BI has a more direct effect on yield loss, 
mixtures that give better neck BI control would be 
more likely to give higher yields. Two possible 
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ways to increase disease control are to use varieties 
and lines with more dissimilar genetic background 
than those used in these experiments and to use 
more than three components in the mixture. 

RICE ROOT NEMATODES IN RICE FIELDS 
Plant Pathology Department 

Little is known about the influence of nematodes 
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on rice production. A joint project was initiated 
with scientists from C.A.B. Tropical Plant Nema-
tology, Commonwealth Institute of Parasitology, 
St. Albans, Herts., England, to investigate the 
occurrence of rice parasitic nematodes. A prelim-
inary survey showed the presence of Hirschman-
ni' Ia spp. in IRRI fields. Nematode population 
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density was highest in the 3-rice cropping fields, 
than in 2-rice cropping and I-rice cropping. No 
difference in nematode density was noted among 
IR46, IR9729, 1R54, and Binato over thesampling 
period. In the rice garden, nematodes peaked 
during migration from soil to roots and from roots 
to soil. 
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ECOLOGY AND BIOLOGY 

Entomology Department 

Foodweb of the yellow stem borer. The foodweb of 
the YSB Scirpophagaincertulas in the Philippines 
comprises 118 species (Fig. 1). Predators (57) 
outnumbered parasites (38) and secondary natural 
enemies (23). Dominant predators were spiders 
and beetles. Principal egg parasites were scelionids 
Telenornusrowaniand T. dignus and the eulophid 
Tetrastichusschoenobii.Dominant larval parasites 
were species in genera Temelucha, Bracon, and 
Tropobracon, while the main pupal parasite was 
the ichneumonid Xanthopimpla stemmator. 

Five orthopterans of the genera Metioche, 
Anaxipha, and Conocephaluspreyed on eggs. Thefungi Beaui'eria and Cordyceepsattacked the larvae. 
fungBer aueAamesand e atcker s pheara-.
sitized moths and larvae, 

Twenty-three species of hyperparasites were 
recorded: 57% parasitized spiders, 19% preyed on 
orthopterans, 14% parasitized hymenopterans, and 
5% preyed on mesoveliids. The fungus Gibellula 
feiopus was isolated from the micryphantid spider 
CallitrichiaformosanaOi. 

Brown planthopper migration. Short distance. 
IRRI collaborated with the UK Tropical Develop-
nera and Research Institute (TDRI) and the 
Southeast Asian Regional Center for Graduate 
study and Research in Agriculture in a program to 
learn what role migration plays in tropical popula-
tions of BPH. The long-term field study ended this 
year, and findings are summarized below. 

" Despite the year-round availability of rice as a 
potential insect source, migrant activity is 
strongly seasonal. Flight activities peak during 
maturity of the WS and DS crops in August-
September and March-April. 

* Immigration varies between sites within a few 
kilometres, suggesting that many dispersal 
flights are highly localized. Activity is less at 
more isolated sites, and immigration during 
early crop growth is low. In extensively cul-
tivated areas with more variable planting 
dates, high levels of immigration can occur 
during early crop growth. 

" Since there isno correlation between immigra-
tion rate and population development, this 
cannot predict future control needs. Visual 
observation of population development is the 

only reliable method. Natural enemy action 
appears to be more significant in determining 
population size than the initial level of pest 
immigration. Immigration rates of pest and 
natural enemies are probab!y significant. 
Take-off activity peaks at dusk with a lesser 
occurrence at dawn. Active insects at dusk fly 
significantly longer. Distribution oftheir land
ing times is bimodal with most insects landing 
soon after take-off and another group before 
dawn. Second flights are common. 
Flight capacity is strongly affected by the host 
plant. Insects reared on a resistant rice variety 
can fly only 50% as long as those reared on a 
susceptible variety. 

Long distance. Migrating BPH and other insects 
were monitored using 6 wind-propelled, revolving
type nylon nets (0.5 m diam, 2 m long) and 4 
cross-shaped sticky traps (0.45 m X 0.45 in). The 
insects were collected during two interisland boat 
voyages along fixed commercial routes in 1983 DS 
and WS. 

The DS voyage was 1-8 Mar (Manila-Zambo
anga, Davao-Zamboanga-Manila), and the WS 
trip was 12-18 Oct (Manila-Tablas Is.-Zamboanga
Davao-Dadiangas-Zamboanga-Manila). The del
phacids caught are listed in Table 1. 

Wing morphism in whitebacked planthopper. 
Experiments investigated the influence of rice plant 
age, nymph density (crowding), and parents' wing 
type on the expression of wing morphism in 
WBPH Sogatellafurcifera. 

First-instar WBPH nymphs wcre caged in sepa
rate batches of 10, 20, 50, 100, and 150 nymphs 
each on potted TNI plants aged 25, 45, 75, and 
100 d. Emerging adults were counted according to 
wing morphs and sex. Each treatment was repli
cated four times. 

For morphometric evaluation, 200 brachypter
ous females, 200 macropterous females, and 200 
macropterots males were examined by calibrated 
microscopy for length and width of body, thorax, 
abdomen, and fore and hind wings. 

Results showed that macroptery increased as 
infestation -increased. The regression analysis of 
percent macroptery in relation to nymph density 
showed a highly significant increase during the 
plant vegetative phase. 

Macroptery also increased significantly with 
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Table 1. Delphacids caught in nylon nets and sticky traps 
installed aboard on interisland vassal (M/V Manila City,
William Lines) during DS and WS voyages in the Philip-
pines, 198 3 .a 

psDelphacids (no.) 
Delphacidae species Ds'lis 

OS WS 
Nilaparvata lugens 2 55 

Sogatella furcifera 29 46
 
Cemus sp. 0 1 
Harmalia anacharsis 0 1 
Necondan sp. 0 3 
Nilaparvata bakeri 0 3 
Paradelphacodes sp. 0 3 
Sogatella longifurcifera 2 6 
Sogatella sp. 0 1
Sogatodes geranor 0 2Sogatodespusanus 1 10 

Stenocranus sp. 0 5 
Toya sp. 1 7 

Total 35 143 
aDuring each voyage, 6 nylon nets and 4 sticky traps were 
used. 

plant age, being twice as high on I00-d plants as on 
25-d plants (Table 2). 

Biology of black bug species. Scotinophara 
latiuscula Breddin and S. tarsalis Vollenhoven, 
relatives of the MalayanS. coarciataand Japanese 
S. lurida black bugs, occur in Laguna, Philippines. 
S. tarsa/is is an upland insect that does not feed on 
rice and whose plant host is Centrosemapubevcens. 
S. tarsalis is distinguished by its 6 mm size, brown 
body, light brown antennae, and yellow legs with 
black femora. 

S. latiuscula, which feeds on rice, was studied in 
the IRRI greenhouse. It developed from egg to 
adult in 33-57 d. A female lays about 6 clusters of 
2-14 eggs (av = 10) arranged in 2 to 3 rows which 
hatch in 2-7 d. Nymphs undergo 5 instars and 
complete development in 31-50 d. Adults live 65-
150 d. 

S. laliuscula is oligophagous as it was success
fully reared on Cperusdifformis, C iria, Echino-

Irformisi" m h al , Ein 
thloacrus-galli,Colielinabenghalensis,Echino
chloa colona, Echinochloa glabrescens, Fimbri

miliacea, and li'ptochloachinensis besides
rice. Development stopped at the second nymphal 
instar on Ischaetnutm rugoswn, Imperata cvlin

drica,Leersia hexandra, Digitaria ciliaris, Eleusine 
indica,Monochoriavaginalis, Rottboellia exaltata,
Saccharum spontaneutn, Sorghum halepense, and 

Sp/enoc/ea zti'Ianica. 
Populations of S. latiuscula are kept at low levels 

by natural enemies. A scelionid wasp, Telenomus 
sp. nr. tri)tus Nixon, parasitizes the eggs; two bugs 
-- a pentatomid, Zincrona caeruh'a (L.), and a 
nabid, Stenonabis tagalica (Stal) - prey on 
nymphs. 

Sex pheromone. Trials to ident(i/v the ye'low 
stem borer sex pheromones. Cooperative work 
with TDRI confirmed that female YSB moths 
produced asex pheromone. Further TDRI studies 
led to its identification and synthesis. Gas chroma
tography analyses showed peaks corresponding to 
ZI 1-16:aldehyde and Z9-16:aldehyde in a con
sistent 3:1 ratio. IRRI traps baited with a mixture 
of 750 ug ZI 1-16:aldehyde and 250 mg Z9-16: 
aldehyde caught more male moths than those 
baited with a virgin female moth (Table 3). 

Third component of the striped stem borer sex 
pheromone. The female sex pheromone of the SSB 
was previously identified and synthesized as a 
mixture of Z-1 1-hexadecenal (Z-1 I-HDAL) and 
Z-l3-octadecenal(Z-13-ODAL). Field trials showed 
that these two components are essential for male 
attraction. A third compound (Z-9-HDAL), which 
dramatically increased the number of males caught 
in traps, was recently confirmed in IRRI field tests 
using compounds supplied by Japanese scientists 
(Table 4). 

Table 2. Influence of host plant age on wing morphism in S. furcifera at different 
nymph densities. IRRI, 1982. 

Macropterya %) at different no. of nymphs/plant Mean 
Plant age macroptery 

(d) 10 20 50 100 150 (%) 

25 4a 8 c 12a 24a 25ab 14.6 b 
45 10a 12 bc 13a 24a 21 ab 16.0 b 
75 7a 2lab 23a 24a 18 b 18.6ab 

100 10a 32 a 25 a 35 a 38 a 28.0 a 

aRemaining insects were brachypterous. 
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Table 3. Catches of male YSB moth in sticky board traps Nematodes were present in 21 of 51 fields beforebaited with sex pheromone. IRRI, 1983. flooding, and 8 species were identified. The root-
Treatment Catcha knot nematode Meloidogynegraminicolaoccurred 

750pg Z11-16 CHO + 250Mg Z9-16 CHO 58 a in each field and was serious in three. Rats cut
750 pg Z1 1-16 CHO + 250 mg Z9-16 CHO + 26 b stems from tillering to harvest.
 

50pg Z11-160H
 
750ugZl1-16CHO + 250pg Z9-16CHO + 10 c RSV appeared in flooded fields in August but100 pg Z11-160H was less serious than in 1981 (Table 5). Lisease was750 pg Z1-16CHO+250ygZ9-16CHO+ 7 c less at the sequentia sites and in all survey fields in 

200 jig Z1 1-160OH
Virgin female 21 b 1982. BPH numbers in the 1982 preflood periodBlank (control) 0 d were also lower. Less RSV was probably the main
aFrom 2 locations in 48 nights, reason for higher 1982 yields in the Nakhon Nayok 

area. 

Matingdisruptionlbrstriledstemborercontrol. YSB was the major pest causing widespread
Trials were conducted using a Hercon laminate yield losses. Despite drier conditions and late 
formulation (pheromone impregnated in plastic) flooding, the pattern and degree of stem damage
dosed at 42 mg/2.54 cm2 to disrupt SSB mating. closely resembled that of 1981. Thailand's 2-yr
The laminates were cut into 0.63 X 0.63 cm and record is very similar to the 4-yr average in 
attached to rice plants at 2/3 plant height at a Bangladesh 1977-80. This shows that YSB is well 
density of one piece/m2. Clipped-wing virgin female adapted to deepwater rice and is a serious pest
moths exposed overnight in the field and then throughout the region. In the 1982 preflood period,
dissected to determine mating status showed that YSB, and dark-headed and pink borers were 
only 20% mated (Fig. 2). present in low numbers. Dissections in 15 fields 

showed a mean of 1.6% damaged stems compared 
with 0.7% deadhearts in quadrat counts (ratio ofTable 4. Three components of the rice SSB female phe- 2:3:1). YSB was dominant in the main flooding

romone. IRRI, 1983. period and by heading stage had attacked one-fifth 
Males 

Components caught a 

(no.) Cumulative no. of mated females (cv of 2 replications)
Z-11-HDAL + Z-13-ODAL 40
 
Z-1 1-HDAL + Z-13-ODAL + Z-9-HDAL 959
 
Virgin female 
 156 
Solvent control (ethyl acetate) 0 
a From 3 locations at IRRI in Oct 1983 and 63 trap nights 
(21 nights at 3 locations) (21 X 3 = 63). Control 

for)40 (-

DAMAGE ASSESSMENT 
Control 

Entomology'Department 
(near 

Survcy of rice pests in deepwater rice. The IRRI/ 
Thai Department of Agriculture and Thai Divi- Laminates applied 
sions of Entomology/Zoology and Pathology Treated 
monitored farmers' fields for deepwater rice pests 
from early seedling stage 1982 to harvest in 1982- 10 
83. A complex of leafeaters - flea beetle, leaf
folder, hispa, thrips, and RWM - caused minor 
damage in many fields before flooding. Some BS C 

and BI infection also occurred. The gryllid Euscyr- -4 -2 0 2 4 6 8 10 12 14 16 
tus concinnus damaged 16% of the fields, a fewater Hercon placements everely.G amidge pre eld 16% athe o s, ew 2.Cumulative number in open fields of mated S B female mothsseverely. Gall midge was present at very low levels, treated with Hercon laminates. IRRI farm, 1982 WS. 



186 IRRI ANNUAL REPORT FOR 1983 

Table 5. BPH and RSV incidence in deepwater rice fields. Thailand, 1981 and 1982. 

RSV
BPH before 
floodinga Fields Fields Fields (%) with 

with given symptomAdults/ examinedFields 
sampled 100 sweeps 

(no.) 

1981 35 12.5 
1982 74 2.3 

aPeriod of major virus transmission. 

of the stems. Of the 37% stems damaged at harvest 
(Fig. 3), 2% were caused by pink borer, 15% by 
dark-headed borer, and 20% by YSB. The ratio of 
damaged stems to whitehead was 10.6:1 with a 
mean of 3.5% whiteheads in 35 quadrat counts. 
With an outbreak threshold of 20% damaged stems 
up to heading stage and 33% at maturity, 28% of 

the fields were at outbreak level by late elongation 
stage and >50% from booting stage to harvest. 

Yield losses from yellow stem borer in deepwater 

rice. Cooperative work of the IRRI/Thai Depart
ment ofAgriculture and Thai Entomology/ Zoology 
Division involved growing four varieties in pots 
and exposing one set to YSB larv,te. Infestation 
and yields were measured at maturity. Unfor-
tunately, mealy bugs, RSV, and mechanical dam--
age caused severe experimental error in some 
studies. Leb Mue Nahng Ill (LMNIII) and 
Leuang Pratew 123 (LPT123) yields were reduced 
by about one-third with 85-89/' damage at maturity 
(Table 6). Fewer bearing stems and reduced 
panicle weight (fewer filled grains) reduced yield. 
When exposed after flowering, Habiganj Aman II 
suffered a 19% yield loss from poor grain filling. 
Shulphan had the lowest damage rate and negli
gible yield loss. 

In floating exclusion cages in a transplanted field 
of LPT123 flooded to 80-cm depth, YSB reduced 
yield by 48% because of moderate loss of bearing 
stems and reduced panicle weight from poor grain 
filling. Tiiere were 18 times more deadhearts and 
whiteheads, and 6 times more nodal tillers in the 
infested cages than in the checks. 

Yield loss from ragged stunt virus indeepwater
rice. In pot studies under simulated field conditions, 

the IRRI/Thai Department of Agriculture and 

(no.) symptoms %) levpl 

>15% >8% 

48 91 21 29 
73 34 0 6 

Damaged stems (%) 

40 

Surveys of 9V fieds 
d 

30 

20 looting 

Late 

10 enrion 

Early eogatson 

1_yn__ 
JJN JUL AUG SEP OCT NOV DEC I JAN 

40 -

Sludy fieldat huntir 

30 

20 

10 

JUL AUG SEP OCT NOV DEC JAN 

3.Stem damage by SB (predominantly YSB Scirpophaga incertulas) in 
surveys ofdecpwater Tice fields in Thailand and in a study field at Huntra, 
Ayutthaya Province,Thailand, 1982. 
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Table 6. Crop loss from YSB in deepwater rice. Huntra, Thailand, 1982. 

Variety 

Pot experiments 
LMN111 (il 
LMN111 (ii) 
LPT123 

Habiganj Aman II 
Shulpan 

0 89 
0 88 
0 85 
0 88 
5 16 

Field cage exclusions 
LPT123 7 94 


Thai Plant Pathology Division found that RSV, 

transmitted by BPH in seedling to early stem 

elongation stages, reduced yields of two deepwater 


Grain wt (g/ plant) 

IExposed to nonviruliferous insects 

NNot exposed (check) 

6- Khoo Ta' Hoengi7 

5 
4 

3 
* 

2 -and 

Ibut in combination with the YSB, pests did reduceI 

01n Goew 56 

Seeding Basal Early Late Flowering 


fillering elongaion ebngation 


Stage of infection 

I. Effects of time of RSV infection on grain yield of 2 decpwater rice 
iarities, Thailand, 1982. Yieldsbasedonmean/pot. ANOVAforplants
:xposed toviruliferous insects: KhaoTah Haengl7:P<0.01,F= 5.41, 
'V= 48.8%, LSD I%= 1.21; Pin Gaew 56: P< 0.01, F= 7.18, CV=13.0%, LSD 1%= 0.87. 

Damaged stems at Reduction in 
maturity (%) 

V Yield Bearing Panicle 
Check Exposed (%) stems %) wt (%) 

33 38 0 
30" 0 24 
28 - 26 16 
19 * 0 19 
4 - -

48 . 14 40 

varieties by 50-100% (Fig. 4). Yields were not 
affected by inoculation during the main flooding 
period (late stem elongation and flowering stages). 
Infection caused severe stunting (which led to plant 
mortality from rising waer, distict foliar symp
toms, delayed flowering in one variety, and empty 
or partially filled panicles. Symptoms resembledthose of lowland rice and were most severe during 
early infection. Symptoms were milder in the late
maturing Pin Gaew 56 ,han in the early Khao Tah 

Haeng 17. Field infection may be reduced by
controlling vector populations before flooding. 
Resistance screening for both RSV and its vector 
can be done in the seedling stage. 

Yield losses caused by multiple species infesta
tions. Studies at IRRI in 1983 indicated that GHC 

RWM did not cause significant yield losses, 

yield (Table 7). Combinations of YSB and GHC or 
RWM caused greater yield losses than YSB alone. 
Yield losses were caused by fewer productive tillers 
and more unfilled grains in YSB-infested plots. 
ShR infection was also highest in those plots. 
CHEMICAL CONTROL 

Entomologyr Department 
Insecticide evaluation in the insectary. Coded or 
commercialized insecticides were evaluated in the 
laboratory against BPH, GLH, SSB, RB, and 
RWM. 

Contat toxicity. Insecticides' effectiveness as a 
contact spray was evaluated using Potter's spray 
tower. Tst insecticides were sprayed on BPH,
GLH, and WBPH at concentrations of 0.15% 
except for WL 85871, which was at 0.01%. Mexa

carbate 24EC, WL 85871 5WP, OK-135 30EC, 
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Table 7. Reactions of IR36 to single or combined infestationsa of GHC, RWM, and YSB. IRRI, 
1983 DS. 

Yield gain (+) or 
Productive Unfilled ShR Yield loss -) from the 

Insectsb tillers grain infection (g/m2 ) protected control 

(%) (%) (%) (%) 

GHC 22.9 cde 18.6 c 1.9 cd 578.2 a - 4.5 
RWM 25.6 bc 15.5 c 1.5 d 569.1 a - 6.0 
YSB 19.0 e 31.8 b 2.2 bc 393.1 b -35.1 
GHC + RWM 28.9 ab 16.0 c 1.2 a 589.5 a - 2.7 
GHC + YS,' 19.6 de 36.9 b 2.7 ab 350.8 bc -42.1 
RWM + YSB 18.9 e 50.8 a 3.3 a 230.0 d -62.0 
GHC + RWM + YSB 22.5 cde 40.4 b 2.8 ab 288.5 cd -52.4 
Control (unprotected) 29.9 a 20.8 c 1.5 d 557.2 a - 8.0 
Control (protected) 23.6 cd 16.9 c 1.3 d 605.7 a 

aAv of 4 replications. bInfestation level uf 30 pairs of adult GHC, 1000 RWM adults, and 400 

lst-instar larvae of YSB per 36-hill (2.25 M 
2 

) plot. 

OK-385 30EC, carbofuran 12F, diazinon 20EC, 
mexacarbate, and carbofuran caused 98 to 100% 

mortality at 48 HT. Mexacarbate killed 81% of 
GLH. Mexacarbate, carbamate, and diazinon 

killed 89 to 100% of WBPH. 
Foliar spray. IR22 seedlings were sprayed with 

insecticides and infested with untreated insects Id 
after spraying. Rates were 0.75 kg ai/ ha and spray 
volume was 500 litres/ha. 

Of II chemicals tested against SSB, 9 were 
effective I DAT, but carbofuran, PP563, and WL 
85871 showed residual effect to 10 DAi (Table 8). 

Five of nine insecticides were effective against 

LF (Table 9). 

Table 8. Laboratory evaluation of insecticides for SSB 
control by foliar sprays. IRRI, 1983. 

insecticides a 

Carbofuran 12 F 
Fenitrothion + fenvalerate 

40/1EC 
Mexacarbate 24 EC 
Oncol 40 EC 
BAS263 211 20EC 
PP563 10 EC 
SN72129 5OWP 
LAB137 3851 50 EC 
WL 85871 10 EC 
XRD482 20 EC 
Ethoprop 72 EC 

Check 

Mortality at indicated DATb 
1 t t i 

0 0 0 0 
* * * 

0 0 

0 

. . 

. . 0. 
S 

0 
. 0 . a 

aApplied at 0.75 kg ai/ha except for fenitrothion + fen-
valerate and SN72129 at 0.50, and WL 85871 and PP563 
at 0.05 kg ai/ha. Spray volume was 500 I/ha. bAv of 4 
replications. * = > 80% mortality, 

Table 9. Laboratory evaluation of insecticides for LF 
control by foliar sprays. IRRI, 1983. 

Insecticidesa >80% 
mrtalityb 

LAB137 385 1 50WP S 

Ethoprop 72 EC 
Fenitrothion 40 EC + fenvalerate 1 EC 0 
PP563 10 EC 0 

Monocrotophos 30 EC 0 

WL 85871 5WP 
SN72129 50WP 
Mexacarbate 24 EC 
XRD482 20 EC 

Check 

aApplied at the rate of 0.75 kg ai/ha except for fenitro

thion + fenvalerate and SN72129 at 0.50, and PP563 and 
WL 85871 at 0.05 kg ai/ha. Spray volume was 1000 1/ha. 

dead larvae 
bpercent mortality = total no. of larvae released X 100 

Three synthetic pyrethroids (PP563, WL 85871,
and PP32 1), six conventional insecticides, and one 
mixture of a conventional insecticide and a syn

thetic pyrethroid (fenitrothion + fenvalerate) were 
tested on RB. All caused 100% mortality up to 15 
DAT. BAS263 211, mexacarbate, monocrotophos, 

and XRD 482 showed more than 80% mortality up 
to 5 or 10 DAT (Table 10). 

Granules. Carbofuran 3G and diazinon 5G 

broadcast or soil-incorporated were compared. 
Carbofuran was effective against RWM only when 
broadcast at 0.5-1.0 kg ai/ ha (Table I1). 

Insecticide evaluation in the field. Eight synthetic 

pyrethroids applied as foliar sprays against seven 
pest species in the field were studied in 1983 WS. 
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Table 10. Laboratory evaluatior of new and coded insec.
 
ticides for RD control by foliar sprays. IRRI, 1983.
 

Treatmenta Rate >80% mortalityb
 
(kg ai/ha)
 

1 5 10 15 
DAT DAT DAT DAT N N N 

PP56310EC 0.050 . 0 0 0 0' In LUn' 0 
u. " ci" i NQ - q

WL 85871 10EC 0.050 * 0 9 0 ('Do .. N
 
PP321 2.5EC 0.02Fi a 0 0 *
 
BAS263 1 0.750 • 
 N N N -M N

I 20EC N 0 0q 9 0 "t 0 2 
Mexacarbate 0.750 * O2 a, o NON 

24 EC 

Monocrotophos 0.750 0 

.- N


I .m o )30EC 
N N S 2_ N 5U 


Fenitrothion 0.500 - C C UN ON
0 ON 0 N U Eo 
40EC + Nn - O - N m 

fenvalerate 1EC 

XRD482 20EC 0.750 . 

0M
u 

n 0- 0
N 

0
L) o L
LAB137385 0.750 I .
 ! o ., .. 

I 50EC w w , 2 u-)U Eu 
LAB131 594 0.750 > 3I 

I 25EC u N NN
 

Ethoprop 72EC 0.750 
 o o N oc. 9o " qLa) w- o co 'P 
Check -; 
 r C N C N N CO 

N C3
aSpray volume of 500 litres/ha. bAv of 3 replications. o V. 

- n a .N o.. o o U 

Table 11. Laboratory evaluation of carbofuran 3G and .x 4N N N 
diazinon 5G for RWM control by granule application. N 4 m m N m m

IRRI, 1983. InUN 0n UN UN UN 0o N n 

0 
cO "N N "Nq " UN N N d-N 

o 4 oN vO N N UN v
Rate >80% mortalirva Damagedb
 

Treatments (kg 
 e "8
 
ai/ha) 1 3 5 10 ) j N N ONa 

°
DAT DAT DATDAT ,5 M . 0 oq 

- NCarhofuran 

C . %3G 1 °° N . 

.2 Co 0n UN 0n NBroadcast 0.26 
3GE UN 0 -DQ0 " ON N N N 'N %O N 


0.50 * * 0 -. o co
0.75 0 0 m n n Na m m n c 

1.00 • a 0.3 2 r O 
Soil in- 0.25 1.3 1." o 0 co 0 r0 o 
corporated 0.50 0.7 " 

0.75 2.0 0 m o o 0 u N ,E
1.00 1.3 0 o 0 UN

Diazinon 5G 
u -NC 

Broadcast 1.00 n Dn M no m a0 D3.0 1 n Ln N o 8Ln L 
Soil in- 1.00 5 7 666 " 6 $6 6 d
corporated a"
 

Check 

w u!UNa 6.3 E T,rooo :LoujEc o, ) o
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t! F U LL a LL fMTI-l 1500 treatments had the lowest BPH popula
tions. Deltamethrin, WL 85871, and FMC54800 
had higher BPH populations than the check (Table 
12). 



Table 13. Number of OLH sampled by FARMCOP suction machine 1 and 2 wk after each insecticide application on IR22. Maspang, Victoria. Laguna, 1983 WS. 

GLH (adults + nymphs)/10 hillb 

Treatments 2d application 3d application 4th application 5th application 

A B A B A B A B C D E F z 
z 

c
Cypermethrin 5EC 1.50 bcd 0.50 cd 0.25 b 2.75 bcd 1.25 c 1.25 bc 4.00 b 0.75 bc 0.25 cd 0.00 c 0.00 d 6.50ab 

25-50 g si/ha 
Cypermethrin 2.5ECC 0.00 d 0.50 cd 0.50 b 0.50 d 0.00 = 0.75 c 0.50 cd 0.50 bc 0.00 d 0.25 c 0.50 d 4.75 ab X 

25-50 g i/ha 

Fenvalerata 3EC 0.50 cd 2.75 bcd 0.25 b 3.25 bc 1.00 c 0.50 c 0.75 bcd 2.25 b 0.25 cd 0.25 c 5.25 ab 3.50 b 

30-60 gai/ha 
Deltamrzthrin 2.5EC 0.00 d 1.50 bcd 0.00 b 3.75 bed 0.25 c 0.50 c 0.25 d 0.00 c 0.25 cd 0.75 c 0.75 cd 5.75ab 0 

12.5 g ai/ha 
Pernethrin 1OEC 0.25 cd 0:75 cd 0.25 b 2.25 bcd 0.50 c 2.00 bc 1.i5 bcd 0.00 c 0.00 d 1.00 c 4.00 bed 13.25 a 

50-100 9 ai/ha 
MTI-1150020EC 2.75 bc 3.50 b 0.00 b 4.50 bc 1.00 c 3.50 bc 1.75 bcd 2.75 bc 3.75 bc 5.00 b 6.50ab 10.25a 

50 g ai/ha 
WL85871 5EC 0.00 d 0.25 d 0.00 b 1.25 cd 0.00 c 0.50 c 0.25 d 0.00 c 0.00 d 0.50 c 2-75 bcd 2,50 b 

25-50 g ai/ha 
FMC5480045EC 4.75 b 3.75 bc 2.00 b 7.75 b 11.00 b 4.00 b 6.00 bc 3.00 b 4.75 b 11.50a 5.75abc 10.25a 

25 g ai/ha 
Check 25.50 a 29.75 a 34.00 a 57.25 a 62.50 a 17.75 a 26.00 a 23.50 a 41.75 a 2

3 
.25 a 14.75 a 11.75 a 

Insecticides were sprayed at 25 g ai/ha at 5, 10. and 25 DT. and at 50 g ai/ha at 40. 55. and 70 DT. bData for the first application were omitted because no insect was found 1 

and2wk after. A, B.C. D, E, and F indicate 1. 2. 3, 4. 5. and S kafter !-eatment. Ct.-"- ? 5EC came from different companies. 

Table 14. Numlnr of WSPH sanpled by FARMCOP suction machine 1 nd 2 wk after each insecticide application on I R22. Masapang. Victoria, Laguna. 1983 WS. 

WPH (adults + nymphs)/10 hilsb 

5th applicationTreatments 2d application 3d application 4th application 

A a A B A B A B C D E F 

9.00 bc 33.00 b 43.24 bcd 25.50 b 12B.75a -;5.75 b 125.50 b 101.00abCypermethrin5EC^ 0.00 0.25a 1.00 b 9.00abed 
25-50 g si/ha 

Cyperrnethrin 2.5ECc 0.00 0.00a 1.00 b 5.25 ebede 5.50 cd 21.00 b 48.50 bcd 16.50 bc 52.00 ab 37.25 b 59.00 c 25.25 abc 

25-50 g ail/ha 
Fenvalerate 3EC 0.00 0.25 a 0.00 b 4.25 cde 4.50 cd 6.00 cd 15.00 clef 6.00 d 10.25 c 10.25 c 29.75 c 21.75 bcd 

30-60 gel/ha 
Deltamethrin 2.5EC 000 0.50a 1.00 b 22.50a 12.00 bc 18.50 b 85.75 ab 27.25 b 3-.25 abc 133.75 a 222.25 a 196.50 a 

12.5 9 si/ha 
Permethrin lOEC 0.00 0.00a 0.00 b 1.75 de 4.25 cd 13.75 be 9.00 ef 3.50 d 15.50 bc 9.C0 c 45.25 c 30.25 cd
 

50-100 g ai/he
 

3.25 d 4.25 f 0.75 e 1.50 d 0.75 d 5.75 d 3.75 dMT.1-1500 20EC 0.30 0.25 a 0.00 b 1.75 e 1.25 d 
50 g ail/h 

WL 85871 5EC 0.00 0.00 a 16.25 a 28.50 ab 63.25 a 128.00 a 453.00 a 92.00 a 145.75 a 134.50 a 154.50 abe 66.25 ab 

25-50 g ai/ha 
FMC5480045EC 0.00 0.25 a 0.00 b 6.00 bcde 5.50 cd 1.75 d 55.50 bc 20.25 be 90.75 ab 32.75 b 149.00 ab 83.25 ab 

25 g ai/ha 
Check 0.00 0.00 a 12.00 a 10.00 abc 25.25 ab 26.00 b 23.00 cde 9.00 cd 16.75 bc 36.00 bc 57.00 bc 17.25 cd 

alnsecticides were sprayed at 25 g si/ha at 5, 10, and 25 DT and 50 g ai/ha at 40. 55, and 70 CT. bData for the first application were omitted because no insect was found 1 and 

2 wk after. A, B, C. D. E, ans F indicate 1. 2. 3,4, 5. and 6 wk after treatment. CEC and 2.5EC came from different companies. 
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All chemicals were effective against GLH, espe-
cially deltamethrin, WL 85871, and cypermethrin 
(Table 13). Against WBPH, MTI-l1500 was best, 
followed by fenvalerate (Table 14). Deltamethrin, 
cypermethrin, WL 85871, and FMC54800 treat-
ments had more WBPH than the untreated check. 

Table 15 shows the effects of the pyrethroids on 
some insect pests. 

Twenty commercial insecticide3 including three 
synthetic pyrethroids were tested on the black bug 
Scotinophara coarctatain Maasin, Brooke's Point, 
Palawan. Two synthetic py-ethroids(deltamethrin 
and permethrin) and 4 conventional insecticides 
(monocrotophos, carbosulfan, endosalfan, and 
fenthion) killed 90-100% of the bugs 48 HT. Two 
conventional insecticides (triazophos and mexa-
carbate) killed 70-100%. Carbofuran 3G was also 
effective up to 43 DAT. 

Resistance to insecticides. LD50 vahes by topical 
application. LD-,o values were compared in bra-
chypterous BPH collected from the IRRI green-
house (insecticide-free population), a Calauan 
farmer's field, and the IRRI farm in August 1982. 
LD 50 and estimated resistance ratio (ERR) values 
are given in Table 16. 

In November, LD5,s of adult GLH of the F2 at 
the IRRI farm were compared with LD5 0s of a 
popuiation keptin thegreenhouse under insecticide
free conditions for several years. Populations at 
IRRI had low levels of resistance to all insecticides 
(Table 17). 

Contact toxicity. The same populations used for 
LD5 ()values were evaluated for contact toxicity by 
Potter's spray tower. All insecticides, except a 
mixture of BPMC + chlorpyrifos, produced sig
nificantly higher BPH mortality in the greenhouse 
than in the field population (Table 18). Similar 
greenhouse results were obtained for GLH. 

Residual toxicitY of foliar spravs. Insecticides 
used in Potter's spray tower were also applied as 
foliar sprays (Table 19). BPH mortality was sig
nificantly lower in the field than in greenhouse 
populations. GLH mortality in the field population 
was significantly lower only with carbofuran and 
isoprocarb. 

Neem oil formulations for insect control. Rice 
ear-cuttingcaterpillar.The weight of dried excreta 
of M. separata was significantly less when larvae 
were fed leafeuts sprayed with --12.5% neem oil 
than when fed untreated leafcuts. However, larval 

Table 15. Effect of foliar spray application of synthetic pyrethroids on RWM, SB, LF, RB, and grain yield of rice variety
IR22.a IRRI, 1983. 

Treatmentb RWM25 and 35 DT 
Deadhearts

from SB 
LF 

80 DT 
RB 

75 DT 
Whiteheads 

from SB Yield (t/ha) 
40 DT 5 DBH 

Cypermethrin 5EC c 
% V 3.50 a 

25-50 g ai/ha 
Cypermethrin 2.5EC c 

% 3.30 ab 
25-50 g ai/ha 

Fenvalerate 3EC V 2.75 c 
30-60 g al/ha 

Deltamethrin 2.5EC % % / %/ 2.79 abc 
12.5 g ai/ha 

Permethrin 10EC V % %/ 3.16 abc 
50-100 g ai/ha 

MTI 11500 20EC V V 3.08 abc 
50 g ai/ha 

WL 8571 5EC V / V 2.75 abc 
25-50 g ai/ha

FMC54800 45EC V V V 2.68 bc 
25 g aiiha 

Check 
2.66 bc 

al= significantly less than the control at 5% level. blnsecticides were sprayed at 25 g ai/ha at 5, 10, and 25 DT and 

at 50 g aitha at 40, 55, and 70 DT. C5EC and 2.5EC came from different companies. 
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Table 16. and estimated resistance ratio (ERR) values for brachypterous females of BPHLD 5 0 

from an IRRI field, an IRRI greenhouse, and a far.mer's field, Aug 1982. 

LD 5 0 (W'g/) 

Insecticide 
Greenhouse (A) Calauan (B) 

2.21 a 

Carbaryl 2.64 a 1.81 a 
BPMC 1.85 a 

0.80 a 

Diazinon 6.34 a 
Carbofur3n 0.29 a 


6.45 a 

Malathion 44.58 a 46.57 a 

MTMC 3.32 a 2.51 a 

Table 17. values fer GLH in I RRI fiuldand a green-LD 5 0 

house, Nov to Dec 1983. 

LDso (pg/g) 

Green- ERRaInsecticide Field 

population 

BPMC EC 4.56 
Carbaryl WP 7.19 

2.69
Carbofuran F 

Diazinon EC 15.00 
M'3nocrtophos EC 9.69 
aEstimated resistance ratio = LDs5

LDso for greenhouse population. 

house 
population 

2.62 1.74 
5.25 1.37
0.87 3.09 

8.75 1.71 
7.19 1.35 

for field population + 

feeding activity wa'; almost identical on treated and 

controi plants exposed to sunlight for 2 to 4 d 

(Table 20). Sunlight degraded the antifeedant 

property of neem oil. 
Arm 'worm. Larvae of Spodope,am,acron 'nw-

toides excreted markedly less when fed leafcuts 

ERR 

IRRI field (C) B/A C/A 

10.38 a 1.19 5.61 

2.36 a 0.69 0.89 
0.85 a 2.75 2.93 

14.21 a 1.02 2.24 

60.78 a 1.04 1.36 
2.79 a 0.76 0.84 

sprayed with:__ 1.56', neem oil, indicating reduced 

feeding (Table 21). Larvae also fed significantly less 

on leafcuts from treated plants exposed to sunlight 

for 2 d. 
Neem oil and extracts on hIemipterous rice pests. 

To determine how much newly crmerged BPH, 

WBPH, and GLH females ate, they were enclosed 
individually in parafilm sachets on neem oili 
treated and control plants. thc amount eaten was 
the sum of the insect's fresh weight of excreta, the 
insect's weight gain or loss, and the insect's loss of 
water in 24 th.The hoppers ate significantly lesser 

amounts of neem oil-treated plants at even the 

lowest (1%) concentration than they ate of the 

control. Food intake became progressively less 

with increasing oil concentration, indicating that it 

has an antifeedant effect. 
Growth and development of hopper nymphs 

were greatly retarded on plants sprayed with neem 

Table 18. Contact toxicity of 7 insecticides to greenhouse and field populations at IRRI, Nov-

Dec 1983. 

a
Treatment 

Carbofuran 12F 
Monocrotophos 30EC 
BPMC 50EC 
BPMC + chlorpyrifos 10.5 

+21EC 
Acephate 75WP 
Isoprocarb 50WP 
Carbaryl 85WP 
Untreated check 

Mortalityb (%) at 48 HT 

BPH GLH 

Greenhouse Field Difference Greenhouse Field Difference 

97.5 12.5 85.0"* 77.5 20.0 57.5** 
97,5 
82.5 

45.0 
20.0 

52.5 ** 
62.5 ** 

97.5 
100.00 

32.5 
87.5 

65.0"* 
12.5* 

65.0 47.5 17.5 ns 70.0 60.0 10.0 ns 

52.5 15.0 37.5 * 7.5 25.0 -17.5* 
50.0 7.5 42.5" * 65.0 22.5 42.5* 
25.0 5.0 20.0" * 45.0 15.0 30.0"* 
7.5 10.0 -2.5 ns 0.0 7.5 - 7.5 ns 

aInsecticides were applied at 0.25% concentration, except carbofuran at 0.15%. bAv of 4 repli

cations. Based on values transformed to arcsinx/100. 
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Table 19. Mortality from foliar spruys of 7 insecticides applied to greenhouse and field popula.
tions at I RRI, Nov-Dec 1983. 

Treatmenta 

Monocrotophos 30EC 
Carbofuran 12F 
Carbaryl 85 WPM 
Acephate 751WP 
BPMC + chlorpyrifos 10.5 

+ 21EC 
Isoprocarb 50WP 
Carbaryl 85WP 
Check 

Mortalityb (%)at 1 DAT 

BPH GLH 

Greenhouse Field Difference Greenhouse Field Difference 

82.5 
80.0 

2.5 
2.5 

80.0.. 
77.5* 

87.5 
87.5 

90.0 
52.5 

-2.5 ns 
35.0* * 

75.0 
75.0 
60.0 

5.0 
7.5 
7.5 

70.0"" 
67.5 * 
52.5* * 

92.5 
95.0 
65.0 

80.0 
92.5 
57.5 

12.4 ns 
2.5 ns 
7.5 ns 

52.5 
35.0 

2.5 
7.5 

50.0 
27.5 

* 
* 

92.5 
60.0 

67.5 
45.0 

25.0" 
15.0 ns 

5.0 2.5 2.5 ns 2.5 7.5 -5.0 ns 
a lnsecticdes were applied at 0.75 kg ai/ha, except carbofuran at 0.50 kg ai/ha. Spray volume 
was 500 litres/ha. bAy of 4 replications. Based 

Table 20. Degradation of neem oil's antifeedant pro-
perty by sunlight.a IRRI, 1983. 

Excreta (pg)/10 larvae kept 24 h 
Neem oil concn on leafcuts from plants exposed 

W to sunlight for 

0d 2d 4d 

0(1.66%detergent) 307 a 181 a 216 a 
1.56 310a 170a 187a 
3.125 274a 149 ab 186a 

6.25 2
263 a 180 a 05 a 

12.5 22
156 b 163a 3a 

25.0 
 86 b 105 b 200 a 

aBased on dry weight of 24-h oven-dried excreta of tirst-
instar ear-cutting caterpillar larvae on leafcuts of TN1 rice 
plants sprayed with neem oil and held outdoors. 

Table 21. Degradation of 
neem oil'santifeedant proper-

ty by sunlght.a IRRI, 1983. 

Excreta (gg)/10 larvae kept 
Neem oil concn 24 h on leafcuts from

W plants exposed to sunlight 
for 

0 d 2 d 
0(1.66%detergent) 373a 341 a 
1.56 169 b 354a 
3.125 135 b 309 ab 
6.25 117 b 232 b 

12.4 28 c 250 b25.0 8 c 91 c 

aBased on dry weight of 24-h oven-dried excreta of first-
instar armyworm larvae on leafcuts of TN1 rice plants 
sprayed with neem oil and held outdoors. 

oil (Table 22). Neem extracts were even more 
effective: less than 50% nymphs reached adult stage 

on values transformed to arcsin x/7100. 

Table 22. Growth of 8PH,WBPH, and GLH on TN1 rice 
plants sprayed with neem oil or neem seed extracts.a 

IRRI, 198283. 

Neem 

derivative 


Neem oil (%)

0 (control) 

0.5 
1 

3 


6 


NE 11(mg/kg) 

0 (control) 

20 
50 

100 
200 


MTB (mg/kg)
 
0 (control) 

10 

20 
50 
100 


AZT-VR/K (mg/kg) 
0 (control)10 

20 
50 


100 

Nymphs (%) that became adults 
6PM WBPH GLH 

100 a 96 a 80 a 
62 b 52 b 54 b 
36 c 28 c 22 c 
8 d 12 d 2 d 
-b e _b e _b e 

94 a 82 a 94 a
 

78 b 72 b 74 b 
40 c 60 c 50 c 
12 d 46 d 14 d 
8 d 22 e 4 e
 

925 920 92 a 

84 b 80 b 62 b 

76 b 60 c 54 b
26 c 52 cd 26 c 
6 d 40 d 14 d 

80a 84 a 92a62 b 56 b 50 b 
48 b 42 b 36 c 
16 c 18 c 16 d 
_b d 8 d b e 

aFirst-instar nymphs were caged on 30-d rice plants. Avof 

5 replicetions, 10 nymphs/replication Nymphs died.
 

on plants sprayed with extracts of<50 mg/kg. 
At 100 mg' kg, AZT-VR,'K almost completely

prevented nymph growth, making it the most 
potent of the 3 neem extracts. Abnormalities 
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during BPH, WBPH, and GLH developmen also 
occurred when nymphs were confined to extract-
treated plants. 

Growth was affected even when neem extracts 
were topically applied. Topical application caused 
premature death of late-instar BPH, WBPH, and 
rice bug L. oratorius nymphs (Fig. 5). Body 
malformations and different degrees of molting 
failures were recorded in L. oratorius. Neem 
extract doses of2 Mg killed morethan50%ofBPH, 
WBPH, and rice bug nymphs. No extract was 
effective against late instar of GLH. MTB extract 

Mortality (M)
1oo L 

0 AZT 
75 0 ,MTB 

5o 


25 aW,'89 

100 

75 -
GLH 

50 


25-

,1 I I 
05 1 2 505 1 2 5 

Dose ,Lug/insect) 

01 1 

5. Effectoftopicalapplicat.-nofneemseedextractscoded NEIl, AZT, 

and MTB on thedevelopmeni of 5th-instar BPH, WBPH, and GLH 
nymphs, and on 3d-instar RB nymphs. IRRI, 1982-83. 

was more toxic than NE II or AZT-VR/K, 
particularly to L. oratorius. 

Hopper nymph growth and development was 
also affected when they were caged on seedlings the 
roots of which had been immersed for 24 h in 
aqueous solution of AZT-VR/ K(Table 23). With 
adilutionof5mgextract/kganda5-dexposureto 
treated seedlings, only 50% of GLH nymphs 
became adults, while 92% of the control nymphs 
became adults. Some neem extracts exerted sys
temic action on hopper growth which persisted 
even when the nymphs were transferred to un
treated plants. 

Longevity and fecundity of BPH, WBPH, and 
GLH were markedly reduced when newly emerged 

males and females were caged in pairs on neem 
oil-treated plants (Table 24). Even 3% neem oil 
decreased fecundity to 65% of the normal number 

of viable eggs produced per female. At higher 
concentrations, neem oil prolonged the preoviposi
tion period from 2 to 8 d. 

Table 23. Systemic action of neem extract AZT-VR/K on 
growth of BPH, WBPH, and GLH nymphs exposed for 5 
d to rice seedlings, 

mersed in aqueous 
IRRI, 1983. 

Concn 

(mg/kg) 

the roots of which had been im
a


solution of the extract for 24 h.

Nymphs that became adults (%)
 

BPH WBPH GLH
 

0 (control) 88 a 98 a 92 a 

5 58 b 72 b 50 b 

c 48 c 36 c 

20 12 cd 44 d 16 d 

50 _b d 16 e _b e 

10 50 

aFirst-instar nymphs were transferred to 30-d-old un

treated rice plants after 5 d exposure to treated plants. Av 

of 5 replications, 10 nymphs/replication. bNymphs died. 

Table 24. Longevity and fecundity of BPH, WBPH, and GLH females on rice plantsa sprayed with neem oil.b IRRI, 1982. 

Concn 
BPH 

0 (control) 16 a 

3 15a 

6 9 b 


12 8 bc 
25 5 cd 
50 4 d 

aA single pair of male and female 

per replication. CNo visible eggs. 

Fecundity (viable eggs/femali)Longevity (d) 

WBPH 

13 a 
13a 

1lab 
8 bc 
5 cd 
3 d 

were caged on 

GLH BPH WBPH GLH 

14 a 242 a 189 a 122 a 
15a 164a 93 b 65a 
14a 65 b 36 c 13 b 
11 a 11 c 7 d 4 c 
7 b 1 d 1 e 2 cd 
4 b -c d _C e -c d 

each 30-d-old rice plant. bAv of 15 replications, a single pair of hoppers 
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GLH survival I(%) Seedlings infected (/) 

80 Cus/ord appe o//// Neem601- 6-40 10010 
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I 234 
O01 20-00 2 0 3 1 4
 
0 I 2 
 3 4 0 I 2 3 4 60
 

40 WV CUSIrdGp'e
(Wlel1 oil 

20- (12) (14) 20- 0) (12) (14)
I LO0 -

I 2 3 I 2 3 I 2 2 i 22 3Days Inoculation access feeding (d)
 
80- D DoDo2Dy 
 80 -Dy a2Dy 

60 - *" Custardappe oil 60- il Neen oil *C0slardo ec 
40 YCusitard apple oil Neemoil

40- "1 neemoi 40 - VCustardapoisc.IV-2 /1/i" neemoil 
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05 0 20 5" 02..0 2o 0 5 
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Concentration Mo) Concentration (%/) 
6. Average survival of GLH exposed for different periods on TN I rice 7. Average RIV infection on FN I rice seedlings exposed to siruliferousseedlings treated with emulsions ofcistard apple oil, netm oil, and their GILH, then treated with emulsions of custard apple oil, neemoil. andmixtures IRRI, 1982-83. their mixtures. IRRI, 1982-83. 

Custard apple oil and neem oil mixtures. Custard treated with SCU 21 or urea alone were controls. 
apple oil, neem oil, and their mixtures reduced Nymphal growth was determined as the ratio of 
GLH survival and RTV transmission. More insects percentage of nymphs that became adults to the 
died oin all oil-sprayed plants and the higher the development period required. Significantly fewer
 
concentration, the higher the death rate (Fig. 6). 
 WBPH nymphs became adults on plants treated
 
On the control seedlings, 97-100% of the insects 
 with neern kernel powder than on control plants
 
were alive after 2 to 3 d. But on seedlings treated (Table 25).

with 20% custard apple oil or oil mixtures, <7% BIO I CA. CONTROL
 
survived 2 d after feeding. Few insects survived 3 d 
of feeding on oil-treated seedlings, except a!low 
concentrations. Rice field spider fauna of the Philippines. A survey

Insects with I d feeding on the control infected of 17 Philippine upland, rainfed lowland, and 
69% of the seedlings with RTV. Infection of oil
sprayed seedlings was only 11-38% at all concentra- Table 25. Growth and development of WBPH on TN 1 rice 
tions of custard apple or oil mixtures (Fig. 7). plants treated with neem kernel powder-urea mixture. 
Infection of neem oil-treated seedlings was sig- IRRI, 1983. 
nificantly reduced only at 10 and 20% concentra- Nymphs Dmvelop
tions. Oil mixtures were significantly more effective adults? period indexb 
than individual oils in killing insects and reducing (d)W 
virus transmission. Even at the lowest concentra- Neem kernel powder:urea
tion (5%), the 1:4 mixture of custard-apple oil and 1: lO parts 57 b 12.9 4.4 b 
neem oil was as effective as 20% custard apple oil. 2:10 parts 57 b 12.8 4.4 b 

3:10parts 51 b 13.3 3.8 b
Neem kernel powder on WBPH. Neem kernel SCU 21 83 a 12.8 6.5 a 

powder-urea mixture in 1:10, 2:10, and 3:10 pro- Urea 92 a 12.6 7.3 aaAv of 6 replications, 10 first-instar nymphs/replication. 
portions (wt/wt) was applied at the rate of 120 kg bCalculated as the ratio of percent nymphs becoming
N/ha to 30- to 45-d-old TNI rice plants. Plants adults to the developmental period in days. 
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irrigated lowland rice fields showed 16 f--:nilies, 34 species and 66% of the individuals collected in 17 
genera, and 51 spider species. Of these, 42 species locations. Space-web spiders represent 15% of 
belonging to 33 genera and 16 families were new species and 19% of individuals collected, and 
records for Philippine rice ecosystems and 17 
species, 15 genera, and I family were new to the Ta;,le 26. Overlap index valii s (Cjka fe spiders collect-

Asian checklist. Twenty species could not be ed from rice fields in several environments. IRRI, 1983. 

identified and are presumed to be new species. Overlap index 

Based on the area-species relationship, spider Environments(Cjk) 

numbers for each country can be estimated from Upland vs irrigated lowland 0.20 
the slope of a line drawn through the totals from Upland vs rainfed lowland 0.33 

Japan and Taiwan which have more extensive Irrigated lowland vs rainfed lowland 0.56 

spider collections. aClk = 1 - 0.5 [Pij - Pjk]. [Pij and Pik are the propor-

The Philippines with a larger rice area than tions of species i in and k environments.] For each envi
ronment2 14 fields were sampled by D-Vac. For each field,

Taiwan or Japan should support over 90 species a1.4-m area for was sampled at midgrowth. 

(Fig. 8). India and China, which have the largest 
rice areas, should eventually record more than 130 
species. Relativc abundance (mean %/10 -dperiod) 

Countries sharing the same species with the 70 

Philippines are Thailand (20), Taiwan (17), and Space-web sp.iders 

Malaysia (16). Countries with fewest overlapping 50 
species are Korea (3), Bangladesh (4), Burma and 
Sri Lanka (6 each). Commonality of Philippine 
spider species between countries bears no apparent 30 

relationship to proximity, climate (temperate vs 
tropical), rice area, or zoogeography (insular vs [ 
continental landmass). 10 

Philippine rice field ecosystems are dominated _ _ 
by orb-web spiders, which represent 45% of all 30 

~Hunting spiders 

Ha t solder,n 
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200
1- 1
--
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hunting spiders represent 39% of species but only 
16% of individuals. 

Irrigated lowlands had the greatest spider species 
diversity (H'= 2.72), followed by rainfed lowland 
(H'= 2.22) and upland environments (H'= 1.89). 
The species diversity data show that lowlands have 
more insects in common than either lowland-
upland combination (Table 26). 

Space-web and hunting spider guilds rapidly
colonize fields and their numbers decline with crop 
age (Fig. 9). Spiderlings in seedbeds are numerous 
during the 40 DAS. Hunting and space-web
spiders find shelter in grassy rice bunds and border 
areas between rice crops. They inhabit the base of 
plants and are less affected by rice harvest than 
orb-weavers which require tall foliage on which to 
suspend their webs. Hunting and space-web spiders 
can readily recolonize rice fields, but orb-web 
weavers peak after the crop reaches maximum 
growth. 

Of the 10 most prevalent spider species, 7 are 
orb-weavers, dominated by Tetragnatha javana 
(Thorell), T maxillosa Thorell, Araneus inustus 
(L. Koch), and Argiope catenulata (Doleschall). 
Neoscona theisi (Walckenaer) and T mandibulata 
Walckenaer are widespread but not abundant. 
Leucauge decorata (Blackwall) is less widespread 
but abundant. 

Callitrichiaformosana Oi was the most domi-
nant space-web spider and the most abundant 
species. It inhabits the base of plants, seeks shelter 
in grassy border areas, and isa rapid recolonizer of 
rice fields.9 

Among hunting spiders, the most prevalent were 
Lycosa pseudoannulata and Ox.*vopes javanus 
Therell, found in 14 locations. L. pseutdoannulata 
was numerous, representing 10.0% of the collec
tions compared to 3.3% for 0..javanus. Lycosa, a 
wolf spider, hunts at the base of plants while 
Oxyopes hunts in the crop canopy. 

Good predators arc those that colonize the rice 
crop early to reduce insect populations before they 
build up. Lrcosa and Callitrichia, both early 
colonizers, make an excellent team. Lycosa is large
and aggressive and can prey on colonizing pests to 
curtail egg laying. Callitrichia is small and preys on 
first generation immatures. 

Of the 10 most prevalent species, Ox*opes is 
most abundant during the reproductive rice phase, 
and is important to the crop. 
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Parasitization of leafhoppers and planthoppers. 
A.weekly survey in Laguna Province from July to 
November determined the extent of BPH, WBPH, 
and GLH parasit;zation. 

Figure 10 shom s BPH and WBPH parasitization 
by nematodes %as high in July. Dryinids and 
strepsipterans were highest on WBPH in Septem
ber to November. Parasitization of GLH was low 
on all collection dates. 
CULFURAL CONTROL 

Entmology Department 

Synchronous planting. Drought prevented plant
ing during the first half of 1983 in the Marbel Rice 
Diversion Irrigation System in Koronadal, South 
Cotabato. But villages with spring-fed communal 
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Table 27. Insect abundance, yield loss, and chemical Insect controlIn 2 villageswith asynchronous (AS) planting practices" and 2 with 
synchronous (S) planting practicest on irrigated TPR IR60', Koronadal, South Cotabato, Jun-Sep 1983. 

RWM" Green semilooper' 
(%damaged (%damaged 

leaves) 35 DT leaves) 35 DT 

S AS S AS 

. 
Deadhearts 

35 OT 

SB' 
S. 

"o 

Whiteheads 
LF9 

1% damaged 
leaves) 63 DT 

Yield" 
itha) 

S AS S AS S AS S AS 

Conplete proitection' vegetative stage - 0.75 kg a' rOtTOCtOphos EC ha 5,15. 25 DT. ieproductlive
 

stage: 0.75 kg ai chlorpy'ios EC ha 35. 45, 55 DT.ripening stage 0 75 kg aimonocrotophos EC ha solt, hard dotlgh
 
3.8ab 7.8 b 1.5a 18a 05a 0 8a 01 d 1lab 03ab 3.2 bc 584ab 484bc 

No vegetative sVage protcholo 
5.5ab 134 c 2,0a 40 b 35 c l9ab 03 cd 12ab 02ab 36 bc 551ab 4.50 c 

No rOdrictiye stage proleclion 

4.3ab 70ab 13 a 18a 1 a 0 9a 1 1 bcd 26ab 20 c 5.4 cd 6.28a 4.99bc 

No ripetnin stage protectioi 
3.3a 86 bc 15a 22a 09a 09a 05 cd 13ab 0.1a 1 7ab 571ab 5.12bc 

Untreated 
4.2ab 12.6 bc 25a 44 b 48 c 26 b 28a 26ab 20 c 86 e 547abc 4.81bc 

aMorales and Barr'o 3 'Caloocan and Barno 1 Av of 4 and 5 holds in each of synchionous and asyncnronous planting 

areas. dHydrelliaphilippina 2C!-hil sample "Namlaia aeoescens 
20-hilt sample. ';Cnaphalocrocismed i ls20-hill sample '25-1n 

irrigation systems continued year-round planting. 
Rains in the second half of 1983 allowed farmers to 
plant rice in a highl) synchronized manner. Com-

munal system farmers continued to stagger their 
plantings. 

Field trials were carried out in two villages each 
of the synchronous and asynchronous plantings 
with transplanted IR60. Results showed signifi-
cantly more RWM, green semilooper, and IF in 
the asynchronous fields than in synchronous fields 
(Table 27). YSB and SSB were unexpectedly more 
abundant in the synchronous area, perhaps because 
their natural enemies were slow to recolonize after 
the 6-mo rice-free period, 

No significant yield loss (difference between 
complete insect control and untreated check plots) 
occurred in either the synchronous or asynchro-
nous areas (Table 27). Lower yields in the 
asynchronous area are from Zn deficiency and 
other soil problems that result from continuous 
flooding. 

Direct seeded rice. In DS in Nueva Ecija, fields 

are established by direct seeding with pregermi-

nated rice. Timely planting is important because 

farmers need irrigation water to do fieldwork. 

During WS, rainfall supplements irrigation water 
and farmers can take longer to establish trans-
planted crops. 

Direct seeding by hand is often uneven because 

some farmers are inexperienced in the technique. 
In 1983 DS, II direct-seeded fields in different 

20-hill sample 'Scirpophaga mceidias and Chtlo suppressalis 
Sample
 

locations were sampled. Plants ranged from less 
than 50 to more than 900 plants/0.25 M2 . Green 
semilooper was unaffected by plant density (R2 = 

0.28 ns), but RWM infestation progressively 
declined as plant density increased. The weak 
correlation was probably a result of border effects 
from the small sample area. 

Factors affecting rice whorl maggot oviposition. 
N levels of 0 to 160 kg/ha had no effect on the 
number of RWM eggs on plants. Plants in flooded 
plots had three to six times as many eggs as in 
saturated plots. When Azolla pitnata floated on 
the water surface, the number of eggs laid on plants 
was significantly reduced as was the percentage of 
damaged leaves. Wide spacing (40 X 40 cm) in 
transplanted rice and low direct-seeding rate (80 
kg!iha) produced fewer eggs per M 2 .There were 

Table 28. Toxicity of foliar spray insecticides to adults of 

Anagrus sp., aparasite of stem borereggs. IRRI, 1983. 

Treatmenta Mortalityb (%) 

of Anagrus 24 HT 

Carbofuran 12 F 99 a
 
Chlorpyrifos 21 + BPMC 10.5 EC 100a
 
Diazinon 20 EC 99 a
 
Endosulfan 35 EC 97 a
 
Cypermethrin 5 EC 97 a

Check 45 b 

alnsecticides were applied at 0.75 kg ai/ha, except cyper
methrin at 0.05 kg ai/ha. Spray volume was 500 litres/ha. 
bAv of 5 replications. Mortality data were accumulated 

for each HT. 

http:plants/0.25
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Table 29. Toxicity of insecticides to Anagrus sp., a para-
site of stem borer eggs, when sprayed on plants infested 
with parasitized BPH eggs. I R RI, 1983. 

Treatment a 
Survivalb 

)-
Azinphos ethyl 40 EC 0.0 a 
Chlorpyrifos2 + BPMC 10.5 EC 2.3 ab 

Cypermethrin 5 EC 4.0 abc 

Monocrotophos 30 EC 7.3 bed 

Diazinon 20 EC 
 13.3 cde
 
BPMC 50 EC 
 24.0 def 
Endosulfan 35 EC 43.0 ef 
Buprofezin 50WP 50.3 f 
Check 35.0 ef 
alnsecticides were applied at 0.75 kg ai/ha, except cyper
methrin at 0.05 and buprofezin at 0.25 kg ai/ha. Spray 
volume was 500 litres/ha. bAnagrus coming out of the 
BPH eggs in the plants sprayed with insecticide. 

also less eggs per plant, resulting in a lower 
percentage of damaged leaves, 

INTEGRATED PEST MANAGEMEN I' 

Entomology Department 

Effect of insecticides on natural enemies. When 
5 foliar spray insecticides were tested on Anqgrus 
sp., a parasite of stem borer eggs, all killed more 
than 97% of parasite adults (Table 28). 

Eight insecticidesand a molting inhibitor(bupro-
fezin) were tested for their effect on the hatchability 
of Anagrus. Five insecticides were toxic to Anagrus. 
Survival in the buprofezin, endosulfan, BPMC, 

and dia7inon treatments was not significantly
different from that of the untreated check (Table
29). 

In a Potter's spray tower test some insecticides 
were selectively more toxic to BPH than to its 
natural enemies (Table 30). Of the insecticides 
tested, acephate, BPMC, ethylan, and monocro
tophos were least toxic to Lycosa spider; ethylan to
C. lividiperinis;and acephate, BPMC, carbofuran, 

endosulfan, ethylan, and monocrotophos were 
least toxic to M. d. atro/ineata. Two synthetic
pyrethroids, cypermethrin and deltamethrin, are 
highly toxic to the three predators. 

Inhibitory effects of insecticides on entomoge
nousfungi. Metarrhizium anisopliae and Beautveria 
basiana are the entomogenous fungi most com

monly isolated from BPH in the Philippines. A 
promising aspect of microbial insect control is its 
combination with other measures, particularly 
insecticides. Soine insecticides enhance the activity 
or virulence of the fungi, but others cause partial or 
conmplete inhibition of growth. 

Two methods to determine the effect of insecti
cides on spore germination of two fungi were tested 
twice. Each test used four insecticides. 

In method 1, i:isecticides were mixed with the 
culture media at 40-45' C before it was poured on 
sterile petri dishes. The spore suspension was then 
spread on top. In method 2, the insecticides and the 
spores were mixed in suspension and then spread 
on top of the media. 

Table 30. Toxicity of 8 insecticides to the BPH and its 3 predators in the laboratory. IRRI, 
1983.
 

Predator mortalityc (% 
Treatment a 

Rateb 
(% Lycosa Cyrtorhinus Micro velia 

pseudoannulata lividipennis atrolineata 

Acephate 0.040 6.7 de 56.7 b 0.0 d 
BPMC 0.116 0.0 e 53.0 bc 16.7 b 
Carbofuran 0.022 66.7 b 96.7 a 13.3 bc 
Cypermethrin 0.003 93.3 a 100.0 a 100.0 a
Deltamethrin 0.016 100.0 a 100.0 a 100.0 a 
Endosulfan 0.048 36.7 c 46.7 bc 3.3 cd 
Ethylan 0.024 20.0 d 20.0 d 16.7 b 
Monocrotophos 0.031 6.7 de 100.0 a 13.3 bc 
Check - 0.0 e 3.3 f 0.0 d 

Insecticides were applied by Potter's spray tower. bRate of insecticide applied on the pre
dators in 7-cm-diam petri dishes. Mortality readings taken 48 h after both BPH and predators 
were treated. CTreatments with >50% mortality are more toxic to the predator than to the BPH. 
Those with <50% mortality are selectively less toxic to the predator than to the BPH. 
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Table 31. Effect of insecticides on spore germination of Metarrhizium anisopliae and Beauveria 
bassiana. IRRI, 1983. 

Spore germination (%) 

Treatment Method I Method II 

M. anisopliae B. bassiana 
 M. anisopliae B.bassiana
 

a
Test 7 
Monocrotophos 
 0 c b
32 72 b 95 b

BPMC 1 b 2 c 36 d 36 d
Carbosulfan 0 c 0 d c66 68 c
Azinphos ethyl + BPMC 0 c 0 d 28 e 68 c
Untreated 99 a 100 a 99 a 100 a 

Test 2b 
Azinphos ethyl 20 d 71 c 16 d 77 c
Deltamethrin 56 c 90 b 81 b 89 d
Methyl parathion 0 e 6 e 15 d 72 d
MIPC 66 b 38 d 75 c 67 e
Untreated 99 a 100 a 99 a 100 a 

aInsecticide rate was 0.75 kg ai/ha. bnsecticide rate was 0.50 kg ai/ha, except deltamethrin 
(0.025 kg ai/ha). 

Table 32. Development of a chemical insect control practice on irrigated TPR IR56 using the yield loss matha

od. Zaragoza,Nueva Ecija, Feb-May, 1983 DS. 

RWMb GHC c 
SBd ( 
 LFe Yield(% damaged leaves) (%damaged leaves) (% damaged leaves) Yt/ha)

3 WT 3 WT Deadhearts Whiteheads 3 WT 
8 WT 

Complete control: vegetative - 0.75 kgai monocrotophos EC/ha 2,3,4 WT; reproductive - 0.75 kg ai chlorpyrifos/ha
5, 6, 7, 8 WT,- ripening - 0.75 kg ai monocrotophos EC/ha milk andsoft dough1lab 4.1a 0.3a 0,3a 0 a 5.61a 

25 No vegetative protectione 7.1 c 1.0 ab 0.3 a 0.5 ab 5.03 bc 

No reproductive protection12abc 
 4.8a 2.3 cd b1.9 2.5 bc 5.39ab 

No ripening protection9a 4.5a 0.3a 0.3a 0 a 5.41 ab 

Untreated
25 e 7.6 c 3.3 d b2.9 5.0 d 4.70 c 

Economic threshold (high values)g
20 de 6.5 bc 2.3 cd b2.1 3.3 cd 4.98 bc 
h
Economic threshold (lowvalues)
17 cd 5.5 ab 2.3 cd 2.3 b 2.3 c 4.89 bc 

Farmers' practice: 0.2 kg ai monocrotophos/ha 2,4 WT,- 0.2 kg ai MIPC EC/ha 6 WT; 0.2 kg ai azinphos-ethyl EC/ha 9 WT16 bcd 6.0ab 1.8 bc 1.2ab 1.8 hc 5.02 bc 

aAv of 6 fields (replications). bH.phiippina: 20-hill samp;e.2 cR. atimeta: 20-hill sample. dS. incertulas: 20-hill sample.eC. medinalis: 20-hill sample. f3 O m , two fields suffered droutht stress from reproductive stage. to harvest. gAction
threshold for combined leaf pests, (30%damaged leaves from a 103-leaf sample) exceeded in all 6 fields; 0.75 kg ai diazinon G was broadcast in paddy water 1-3 WT in 5 fields, 0.4 kg aimonocrotophos EC/ha was sprayed in 3 fields 3-5 WT.hAction threshold for combined leaf pests (10% damaged leaves from a 100-lejf sample) exceeded in all 6 fields;0.75 kg aidiazinon G was broadcast in paddy water 1-2 WT in 6 fields, 0.4 kg ai monocrotophos EC/ha was sprayed in 6 fields 3-5W%7 

http:fields;0.75
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Mixing the insecticides with the culture media Use of economic thresholds. The economic 
greatly reduced spore germination (Table 31). threshold value for a pest can vary because of 
High temperature did not affect their inhibitory environmental and site characteristics. The 1983 
effect. All insecticides, except monocrotophos on DS field trial in Nueva Ecija with transplanted
B. bassiana, completely inhibited spore germina- IR56 tested two treatments using high and low 
tion in test 1. economic threshold values for each pest. By con-

Spore germination was high when the insecti- trasting the treatments for several years the yield
cides were applied to the media surface. The loss method can determine an optimal value for 
insecticide mixture azinphos ethyl+BPMC was each pest or pest group in the site. Significant yield 
most toxic to M. anisopliae, while BPMC was loss from multiple species attack of leaf-feeding 
most toxic to B.bassiana.Monocrotophos was the insects, RWM, and hairy caterpillar Rivul aiineta 
least toxic to both fungi. occurred in the first season only during the vege-
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Table 33. Crop stand and GLH mortality in direct seeded lowland riuo as affected 
by insect and weed control treatments on IR36. Victoria, Laguna, 1983. 

Treatmenta 

CGA73102 ST + butachlor 5 DBS 
CGA73102 ST + butachlor 3 DBS 
CGA73102 ST + butachlor 5 DAS 
CGA73102 STc 
Carbosulfan ST + butachlor 5 DBS 
Carbosulfan ST + butachlor 3 DBS 
Carbosulf~n ST + butachlor 5 DAS 
Carbosulfan ST 
Butachlor 5 DBS 
Butachlor 3 DBS 
Butachlor 5 DAS 
Untreated control 

aST = seed treatment. bBioassays based on 

Crop stand GLH 
(plants/m 2l) mortalityb (%) 

16 GAS 14 DAS 

85 cd 8.3 ab
 
118 abc 3.3 b
 
52 d 13.3 ab
 
49 d 5.0 b
 
5c, co 28.3 a
 
78 cd 30.0 a
 
84 cd 21.7 a
 

162 ab 28.3 a 
92 cd 5.0 b
 

109 bcd 1.7 b
 
83 cd 5.0 b
 

172 a 1.7 b 
20 newly emerged GLH adults placed 

on plants in one cylindrical mylar film cage. Mortality readings taken 48 h after 
caging. CHand weeded at 26 d, after data in this table were recorded. 

tative phase. Neither the farmers' practice of 4 
prophylactic sprays nor the 1.5 or 2sprays per field 
in response to high or low economic threshold 
values improved yield over the untreated check 
(Table 32). 

The main problem in applying economic thresh-
olds is the timing of insecticide application to 
control leaf-feeding pests which attack soon after 
transplanting. Insecticide granules broadcast in the 
paddy water or foliar sprays 1-3 WT have been too 

late to prevent damage. Leaf-feeding pest symrp
toms are not visible the first WT, the optimal time 
for insecticide application. 

To overcome this, the leaf-feeding insect abun
dance was determined using the nearest existing 
field (transplanted 1-2 wk earlier) as an indicator 
field. An economic threshold, based on the com
bined damage of RWM, CW, green semilooper, 
G HC, and other early vegetative phase pest6, was a 
necessary simplification since farmers cannot read-

Table 34. Effect of herbicide and insecticide treatments on plants of different weed species in direct seeded I R36 lowland 
rice. Victoria, Laguna, 1983 WS. 

Treatmenta 

CGA73102 ST + butachlor 5 DB5 
CGA73102 ST + butachlor 3 DBS 
CGA73102 ST + butachlor 5 DAS 
CGA73102 ST + 1 hand weeding 

25 DAS 
Carbosulfan ST + butachlor 5 DBS 
Cnrbosulfan ST + butachlor 3 DBS 
Carbosulfan ST + butachlor 5 DAS 
Carbosulfan ST + 1 hand weeding 
ETb + butachlor 5 DBS 
ET + butachlor 3 DBS 
ET + butachlor 5 DAS 
ET + 1 hand weeding 

Untreated control 

Cyperus Ludwigia 

difformis octovalvis 

0.0 a 2.0 ab 
0.0 a 0.7 a 

18.0 a 5.3 abc 
7.3 a 14.0 bc 

0.0 a 0.0 a 
0.0 a 2.7 ab 
8.0 a 6.7 abc 
2.3 a 10.7 abc 
0.0 a 0.7 a 
0.0 a 1.3 a 
0.7 a 5.3 abc 
4.0 a 3.3 ab 

0.0 a 14.7 c 

Weed wt (g/m 2 ) 
Scirpus Sphenoclea Othersc Total 

supinos zeylanica 

0.0 a 16.0 abc 0.0 18.0 ab 
0.0 a 6.7 ab 0.0 7.4 a 
0.0 a 26.7 abc 6.7 56.7 bc 

14.0 c 19.3 abc 10.0 64.7 bc 

0.7 a 7.3 abc 0.7 8.7 a 
0.7 a 16.7 abc 0.0 20.1 abc 
0.7 a 50.7 ab 1.4 67.5 c 
2.7 a 18.7 abc 0.7 35.1 bc 
0.0 a 4.7 a 0.0 5.4 a 
0.0 a 13.3 abc 0.0 14.6 abc 
0.0 a 61.3 c 0.0 67.3 c 
3.3 ab 26.7 abc 12.0 49.3 c 

3.3 ab 30.7 abc 8.7 57.4 c 
aST = seed treatment, ET = economic threshold, bET for defoliation was exceeded at 35 DAS and monocrotophos foliar 
spray was applied at 0.75 kg ai/ha. CCyperus iria, Echinochioa colona, E. glabrescens, Eclipta alba, Fimbrist/lis littoralis, 
Lindemia sp., and Ludwigia octovalvis. 
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Table 35. Grain yield and economics (per hectare basis) of direct seeded lowland rice as affected by insect and weed
control treatments on IR36. Vi-;toriL. Laguna, 1983 WS. 

Gross Pesticide Hand weeding Net Gain Benefit 
Yt/ha) Geldb cost d and pesticide fromTreatment profitc e($) application labor cost($) a pesticideg ratiohCs) Cs rto() 


/
CGA73102 ST + butachlor 5 DBS 3.94 abc 619 25 2 592 100 3.7CGA73102 ST + butachlor 3 DBS 4.63 ab 727 25 2 700 208 7.7CGA73102 ST + butachlor 5 DAS 3.48 bc 457 25 2 520 28 1.0
CGA73102 ST + 1 hand weediiig 26 DAS 3.27 c 514 15 55 444 
 -48 <1Carbosulfan STJ+ butachlor 5 DBS 3.96 abc 622 25 2 595 103 3.8Carbosulfan ST + butachlor 3 DBS 4.28 abc 673 25 2 646 154 5.7Carbosulfan ST+ butachlor 5 DAS 3.12 c 490 25 2 463 -29 <1Carbosulfan ST + 1 hand weeding 4.65 ab 731 15 55 661 169 2.4ETk butachlor 5 DBS 4.51 ab 709 26 3 680 188 6.5ET + butachlor 3 DBS 4.89 a 768 26 3 739 247 8.5ET + b itachlor 5 DAS 3.20 c 503 26 3 474 -18 <1ET ' hIind weeding 3.72 abc 585 70 56 459 -33 <1Untreated control 3.13 c 492 0 0 492 - 

aST = seed treatment, ET = economic threshold. hGrain yield was from a 10-m 2 area in the center of each plot. CBased onrough rice price of US$ 157/t. Exchange rate was P14 = $1. dCGA73102 ST and carbosulfan at $1 1.00/litre; monocrotophos at $3.46/litre; butachlor at $10.36/20 kg formulation. eCost of labor for pesticide application and hand weeding = $2.OU/8 h. Cost of lbbor for seed treatment = $1.00; broadcasting of herbicide = $1.00/ha; monocrotophos spray = $2.00;and hand weeding = $54.00/ha. fGross profit minus (pesticide cost + pesticide treatment). gNet gain of treatment minusnet gain &, untreated control. hGain from pesticide divided by (pesticide + pesticide application cost)./ST: 3 g aiCGA73102/ha of pregerminated seed. JST: 3 g ai carbosulfan/ha of pregerminated seed. kET for defoliation was exceeded at 35DAS and rr onocrotophos foliar spray was applied at 0.75 kg al/ha. 

ily distirguish the damage from each species. INTERACTION OF GREEN LEAFHOPPER AND
Diazinon granules were applied 3 DT if the insect WEED CONTROL IN DIRECT SEEDED LOWLAND 
numbers in the indicator field exceeded the high RICE 
economic threshold value, and 5 DT if numbers Entomology and Agronom*r Departments
exceeded the low value. The assumption is that In a study conducted in a farmer's field in Victoria,
insect pest numbers progressively increase from the Laguna, seeds were treated with insecticides and
earliest to the latest planted fields. An indicator butachlor granules were broadcast at 5 DBS, 3
field 50-100 in away was used for each replication. DBS, and 5 DAS. GLH mortality did not exceed

The indicator field correctly predicted the in- 30% when the insects were caged over plants
crease in leaf-feeder population iii four of six low tr-eated with CGA73102 or carbosulfan (Table 33).
threshold fields but Li:!, in tl'ree of six high Weeds were fewer when butachlor was applied
threshold plots(Fig. I1). All :our'wrongdecisions" before sowing than when granules were broadcast 
undeiestimated the infestation and insecticide was 5 DAS (Table 34). Benefit-cost ratios for pesticide
not applied. use ranged from 4 to 8 in treatments receiving

Indicator fields can predict some insect infesta- herbicide before sowing. Net gain was highest in
tions, but limitations need to be set on their treatments where butachlor was applied at 3 DBS 
maximum distance from the test fields. Several (Table 35). 
indicator fields can predict better than one field 
can. 
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HERBICIDE SCREENING 

Research to identify herbicides that would com-
plement other direct methods of weed control 
continued at IRRI and at the Maligaya, Bicol, and 
Visayas research stations of the Philippine Bureau 
of Plant Industry (BPI). Screening trials and 
studies on the control of specific weeds were 
conducted at IRRI. 

Echinochloa crus-galli ssp. hispidula, E.glabres-
cens, Monochoria vaginalis, and Cyperus difforinis 
were common at all sites. 

Irrigated transplanted rice. Preliminary screen-
ing. All herbicide treatments on irrigated TPR had 
yields similar to those in the HW and thiobencarb -
2,4-D checks (Table 1). Only MY93, A6754, 
MY93E, and X-52B yielded significantly higher 

(about I t/ ha) than the untreated check. Herbicide 
treatments were safe for rice and produced yield 
increases of 0.7 to 1.2 t/ha. 

Secondary screening. Regardless of rate, DPX 
5384 reduced weed growth significantly compared 
to the untreated check (Table 2). Propanil - rvCPA 
- oxyfluorfen and fluazifop-butyl - 2,4-D did not 
significantly reduce weed weights. Except for 
flujazifop-butyl - 2,4-D at 0.05-0.6 kg/ ha, all herbi-
cide treatments had significantly higheryields than 
the untreated check. 

Advanced trials, IRRI and BPI. In DS, all 
herbicide-treated plots at IRRI and Maligaya 
produced significantly higher yields than the un- 
treated check (Table 3). Plots treated with bifenox -

2,4-D and oxyfluorfen yielded significantly less 
than the HW check at IRRI but significantly more 
at Maligaya. At Bicol, only naproanilide - thio
bencarb, pendimethalin, and bifenox - 2,4-D had 
yields significantly higher than the untreated 
control. 

In WS, all herbicide-treated plots, except those 
treated with molinat. - simetryn - MCPB at Bicol, 
produced significantly higher yields than the 
untreated check (Table 4). At Bicol, yields from all 
herbicide-treated plots were significantly les'; than 
that of the HW check. 

Methods of herbicide application. An IRRI 
experiment in DS tested the effectiveness of pre
emergence applied butachlor, thiobetncarb, and 
oxadiazon using the micronherbi (an ultralow
volume sprayer) at 15 litres/ha and the conven

tional knapsack sprayer at 300 litres/ ha. 
Regardless ofapplication method, all herbicides 

and HW significantly reduced total weed weight at 
51 DT and at harvest, resulting in significant yield 
increases (up to 3.5 t/ ha) over the untreated check. 

Spray equipment. An IRRI experiment con
ducted during the 1983 WS compared the per
formance of the micronherbi, single nozzle, birky, 
boom, and VLV-50 sprayers in applying butachlor 
and its combination with 2,4-D. 

Butachlor followed by 2,4-D sprayed with the 
micronherbi, birky, and boom sprayers signifi
cantly reduced the dry weight of broadleaf weeds at 
60 DT. At harvest, all herbicide and sprayer 
treatments significantly reduced weed infestation. 

Table 1. Effect of herbicides on weed control, crop tolerance, and yield of irrigated TPR IR36. IRRI, 1983 WS. 

Application Waed wtb (g/m) 

Treatmenta Rate 

(kg al/ha) 

HW check Twice 
A6754 G 0.4 
MY93 EC 2.0 
Thiobencarb - 2,4-D IPE G 1.5 
MY93E G 2.0 
X-52B G 0.5 
A6728 EC 0.8 
PPG 1013 EC 0.1 
MY71G 2.0 
A6728G 0.8 
Untreated check -

Time Broadleaf 
(DT) weeds 

15 & 30 6 ab 
4 6 ab 
4 48 b 
4 4 a 
4 38 b 
4 18 b 
4 0 a 
4 30 b 
4 20 b 
4 6 ab 
- 36 b 

aA spaced dash (-) means that 2 herbicides were formulated on the same 

3 replications. CRated 2 wk after herbicide application on a scale of 0-10: 0 

Grasses 

0 a 
0 a 
4a 

18 ab 
28 ab 
14 ab 

0 a 
14 ab 
72 b 
58 b 
59 b 

Visual Yieldb 

Sedges toxicity t/ha) 

0 a 
21 ab 
26 b 
32 b 
20 ab 
22 ab 
24 b 
38 b 
26 b 
32 b 
18 ab 

0 
b 
0 
0 
0 
0 
0 
1 
0 
0 
0 

3.6 a 
3.4 a 
3.3 a 
3.3 a 
3.2 a 
3.2 a 
3.1 ab 
3.1 ab 
3.0ab 
2.9 ab 
2.2 b 

carrier and applied as a single treatment, bAv of 
= no toxicity, 10 = complete kill. 



Trk'le 2. Effect of promising granu!ar herbicides on weed 
control and yield of TPR IR36.a IRRI, 1983 DS. 

Application 

Treatmentb Rate 
(kg ai/ha) 

Time 
(DT) 

Weed wt 
(g/m') 

Yield 
(t/ha) 

HWcheck - 15&35 13a 5.8a 
DPX 5384 
DPX 5384 

0.025 
0.050 

5 
5 

24 ab 
40 ab 

5.6 a 
5.6 a 

Propanil - 1.4 -0.4-0.05 15 46 abc 5.2 a 
MCPA 
oxyfluorfen 

Propanil - 1.8 - 0.5- 0.07 15 34 abc 5.0 a 
MCPA 

oxyfluorfen 
Fluazifop- 0.05-0.6 15 57 abc 4.7 ab 

butyl -
2,4-D 

Untreated -  123 c 3.7 b 
check 

aAv of 3 replications. bThe hand-weeded check was weed-
ed 16 and 30 DT. A spaced dash (-) means 2 or more 
herbicides were applied as a proprietary mixture. 

Butachlor alone applied with the micronherbi 
controlled broadleaf weeds better than the single
nozzle but the other sprayers did not make a 
difference. All sprayers performed similarly when 
butachlor was followed by 2,4-D. 

Weed weight at 60 DT did not differ among 
treatments. All herbicide treatments at harvest had 
more weeds than the plot HW twice. Most treat-
ments did not differ in weed weight from the 
untreated, and grain yield did not differ among the 
treatments. 
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Table 3. Effect of granular herbicides applied before weed 
emergence (4 DT) on TPR IR36 yield at 3 sites in the 
Philippines, 1983 DS. 

Rate Yield b (t/ha) 
Treatment8 (kg ai/ha) 

IRRI Maligaya Bicol 

HW checkc - 5.8 a 4.7 b 5.9 aNaproanilide - 1.0-0.7 5.7 a 5.8 ab 4.3 b 
thiobencarb 

Pendimethalin 0.75 4.2 ab 5.3 ab 6.2 a 
Bifenox - 2.0- 0.6f 3.8 b 6.5 a b5.0 

2,4-D EE 
Butichlor 1.0 5.0 ab 6.3 a 3.4 c 
Molinate - 1.8 - 0.1 - 0.1 4.7 ab 5.6 ab 3.4 c 

simetryn -

MCPB 
Piperophos - 0.33-0.17 4.4 ab 5.6 ab 3.4 c 

2,4-D IPE 
Oxyfluorfen 0.15 3.4 b 6.1 a 3.2 c 
2,4-D IPE 0.8 3.7 b 5.6ab 2.9 c 
Untreated check - 1.4 c 3.4 c 3.0 c 

aA spaced dash (-) means 2 or more herbicides were ap
plied as a proprietary mixture, bAv of 4 replications/site. 
cHW at 15 and 35 DT. 

The type of sprayer did not influence herbicide 
performance in weed control. 

Direct-seeded flooded rice. Preliminar' screen
ing. In 1983 WS, A6754, MY93E, MY71, X-52B, 
BAS514, and MY93 were compared with an 
untreated check and thiobencarb - 2-4,D for weed 
control on DSR. No significant differences were 
observed among treatments probably because of 
the low population ofannual weeds and dominance 
of the perennial Scirpus maritimus which was 
tolerant of herbicides used. Nevertheless, A6754 

Table 4. Effect of granular herbicides applied before weed emergence (4 DT) on TPR IR36 yield at 4 sites in the Philip
pines, 1983 WS. 

Treatment a 
Rate Yieldb (t/ha) 

(kg ai/ha) IRRI Maligaya Bicol Visayas 

HW checkc 3.1 a 3.4 a 5.0 a 5.9 aMolinate - 2,4-D 2.3 -0.5 2.7 ah 3.1 a 4.2 b 5.5 ab
DPX 5384 0.025 1.6 bc 3.5 a 4.2 b -).7 ab
2,4-D 0.8 2.1 ab 3.2 a 3.7 b 5.8 abButachlor 1.0 2.5 ab 3.1 a 2.9 c 5.9 aPiperophos - 2,4-D IPE 0.3 -0.2 2.1 ab 3.2 a 2.6 c 5.8 abNaproanilide - thiobencarb 1.0-0.7 2.0 ab 3.3 a 2.7 c 5.5 ab
Pendimethalin 0.75 2.2 ab 2.9 a 2.8 c 5.4 ab
Molinate - simetryn - MCPB 0.83- .05 - .05 1.5 bc 3.0 a 1.7 d 5.3 b
Untreated check 0.4 c r1.5 b 2.0 d 4.3 

aA spaced dash (-) means 2 nr more herbicides were applied as a proprietary mixture, bAv of 4 replications/site. cHW 
at 20 and 40 DT. 

http:0.33-0.17
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Table 5. Effect of promising granular herbicides on weed 
control and yield of direct-seeded, flooded IR36.a IRRI, 
1983 DS. 

Treatment Application Weed wt Yield 

Rate Time (g/m 2 
C (t/ha) 

(kg ai/ha) (DAS) 

DPX 5384 0.025 6 45 ab 6.0 a 
DPX 5384 0.050 6 16,1 4.8 ab 
Propanil - 1.8 - 0.5 - 0.07 15 34 ab 4.4 ab 

MCPA 
oxyfluorfen 

Fluazifop- 0.05-0.4 15 34 ab 4.2 ab 
butyl -
2,4-D 

Fluazifop- 0.075-0.6 15 90 b 3.9 b 
butyl 
2,4-1 

Propanil - 1.4 -0.4 -0.06 15 51 ab 3.7 b 
MCPA 

oxyfluorfen 
Fluazifop- 0.05-0.4 15 48 ab 3.2 b 

butyl -

2,4-D 
Untreated check - - 91 b 3.5 b 

av -
Av of 3 replications. bA spaced dash (-) means 2 or 

more herbicides were applied as a proprietary mixture, 

and MY93E were safe for direct-seeded rice and 
yielded about I t/ha more than either the untreated 
check or thiobencarb - 2,4-D. BAS 514 wps most 
toxic to rice. 

Secondar' screening. DPX 5384 gave signifi-
cantly more weed control at 0.050 kg/ha and 
significantly more yield at 0.025 kg/ha than the 
untreated check (Table 5). Weed control and yield 
between the untreated check and tle other herbi-
cide treatments did not vary significantly, 

Advanced trials, IRRI and BFI. In DS, all 
herbicide treatments at IRRI except molinate 
simetryn - MCPB; those at Bicol, except butachlor; 
and the untreated check did not significantly differ 
in yield (Table 6). At Maligaya, yields of all treated 
plots, except those treated with molinate - simetryn 
- MCPB, were significantly higher than yields of 
untreated plots. Molinate - simetryn - MCPB was 
completely toxic and had zero yield at IRRI and 
Maligaya. 

All herbicide treatments inWS at Maligaya and 
Bicol and most at Visayas yielded significantly 
higher than the untreated check (Table 7). At IRRI, 
only the naproanilide - thiobencarb treatment 
yielded significantly more than the untreated 
control. Yield differences among herbicide treat-

Table 6. Effect of early postemergence (6 DAS) applica
tion of granular herbicides on yield of direct-seeded, 
flooded I R36 at 3 sites in the Philippines, 1983 DS. 

Treatmenta Rate Yieldb t/ha) 

(kg ai/ha) IRRI Maligaya Visayas 

Butachlor 1.0 4.8 a 4.4 3 7.2 a 
Thiobencarb - 1.0 -0.5 5.5 a 4.2 ,b 6.6 ab 

2,4-D IPE 
Naproanilide - 1.0 -0.7 5.8 a 4.2 ab 6.2 ab 

thiobencarb 
Bifenox - 2.0 -0.66 5.2 a 4.0 ab 6.j ab 

2,4-D EE 
Pendimethalin 0.75 5.0 a 3.8 ab 6.3 ab 
Oxyfluorfen 0.15 5.7 a 2.4 c 6.4 ab 
Piperophos - 0.33-0.17 5.5a 2.3 c 5.9 b 

2,4-D IPE 
Butachlor + 0.75 + 0.5 5.5 a 4.2 ab 6.6 ab 

2,4-D IPE 
Molinate - 1.8-0.1 -0.1 0 b 0 d 6.6ab 

simetryn --
MCPB 

Untreated check - 5.0 a 0 d 6.1 b 

aA spaced dash -C means 2 or more herbicides were ap

plied as a proprietary mixture. A plus (+) means the 
chemicals were applied separately. bAv of 4 replications/ 
site. 

ments at all sites were not pronounced. 
Time ofherbicideapplication.AWS experiment 

evaluated several herbicides applied 2 DBS for 
weed control and selectivity in direct-seeded 
flooded 1R36. 

All herbicides controlled more than 50% of the 
weeds, but, except for butachlor, the reduction was 
not significant. Thiobencarb -2,4-D, piperophos -
2,4-D, and butachlor severely reduced the early 
crop stand, but the rice recovered easily. Panicle 
number at harvest did not differ greatly among 
treatments. Yields between treated and untreated 
plots did not differ much because of severe lodging 
at maturity. 

During DS, two trials were conducted with 
broadcast-seeded flooded ricb. Liquid oxadiazon 
at 0.4 kg ai/ ha and butachlor at 1.0 kg ai/ ha were 
applied using a sprinkler bottle at 6 and 3 DBS and 
6DAS. Intheotherexperiment, granular butachlor 
at 0.75 and 1.0 and piperophos - 2,4-D at 0.3 and 
0.5 kg ai/ha were broadcast at the same time. 
Untreated checks were maintained for comparison. 

In the first trial, the perennial sedgeS. maritinus 
became dominant, comprising 81% of total weed 
weight at harvest. 

In some plots, standing water during seeding 
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Table 7. Effect of early postemergence (6 DAS) application of granular herbicides on yield of direct-seeded, flooded I R36at 4 sites in the Philippines, 1983 WS. 

Treatment a Rate Yieldb t/ha) 

(kg ai/ha) IRRI Maligaya Bicol Visayas
Molinate - 2,4-D 2.3 -0.5 2.7 b 2.8 aPiperophos - 2,4-D IPE 2.5 a 6.0 ab0.3 -0.2 3.7 ab 2.3 abThiobencarb - 2,4-D IPE 1.8 b 6.1 ab1.0- 0.5 2.7 b 2.3 abNaproanilide - thiobencarb 2.7 a 6.2 ab1.0-0.7 4.4 a 1.8 bButachlor + 2,4-D IPE 1.8 b 5.7 bc0.75 + 0.5 2.9 ab 1.9 aU 1.7 b 6.6 aDPX 5384 0.025 3.1 ab 2.1 abMolinate - simetryn - MCPB 1.7 b 5.9 ab0.83- .05- .05 2.8 ab 1.8 b 1.9 b 5.6Butachlor bc1.0 3.2 ab 1.9Pendimethalin b 1.5 b 5.1 c0.75 2.7 b 2.4 ab 1.6 b 4.4Untreated check d - 2.1 b 1.0 c 0.5 c 4.4 d 

aA spaced dash -) means 2 or more herbicides were applied as a propri- :r-y mixture. A plus (+) means the chemicals wereapplied separately. bAv of 4 replications/site. 

aggravated initial toxicity of the preseeding herbi- at 0.05 and 0.10 kg/ha were applied at the 2-3 andcide treatments and resulted in a reduced stand at 5-7 leaf stages and the tillering stage.30 DAS. Panicle number did not significantly At their higher rates, bentazon and propanildiffer among herbicides and application times, applied at 2-3 leaf stage did not affect the numberindicating the ability of 1R36, a high tillering of tillers at 60 DAS and were comparable to thevariety, to recover from herbicide damage. Grain HW crop which had the highest tiller count,yields were low because of high infestation of 529/m 2 (Table 8). Tiller aount of plants sprayedS. maritimus which is tolerant to the herbicides, with fluazifop-butyl at 0.10 kg/ha was significantlyOnly oxadiazon applied at 6 DAS increased yield lower than that of the untreated check. Fluazifopsignificantly over the untreated check. The margin butyl at 0.05 kg/ha and propanil at 1.5 kg/ha alsoof herbicide selectivity in broadcast-seeded rice had fewer tillers than the rest of the treatments. 
seems to be very narrow and dependent on the
 
water status in the field. 
 Grain yield (f/ha)

In the second trial, E. crus-galli ssp. hispidulalE 6
glabrescens comprised 63% of the weed population 6 OBs
and S. maritimus, 29%. Other weeds were minor. D 308S
Butachlor and piperophos - 2,4-D applied at 6 and 6 DAS
 
3 DBS reduced grass dry weight more than when

applied at 6 DAS. However, application at 3 DBS 

produced higher yields than other application -b 

b
 

times and the untreated check (Fig. 1). Yields from
 
6 DBS treatments were lower, possibly because of 
 3 
early occurrence ofS. maritimus which dominated 
those plots later. The 6 DAS treatments had poorgrass control, resulting in low grain yields. Both 2- c b 
herbicides were initially slightly toxic to rice but at 
30 DAS, regardless of application time, the crop d d 
outgrew the injury. 

Time andrateofherbicide application. Effect of 
application rate and time of three postemergence
herbicides on weed control and the growth and ntreated 075 kg 0kg 03kg 05kgdevelopment of WSR IR36 was studied at IRRI check Butachlor(G) Piperophos-2,4-D(G)during 1983 DS. Propanil at 1.5 and 3.0 kg/ha, .Grainyieldofbroadcast-scededflooded lR36asaffectedbytimeofherbicide application (fly of 4 replications). Liars having a commonbentazon at 1.0 and 2.0 kg/ha, and fluazifop-butyl letter are not significantly different at the 5".level. IRRI,1983)S. 
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Table 8. Effect of time and rate of herbicide application on growth and development of WSR IR36a and weed controlP 
IRRI, 1983 DS. 

2
Tiller countd (no./m

2 ) Weed weightd (g/m ) Grain yield (t/ha) 

Treatmentc 
S3 Means S2 S3 Means S2 S3 MeansS1 S2 S 1 	 S 1 

434 56 bc 36 ahc 34 b 42 b 2.3 a 0.4 b 2.4 a 1.7 aBentazon 417 ab 426 abc 459 bc 
(1.0) 

Propanil 500 ab 508 a 433 bcd 480 82 bc 25 ab 32 ab 46 b 1.9 ab 2.1 a 0.8 b 1.6 a 

(3.0) 
Bentazon 475 abc 392 bc 492ab 453 41 b 70 cd 21 ab 44 b 1.5ab .8ab 1.0ab 1.4 ab 

(2.0) 
HWcheck 529a 475 ab 466abc 490 7 a 13a 7 a 9 a 1.9ab 1.8ab 0.9 b 1.5ab 
Propanil 388 cd 475 ab 433 bcd 432 82 bc 48 bcd 25 b 52 b 1.5 ab 1.2 ab 0.4 b 1.0 abc 

(1.5) 
Fluazifop- 383 cd 371 c 379 cd 378 146 cd 69 cd 131 c 115 c 1.1 ab 1.1 ab 0.5 b 0.9 abc 

butyl 
(0.05) 

Fluazifop-	 317 d 450abc 554 a 440 216 d 78 cd 51 b 115 c 1.0ab0.5 b 0.7 b 0.7 bc 

butyl 
(0.10) 

Untreated 417 bc 429 abc 342 d 396 103 bcd 142 d 95 c 113 c 0.5 b 0.8 ab 0.4 b 0.6 c 

check
 

as 1 = 2-3 leaf stage of rice, S2 = 5-7 leaf stage, S3 = tillering stage. btAv of 3 replications. CHerbicide rate in kg/ha indicated 

in parentheses. HW check 
= weeded at 15, 30, and 45 DAS. dSampled at 60 DAS. 

Plants sprayed at 5-7 leaf stage had similar tiller 
numbers as the untreated. But at the tillering stage, 
those treated with propanil at both rates and 
fluazifop-butyl at 0.05 kg/ia had significantly 
fewer tillers than those treated with fluazifop-butyl 
at 0.10 kg/ha and were comparable with the 
untreated. Only bentazon at 2.0 kg/ha and HW 
treatments produced as many tillers as those with 
fluazifop-butyl at 0.10 kg/ ha. 

Propanil at 3 kg/ha appeared to reduce tiller 
number when applied toward the tillering stage. 
Fluazifop-butyl inhibited tillering more when 
applied at the early leaf stages. Time and rate of 
application of bentazon did not seem to affect 
tillering. 

Most herbicides, applied at 2-3 leaf stage, con-
trolled weeds (predominantly S. maritimus and 
Cyperus iria) but were not as effective as 3 HWs. 
Bentazon (1.0) and propanil (3.0) applied at 5-7 leaf 
stage were as effective. When sprayed at tillering 
stage at both rates, they significantly reduced weed 
weight. They are more effective when applied 
toward the tillering stag, when weeds are older and 
have more top growth. Fluazifop-butyl had con-
sistently poor weed control regardless of applica-
tion time. 

Bentazon at both rates and propanil at the 

higher rate yielded significantly higher than the 
untreated check. The highest yield of 1.7 t/ha 
obtained from bentazon-treated (1.0) plots was 
comparable with those of other treatments except 
fluazifop-butyl at 0.1 kg/ ha which was significantly 
lower. 

Butachlorapplication time and incorporation. 
Effects of application time and incorporation on 
the performance of butachlor were examined. 

No significant differences were observed in crop 
stand and plant height when butachlor was applied 
3 DBS or I DBS, or at 6 DAS. However, tiller 
counts were significantly higher and weed weights 
were significantly lower with preplanting applica
tions. Differences between 3and I DBS application 
and between soil incorporation and surface applica
tion before planting were not significant. 

Yields were not significantly different between 
plots that were HW 14 and 28 DAS and those that 
received preplant herbicide applications. No yield 
was obtained from unweeded plots or from those 
to which butachlor was applied 6 DAS because of 
intense weed competition. 

Butachlor rates. The effect of 5 butachlor rates 
(0.2 to 1.0 kg/ ha) applied 3 DBS was compared 
with effects of I kg/ha 6 DAS and of weeding. 
Application of butachlor 6 DAS resulted in stand 
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Grain yield (f/ha) t/ha because of competition from perennial weeds 
5 and rat damage. Those yields were not significantly 

different from each other or from the HW check.4 Time of herbicide application under various 
moisture regines. A field experiment with 
broadcast-seeded flooded 1R36 rice in 1983 DS 

3 studied the effect ef presowing incorporation (PSI) 
and early postemergence (EPE) application of 
herbicides under varying moisture levels (satura

2 - tion, 2.5, 5.0. and 7.5 cml. 
r Scmatedh PSI of butachlor 3 DES produced highest yieldsO50c depth consistently a! all moisture levels (Fig. 2)with weed075 cm depth control efficiency and grain yield comparable to 

those of HW. 
1B Thiobencarb (PSI and EPE) was the next best8 P 0 T B P 0 T HW C treatment under all water depths. Whether the 

-3 DBS- i-6 DAS-
Time of herbicide application herbicide was applied as PSI or EPE, weed control 

2. Grain yield of direct-seeded lowland IR36 with different herbicide efficiency and grain yield increased as the depth ofapplication times and water depths. B = butachlor, 1.0: P = pendi- irrigation water increased from saturation to 7.5
methalin, 0.75; 0 = oxyfluorfen, 0.2; = thiobencarb, 1.5; H W = handwetding, 15 and 35 DAS; C = unweeded control. cm. Herbicide application was more beneficial at 

low than at high moisture. 
PSI of butachlor/thiobencarb and EPE thioreduction, shorter plants, fewer tillers, and poorer bencarb reduced weed biomass by 82-88% and 

weed control than application 3 DBS. Application increased panicle number with minimum toxicity
of butachlor 3 DBS did not reduce stand, plant to rice. PSI and EPE applications of oxyfluorfen
height, or tiller number compared to the HW were toxic to rice even though weed control was 
check. Weed weights were significantly lower in satisfactory (Table 9).
HW plots. Herbicide rates had little effect on stand Seedbedpreparation and weed control. Different 
count, plant height, tiller counts, and weed weights. methods ofseedbed preparations and weed control

No yield was obtained in the plots treated with were evaluated in WS to detdrmine the best
butachlor 6 DAS because of heavy weed growth combination for high yield in direct-',-ded flooded 
and high seedling mortality. Yields from plots IR36. 
treated with butachlor 3 DBS averaged only 1.6 Minimal tillage (one plowing fb one harrowing) 

Table 9. Effect of presowing and early postemergence herbicide treatments on weed control, crop tolerance, panicle
number, and grain yield of IR36. IRRI, 1983 DS. 

A pplicationWTre tWeed e dwtw Paniclea 
Visual toxicity Yielda 

Treatment Rate Time (g/m2 
(no./m 2

) ratingb (15 DAS) (t/ha)
(kq ai/ha) 45 DAS

a 

Bu :chlor 1.0 3 DBS 36 ab 424 a 1 4.5 aPendimethalin 0.75 3 DBS 53 c 408 a 2 3.2 cOxyfluorfen 0.2 3 DS 61 c 396 a 3 2.6 cdThiobencarb 1.5 3 DBS 48 bc 388 ab 2 4.3 aButachlor 1.0 8 DAS 45 abc 360 b 2 3.8 bPendimethalin 0.75 8 DAS 56 bc 348 b 2 3.1 cOxyfluorfen 0.2 8 DAS 58 c 316 c 3 3.0 cThiobencarb 1.5 8 DAS 33 ab 408 a 2 4.3 aHW twice - 20 fb 35 DAS 25 a 336 b 40 .4 aUnweeded check  - 267 d 204 d 0 1.2 e 

aAv of 3 replications, bRated 2 wk after herbicide application on a scale of 0-10: 0 = 
no toxicity and 10 complete kill. 
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Total weed dry wt at 26 DAS (g/05m2 ) 
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Seedbed prepration 

3. Effect of seedbed preparation on total dry ,eight of.'eeds and grain 

yield in direct-sceded flooded IR36. IRRI. 1983 WS. S, - conventional 

tillage (I plowing fh 3 harrowings). S, = minimal tillage (I plow!ng lb I
 

harrowing), S3 = ,ero tillage (glyphosate. 1.5kg ha). S4 /ro tillage 
= 

ISC-0224.1.5), S5 icro tillage (glhvphoate 1.5fb par, quat 0.75). r,, 

/ero tillage(SC4)224 1.5fb paraquat (.75). S, : tale-eedbd(paraquaIt. 
0.75), SH= stale-scedbed tb animal plo-ing once. 

and a tank-mixed application of thiobencarb and 

propanil at EPE was highly effective.The yield was 

comparable to that of conventional seedbed prepara-

tion (2plowi ngs fb 3 harrowings) and 2 HWs at 15 

and 35 DAS (Fig. 3). 


When the field was infested with perennial weeds 
Paspalum distichum and S. maritinus, different 

Grain yield (i/ha) 
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tillage techniques and seedbed methods had 
only limited benefit. 

Stale-seedbed method (I plowing I DBS) fb 
herbicide application ranked second in efficiency 
and yield (Fig. 3). 

strong relationship between weed dry weight 
and grain yield (r = -0.84**) reinforces evidence 
that weeding of direct-seeded flooded rice increases 
yields (Fig. 4). 

Rainfed transplanted rice. Prelininary screen
ing. All herbicide treatments on rainfed TPR had 
yieldssimilartothoseoftheHWandthiobencarb-
2,4-D checks (Table 10). Only MY93 and X-52B 

yielded significantly higher than the untreated 
check and about 35% more than the thiobencarb -

2,4-D check. All herbicides were safe to rice. 
An RRI eduring

Spra' equipment, experimentd 
WS compared the performance of five different 
types of herbicide sprayers using butachlor and 
2,4-D. Butachlor was applied alone at 1.5 kg/ha or 
fb 2,4-D at 0.4 kg/ ha on saturated plots. Delivery 
rates of the sprayers were calibrated. 

Major weeds included Pas)aan sp., E.glahres
cens, Lepiochloa chinensis,M. vaginalis, Ludwigia 
octovalvi', and Fimbristylis litioralis. 

At 60 DT, tota! weed %eight did not differ 
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Table 10. Effect of herbicides on weed control, crop tolerance, and yield of rainfed TPR I R36. I RRI, 1983 WS. 

Application Weed wtb (g/m 2 ) Visual 1db 
Rate Time Broadleaf Grasses Sedes toxicity (t/ha) 

(kg al/ha) (D ) weeds ratingC 

MY93E G 1.0 4 28a 110ab 0a 0 3.4a
X-52B G 1.0 4 20 a 28 ab 2 a 0 3.2 aHW check Twice 15 & 30 16 a 18ab 0 a 0 3.1 aA6728 G 0.8 4 6 a 24 ab 0 a 2 3.0 ab
MY93 EC 1.0 4 20a 20 ab 0 a 1 2.8 abA6728 EC 0.4 4 52 a 64 ab 0 a 0.3 2.8 ab
A6754 G 0.4 4 50 a 62 ab 04 a 2.7 ab
Thiobencarb - 2,4-D IPE G 1.5 4 20 a 0 a 04 a 2.3 abBAS 514 WP 0.2 4 36 a 114 ab 0 a 1 2.2 abPPG1013EC 0.2 4 82a 110ab 0a 2 2.lab
Untreated check - 26 a 142 b 0a 0 1.5 b 
a A spaced dash (- means that 2 herbicides were formulated on the same carrier and applied as a single treatment. bAv of
3 replications. CRated 2 wk 3fter herbicide application on a scale of 0-10: 0 = no toxicity and 10 = complete kill. 

significantly among sprayers using butachlor alone Table 11. Weed weight at 60 DT and grain yield of rainfedand was comparable to thLt in the untreated check TPR I R36 as affected by herbicides applied with different 
spray equipment. IRRI, 1983 WS. 

(Table II). But when butachlor fb 2,4-D was
 
applied, total weed weight was less than in the 
 Type of Herbicidea Weed wt Grain

untreated. spIayer (kg ai/ha) (g/m2 ) yield
untreaed. 
 Itha)

All herbicide treatments were significantly in
ferior in weed control to the HW check at 60 DT SingleMc:onlierbinozzle Butachlor (1.5) 245 b 2.2 ab
Butachlor 1.5) 229 b 1.9 bc 
(Table 11). Birky Butachlor (1.5) 265 b 2.2 ab 

All treatments except butachlor applied with the Boom Butachlor (1.5) 172 b 2.2 absingle nozzle and VLV-50 sprayers yielded sig- VLV-50 (1.5) b 1.9 bcMicronherbi 165ButachlorButachlor fb 178 b 2.4 ab 
nificantly more than the untreated check. The 2,4-D (1.5 
average weed weight of six herbicide treatments fb 0.4) 
showed that the type of sprayer did not affect the Single nozzle Butachlor fb 162 b 2.4 ab 

2,4.D (1.5effectiveness of herbicides. fb 0.4)
Variety andnitrogen level. The effect of variety, Birky Butachlor fb 244 b 2.3 ab 

N level, and weeding method 2,4-D (1.5on weed control in fb 0.4)
rainfed rice was evaluated during WS. Mahsuri Boom Butachlor fb 227 b 2.7 ab 
(tall), IR42 (intermediate), and IR36 (semidwar 2,4-D (1.5 
were tested using 0, 50, and 100 kg N/ha, 1.5 kg fb 0.4)VLV.50 Butachlor fb 154 b 2.6 ab 
butachlor/ha, 2 HWs (15 and 30 DT), and an 2,4-D (1.5 
untreated check. fb 0 4)

HW twice Butachlor fb 48 a 2.6 abDry weight of weeds (mainly P. dlisticlin, L. 2,4-D (1.5 
chinensis, M. vaginalis,S. maritimus,F.littoralis, fb 0.4)
and C. iria) at 60 DT did not differ among the Untreated Butachlor fb 284 b 1.2 c 
varieties at 0 and 50 kg N/ha (Table 12). At the check 2,4-D (1.5

fb 0.4)
highest N level, however, weed weights in IR36 aHebid rate indicated in parentheses. 
plots were lowest, significantly lower than in 
Mahsuri plots. Although weed weights in IR42 and 
Mahsuri plots appeared to increase with increasing than Mahsuri (Table 13). Increasing N slightly
N, the differences were not significant. IR42 increased tiller number of all varieties. 
consistently yielded highest. At each N level, IR42 and Mahsuri fiad similar 

At each N level, IR42 and IR36 had more tillers LAI, which were significantly higher than that of 
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Table 12. Effect of variety and N level or. weed wc!ght and grain yield of 3 rices grown in rainfed transplanted fields.8 

IRRI, 1983 WS. 

2 	 Grain yieldc t/ha))
N level Weed wtb (g/m 

(kg N/ha) IR36 IR42 Mahsuri N means IR36 IR42 Mahsuri N means 

0 74 a 98a 92 a 88 1.9 2.4 1.2 1.8 
50 112a 109a 122a 114 1.5 2.4 1.2 1.7
 
100 82a 121 ab 154 b 119 1.9 2.4 1.1 1.8
 

Variety means 89 109 123 107 1.8 2.4 1.1 1.8
 

aAv of 3 replications and 3 weeding regimes.bSeparation of means in a row by Duncan's multiple range test at the 5% level. 
= 


Weeds were sampled 60 DT. CLSD between 2 V means 0.8. 

Table 13. Effect of N level on tiller count and leaf area index (LAI) at 60 DT of 3 rice varieties grown in rainfed condi
tions.a IRRI, 1983 MS. 

2 LAI

N Tillers (no./m C 

(kg/ha) IR36 iR42 Mahsuri N means IR36 IR42 Mahsuri N means 

0 317 324 244 295 1.39 2.51 3.16 2.35 
50 319 351 249 306 1.63 3.43 3.21 2.76 

100 344 393 271 336 1.79 4.18 4.16 3.38 
Variety means 326 356 255 312 1.60 3.37 3.51 2.83 

LSD (5%) 	 V means (atsame or different N) 45 (60) 0.99 (1.11) 

N means (under same V) 28 (49) 0.36 (0.63) 

aAv of 3 replications and 3 weeding regimes. 

IR36. Addition of 50 kg N/ha did not significantly Dry-seeded rainfed bunded rice. Preliminary 
increase LAI of Mahsuri, but addition of 100 kg screening. Fourteen herbicides were testedat 2or3 
N/ha increased it over those at 0 and 50 kg N/ha. rates of application and compared with standard 
N fertilizer application did not affect LAI of 1R36. check plots with single rates of butachlor and 

Tillering and LAI of IR42 were more responsive propanil, and HW (14 and 28 DE) and unweeded 
to N than those of IR36 and Mahsuri. N seemed to treatments. Butachlor, pendimethalin, MY93E, 
affect LAI more than tillering. and PPG 1013 were applied after a germinating 

A correlation analysis showed that except for rain following planting but before DSR emergence. 
Mahsuri, there were no significant differences Propanil, fluazifop-butyl, terbutryn, ametryn, and 
between varieties in weed weights at 60 DT and the commercial mixtures of fluazifop-butyl-2,4-D, 
LAI or between tiller count at 60 "DTand grain propanil-MCPA-oxyluorfen, molinate, propanil, 
yield (r = -0.77). and propanil.- MCPA were applied 9 DE. Plots 

Averages over N levels and weeding regimes treated with terbutryn and ametryn were HW at 45 
show the rices had the same N absorbing ability as DE. 
the weeds (0.88-1.15 vs 0.87-0.95%). Major weed species were Afelochia concatenata 

Rainfed direct-seeded rice. In a preliminary and Echinochloa colona. None of the herbicides 
screening, most herbicides effectively controlled reduced the stand, but ametryn and terbutryn 
grassy weeds with rainfed direct-seeded rice and caused leaf burn early in crop growth. 
caused zero to slight toxicity to rice (Table 14). At 30 DE,pendimethalin (1.5 and 2.0 kgai/ ha), 
MY71,A6728, and PPG 1013 had yields similar to molinate - propanil (1.9 - 1.9 and 2.35 - 2.35), 
those with the other test herbicides but significantly bromoxynil - MCPA(I.0 - 1.0 and 1.23 - 1.27), 
higher than either the thiobencarb - 2,4-D or the propanil - MCPA - oxyfluorfen (1.56 - 0.43 
untreated check. 0.006), fluazifop-butyl (0.08), fluazifop-butyl 

http:0.87-0.95
http:0.88-1.15
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2,4-D (0.05 -0.40), fluazifop-butyl fb 2,4-D (0.08 rb 
0.5), and PPG 1013 (0.2)and the standard herbicide 
treatments controlled weeds as effectively as the 
HW check. Compared to the untreated check, 19 
of the 30 herbicide treatments did not reduce weed 
weight. At 60 DE, weed weights in plots treated 
with pendimethalin (1.5), molinate - propanil (1.9 
1.9), PPG 1013(0.2), fluazifop-butyl fb 2,4-D (0.10 
fb 0.5), and propanil (3.0) were significantly lower 
than that in the untreated check and were not 
significantly different from that of the HW check. 

[he HW check yielded highest at 2.8 t/ha. 
Herbicide treatments that yielded over 2.0 t/ ha 
were terbutryn at all rates tested (0.25, 0.50. and 
0.75 kg/ ha) fb HW, ametryn at 0.5 kg/ ha fb HW 
molinate - propanil at both rates tested, and 
pendimethalin at 1.5 kgl ha. 

Adding HW to an herbicide treatment that did 
not effectively control weeds resulted in relatively 
high yields. Adequate weed control with fluazifop-
butyl at 0.08 kg; ha early in crop growth did not 
lead to high yields because L. colona rapidly grew 
in the treated plots. 

Yields from plots treated with any rate of 
fluazifop-butyl, fluazifop-butyl - 2,4-D, MY93E, 
and PPG 1013 at0.1 kg/ha were significantly lower 
than yield from the HW check. 

Advanced evahation. Major weeds in order of 
decreasing importance were E colona, Paspahm 
sp., and C. iria. At 35 DE weed weights in plots 
treated with butachlor fb propanil, penclimethalin 
fb 2,4-D, propanil - thiobencarb - fenoprop, 
butachlor and thiobencarb, and in HW plots were 

significantly lower than that in the untreated check. 
At 40 DE, plots were split and one-half was HW; 
the other half received no additional weed control. 
HW required from 228 to 683 labor h/ha (Table 
15). Significantly less time was required for eight of 
the herbicide-treated plots compared to the un
treated check. 

Additional H W at 40 DE resulted in a significant 
yield increase for all treatments, averaging 1.7 t/ ha. 

Weed control combinations. Although flora 
varied between replications, the most common 
weeds were /. colona, Choris harhata, Commelina 
dliffusa, and Ml. concatenata. 

Manual and mechanical weed control methods, 
alone orcombined, were compared with herbicides 
alone, in mixtures, or combined with manual and 
mechanical weed control methods. Weed control 
methods were harrowing IDE; interrowcultivation 
or hoe weeding plus HW 8 DE; 1-W: rotary 
weeding 45 DE; application of butachlor or pen
dimethalin preemergence, I DE, or 8 DE; propanil 
15 DE; and propanil -- butachlor or pendimethalin 
16 DE. Examples of combined treatments are 
harrowing I DE + interrow cultivation and HW 8 
DE + butachlor or pendimethalin 8 DE, and 
harrowing I DE + hoe weeding and HW 8 DE + 
rotary weeding 45 DE. Additional treatments 
included HW 14 + 28 DE, application of a tank 
mixture of pendimethalin + oxadiazon pre
emergence, and application of pendimethalin 
preemergence fb 2,4-D at 15 DE. 

For weed control and crop yield, the herbicide 
combinations were superior to combinations of 

Table 14. Effect of herbicides on weed control, crop tolerance, and yield of rainfed WSR IR36. I R RI, 1983 WS. 

Application 

Treatmenta Rate Time
Rgate Time 

Ckg ai/ha) CDAS) 

MY71 G 2.0 6 
A6728 EC 0.4 6 
PPG 1013EC 0.15 6 
X-52B G 1.0 6 
MY93 EC 2.0 6 
MY93EG 2.0 6 
BAS 514 WP 0.3 6 
Thiobencarb - 2,4-D IPE G 1.5 6 
Untreated cl-eck  -

Weed wtb (g/m) Visual Yieldb 

Broadleaf toxicity (t/ha)Brodef Grasses Sedges rating c 
t

weeds 

0 a 6 a 4 a 2 3.2 a 
0 a 0 a 12 a 0 2.9 a 

58 b lOa 8a 3 2.9a 
40 b Oa 12a 2 2.6ab 

8 b 0a 12a 0 2.6ab 
8 b 0a 8a 2 2.5ab 

46 b Oa 10a 2 2.5ab 
0 a 0 a 6 a 2 1.8 b 

12 b 8a 2 a 0 1.8 b 

aA spaced dash (-) means that 2 h-rbicides were formulated on the same carrier and applied as a single treatment, bAv of
3 replications. CRated 2 wk after herbicide application on a scale of 0-10: 0 = = no toxicity and 10 complete kill. 
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Table 15. Effect of various weed control treatments on the time required for HW 40 DE and the effect of HW on yield. 
IRRI, 1983 WS. 

Treatmenta 

Butachlor fb propanil 
HW twice 
Pendimethalin fb 2,4-D 
Propanil - thiobencarb -
Butachlor 

Pendimethalin 
Thiobencarb 

Propanil 

Propanil - thiobencarb 
Pendimethalin + propanil 

fenoprop 

Dicamba + butachlor + propanil 
Dicamba + propanil 
Butachlor + propanil 
Dicamba 
Untreated check 

aA dash (-)= proprietary mixture; + 

Rate____________Time of 
(kg ai/ha) 

1.5 fb 2.0 
-

2.0 fb 0.5 
1.69 -0.93 -0.39 

2.0 
2.0 
3.0 

3.0 

1.93- 1.07 

1.5 + 1.5 


0.25 + 1.0 + 1.0 

0.25 + 2.0 

1.5 + 1.5 


0.5 

-


application 
(DE) 


PE fb 9 
14+28 

PE fb 21 
9 

PE 
PE 

PE 

9 
9 
9 
9 
9 
9 
9 
-

tank mixed. bHW at 40 DE. 

two or more manual or mechanical methods or the 
combination of manual or mechanical methods 
with herbicides. 

Seedthed preparation techniques and herbicide 
mixtures. During 1983 WS, direct-seeded rainfed 
bunded IR36 was used to evaluate three seedbed 
preparation techniques combined with three EPE 
herbicide mixtures and HW and unweeded checks. 

A tank-mixed EPE application of butachlor or 
pendimethalin with propanil reduced weed biomass 
by 84-87% and increased yield (Table 16) possibly 

Table 16. Efficiency of herbicide mixtures in different seedbed 
1983 WS. 

Time required Yield t/ha) 
for weeding b 

(labor-h/ha) Not HW HW 40 DE 

228 ab 3.2 a 4.6 a 
108 a 3.0 ab 4.3 a 
278 abc 2.8 ab 4.3 a 
331 bcd 1.6 abc 3.6 ab 
322 bcd 1.6 abc 3.6 ab 
428 bcde 1.5 abc 3.3 abcd 
433 bcde 1.0 c 3.5 abc 

358 bcd 1.4 bc 2.9 abcde 
450 cde 0.3 c 3.0 abcde 
528 def 0.8 c 2.5 bcde 
503 def 0.9 c 2.5 bcde 
683 f 0.4 c 2.2 bcde 
617 ef 0.5 c 1.8 cde 
653 f 0.0 c 1.7 de 
694 f 0.0 c 1.4 e 

by reducing weed dry weight and increasing panicle 
number (Fig. 5). 

Upland rice. Advanced trials, IRRI and Ba
tangas. Major weeds at IR RI included Rottboellia 
exaltata, Digitaria sp., Eleusine indica, Amaran
thusspinosus,and Ipomoea triloba.All herbicides 
except propanil significantly reduced weed infesta
tion but not as well as two HWs (Table 17). 

The very low yields obtained could have been 
caused by a typhoon and heavy weed infestation 
particularly of R. e.valtataduring the reproductive 

preparationsa for direct-seeded rainfed bunded IR36. IRRI, 

Application Weed wt (g/m') Yield (t/ha) 
Treatmentb 

Rate Time CT ZT ST Mean CT ZT ST Mean 
(kg ai/ha) (DE) 

Butachlor + 1.5+ 1.5 8 48 a 58a 92 a 66 3.9 a 3.6 a 3.2 a 3.5 
propanil 

Thiobencarb + 1.5+ 1.5 8 48a 82 b 130 b 86 3.5 b 3.2 b 2.8 b 3.2 
propanil 

Pendimethalin + 1.5+ 1.5 8 78 b 114 c 92 a 94 3.2 b 3.2 b 3.3 a 3.2 
propanil 

HW - 14,35,50 64 ab 78ab 166 b 103 2.0 c 2.6 c 2.4 c 2.3 
Untreated control - - 358 c 462 d 376 c 398 0.0 d 0.0 d 0.0 d 0.0 

aCT = conventional tillage (2 plowings followed by 2 harrowings); ZT = zero tillage (preseeding application of glyphosate 
at 1.5 kg ai/ha); ST = stale-seedbed technique (application of paraquat at 0.75 kg ai/ha).b+ = tank mixture of 2 herbicides. 
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Grain yield (t/ha) phase. Although yields from herbicide-treated 
plots were not comparable with that from the 

4 - HW check, yields from the dinitramine- and 
pendimethalin-treated plots were significantly 
higher I iai the untreated. 

3- In Batangas, major weeds were E colona, 
Digitaria sp., Dactyloctenium aegyptiun, Cyperus

2 - cwupressus, i. triloba,and Aurdannianudiflora. 
Oxadiazon was most effective and comparable 

to 2 HWs, oxyfluorfen, butralin, and dinitramine 
I 	 (Table 17). On the other hand, propanil, pendi

methalin, butachlor, and thiobencarb did not 
control the weeds. 

0 Only plots treated with oxyfluorfen, oxadiazon, 
Total weed wtot 75DAS (g/O5m2 

) pendimethalin, and dinitramine had yields com
parable to that of the HW plot. 

200 - Sequential and tank-mixed herbicde applica
tions. Four preemergence herbicides were tested in 
1983 WS for weed control in upland 1R36. Sequen

150 tial and tank mixtures of preemergence herbicides 
with propanil were compared for effectiveness. 

Grasses accounted for 91% of the weed flora. R.100 exalatatawas the predominant weed. 
Butachlor or pendimethalin fb propanil reduced 

5weed dry weight by 89% (Fig. 6), and increased leaf 
area, panicle number, and grain filling which led to 
high yields (Table 18).0 1 _ _ _ _ r The total dry weight of weeds had a strong 

Ponicles (no/m 2 ) negative relationship (r= -0.74**) with grain yield 
showing that effective weed control is necessary for 

60 -high yields in upland rice. 
Effect ofspray equipment, IRR1 and Batang'as. 

Experiments at IRRI and a farmer's field in 
450 	 Cuenca, Batangas, during the 1983 WS compared 

the efficiency of 5 sprayers: micronherbi, single 
nozzle, birky, boom, and VLV-50. Butachlor,

30o 	 either alone at 1.0 or 2.0 kg/ha or fb 2,4-D at 0.4 or 
0.8 kg/ha, was applied with each sprayer. 

Most weeds at IR RI were R. exaltata, Digitaria
15o sp., I. triloba, Cleome rutidosperma, Calopogo

nitut mucunoides, Centrosema pubescens, and 
oC(yperus rotunhs. 
w, w2 w3 w4 w5 Total weed weight with the five sprayers did not 

Weed control differ ('[able 19). Among the weed classes, only 
5. Effect ofherbicide mixtures on total weed weight, number ofpanicles. broadleaf weeds were affected by sprayer type with
 
and s'rain yield of direct-seeded rainfed hunded rice ,R36. IRRI, 1983 VLV-50 significantly less effective.
 
WS. W, = control (untreated), W, = hand weeded ((4.35, and 50 DE).

W3 = butachlor + propanil (1.5 + 1.5kg 8 DE), ', 4 = thiobencarb + Averaged over five sprayers, a combination of 
propanil(2"5 1.5kg8 DE),W 5 = pendimethalin+ propanil(l.5+ 15 	 butachlor and 2,4-D was more effective thankg 8 DE). + indicates tank mixture. 	 butachlor alone. Increasing herbicide rate did not 
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Table 17. Total weed weight and grain yield of IR36 grown in upland fields at IRRI and Cuenca, Batangas, Philippines.
a 

1983 WS. 

Application IRRI Batangas 

Treatment Rate Time Total weed wtb Grain yield Total weed wtb Grain yield 
2

(kg ai/ha) (DAS) (g/m2 ) (t/ha) (g/m ) (t/ha) 

HW twice - 15 & 30 DE 17 a 
Pendimethalin 2.0 0-2 62 
Dinitramine 1.5 0-2 93 
Oxyfluorfen 0.5 0-2 81 
Oxadiazon 1.0 0-2 66 
Butralin 2.0 0-2 105 
Thiobencarb 3.0 0-2 139 
Propanil 2.0 10-15 DE 235 
Butachlor 2.0 0-2 99 
Untreated check - - 357 

aAv of 4 replications/site. bWeeds were sampled 70 DE. 

Grain yield (t/ha) 

3 

2 -Total 

0 

Total weed dry wt at 50 D.S (g/O 5m2 )
240 

180 

60 

0 I I I 1I 1 I I I 
B P 0 T Bp Pp Op Tp Bp Pp Op Tp HW C 

I-Preemergence.l 1--Sequential--- -- Mixture----A 

Timeof herbicide opication 
6. Effect of preemergence and postemergence herbicides on weed dry 

weight and grain yield in 1A36. IRRI, 1983 WS. B = butachlor, 

2.0 kg/ha; P= pendimethalin,2.0;O= oxadiazon,0.5;T= thiobcncarb,
 
2.5; Bp butachlor fb propanil, 1.5; Pp = pendimethalin fb propanil. 

1.5; Op oxadiazon lb propanil, 0.4 fb 1.5; Tp = thiobencarb fb 

propanil, 2.0 fb 1.5; HW = hand weeding 14.35. and 50 DE; C =
 
unweeded control. 


1.1 a 148 ab 1.2 a 
b 0.7 b 271 bcd 0.9 abc 
bc 0.6 bc 188 abc 0.8 abc 
b 0.1 d 162 ab 1.1 ab 
b 0.2 cd 133 a 0.9 abc 
bc 0.1 d 161 ab 0.5 bcd 
bc 0.1 d 227 abcd 0.5 bcd 

cd 0.1 d 329 cd 0.4 cd 
bc 0.1 d 253 bcd 0.4 cd 

d 0.0 d 364 d 0.1 d 

significantly reduce total weed weight or dry weight 
of broadleaf weeds. 

The major weeds in Batangas were E. colona, D. 
aegyptium, Paspalumdilatatum, lschaemum rugo
sum, Aeschi'nomene indica, C. diffiisa, L triloba, 
M. nudiflora, and C. rotundus. 

weed weight was lowest in birky plots 
(Table 20), but boom, VLV-50, and single nozzle 
sprayers performed as well. Micronherbi plots had 
significantly higher weed weight. 

Total weed weight was significantly lowest with 
higher rates of butachlor and 2,4-D. .This was 
comparable with butachlor (2.0) fb 2,4-D (0.4). A
combination of the 2 herbicides except butachlor 

(1.0) fb 2,4-D (0.4 or 0.8) performed better than a 
single application of butachlor. 

Grassy weeds were most effectively controlled by 
herbicides applied with the birky and boom 
sprayers and least effectively with the micronherbi 
and the single nozzle. Sprayer type did not affect 
control of sedges. 

Grasses were effectively controlled with the 
higher rate of butachlor alone or followed by either 
rate of 2,4-D. A butachlor - 2,4-D combination 
controlled sedges better than butachlor alone. 
Increasing the butachlor rate in the combination 

did not improve sedge control. But increasing the 
rate of 2,4-D from 0.4 to 0.8 kg/ ha without 
increasing butachlor significantly improved sedge 

control. 
Butachlor applied alone at 1.0 kg/ha provided 

the best broadleaf weed control with the boom 
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Table 18. Preemergence and postemergence herbicide combinations for upland rice IR36. IRRI, 1983 WS. 

Application Weed wt Filled
Treatmenta R tTi e 50 DAS LAI at Panicles ganYield 

Rate Time 50 DAS 60 DAS (no./m 2 
) grain (t/ha) 

(kg ai/ha) (g/me) (%) 

Butachlor 2.0 PE 119 ab 0.714 bc 127 bc 56 ab 1.3 bc 
Pendimethalin 2.0 PE 49 a 2.812 a 273 a 66 a 2.7 a
 
Oxadiazon 0.5 
 PE 88 a 2.516 b 245 ab 70 a 2.5 ab
 
Thiob ,ncarb 
 2.5 PE 236 b 0.458 bc 73 c 53 b 0.8 c 
Butachlor fb propanil 1.5 fb 1.5 PE fb 8 DE 51 a 3.558 a 355 a 72 a 3.5 a
Pendimethalin fb propanil 1.5 fb 1.5 PE fb 8 DE 52 a 3.711 a 328 a 71 a 3.5 a
 
Oxadiazon fb propanil 0.4 fb 1.5 
 PE fb 8 DE 45 a 2.752 ab 320 a 65 a 3.2 a
 
Thiobencarb fb propanil 2.0 fb 1.5 
 PE fb 8 DE 93 a 1.749 b 200 b 59 ab 2.1 b
 
Butachlor + propanil 1.5 + 1.5 8 DE 3.606 a
73 a 290 a 72 a 3.0 a

Pendimethalin + propanil 1.5 + 1.5 
 8 DE 64 a 4.004 a 312 a 68 a 3.1 a
 
Oxadiazon + propanil 0.4+ 1.5 
 8 DE 217 b 2.574 b 300a 64 a 1.5 b 
Thiobencarb + propanil 2.0+ 1.5 8 DE 269 b 1.741 b 181 b 61 a 1.3 bc 
HW - 14, 35, 50 DE 71 a 

3 .3 82 a 321 a 68 a 3.3 a 
Unweeded check - 455 c 0.382 c 0 d 0 c 0 d 

a+ = tank mixture of 2 herbicides. 

Table 19. Effect of spray equipment and herbicide rate on Table 20. Effct of sprayers and herbicide rate on weed
weed growth at 40 DE of IR36. IRRI, 1983 WS. growth at 60 DE of IR36. Cuenca, Batangas, Philippines, 

1983 WS. 
Dry weight (g/m F) Dry weight (9/m 2 

) 

Broadleaf Grasses Sedges Total 
weeds Grasses Sedges Total 

Herbicideaah,.'bicide Butachlor (1.0) 144 bc 81 c 266 d 
Butachlor (1.0) 16 b 37 a 38 a 91 b Butachlor (2.0) 108a 81 c 225 cd 
Butachlor (2.0) 17 b 27 a 37 a 81 b Butachlor fb 2,4-D 176 c 33 b 219 bcd
 
Butachlor fb 2,4-D 3 a 36 a 27 a 66 ab (1.0 
 fb 0.4)

(1.0 fb 0.4) Butachlor fb 2,4-D 138 abc 29 b 176 ab 
Butachlor fb 2,4-D 3 a 47 a 22 a 71 ab (2.0 fb 0.4)

(2.0 fb 0.4) Butachlor fb 2,4-D 171 c 17 a 194 bc 
Butachlor fb 2,4-D 2 a 34 a 25 a 61 a (1.0 fb 0.4)

(1.0 fb 0.8) Butachlor fb 2,4-D 121 ab 25 ab 152 a
 
Butachlor fb 2,4-D 2 a 26 a 26 a 54 a 
 (2.0 fb 0.8) 

(2.0 fb 0.8) Spray equipmentb 
Spray equipmentb Micronherbi 213 d 43 a 282 b
 
Micronherbi 7 a 31 a 27 a 63 b Single nozzle 157 cd 
 37 a 206a 
Single nozzle 7a 46a 24 a 77 b Birky 95a 43a 168a
 
Birky 
 7a 37a 22a 66 b Boom 112a 55a 173a
 
Boom 
 6a 30a 39a 75 b VLV-50 139 bc 44a 196a
 
VLV-50 10 b 28a 34a 
 72 b 

a na Av of 3 replications and 5 sprayer types. Butachlor was 
Av of 3 replications and 5 spray equipment. Butachlor applied at seeding time and 2,4-D 15 d after crop emer

was applied 2 DAS and 2,4-D 15 d after rice emergence. gence. Herbicide rate in kg/ha is in parentheses. bAv of 3 
bAv of 3 replications and 6 herbicide rates, replications and 6 herbicide rates. 

sprayer (Table 21). At 2.0 kg/ha, butachlor tion controlled broadleafweeds better than a single 
provided good control with all sprayers except the butachlor application.
biix k,. At lower butachlor and 2,4-D combination Neither location produced a harvest. At IRRI, 
rates, al sprayers, except the VLV-50, had effective drought and insects damaged the crop during the 
control. At the higher rates, control was unaffected reproductive phase, resulting in sterile spikelets. In 
by sprayer type. A butachlor and 2,4-D combina- Batangas, heavy weed infestation, particularly 
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Table 21. Effect of type of sprayer and herbicide rate on the dry weight of broadleaf weeds in IR36 60 DE. a Cuenca, 
Batangas, Philippines, 1983 WS. 

2 )Dry weight of broadleaf weedsb (g/m 

Sprayer Butachlor Butachlor Butachlor fb 2,4-D Butachlor fb 2,4-D Butachlor fb 2,4-D Butachlor fb 2,4-D 

(1.0) (2.0) (1.0 fb 0.4) (2.0 fb 0.4) (1.0 fb 0.8) (2.0 fb 0.8) 

Micronherbi 65 a 52 ab 3 a 20 a 9 a 4 a 
Single nozzle 36a 14 a lOab 9 a 3a 6a 
Birky 80a 76 b 8a 5a 8a 8a 
Boom 5 b 22a 4a 2a 4a 7a 
VLV-50 24a 17a 23 b 7a 7a 5a 

Means 42 36 10 9 6 6 

aAv of 3 replications. bButachlor and 2,4-D were applied after seeding and 20 d after rice emergence. Herbicide rates in 
kg/ha are in parentheses. 

grasses, occurred during the reproductive phase. 
Variety andnitrogen level. The performance of3 

upland rices [Kinandang Patong (tall), C171-136 
(intermediate tall), IR43 (semidwaro], 3 N levels 
(0, 50, and 100 kg/ha), and 3 weeding regimes 
[butachlor (2.5 kg/ha), 2 HWs at 15 and 30 DE, 
and untreated check] was evaluated for weed 
control. 

Major weeds were R. exaltata, E. indica, Pas-
palum sp., Digitaria sp., A. spinosus C. rutido-
sperma, M. nudiflora, and C. rotundus. 

At 80 DE, total weed weight did not differ 
among rice varieties and N levels. However, dry 
weight of the predominant weed R. exaltata, at the 
highest N level, was significantly lower in C 171-136 
plots than in IR43 and Kinandang Patong plots, 
At 0 and 50 kg N/ha, dry weight of R. exaltata did 
not differ among the varieties. At 100 kg N/ha, 
C171-136 significantly reduced dry weight of R. 
exaltata compared to IR43. Averaged over the 3 N 
levels, C171-136 significantly reduced dry weight of 
R. exaltata and yielded significantly higher than 

IR43 and Kinandang Patong at all N levels. N rate, 
however, did not affect grain yield of each variety. 

Plant height of all varieties significantly in
creased as N increased (Table 22). C171-136 and 
Kinandang Patong were similar in height without 
N and taller than IR43. LAI of IR43 and Kinan
dang Patong did not differ at all N levels; LAI of 
C 171-136 was significantly higher at 100 kg N/ha 
than at zero N. Tiller number was similar among 
varieties regardless of N level. 

Rices absorbed more and had higher percent 
total N at 60 DE than weeds at all weeding regimes 
(Table 23). Weeds in butachlor and untieated plots 
absorbed less N than those in the HW plots, 
possibly because of competition among themselves 
which favored more N uptake by the rice. When 
weed control was effective, as in HW plots, the 
remaining few weeds competed with rice for N 
uptake. This is shown by the lower percent total N 
of rice and the higher percent in weeds from HW 
plots compared to weeds of butachlor and un
treated plots. 

Table 22. Effect of N level on plant height, LAI, and tiller count of 3 varieties grown in upland fieldsa I RRI, 1983 WS. 

N Plant height b (cm) 
level 

(kg/ha) IR43 C171- Kinandang N means IR43 
136 Patong 

0 88.3 122.7 135.2 115.4 4.96 a 
50 92.0 124.3 152.0 122.8 4.69 

100 99.2 133.7 159.3 130.7 5.24 a 

Variety 93.2 126.9 148.8 123.0 4.97 
means 

aAv of 3 replications and 3 weeding regimes.bLSD (5%) 

LAI Tiller count (no./m) 

C171- Kinandang N means IR43 C171- KinandangN means 
136 Patong 136 Patong 

5.04 b 4.77 a 4.92 457 a 419 a 332 a 403 
5.74 ab 5.55 a 5.33 447 a 453 a 319 a 406 
6.97 a 5.42 a 5.87 398 a 481 a 281 a 386 

5.92 5.25 5.37 434 451 311 399 

= 21.9 between 2 V means. 
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Table 23. Percent total N of weeds and rice at 60 DE as There was a correlation between total weed 
affected by weeding regime, N level, and variety grown in weight at 80 DE and yield of Kinandang Patong (r
upland fields~a IRRI, 1983 WS. = -0.70*) and C71-136 (r = -0.89**), and total 

Weed control Total N (%) weed weight and plant height ofCl 71-136 at 80 DE 
treatment Weeds Rice Difference (r = -0.71*). 
treatment__ Weeds_ Rice_ Difference Soil moisture-herbicide relationship. A field 

Butachlor (2.0 kg/ha) 0.87 b 1.37 a -o.50* experiment on soil moisture-herbicide relationship 
HW check 1.01 a 1.19 b -0.18" was conducted with upland IR36 during 1983 DS 
Untreated check 0.83 b 1.28 ab -0.45 °*  using a line-source sprinkler (LSS). 

. a. . - The cumulative amount of water applied includ
aAv of 3 replications, 3 N levels, and 3 varieties, ing rainfall from day 0 to 100 in the plots nearest to 

or farthest from LSS was 811, 691, 525, 365, and 
214 mm (Ml to M5 moisture regimes). These

Groin yield (t/h) 	 amounts compared to 668 mm recorded in the 

30-	 U Butachlor 20akgha upland pan evaporation (UPE) during the same 
I Pendimethlin 20kg al/ha period. Thus, M I and M2 were maintained aboveS Oxodiezon 075kg of/ha
 
0 Oxyfluorfen 0.4 kg ai/ha 
 UPE at all stages of growth whereas M3 was more 
Y Thiobenoorb 25 kgoi/ho or less at UPE level; M4 and M5 were below UPE 
V Hand weeded (20and55DE) after initial crop establishment.

".-.-.& , 	 Untreated control 
2.0 Cc 	 Five preemergence herbicides were compared 

a with HW and uaweeded checks for their effective-
IS ness and selectivity.

At the highest moisture ref;ime (MA), pendi
o - methalin and HW provided s'gnficantly higher 

,b yields than the other regimes. 

.b At M2, pendimethaiin, the HW check, and 
oxadiazon yielded higher than the other weed[ .treatments (Fig. 7). The pendimethalin and oxa

1.5 	 40 65 90 11.5 diazon treatments had low weed weights, high
(MI) 	 (M2 ) (M3 ) (N) (M5) panicle numbers, and high yield (Table 24). There 

Distance (m) from the sprinkler Tie were no perceptible differences in yield between the 
7. Effect ofherbicides on IR36 yield under different upland soil moisture herbicide treatments and the unweeded control 
regimes. IRRI, 1983 DS. In a moisture regime, values marked by a 
common letter are not significantly different at the 5% level, when the soil moisture was maintained at M3. 

Table 24. Effect of herbicides on weed dry weight and panicle number under different soil moisture regimes in upland 
IR36.a IRRI, 1983 DS. 

Application Weed wt (g/ml ) 45 DAS Visual Panicles (no./m' ) 
Treatment b 	 toxicityRate Time Ml M3 M5 ratingc Ml M3 M5 

(kg ai/ha) 	 (20 DS) 

Butachlor 2.0 PE 392 c 199 c 368 b 0 368 b 175 c 0 
Pendimethalin 2.0 PE 122 b 121 b 46 b 0 473 a 252 b 0 
Oxadiazon 0.75 PE 47 b 64 b 60 b 2 421 ab 235 bc 0 
Oxyfluorfen 0.4 PE 61 b 79 b 54 b 3 319 c 251 b 0 
Thiobencarb 2.5 PE 501 c 400 c 346 c 0 311 c 222 bc 0
 
HWcheck - 20&35 DE 5a 5a 4a 0 398 b 334a 0
 
Untreated check - - 633 c 719 c 208 c 0 124 d 84 d 0 

= = aAv of 4 replications. M1 = highest, M3 middle, and M5 lowest moisture regimes, bOne late hand weeding was given at 
= =50 DAS in all treatments. CRhted 3 wk after application on a scale of 0-10: 0 no toxicity ahd 10 complete kill. 
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Soil moisture above UPE at all stages of growth Patong (tall, late-maturing traditional) were used. 
resulted in significant yield increases because of R. exaltata was the initial dominant weed. L 
weed control (Fig. 7). Where soil moisture was triloba, Commnelina benghalensis, C. iria, and C. 
inadequate (M3), all weed control treatments had rotundus appeared later. 
yields as low as that of the unweeded check. No All herbicide treatments significantly reduced 
yield was obtained at M4 and M5 moisture levels dry weight of R. exahtata over the untreated check 
despite effective weed control from herbicides or in both varieties (Table 25). Tank-mixed pendi-
HW. methalin and fluazifop-butyl had less weed weight 

Control of Rottboellia exaltata. The effective- than single application of either herbicide and the 
ness of pendimethalin and fluazifop-butyl and their HW check in both varieties. The mixture produced 
combinations was tested in controlling R. exaltata significantly higher yields with IR36. Low yields of 
in an IRRI upland field during 1983 WS. IR36 pe.dimethalin alone and in combination at 1.5 kg 
(short-statured, early-maturing) and Kinandang were caused by its toxicity to rice. Fluazifop-butyl 

Table 25. Effect of pendimethalin and fluazifop-butyl and their combinations on control of Rottboe//ia exaltata in upland 
rice. IRRI, 1983 WS. 

Application Weed wtb (g/m 2 ) Yieldb Weed wtb (g/m 2 ) Yieldb 
Treatment t/ha) t/ha) 

Rate Time Grasses Sedges Grasses Sedges 
(kg ai/ha) 

IR36 Kinandang Pa tong 
Pendimethalin 1.0 PE 110 c 18 b 1.4 c 64 bc 80 b 0.4 c 
Pendimethalin 1.5 PE 110 c 16 b 0.2 e 36 b 64 b 0.4 c 
Fluazifop-butyl 0.08 8 DE 220 c 60 b 0.2 e 40 bc 272 b 0.4 c 
Fluazifop-butyl 0.08 12 DE 292 c 70 b 0.5 de 54 b 146 b 0.3 c 
Pendimethalin + fluazifop-butyl 1.0 + 0.08 8 DE 20 a 32 b 2.2 a 0 a 236 b 1.0 ab 
Pendimethalin + fluazifop-butyl 1.0+0.08 12 DE 10a 36 b 2.0 ab 2 a 184 b 0.4 c 
Pendimethalin + fluazifop-butyl 1.5 + 0.08 8 DE 30 ab 48 b 1.0 cd 4 a 98 b 1.3 a 
Pendimethalin + fluazifop-butyl 1.5+0.08 12 DE 12 a 14 b 1.5 bc 24 ab 294 b 0.5 bc 
HWcheck Twice 15 & 30 DE 66 bc 0a 1.2 c . 162 c 88 b 1.2 a 
Untreated check - - 946 d 0a 0 e 760 d 0a 0 c 

aA plus (+) means that the 2 herbicides were tank-mixed and applied at the same time. A blanket application of 2,4-D 

amine was made 14 DE to control broadleaf weeds. bAv of 3 replications. 

Table 26. Effect of tillage treatments on weed control and yield of the 19th and 20th crops.a IRRI, 1983 DS and WS. 

IR34 IR40 IR42
 

Treatment Weed wtb (g/m') Yield Weed wtb (g/im) Yield Weed wtb (g/m 2 ) Yield 

Annual Perennial (t/ha) Annual Perennial (t/ha) Annual Perennial (t/ha) 

19th crop, 1983 DS 
Conventional 15 a 138 a 2.7 a 2 a 201 a 2.7 a 2 a 129 a 2.7 a 

tillage 
Minimum tillage 6 a 120 a 2.8 a 26 b 212 a 2.8a 11 a 88a 2.9 a 
Zero tillage 18 a 185 a 2.5a 4 ab 225a 2.5a 9 a 121 a 2.4 a 

20th crop, 1983 WS 
Conventional 0 a 70 a 2.5 a 0 a 45 a 1.6 a 0 a 135 a 3.3 a 

tillage 
Minimum tillage 18 a 107 a 2.3 a 69 b 75 b 1.9 a 6a 111 a 2.2 b 
Zero tillage 4 a 328 b 0 b 8 ab 248 c 0 b 0 a 375 b 0.2 c 

aAv of 4 replications/crop, bAt rice harvest. Annuals were Monochoria vagina/is and Echinochloa spp.; perennials were 

Scirpus maritimus and Paspalum distichum. 

http:1.5+0.08
http:1.0+0.08
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alone had low yield because of competition from 
the second growth of R. exaltata, especially in 
IR36. Regardless of herbicide treatment, dry weight 
of R. exaltata was lower in the Kinandang Patong 
than in the IR36 plots. Kinandang Patong yields 
were relatively low because of lodging at maturity. 

Results suggest that herbicide combinations 
such as pendimethalin + fluazifop-butyl are more 
effective against R. exahata than single applica-
tions. Tall varieties such as Kinandang Patong 
seem to compete better with the weed. 

PERENNIAL WEEDS AND [HEIR CONTROL 

Long-term effects of reduced tillage. Long-term 
study on the effects of conventional t'llage (one 
plowing + 2 harrowings), minimum tillage (one 
harrowing), and zero tillage in transplanted IR34,
IR40, and IR42 rices continued during the 1983 
DS (19th crop) and WS (20th crop). Zero tillage 
consisted of removing rice and weed debris from 
the previous crop, then applying 0.5 kg para

quat/ha. 
In the 19th crop, the minimum and zero tillage 

plots were cultivated conventionally. Consequently, 
infestation of weeds, dominantly Scirpus mnari-
timus, and grain yield (Table 26) did not vary with 
tillage treatment and variety. 

In the 20th crop, an increase in S. maritimus 
stand, rather than a shift from annual to perennial 
weeds, occurred as tillage level changed from 
conventional to zero. The difference in weed stand 
and grain yield between conventional and mini-
mum tillage was generally not significant (Table 
26). But perennial weed stand increased and yield 
with all varieties decreased significantly as tillage 
was reduced to zero. 

Time of weeding of Scirpus maritimus. An 
experiment with IR36 during 1983 WS examined 
effects of time of weeding S. maritimus on yield 
and its components. The treatments were weed-
free and weedy plots at 1, 2, 3, 4, and 5 WT with 
weed-free and Nweedy control plots. 

Heavy S. maritimus infestation resulted in no 
yield from the unweeded plots and from those kept 
weed free for only I wk from transplanting (Fig. 8). 
Plots weeded for I or 2 wk had heavy weed 
regrowth later in the season. For optimum grain 
yield, the crop needed to be free of S. maritimusfor 
at least 4 WT or weeded after 3 wk. 

Weed density (no/m 2
) 

500 c 

4 c 
'o e 
3 

bb 

0b 

0 - a a a a a a 

Grain yield (t/ha)
5 

4 

0 
-ob a 1 

C bc 

C 

d 

e 
0 2 3 4 5 1 2 3 4 5 F_ 

eed-e Weedy Perod-per 

(wk) 9 (wk) 

8. Scirpus ,narifi,us density at 8 WT and yield of TPR IR36 asinfluenced by time of weeding. IRRI, 1983 WS. 

Panicle weight showed the same response as 
yield to duration of S.,naritimuscompetition with 
the crop (Table 27). Panicle number and length of 
plants kept weed free for 3 wk did not differ 
significantly from those of plants kept completely 
weed free. Sensitivity of IR36 yield components to 
longer duration of S. maritimus competition was 
panicle > panicle number > panicle length. 

Control of Scirpus maritimuswith herbicides. 
Experiments during the 1983 DS compared the 
effects of single and combined herbicide treatments 
on S. maritimuscontrol and yield of lowland IR36. 

Transplantedrice. All herbicides except propanil 
significantly reduced S. mnaritimusstand, but some 
treatments did not differ in yield from the untreated 
check because weed population was low (Table 28). 

Direct-seededrice. Most of the herbicide treat
ments did not significantly reduce S. maritimus 
stand (Table 29). However, all herbicides except 
propanil. applied alone (poorest weed control) 
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Tillage for control of wild rice in deepjwater rice. 
In deepwater rice areas of Thailand, fUelds are dry 
plowed and then broadcast seeded before or soon 
after the first rains. This practice has resulted in 
increased infestation of wild rice Oryza rufipogon. 

The effect of timing and number of plowings was 
examined at Pitsanulok. Early plowing and early 
broadcasting resulted in dense populations of wild 

rice and low yields of deepwater rice LMN III
(Table 30). Delaying the second plowing until after 

wild rice germination reduced its population 
and increased deepwater yields. Increasing the seed 
rate slightly decreased wild rice in treatment 2 

compared with treatment I. Three plowings were 

Table 29. Effect of herbicides applied 25 DAS on control 
of Scirpus maritimus and yield of direct-seeded flooded 
IR36.a IRRI, 1983 DS. 

Rate Weed wt Yield 
Treatmentb (kg al/ha) (g/ml) (t/ha) 

Bentazon + 2,4-D 0.5 + 0.5 30 a 4.1 a 
Bentazon - MCPA 0.6 - 0.9 46 a 3.6 ab 
Propanil + 2,4-D 1.5 +0.5 69 abc 3.5 ab 
Bentazon 1.0 81 abc 3.3 ab 
Bentazon + propanil 0.8 + 1.7 45 ab 3.2 ab 
2,4-D 0.75 118 bc 3.1 ab 
Bentazon + 2,4-D 0.5+0.25 91 bc 3.0 bc 
Bentazon + propanil 0.5 + 1.5 62 abc 2.9 bc 
Bentazon - dicamba 0.48 - 0.5 89 bc 2.8 bc 
Propanil + 2,4-D 1.0 + 0.5 109 bc 2.8 bc 
Propanil 2.0 132 bc 2.1 cd 

Untreated check - 188 c 1.8 d 

aAv of 4 replications. bA plus (+) means the 2 herbicides 
were applied tank-mixed. A spaced dash (-) means the 2 
herbicides were applied as a proprietary mixture. 

Table 30. Effects of time of tillage on wild rice popula
tions and yield of a deepwater rice. Pitsanulok, Thailand, 
1983. 

Grain 
Treatment Plowing date Wild rice yield 

(plants/rn2) (t/ha) 

1 8 Apr, 18 May 277 c 0.13 b 
2a 8 Apr, 18 May 202 b 0.08 c 
3 8 Apr, 9 Jun 135 ab 0.79 a 
4b 8 Apr, 9 Jun 91 a 0.72 a 
5 8 Apr, 18 May, 9 Jun 100 a 0.73 a 
6 8 Apr, 24 Jun 141 ab 0.85 a 
7b 8 Apr, 24 Jun 134 ab 1.03 a 

aSeed rate increased from 20 to 30 kg/ha. For all plots 
the seed was broadcast immediately aftrr final plowing. 
bplots sprayed with paraquat 1d befor, final plowing. 

Panicle,
Treatment (no./m) 

Weed free for 0 d 
1wk 

Weed free for 288 c 
2 wk 

Weed free for 383 ab 
3wk 

Weed free for 421 a 
4 wk 

Weed free for 432 a 
5 wk 

Completely 439 a 
weed free 

Weedy for 433 a 
1 wk 

Weedy for 400 ab 
2 wk 

Weedy for 421 a 
3 wk 

Weedy for 405 ab 
4wk 

Weedy for 317 bc 
5wk 

No weeding 0 d 

aAv of 4 replications. 

yielded significantly more than the untreated check. 
Results suggest that herbicide combinations are 

not necessary to control single weed vegetation for 
optimum yields. 

Table 27. Effect of time of weeding Scirous maritimus on 
yield components of TPR IR36. a I RRI, 1983 WS. 

DS. 

Treatmentb Rate 
(kg ai/ha) 

Bentazon + propanil 0.8 + 1.7 
Bentazon + 2,4-D 0.5 + 0.5 
Bentazon + propanil 0.5 + 1.5 
Bentazcn + 2,4-D 0.5 + 0.25 
Bentazn - dicamba 0.48 -0.5 
HW check -
Bentazon 1.0 
2,4-D 0.75 
Bentazon - MCPA 0.6-0.9 
Propanil'+ 2,4-D 1.0+0.5 
Propanil 2.0 
Untreated check -

Panicle wt
(g) 


0 e 


1.3 cd 

1.4 bcd 

1.5 abc 

1.5 abc 

1.7 a 

1.6 ab 

1.5 abc 

1.6 ab 

1.3 cd 

1.2 d 

0 e 

Panicle length
(cm) 

0 cinitial 

17 b 

19 ab 

20 a 

20 a 

20 a 

20 a 

20 a 

20 a 

19 ab 

18ab 


0 c 


Table 28. Effect of herbicides applied 26 DT on control 
of Scirpus maritimus and yield of TPR IR36.a IRRI, 1983 

Weed wt 
(g/m, ) 

10 ab 
4 a 
6 ab 

10 ab 
16 ab 
26 bc 
25 ab 
12 ab 
10 ab 
6 ab 

20 bc 
65 c 

Yield 
(t/ha) 

-

6.0 a 
5.6 a 
5.6 a 
5.6 a 
5.6 a 
5.6 a 
5.5 ab 
5.5 ab 
5.4 ab 
5.4 ab 
5.3 ab 
4.7 b 

aAv of 4 replications. bA plus (+) means the 2 herbicides 

were applied tank-mixed. A spaced dn)sh (-) means the 2 
herbicides were applied as a proprietary mixture. The 
HW check was weeded 15 DT. 

http:0.5+0.25
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Table 31. Effect of different weo control methods on the density of Cyperus roundus and yield of upland IR36. IRRI,
1983 WS. 

Density of C. rotundusb (no./m 2 ) Grain
Preplant treatmenta Bentazon 2,4-D Hand-weeded Untreated yield 

(1.5) (1.0) check check
 
Glyphosate (2.0) 1 a 
 0 a 6 a 17a 6 1.0
SC-0224 (2.0) 	 0 a 0 a 23 ab 12 a 9 0.7
Rototillage fbSC-0224 (1.5) 14 a 8 ab 15 ab 13 a 12
Rototillage fb glyphosate (1.5) 1 a 21 

0.7 
bc 8 a 19 a 12 0.8

Conventional tillage 12 a 17 bc 43 ab 35 a 27 1.3SC-0224 (1.5) fb rototillage 11 a 34 c 28 ab 72 a 36 1.1
Glyphosate (1.5) fb rototillage 7 a c79 65 b 13 a 41 1.1 

Means 7 23 27 
 26 21 ns 
aConventional tillage = 1 plowing + 3 rototillings. Herbicide rate in kg ai/ha are in the parentheses. bC. rotundus was 
sampled at 30 DE. 

Density of Croundus (no//m2 )
100 	

no better than two. Soil conditions at tim-p of
tillage limited effectiveness of the treatments. 

Control of Cyperusrotundus.An IR R I experi
80  ment during 1983 WS evaluated the performance 

of preplant herbicides glyphosate and SC-0224, 
applied alone and followed or preceded by I 

60 	 rototilling to control C. rotunlus. The herbicides 
were compared with the conventional method of I 

40 plowing and 3 rototillings. Postemergence weed 
c control treatments included bentazon, 2,4-D, two 

20- HWs, and an untreated check. 
20 - bc. bc At 30 DE, C. rotundusdensity in the bentazon

treated plots was unaffected by the different pre
o a C ob 	 plant treatments (Table 31). Apparently, bentazon 

Fcontrolled the weed so well that it masked the effect 
2rs of the preplant treatments. There were also noc significant differences in weed control among the 

160 	 preplant treatments in the HW and untreated p lots. 

However, glyphosate or SC-0224 (2.0) fb 2,4-D
 
120 excellently controlled the weed as did SC-0224
 

(1.5) preceded by I rototilling (Fig. 9). Glyphosate 
did not control C. rotundus effectively when 

80 - applied either before or after rototilling, but SC
bc 0224 performed better when applied after tillage. 

Yields were obtained from the HW plots only,
4bc 	 because of heavy grass infestation, particularly 

ob with R. ?xaltata, toward the reproductive stage of 
a _ rice. Yields did not vary significantly among the 

0 0 W; F preplant treatments. 
N C O 4pr 

S U) 01 	 U) 

Weed control treatments 
9. Densityand fresh weight of ~petrut tnidi in 2.4-1)-treated plotsas
affected by preplant weed control treatments. IRRI, 19X3. 
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Irrigation research in the Philippines is in colla-
boration with the National Irrigation Administra-
tion (NIA). 

METHODOLOGY TO EVALUATE IRRIGATION 
SYSTEM PERFORMANCE 

There is no present sound, practical method to 
evaluate the operating perf(,rmance of irrigation 
systems in physical, economic, and social terms. 
Neither criteria to assess performance nor proce-
dures to measure and integrate them have been 
established. In 1981-82, a cooperative research 
project with Cornell University developed a 

methodology foc evaluating the performance of 
Philippine rice irrigation systems that is also 
adaptable for use abroad. 

The resulting model can estimate the irrigation 

system overall performance iidex (ISOPI) for a 
crop season. The index is a 3-tier structure: the 
highest level is the subsystem; the intermediate 
level, the indicators; and the lowest level, the 
descriptors (Fig. 1). Four subsystems cover the 
most common irrigation systems concerns. Evalua-
tion moves from the lower to higher levels so that 
final subsystem evaluation can take place only after 

the descriptors and indicators have been evaluated. 

Each of the subsystems, indicators, and 
descriptors were weighted (Fig. 1)to establish 
scores for quantitative estimation. The total scores 
result in the ISOPI estimate for a season. By using 
an interactive computer program in the BASIC 
language, sensitivity analyses can determine what 
will happen if the weights change and also can 
estimate the ISOPI value for each season. The 
program also allows the user of the model to shift it 
from the most rigorous research level analysis (as in 
Fig. 1)using all the cells of the model, to a less 
intensive agency level analysis which uses only data 
usually collected by the irrigation agency. The 
extreme is the quick consultantlevel analysis which 
dt.pends on data easily collected from irrigation 
system studies in a short time. 

The model increases understanding of factors 
affecting the system's performance and analyzes its 
strong and weak points. The methodology was 
used to evaluate data from one irrigation system at 
the research level, six irrigation systems at the 
agency level, and four systems at the consultant 
level. All were operated by the NIA on Luzon. For 
the agency level analysis, weights were redistributed 
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because only 10 of the 14 descriptors were used. 
For the consultant level analysis, eight descriptors 
were used. 

Analysis of results for each level (Table 1)allows 
the following inferences. 

I. The 	 methodology can evaluate irrigation 
systems in the Philippines and is adaptable for 
various types of irrigation systems with diverse 
service area backgrounds. 

2. 	The systems studied are in transition from a 
stage where land isthe most scarce production 
factor to the stage where water is relatively 
scarce and management skills are needed. 
These systems are typified by a high percent
age of irrigable area actually irrigated and 
relatively low water supply. 

3. ISOPI 	values were 55-84% (av 74%) for DS 
and 67% for WS. Subsystems scores suggest 
that human resource and economic subsys
tems need improvement to prevent irrigation 
systems' continued dependence on govern
ment subsidies to sustain their operation and 
management. 
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Table 1. Estimation of irrigation system overall performance index (ISOPI) a for selected Central Luzon, Philippines, 
systems. 

Potential 	 Subsystem score 
System service Season Water Human Environment Economic ISOPI 

area (ha) (70) (10) (10) (10) (100) 

Libmanan-Cabusao 3916 1981 WS 50.7 1.8 6.0 0.4 58.9Pump Irrigation 	 1982 DS 58.4 6.0 6.0 4.2 74.6System 1982 WS 53.5 4.9 8.0 0.6 67.0 
San Fabian River 3500 1981 WS 34.8 3.4 9.7 7.2 55.1 
Irrigation Syst.m
 

Lower Talavera River 2580 1981 WS 
 42.7 7.9 10.0 9.3 69.9Irrigation System 1982 DS 52.2 7.9 10.0 8.1 78.2 
Caulaman River 2000 1982 DS 55.9 4.2 2.5 1.6 64.2 
Irrigation System 
Mayor River 400 1982 DS 58.6 2.9 5.0 8.5 75.0 
Irrigation System 
Malaunod River 230 1982 DS 61.0 5.1 10.0 2.2 78.3 
Irrigation System 

aThe agency level model with 10 descriptors (Fig. 11 was used. The numbers in parentheses indicate the total weight given 
to the subsystems. 

4. 	 The Lower Talavera River Irrigation System expected to occur onceevery 5yr. But during 1981
had more equitable water distribution than 83, 2 to 3 typhoons occurred yearly, bringing l-d
the others. rainfalls of 140 mm or more and inundating 80 to

5. 	For the systems evaluated, yields of irrigated 100% of the service area. After each major typhoon,
fields ranged from 1.6 to 2.9 times higher than about 800-900 ha were waterlogged for I wk or 
those of nearby rainfed areas, more and about 250 ha for 2-5 wk. This affected the

The model's flexibility and simplicity make it a standing crop as well as cropping intensity. The
useful tool for evaluating and comparing the present drainage system's capacity to dispose of

performance of irrigation systems. The irrigation 
 excess water is much less than what was originally 
agency can decide on the most suitable analysis planned.

level based on its resources and needs, and thus Flooding 
 and waterlogging characteristics. 
standardize field data collection. Lateral C divides the service area into two hydro-

DRAINAGE PROBLEMS ANALYSIS FORT logically different sections. Area I to the southwest 
LIBMANAN-CABUSAO PUNI P IRIIGAION SYSTEM 

Little research has attempted to analyze the drain- ,,,,." . 
age problems that abound in rice irrigation systems. ,,co,C"
 

A 	 major IRRI-NIA research program aims toimprove water management and use in the 3,916- (K 	 / 0_ Feod 
/ I,, 

ha service area of the Libmanan-Cabusao Pump ' 

Irrigation System (LCPIS) in the flood-prone /( S X
Bicol region (Annual report for 1982). A study 	 ., " •-' - ' 
during 1982-83 analyzed the causes and effects of 
flooding and waterlogging. '%o*,, -- +> " V 2 

The LCPIS internal drainage system was 'l L 
designed to have a discharge capacity of 11.4 N LJ., 
litres/s per ha, which would remove the excess 
water in about 3 d from a I-d rainfall of 291 mm 2. I(PIS sewr.cL area. Camarines Stir. Philippines. 1983. 
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constitutes about 40% of the service area and 
drains to the Libmanan and Bicol Rivers. Area 11 
to the northeast drains to the San Miguel Bay (Fig. 

2). Area I is hydrologically connected with the 
Libmanan River through ungated natural drain J, 
and drains H and I which have flap gates that 
farmers keep open to remove excess water. When a 
typhoon occurs, the river stage rises and flashfloods 
area I, but goes back to normal in about 2-3 d (Fig. 
3). The floodwater recedes in 2-5 d, except in small 
isolated low spots where it may remain for 10-12 d 
(Fig. 4). Area I has reasonably good drainage 
capacity. 

Area II has a ground surface elevation less than 2 
m above mean sea level. About 750 ha are at 1-m 

elevation or lower. In addition to rainfall during 
typhoons, area II receives runoff from higher areas 
through the irrigation canals where the control 
gates are kept open to prevent canal embankments 
from washing out. The drains, provided with flap 
gates to protect the area from seawater intrusion, 
are inadequate to get rid of excess water. The 
situation is aggravated by low available head 
between floodwater and seawater at the mouth of 
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4.Duration ofsevere lh,.ding in I.CPIS during a typhoon 14-15 Jul 
1983, Camarines Sur, Philippines. 

the drains. Poor drainage canal maintenance causes 
prolific vegetation growth and consequent reduc
tion in the canal's flow capacity. The rate of 
floodwater recession in area II is therefore much 
slower than in area I. Water surface elevations for 
major drains of each area (drain Jof area Iand the 
Sinibaan Creek of area II) after two major 
typhoons in July and November of 1983 (Fig. 5) 

show different rates o' floodwater recession. 
Drainage capability. Roads, protection dikes, 

irrigation canals, and flap gates slow the removal of 
excess water since they obstruct natural flow from 
high to low levels. The situation is worse if the 
critical crossing structures are poorly designed. 
Culverts with inadequate flow capacities and 
inverted siphons of drains, though needed to cross 

a road or a canal, -!so impede quick disposal of 
excess water. Such inadequate flow capacity was 
noted in lateral drain B in area 11 at the inverted 
siphon crossing of Cabusao-Barceloneta road and 
lateral drain A at the road crossing. In 1983, both 
were provided with an additional l-m-diameter 
culvert at the crossing to facilitate quick drainage. 

has about 44 km of main, lateral, and 
sublateral irrigation canals which have 36 km of 
all-weather service road. But the 50 km of natural 

and excavated major drains have no service roads. 
Since access to the drains is very difficult, siltation, 
erosion, and vegetation growth are major problems. 
They also have reduced flow capacity which 
prolonged floodwater stagnation. 

During a typhoon on 14-15 July 1983, the 

interceptor channel, which was blocked by ac
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cumulated water hyacinth and debris, failed to 
carry the runoff to the sea from the system's high
fringe area. The sudden rush of floodwater washed 
out the main canal embankment near lateral D and 
caused prolonged waterlogging for about 200 ha 
that were to be drained by lateral drain A. This 
breakdown of the embankment affected drainage
capacity in the delicately balanced irrigation 
system, 

Effects of flooding and waterlogging on crop
production. Flooding and waterlogging at LCPIS
influence farmers' chemical input, rice yield, and 
cropping intensity. Farmers in the flood-prone
sites harvested less than in the flood-free sites. 

Fewer farmers in the flood-prone area applied
fertilizers and those who did used less (Table 2).
There was no substantial difference in their use of 
insecticides and herbicides.During WS, all farmers tend to transplant early

p o eO t b ra dN v m e .B tsn efto avoid risk of flooding, especially during typhoonr esiprone October and November. But since farmers in 
the flood-prone areas have standing water in their 
fields, they have to delay land preparation and
transplanting (Fig. 6). The effect of this delay is 
carried into the succeeding DS (Fig. 7). Somefarmers have to forgo a WS crop because of the
 
prolonged waterlogging problem. In 1982 WS, of
 
the farmers who still could not transplant in the
 
flood-prone area by third week of September (Fig.
6), only about 10% succeeded in planting later. 

WATER USE AN[) PRODUCTIVITY IMPROVEMENT
IN NORTH BANGLADESH TUBEWELL 
 IRRIGATION
 
SYST E M
 

Collaborative studies in Bangladesh are with theBangladesh Rice Research Institute and the Bang
ladesh Water Development Board. The aim of the 
applied research project isto identify irrigation and 
crop production problems and develop and test 
practical ways to lessen them. In 1982 DS, tubewell 
water availability and technical delivery problems 
as well as farmers' production constraints and 
socioeconomic background were analyzed. Field 
research in 12 pilot tubewell areas concentrated on

* improving reliability and predictability of the
 
water delivery system,
 

* using better extension activities to introduce
 
and facilitate farmer adoption of MVs,
 

* testing and recommending rice-based cropping 

Table 2. Grain yield and input usea of sample farmers in the flood-prone and flood-free areas of LCPIS, 1981-83. 

Number of samples 
Mean yield (t/ha) 

Inputs (kg/ha)N 

P 

K 

Insecticide (P/ha) 

Herbicide (P/ha) 

WS 1981 DS 1982 WS 1982 DS 1983 
Flood-prone Flood-free Flood-prone Flood-free Flood-prone Flood-free Flood-p one Flood-free 

4 49 17 75 16 88 17 862.1 3.3 2.2 3.4 2.3 2.7 2.3 2.8 
0 16.7 (50) 7.0 (29) 27.4 (72) 33.1 (62) 48.8(78) 30.1 (77) 41.1 (81)0 5.3 (31) 2.0 (18) 6.7 (41) 15.0 (31) 17.8 (50) 15.3 (29) 18.3 (42)0 3.6 (25) 0.5 (6) 2.8 (26) 6.5 (12) 16.2 (36.4) 5.3 (6) 12.8 (29)50.50 (100) 93.60 (98) 76.80 (100) 83.70 (99) 110.57 (100) 101.68 108.46 85.63 

33.50 (100) (100) (100)33.10(86) 37.60 (94) 48.90 (92) (100)
59.97 (100) 62.01 (85) 58.39 88) 54.43(91) 

aFigures in parentheses are the percentages of sample farmers who applied the corresponding input. 
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patterns to increase both production and farm 
income, and 

* developing and promoting water users' organ-
izations which will enable farmers to benefit 
from the other efforts. 

Irrigation conveyance loss and remedy. Water 
conveyance loss caused by seepage and percolation 
from lined main canals was very high (Annual 
report for 1982). In 1983, after repairing the lining 
in 8 tubewell systems using improved methods. 
conveyance loss rate was reduced by 69-89% (av 
78%) (Table 3). Reducing loss improved the tube-
well system capacity to deliver water in a timely 
and economical way. It also eliminated excessive 
water supply through seepage and percolation to 
areaE that did not need water. 

Increase in irrigation water use. Since 1982, 
efforts have been made to use tubewells to their 
capacity by improving pump delivery measure-
ments, supervising pump operation and water 
allocation, organizing farmers for systematic use of 

water and proper maintenance of field channels. 

These efforts increased the 12 pilot tubewell service 
area by 150% in the 1982 aman (Jul-Oct) compared 
to the 1981 aman. In 1983 rabi (Nov-Mar), the 
service area increased 101% compared to the 1982 

season (Table 4). 
Crop production factors for wheat in rabi. Crop 

production. For each of the 12 pilot tubewell 
systems, production records were collected from 50 
sample farmers during each season. In 1983 rabi, 
all but three of the farmers who produced crops 
grew wheat after aman rice. Sonalika was the most 
popular wheat variety, grown on 97% of 230 plots 
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monitored in the 12 systems. The others grew Inia 
or Pavon. The wheat yields, obtained from crop
cuts, ranged from 1.0 to 3.7 t/ ha, with an average 
2.36 t/ha. 

Wheat varietal choice. Sonalika and Balaka 
wheat varieties were grown with recommended 
fertilizer applications and yields were compared to 
farm production in tubewell area no. 126 where 
cropping pattern tests are conducted. Although 
iO-26-33 kg NPK/ha was recommended, average 
farmer usage was 52-28-36.5 kg NPK/Iha. Balaka 
outyielded Sonalika under both management 
levels. The average (n = 7) yield of Sonalika was 
1.57 t/ha with higher fertilizer applicaiion and 1.47 
t/ ha at the farmer's level. Balaka's average (n= 2) 
yield was 2.25 t/ha with higher fertilizer use and 
2.20 t/ha in farmers' plots. 

Table 3. Conveyance loss rate of pumped water measured 

by ponding method in the lined main canal and its reduc

tion from improved lining repair. North Bangladesh Tube

well Irrigation Syswm, 1982-83 rabi. 

Conveyance loss rate Reduction 

Tubewell (litres/s per m2 
of wetted area) in conveyance 

no. 1982 rabi 1983 rabi loss rate 

(benchmark) (after repair) 

63 113 22 80 

77 94 10 89 

89 52 7 87
 

93 86 24 72
 
117 138 43 69
 
118 90 20 78
 

119 177 35 80
 
120 70 15 79
 

Average 102 22 
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Table 4. Increases in irrigated area in the 12 pilot tubewall systems during 1982 amen and 1983 rabi seasons compared
with previous seasons. North Bangladesh Tubewell Irrigation System, Bangladesh. 

Irrigated area 

Tubewell Aman Rabi 
no. 

1981 benchmark (ha) 1982 (ha) % increase 1982 benchmark (ha) 1983 (ha) % increase 

63 14.1 31.8 126 8.1 16.1 100
77 20.2 30.6 72 1.2 18.1 140889 6.0 32.7 440 8.1 24.6 204
93 28.2 34.3 21 22.6 26.6 18

117 2.8 28.6 914 6.0 13.7 128
118 15.3 38.7 153 8.5 14.1 9
119 7.7 26.2 242 8.1 11.7 44
120 0 36.3 - 12.9 12.5 -3
125 23.4 50.4 116 2.4 22.2 825
126 16.5 41.4 149 6.0 10.9 82
138 23.4 48.4 107 6.4 10.1 58
148 16.9 35.9 112 4.4 9.3 111 

All tubewells 174.6 435.1 149 94.7 190.0 101 

Earlier research shows that wheat grown after 15 government plans to use groundwater to increase 
Nov averages loss of about 8kg/ha for each day of the irrigated area from 11.5% of the total in the late 
delay. To test whether the popular Sonalika variety 1970s to 50% by the middle of the 1980s, when the 
was superior to others when sown late in the total irrigated area will have increased to 2.9
 
season, four varieties were sown on 30 Dec 1983 in 
 million ha. The future expansion is planned with 
two tubewell areas. At 80-26-33 kg NPK/ha, installation of deep tubewells (DTs), shallow tube-
Balaka and BAW28 produced about 0.4 t/ha wells (STs) and handpump tubewells (HTs). The 
(Table 5) more than the other varieties and number of STs increased by over 460% between 
Sonalika yielded lowest. For many farmers whose mid-1978 and the end of 1982 when 78,400 units 
aman rice harvest is delayed and who are forced were operating (Fig. 8) and that number of units is 
into sowing a late wleat crop, Sonalika is not a expected to double by 1984-85. The HTs have 
productive choice. increased 550% from about 30,000 in 1975, to 

Water productiit' for wheat. Water produc- 165,000 in 1982. By 1984-85, 25,000 DTs are to be 
tivity, the amount of grain produced per unit area operating, and 500,000 more HTs are to be
 
per unit of water supplied, was estimated for the installed.
 
1983 rabi wheat crop in tubewell area no. 126, Potential and actual use of tubewell capacity.

where crop production experiments were con- The full capacity of tubewells has not been used.
 
ducted. Water productivity in the tail research 
 More research has been done on increasing use of 
block was much higher than that in the head and
 
middle blocks (Table 6) because of the combined Table 5. Performance of 4 late-sown wheat varieties
 
effect of higher yield and less irrigation water during 1983 rabi. North Bangladesh Tubewell Irrigation

supplied. The middle block's yield was much lower System, Bangladesh.
 
than that of the two others because of excessive Av yield It/ha) Mean yield
 
seepage from other farmers' adjacent rice plots. Variety Tubewell Tubewell (t/ha)
 

GROUNDWATER AND IRRIGATION no.118 no.125(n=3) (n=3)
DEVELOPMENT IN BANGLADESH (n=3)_ _n=3) 

Sonalika 1.54 1.64 1.59Trend in groundwater use. Groundwater has Balaka 1.91 2.14 2.03 
become more and more important in the agricul- BAW18 1.66 1.81 1.73 
tural development strategy of Bangladesh. The BAW28 2.16 1.91 2.04 
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Table 6. Water productivity of wheat grown in the head, 
middle and tail blocks of tubewell no. 126, North Bang-
ladshi Tubewell Irrigation System, 1983 rabi. 

Irrigation Rain- Total Water pro-

Location water
supplied 

fall
(MM) 

water 
supplied 

Yielda 
(t/ha) 

ductivity
(kg/ha per 

( mm) (mm) mm water) 

Head 262 84 346 1.97 
Middle 226 84 310 0.87 2.8 

Tail 187 84 271 2.33 8.6 

aAv of 3 replications, 

DTs than of the smaller types, because the DTs are 
expensive and 90-95% of the cost has been paid by 
the government. 

DT capacity and actual use differ because some 
wells are not working, and others can handle a 
larger service area than what they have. Data from 
the Bangladesh Agricultural Development Cor
poration (BADC), responsible for most DT 
installation and monitoring, show significant 
improvement since 1977-78 in the number of 
operating wells and area irrigated by each tubewell 
designed to discharge 57 litres/s (Table 7). The 
wide gap is caused by poor well sites, inadequate 
maintenance and repair of equipment, defective 
water conveyance and distribution systems, and 
organization and management problems of the 
user association. These groups have many members 
with small fragmented landholdings and others 
who are powerful in the rural community and 
interfere with and exploit the system. Recent field 
research indicates that improved system manage
ment and better farmer organization can increase 

DT capacity utilization substantially. 
BADC data indicate that ST capacity use is even 

worse than DT: the average area irrigatcd during 
'979-82 was only 4.8 ha/ST. At an average 
discharge capacity of 14 litres/s, this area is 
equivalent to about 19.5 ha/DT at discharge 
capacity of 57 litres/s. The possibility to improve 
capacity utilization is greater with STs which have 
the advantage of fewer farmers sharing the water 

source. 
Choice of scale. What type of tubewell is most 

appropriate for Bangladesh? All three major 
optior- - DTs, STs, and HTs - are useful but 
none alone can technically or economically fill the 
need. They should be mixed according to the 
hydrogeologic status of the area. In areas where 

there are no shallow aquifers, DTs are the only 
alternative. With available shallow groundwater,
STs and HTs are the most economically attractive. 

There is an urgent need to describe areas suitable 
for each tubewell type to prevent installation of the 
wrong kind or mix. If an ST is located within the 
hydrologic zone of influence of a DT, and if both 
are operated simultaneously and draw water from 
the same aquifer or interconnected aquifers, the ST 
cannot pump its designed discharge. Similar 
problems can occur when DT and HT or ST and 
HT are incorrectly mixed. These problems have 
already occurred in the field. Government action is 
necessary because several agencies are promoting 
tubewell sales without coordinating their programs. 
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8.Increase of number of deep tubewells(DTs). shallow tubewells(STs), 
and hand pump tubewells (HTs) in Bangladesh, 1966-67 to 1981-82. 
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Table 7. Development and use of DTs in Bangladesh a Table 8. Area irrigated by DTs in Bangladesh during the 3 
growing seasons of 1978-80 to 1981-8 2 .a 

DTs DTs Av area 
Year commissioned operatedb irrigated Area irrigated (ha)

(no., cumulative) (no., cumulative) per DT (ha) Year Aman Rabi Aus 

1967-68 105 109 (97) 16.1 rice rice Total
 
1968-69 397 390 (98) 16.9 Boro Wheat Other
 
1969-70 
 1,034 980 (95) 12.1 	 rice crops 
1970-71 1,069 796 (74) 16.1 
1971-72 1,090 906 (83) 12.9 1979- 24,288 177,937 47,278 n.a. 10,616b257,283 
1972-73 1,424 1,237 (87) 12.5 80 (8.3) (69.2) (18.4) (4.1)
1973-74 1,822 1,343 (74) 17.3 1980- 14,316 187,603 44,836 n.a. 12,890 259,648
1974-75 3,324 2,540 (76) 18.5 81 (5.5) (72.2) (17.3) (5.0)

1975-76 5,001 3,826 (76) 16.5 1981- 18,723 277,555 
 8,987 4,178 13,822 323,265
1976-77 7,393 4,471 (60) 15.3 82 (5.8) (85.6) (3.0) (1.3) (4.3) 
1977-78 9,484 7,463 (79) 18.9 
1978-79 10,552 9,329 (88) 21.8 aSource: BADC. Values in parentheses are percentages of 
1979-80 10,844 9,795 (90) 26.2 the total. n.a. = not available. blncludes other crops.
1980-81 11,532 10,131 (88) 25.4 
1981-82 12,822 11,491 (90) 27.8 

aSource of data is BADC. bFigures in parentheses indicate Seasonal use of tubewells. Groundwater use in 
the percentage of commissioned tubewell in operation. 	 DS for boro rice and wheat accounted for more 

than 85% of the total irrigated area during 1979-80 
to 1981-82 (Table 8). Although tubewells areThere is a need to standardize all tubewell presently not heavily used for rice during the aus 

equipment as well as installation methods to and aman seasons, it would be more economical to 
prevent development of substandard equipment, do so. Supplemental irrigation could establish an 
parts, and techniques. early aus season rice crop if the premonsoon rain is 

The government's program of privaization of delayed. It could also help the aman crop avoid 
groundwater development would reduce national yield-decreasing water stress when the monsoon 
financial burden caused by DT subsidies. The rain recedes too early, especially when the crop isin 
recent emphasis on shallower wells should help critical reproductive or grain-filling stages. With 
small farmers, but without improvement of capa- use of supplemental irrigation, a farmer could 
city utilization of STs, their benefits will remain grow MVs during both aus and aman seasons. 
low. 
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POTENTIAL OF COASTAL SALINE SOILS 

Physiographic features and soil and water proper
ties of idle coastal saline sites were studied in 
Pangasinan, Philippines. The areas are flat and 
nearby creeks serve as drainage channels for 
flushing the surface soil of excess salts. 

Although the topsoil is coarse to medium-
textured, subsoils are fine-textured and itisimpos-
sible to leach excess salts. It is possible to pond 
rainwater, and sufficient salt could be removed 
during WS by repeatcd puddling and surface 
flushing to nearby creeks. 

Aside from high salinity ranging from 13 to 39 
dS/m, the soils are mostly neutral toalkaline, have 
high CEC, and are well supplied with bases. Nand 
some P fertilization may be essential. Since excess 
salts could be removed in WS, these areas could be 
planted with salinity-tolerant rice. Submergence-
tolerant varieties would be essential in some areas. 
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I. Average shoot yield of IR56 as affected by salinity and N. IRRI 
greenhouse, 1983 

YIELD RESPONSE TO NITROGEN APPLICATION 
ON SALINE SOILS 

To determine whether N fertilizer increases rice 
yields on saline soils, a greenhouse study used 
different N rates and application methods at 
varying ECe levels. 

A sandy clay loam of the San Manuel series of 
Pangasinan (pH 7.4, OM 1.1%, total N0.04%) was 
amended to EC, levels of 2.8, 4.8, 8.2, 10.0, and 
13.4 dS/ m. Using IR56, basal application of50 and 
100 mg N/kg soil was compared with 2 split 
application treatments: basal 25 mg N/kg soil-+ 50 
mg N/kg soil at PI and basal 25 mg N/kg soil + 
100 mg N/kg soil at P1. 

Increasing salinity markedly reduced shoot and 
grain yield with no grain harvested at an EC levele 
of 13.4 dS/m (Fig. I, 2). 

Seedlings showed no visible response to increas
ing Napplication and shoot weights were the same. 
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2. Average grain yield of IR56 as affected by salinity and N. IRRI 
greenhouse, 1983. 
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No significant difference was observed between H2S (ppm) 
basal applications of 25, 50, and 100 mgN/kg soil. 1500 

Topdressing at PI resulted in significant yield 
increases up to an EC, level of8.2 dS/ m. Topdress
ing of 100 mg N/kg soil was superior to 50 mg
 
N/kg soil only up to an EC, level of 4.8.
 

EFFECT OF FREQUENT SEAWATER INUNDATION / 
AND DRYING ON CHEMICAL PROPERTIES OF 
COASTAL PEAT SOILS AND RICE GROW'H / 
In a greenhouse study of a coastal peat from Cebu, 
Philippines, treatments were /

* continuously submerged without additional
 
salinization (2.0 dS/m) and with salinization I/
 

S 

(8.0 dS/m), and . conlinuously submerged 
0 air-dried followed by continuous submergence - Additional slinization 

with and without salinization. / -----Dryibefo submergec ------------
The test varieties were IR42, tolerant of peat and o -----

saline soils; and 1R26, moderately susceptible to Submergenc duaon (wk)
2 4 6 du t2 (4 0 

peat and saline soils. They were fertilized with 4.Kinetics of [rS insoil solution of a saline 
 peat soil in cbu, 
50-10-50 mg NPK/ kg soil and 25 mg N/kg soil was Philippines. 
topdressed 7 WAS. Salinization as well as dry 

,fallowing increased NH.,', K', Ca 2 , Mg ', F&!',
Eh (mV) and Na' concentrations in the soil solution.
80 Submergence resulted in higher pH values and 

salinization delayed the pH increase. 
Continuously submerged Redox potentials in the dry fallow as well as 
=Additionalslinization salinized treatments decreased to levels below -200 

0 , ... Drying before SbC, .nV(Fig. 3). Because of low Fe and Mn contents, 
large amounts of highly toxic hydrogen sulfide 
were formed (Fig. 4). Rice plants did not survive in 
the salinized dry fallow treatment. Highest yield 
was obtained in the continuously submergedtreatment without additional salinization, but plant 

". growth was poor and the yield was very low. Zn 
deficiency might have been an additional problem 
since IR26 yielded lower than IR42. 

-o .To bring coastal peat soils under productive rice 
cultivation, the soil has to be protected from drying 
and frequent flooding by saline seawater. 

.240- AMELIORATION OF BORON TOXICITY 

B toxicity was identified as a cause of yield decline-2803 
0 2 4 6 8 t 12 14 at IRRI.Itis especially aproblem during DS whenSubmerge duration(wkl surface water becomes limited and geothermal

3. Kineticsof Eh insoil solution of a saline peat in Cebu. Philippines. water is used for irrigation. 
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Table 1. Differences in root length of efficient and in- P(mg/kg) 
efficient P users at 4 WAS. IRRI, 1982 WS. 

Root length (cm) 
Scor2a 0.5 10 25 V Machos clayDesignation 

V Molenoo sandy loom mg P/kg mg P/kg 
0 Luisiona (Pangpl)clay 

IR9209-181-3-5 1 27 18 0 Antipolo clay 
IR54 3 37 34 
IR42 3 27 27 20 
IR52 3 28 28 
IR50 3 18 20 
IR9729-67-3 5 18 26 
IR5440-1-1-3 7 18 30 

aBased on relative tiller number. 15 

Neitner sulfur nor gypsum affected the Bcontent 
of the soil. 10-

The amount of B extracted from Maahas clay is 
highly correlated (r2 = 0.999) with water tempera
ture. B is partially precipitated if geothermal water 
with a high B content is cooled in reservoirs before 5 
running into the field. 

Field experiments show that with high soil 
temperature (up to 30' C) low-B soil water easily 
leaches excess soil B to below toxic levels o1"5 ppm. 00 22 4 64 

Yr (no) 
PHOSPHORI IS-[)EFCIEN]SOIIS 5. Changes in %oil-a.ailahle P ol 4 P-deficient soils after continuous 

In culture solution tests, rices tolerant to P defi- c fr 0yr ith a ll'lfcient rice. IRRI. 1983. 

ciency developed longer roots when P is deficient 
(Table I). Longer roots may allow more efficient resulted in a gradual decrease of total P and a 
uptake of P as well as N, K, and Zn. dramatic depletion of available P (Fig. 5). Though 

Continuous cropping over 6 yr of P-efficient no yield decline was observed. P fertilization may 
IR26 on 4 P-deficient soils in the Philippines become necessary in the future. 

Table 2. Effect of water saturation versus submergence on nutrient content of shoot and roots of IR42 8 WAS. IRRI, 
1983.a 

Zn Cu Mg K P Si Na Fe 
pH 

R S R S R S R S R S R S R S R S 
+ - + + -Luisiana clay 3.9 Sub - -- - -- + 

+ - - + +WS + + + + + + + + = 
-= - --- + + + = + + +Calauan peat 5.0 Sub - --
++ + + - - -WS + + + = + 

5.2 Sub - =- = + + + + = + + +Bakud Bayan 

. . . .sandy loam W S + + + = + + + =. . 

Maahas clay 7.0 Sub .= + + = + - + + + 

= + + + - - = - + - - - +WS + = + 
+ + + - + + + -

clay loam WS + = + = + + + + - + - - - + 

= + + = + + + 

Pao calcareous 7.4 Sub - = 

+ + + + -Saline soil 7.5 Sub 
- +WS = + + + + . . . . 

Sodi csoil 8.7 Sub - - - -= + +- + + = + - = + 

WS + + + + +- - --- = -- + = 
= = 

aSub = submergence, WS water saturation, R root, S = shoot. 



CHEMICAl. KINE IICS OF SUBMERGED VERSUS
 
WATER-SATURATI'D SOII.S AN) RICEiGROWTH 


Since water resources are limited, irrigation water 
use has to become more efficient so that less water 
can produce equal or greater crop yields. Water 
saturation and submergence were tested for their 
effect on chemical kinetics and rice growth on 
seven soils, ranging from peat to acid and sodic 
soils. 

Fertilizers were added at the rate of 100 ppm N 
as ammonium sulfate, 50 ppm P as triple super-
phosphate and 100 ppm K as muriate of potash. 
Five-d-old germinated IR42 seeds were dibbled in 
the soils. Plants were pulled for root and shoot 
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analysis at 8 WAS and DM weight at 13 WAS and 
at maturity. 

Submergence resulted in lower redox potentials 
in all soils, except sodic and, hence, in higher 
availability of nutrients except Cu, Zn, and Mg. 
Because of F eater nutrient uptake, shoot and root 
growth were better in submerged treatments. 

In peat and sandy loam, growth improved little 
with submergence because of Zn deficiency. 

Although submergence increased nutrient up
take, it produced lower root nutrient content of Zn, 
Cu, Mg. and K and higher P, Fe, Si, Ca, and Na 
(Table 2). At least 3-5 cm standing water seems to 
be essential for optimum rice growth. 
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VARIE'AL D[)IFFERENCES IN ABILIHY TO EXPLOIT 

SOIL NITROGEN 

,,grononY Department 

Cooperative studies with the University of Cali-
fornia, Davis, showed that successful exploitation 
of differences in the ability of varieties to use soil N 

is important since soil is the major N source for 
lowland rice. 

In 1981-82 DS and WS experiments where 
labeled fertilizer (-'5 N depleted AS) was applied. 

t
total N and atoi %C 1N were determined on leaf 

and culm samples collected at 10 DT, 30 DT. and 
P1. 

Grain yield and total N uptake were related to 
rice duration group ('Fable I). In 1981 DS, long-

duration varieties or lines absorbed most total N 
but least fertilizer N. In 1981 WS, however, total N 
uptake was highest in the medium-duration group. 
In 1982 DS, short-duration varieties or lines 
absorbed less N than the two other groups, which 
did not differ from each other. In general, short-
duration varieties or lines used the most fer-
tilizer N. 

Mean values for % N derived from fertilizer 
(Ndff for the different duration groups are shown 
in Table 2. Some samples at 10 DT show trends 
contrary to those established later, but the small 
seedling size suggests that these differences are oi 
little significance. As expected, % Ndff decreased 
during the growing season and reached a minimum 
at harvest. It tended to be inversely related to 
duration period, 

Table 1. Grain yield, total N and fertilizer N uptake by 
rice duration group. IRRI, 1981-82. 

Duration Grain Total N Fertilizer N 
grouyild ptak upakegroup yield uptake uptake 

(d) (t/ha) (kg/ha) (kg/ha) 

7981 OS 
100 4.63 77.6 16.6 
110 4.49 87.3 15.2 

* 120 4.77 97.0 10.7 
1981 WS 

100 3.63 107 9.06 
110 3.99 121 7.06 

* 120 3.72 105 5.73 

1982 OS 
100 5.56 74.0 4.15 
105-115 5.48 89.7 2.90 
120-135 5.50 91.0 4.07 

Table 2. Mean values for % N derived from fertilizer 
(Ndff) by duration group. IRRI, 1981-82. 

Duration Mean values for % Ndff 
group 

(d) 10 DT 30 DT PI Harvest 

1981 OS 
100 50.6 42.7 31.3 21.5 
110 53.7 44.2 32.2 17.0 
120 55.6 43.2 26.6 11.3 

1981 WS 
100 18.4 14.9 10.2 8.5 
110 19.6 13.9 9.49 5.9 

-3120 19.0 14.8 9.25 5.5 
1982 OS 

100 27.4 24.9 16.3 5.6 
105-115 28.3 14.8 12.0 3.0 
120-135 31.8 17.2 10.2 4.5 

Duration groups overlapped in % Ndff (Table 
3). The ranges become more narrow with increasing 
maturity, and long-duration varieties exhibit the 
narrowest range at harvest. Growth duration alone, 
however, cannot be used as a criterion of N 
utilization efficiency since there ismuch variability 
within a group. Other plant characteristics such as 
tillering patterns may influence exploitation of 
soil N. 

Up to 30 DT, medium-duration IR42 uses soil N 
more efficiently than the very early IR9729-67-3 
(Fig. I). After 30 DT, IR42 also uses fertilizer N 
better than IR9729-67-3. 

Preliminary results suggest that short-season 
varieties are more dependent on fertilizer N than 
are long-duration rices. 

EFFECT OF TIME, METHOD, AND RATE OF 
NITROGEN AIPLICATION ON YIELD OF RICE WITH 
DFEETSI IRGNLVL 
DIFFERENT SOIL. NITROGEN LEVELS 

Agronomy Department, IRRI-International 

FertilizerDevelopment Center (IFDC) 
Cooperative Project 

Experiments were conducted during DS at five 
sites with varying N content. Two plots were at 
IRRI and three at the Maligaya Rice Research and 
Training Center (MRRTC), Nueva Ecija, Philip

pines. During WS, only 2 trials were repeated: one 
at I RRI with 0. 18% soil N and another at M RRTC 
with 0.06%. 

Soil samples from the sites were submerged and 
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Table 3. Ranges of %N derived from fertilizer (Ndff) by duration group. IRRI, 1981-82. 

Ranges of %NdffDuration group 
(d) 10 DT 30 DT PI Harvest 

1981 DS 
100 41.7 -68.0 34.4 -48.4 24.4 -38.5 11.5 -37.8 
110 36.1 -67.0 33.4 -52.3 22.2 -40.4 9.58-29.9 

;;120 48.9 -62.9 36.6 -49.8 17.6 -38.2 6.32-17.9 

1981 WS 
100 11.3 -29.9 10.8 -20.2 16.44-13.1 27.90-12.9 
110 8.57-28.9 10.5 -19.6 5.65-12.2 3.63-9.10 

> 120 10.7 -24.9 6.44-19.9 6.23-11.6 2.93-8.61 

1982 DS 
100 19.4 -35.1 18.2 -34.8 13.6 -20.7 3.48-7.94 
105-115 22.8 -36.8 10.3 -16.8 8.86-15.4 0.43-7.79 
120-135 24.6 -45.7 13.3 -21.0 8.60-13.2 2.68-6.18 
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Table 4. Effect of time, method, anid rate of urea-N application on grain yield of IR36 and IR42 at 2 sites with different 
total soil N content. IRRI farm, 1933 DS. 

Yieldb (t/ha) 

Source Method of N rate Site 1 (Ns=0.18%) Site2 (Ns =0.15%)applicationa (kg/ha) 

Basal 5 DBPI Mean Difference Basal 5 DBPI Mean Difference 

IR36 
0 3.1 3.1 0.0 0.0 4.1 3.5 3.8 0.6 

PU Broadcast 29 3.6 c 3.3 c 3.5 0.3 4.5 d 4.5 c 4.5 0.0 
PU Broadcast 58 4.8 cd 4.7 ab 4.8 0.1 5.1 bcd 5.2 abc 5.2 -0.1 
PU Broadcast 87 5.2 bc 4.8 ab 5.0 0.4 6.0 bc 5.7 ab 5.9 0.3 
PU Broadcast 145 6.3 a t 2 a 5.8 .1 6.2 b 6.2 a 6.2 0.0 
USG Deep-point placement 29 4.0 de 3.9 bc 4.0 0.1 4.8 cd 4.6 bc 4.7 0.2 
USG Deep-point placement 58 4.1 de 4.8 ab 4.5 -0.7 5.4 bcd 5.7 ab 5.6 -0.3 
USG Deep-point placement 87 5.8 abc 5.3 a 5.6 0.5 5.8 bc 5.9 a 5.9 -0.1 
USG Deep-point placement 145 6.0 ab 5.7 a 5.9 0.3 7.3 a 6.3 a 6.8 1.0 

IR42 
0 3.8 4.2 4.0 -0.4 3.8 4.3 4.1 -0.5 

PU Broadcast 29 5.0 b 4.9 d 5.0 0.1 5.5 b 5.1 c 5.3 0.4 
PU Broadcast 58 5.3 b 5.5 abcd 5.4 -0.2 5.7 b 5.0 c 5.4 0.7 
PU Broadcast 87 6.0 b 6.3 ab 6.2 -0.3 6.5 ab 6.8 a 6.7 -0.3 
PU Broadcast 145 7.1 a 6.1 abc 6.6 1.0 7.3 a 6.8 a 7.1 0.5 
USG Deep-point placement 29 5.6 b 5.4 bcd 5.5 0.2 5.6 b 5.4 b 5.5 0.2 
USG Deep-point placement 58 6.0 b 5.2 5.6 0.8 6.6 ab 5.8 abc 6.2 0.8 
USG Deep-point placement 87 7.1 a 6.5 a 6.8 0.6 6.9 a 6.3 ab 6.6 0.6 
USG Deep-point placement 145 7.7 a 6.5 a 7.1 1.2 7.1 a 6.7 a 6.9 0.4 

aBroadcast basal was incorporated; broadcast 5 DBPI was not incorporated. Deep-point placement was done by inserting 

USG at 10-12 cm soil depth between alternate 4 hills 1 DT.bNs is mean soil total N at 0-20 cm. 

Table 5. Effect of time, method, and rate of urea-N application on grain yield of IR36 and I R42 at 2 sites with different 
total soil N content. MRRTC, Nueva Ecija, 1983 DS. 

Yieldb (t/ha) 

applicationa N rate Site 3 (Ns = 0.09%) Site 4 (Ns = 0.06%)Source Method of (kg/ha) 

Basal 5 DBPI Mean Difference Basal 5 DBPI Mean Difference 

IR36 
0 2.9 3.0 3.0 -0.1 2.3 2.3 2.3 0.0 n s 

PU Broadcast 29 4.1 c 3.7 c 3.9 0 4 ns 3.1 c 3A cd 3.3 -0.3 

PU Broadcast 58 5.0 c 3.9 c 4.5 1.1* 3.8 c 2.9 d 3.4 0.ns 
s 

PU Broadcast 116 6.3 b 4.9 b 5.6 1.4** 5.0 b 4.2 bc 4.6 0 .8 n 

PU Broadcast 174 1.7 a 5.1 ab 6.4 2.6** 6.5 a 5.1 ab 5.8 1.4"* 
O.4n s  ns 

USG Deep-point placement 29 4.8 c 4.4 bc 4.6 2.9 c 3.1 d 3.0 0.2 

USG Deep-point placement 58 5.9 b 5.1 ab 5.5 0 8.ns 4.7 b 4.2 bc 4.5 0 .5 ns 

USG Deep-point placement 116 7.2 a 5.0 b 6.1 2.2"* 5.9 a 4.9 ab 5.4 1.0 ° 

USG Deep-point placement 174 7.5 a 6.0 a 6.8 1.5"" 6.3 a 5.3 a 5.8 1.0* 

IR42 
0 3.5 3.6 "3.6 -0.1 2.5 1.9 2.2 0.6 

PU Broadcast 29 3.7 f 4.0 c 3.9 -0. 3 ns 3.1 d 2.6 c 2..9 0 .5 ns 

PU Broadcast 58 5.3 de 4.6 bc 5.0 0 .7 ns 3.6 cd 3.2 bc 3.4 0 4 ns 

PU Broadcast 116 6.4 bc 5.5 ab 6.0 0.9 5.0 b 4.4 a 4.7 0.6 n
s 

PU Broadcast 174 7.9 a 5.4 ab 6.7 2.5 ** 6.7 a 4.6 a 5.7 2.1 * * 
s

USG Deep-point placement 29 4.7 e 4.4 c 4.6 0 .3 n 3.5 cd 3.5 b 3.5 0.ns 
O.4 n s  

USG Deep-point placement 58 6.0 cd 5.6 a 5.8 4.1 c. 3.7 ab 3.9 O.4 n s 

USG Deep-point placement 116 7.1 ab 6.1 a 6.6 1.0" 6.1 a 3.8 ab 5.0 2.3* 
* USG Deep-point placement 174 7.6 a 5.8 a 6.7 1.8"" 6.9 a 4.6 a 5.8 2.3 * 

aBroadcast basal was incorporated; broadcast 5 DBPI was not incorporated. Deep-point placement was done by inserting 

USG at 10-12 cm soil depth between alternate 4 hills 1 DT. bNs is mean soil total N at 0-20 cm. 
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Table 6. 1R36 and 1R42 grain yield response to rate, method, and time of urea-N application (site 5, mean soil total N = 
0.08%). MRRTC, Nueva Ecija, 1983 DS. 

Yield (t/ha) Yield difference
 
Source Method of applicationa N rate
 

(kg/ha) Basal 5 DBPI Split A-B A-C B-C 
(A) (B) (C) 

IR36 
0 4.1 3.1 2.9 1.0 1.2 0.2PU Broadcast 29 5.1 cd 4.0 b 4.7 cd 1.1ns 0.4ns _0.7ns

PU Broadcast 58 5.0 cd 5.2 ab -0.2 n s  5.3 cd -0.3 n s -0.1 nsPU Broadcast 116 6.1 abc 5.9 a 6.7 ab 0.2 ns -0.6ns -0. 8nsPU Broadcast 174 7.0 a 5.7 a 7.2 a 1.3* -0.2 ns -1.5*USG Deep-point placement 29 4.7 d 4.0 b 4.2 d 0.7ns 0. 5ns -0. 2nsUSG Deep-point placement 58 5.5 bcd 4.8 ab 5.8 bc 0. 7ns -0.3n s -1.0nsUSG Deep-point placement 116 6.6 ab 5.7 a 6.6 ab 0. 9 ns 0.0ns _0.9nsUSG Deep-point placement 174 7.0 a 6.1 a 7.6 a 0. 9 ns -0. 6 ns -1.5" 
IR42 

0 3.1 2.9 3.1 0.2 0.0 -0.2PU Broadcast 29 4.1 d 4.3 b 3.8 e -0.2ns 0.3ns 0.5nsPU Broadcast 58 4.4 cd 4.6 b 4.6 e -0. 2 ns -0. 2 ns 0 .0 nsPU Broadcast 116 5.8 b 5.1 ab 6.1 bc 0. 7 ns -0.3ns -l. 0 nsPU Broadcast 174 7.6 a 5.6 a 7.2 ab 0 .4 ns  2.0" -1.6"USG Deep-point placement 29 4.2 d 4.4 b 4.8 de s-0. 2 n -0.6ns -0.4nsUSG Deep-point placement 58 5.5 bc 5.1 ab 5.9 cd 0.4 ns -0. 4 ns _0. 8nsUSG Deep-point placement 116 7.0 a 6.0 a 6.8 abc 1.0ns 0. 2ns -0. 8nsUSG Deep-point placement 174 7.5 a s6.3 a 7.6 a 1 .2 n 0.1 ns -1.3 ns 

aBroadcast basal was incorporated; broadcast 5 DBPI was not incorporated. Deep-point placement was done by inserting
USG at 10-12 cm soil depth between alternate 4 hills 1 DT. 

Table 7. Mean yield by location, variety, method, timing, and rate of urea-N application. IRRI farm and MRRTC, Nueva 
Ecija, 1983 DS.a 

Mean yield (t/ha) 
Site 1 Site 2 Site 3 Site 4 Site 5 Mean= = =(NS 0.18%) (Ns = 0.15%) (Ns = 0.09%) (Ns 0.06%) (Ns 0.08%) 

Variety
IR36 4.6 5.4 5.1 4.2 5.4 4.9IR42 5.8 6.0 5.4 4.1 5.3 5.3 
Time 
Basal 5.6 6.0 6.1 4.8 5.8 5.75 DBPI 5.2 5.8 5.0 4.0 5.2 5.0
Basal + 5 DBPI - - 5.9 -

Method 
Broadcast (B) 5.3 5.8 5.2 4.2 5.5 5.2Deep point-placed (DPP) 5.6 6.0 5.8 4.6 5.8 5.7 
Time/method
Basal - B&I 5.4 5.8 5.8 4.6 5.6 5.4
Basal - DPP 5.8 6.2 6.4 5.0 6.0 5.95 DBPI - B 5.1 5.7 4.6 3.8 5.0 4.85 DBPI - DPP 5.4 5.8 5.3 4.1 5.3 5.2
Basal + 5 DBPI  - - - 5.7 -
Basal + 5 DBPI - DPP  - - - 6.2 -
N rate (kg/ha)

0 3.6 3.9 3.2 2.2 3.2 3.229 4.5 5.0 4.2 3.2 4.4 4.3
58 5.0 5.6 5.2 3.8 5.1 4.9
87 5.9 6.2 - - _
 

116 
 - - 6.1 4.9 6.2
 
145 6.3 6.7 - - _
 
174 
 - - 6.6 5.8 6.9 

aNs = mean soil total N (0-20 cm). 
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Regardless of soil N, variety, time, and method In MRRTC with 3 N applications, there was no 
ofapplication, grain yield increased with increasing significant yield difference between basal full dose 
rate of applied N(Tables 4-6). In high Nsoil (0.18% and 2 equal split doses at planting and 5 DBPI. 
and 0.15%), IR36 and IR42 yields were higher Both timings were significantly better at the highest 
when all N was applied basally rather than 5 DBPI. N rate than when all N was applied 5 DBPI (Table 
Although differences were nonsignificant at all N 6). 
levels, basal application was significantly better at Table 7 shows the grain yield trend in soils of 
higher N rates than 5 DBPI when soil N was low varying N content. 
(Table 5). During WS at IRRI, IR42 was damaged by 

Table 8. Effect of time, method, and rate of urea-N application on yield responses of IR36, (mean soil total N = 0.18%). 
IRRI farm, 1983 WS. 

N rate Yield (t/ha) 

Source Method of application (kg/ha) Basal 5 DBPI Mean Difference 

0 2.9 2.9 2.9 0.0 
PU Broadcast a 29 3.0 a 3.1 a 3.0 -0.1 

58 2.7 a 1.7 bc 2.2 1.0 
87 2.7 a 2.1 abc 2.4 -0.4 

116 2.0a 1.0 L. 1.5 1.0 
USG Deep-point pl 3cementb 29 3.1 a 2.5 ab 2.8 0.6 

58 2.8 a 2.5 ab 2.6 0.3 
87 2.6 a 2.5 ab 2.6 0.1 

116 1.1 b 2.4ab 1.9 -1.3 
a Broadcast basal fertilizer was incorporated; that which was broadcast 5 DBPI was not incorporated. bDone by inserting 

USG at 10- to 12-cm soil depth between alternate 4 hills 1 DT. 

Table 9. Effect of time, method, and rate of urp-N application on yield responses of IR36 and IR42 (mean soil total N = 
0.06%). MRRTC, Nueva Ecija, 1983 WS. 

Source Method of application a N rate Yield (t/ha) 
(kg/ha) Basal 5 DBPI Mean Difference 

IR36 
0 1.9 2.1 2.0 0.2 

PU Broadcast 29 2.9 c 2.8 c 2.8 0. 1n s 

PU Broadcast 58 3.6 abc 3.5 bc 3.6 0 .1 ns 
PU Broadcast 87 4.0 a 3.6 ab 3.8 0.4ns 

PU Broadcast 145 4.4 a 4.3 a 4.4 0.1ns 
USG Deep-point placement 29 3.2 bc 2.7 c 3.0 0.5 ns 

USG Deep-point placement 58 3.7 ab 3.1 bc 3.4 0.6 ns 

USG Deep-point placement 87 4.3 a 3.0 bc 3.6 1.3" 
USG Deep-point placement 145 4.3 a 3.3 bc 3.8 1.0" 

IR42 
0 2.1 2.3 2.2 -0.2 

PU Broadcast 29 3.1 bcd 2.2 a 2.6 0.9 
PU Broadcast 58 3.5 ab 1.9 a 2.7 1.6"* 
PU Broadcast 87 3.8 ab 1.9 a 2.8 1.9"* 
PU Broadcast 145 4.0 a 1.9 a 3.0 2.1 '* 
USG Deep-point placement 29 2.4 d 2.5 a 2.4 -0.1ns 
USG Deep-point placement 58 2.7 cd 2.6 a 2.6 0.1 ns 

USG Deep-point placement 87 3.2 bc 2.0 a 2.6 1.2* ° 

USG Deep-point placement 145 2.6 cd 2.3 a 2.4 0 .3 ns 

aBroadcast basal was incorporated; broadcast 5 DBPI was not incorporated. Deep-point placement was done by inserting 

USG at 10-12 cm soil depth between alternate 4 hills 1 DT. 
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Table 10. Effect of source and method of applying 90 kg N/ha on grain yield of broadcast
seeded flooded IR36 rice. IRRI, 1983 DS. 

aNitrogen source Application time arid method Grain yield 
(t/ha) 

No fertilizer N 3.4 a
Super 60/urea Basal, B&I 5.5 bcd
Super 60/urea 2/3 B&I + 1/3 5-7 DBPI 5.5 bcd
PU Basal, B&I 5.9 abc
PU 2/3 B&I + 1/3 5-7 DBPI 5.9 abc
PU 1/2 20 DAS + 1/2 10 DAPI 5.0 d
PU + 10% DCD Basal, B&I 5.3 cd
PU+ 10% DCD 2/3 B&I + 1/3 5-7 DBPI 5.8 abc 
AS Basal, B&I 6.1 ab 
AS 2/3 B&I + 1/3 5-7 DBPI 6.0 abc
AS + 10% DCD Basal, B&I 5.6 bcd
AS + 10% DCD 2/3 B&I + 1/3 5-7 DBPI 5.7 abcd 
Forestry grade SCU Basal, B&I 6.4 a 
aDCD = dicyandiamide. 

RTV, so only IR36 grain yields were analyzed. N DBPI reduced yield. During drought, deep-point
application did not increase yield significantly placement is still more advantageous than surface 
(Table 8). During WS, added N may not be needed broadcast without incorporation. 
in high N soils. 

At MRRTC, yields for both IR36 and IR42 EFFICIENCY OF NIROGEN SOURCES AND 
increased with increasing rates of N either as basal APPLICATION METHODS 
full dose or at 5 DBPI. Time of application Agronomy Department
produced a significant yield difference at higher N 
rates only when urea N was deep point-placed for Broadcast-seeded flooded rice. An experiment
IR36 (Table 9). With IR42, topdressing N at 5 with broadcast-seeded flooded IR36 during DS 

Water table (cm) Rainfall (mm) 
0 "100 

-20-

-80
 

-40-
 -"60 

-60- -40
 
Wtrtable
 

-80-
2 

Rainftall
 

-1000 
15 20 25 30 4 9 14 19 24 29 4 9 14 19 24 29 3 8 13 17
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3. Rainfall and water table below the paddy. Nueva Ecija, Philippines, 1983 WS. 
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evaluated the effectiveness of N sources and their Ne,ficiency (kg grain/kg N)
 
application methods. 40
 

With the same N source, a single basal incor- RS= 2/3 basal, 1/3 topdressed 5-7 DBPI
 
BBI = basal, broadcast and incorporated
poration produced yields comparable to split 32 DP= deep placement 

application as two-thirds basal B&I plus one-third RS BSB= basal,surface broadcast 
topdressed at PI (Table 10). PU applied in equal tFPf3r0DrsTprachce(whaleoanaunt 
doses at 20 DAS and at 10 DAPI was inferior to 24
 

slow-release SCU. It was also infcrior to other 11 631 B6
 
application methods and timing using either PU or P RS
 

AS with and without dicyandiamide (DCD), a 16 -S6 FP
 

nitrification inhibitor. With the same method and l BSB
 

timing, PU or AS with and without DCD gave R BSB
 
comparable yields. 0
lel 	i l 

Rainfed lowland rice. In 1983 WS, N source + + + 
efficiency and application methods in rainfed 0 0. -I af . a. a 

lowlands were evaluated in Central Luzon and 60 60 60 60 60 60 60 60 10 90 60 
Santa Rosa, Laguna. Treatments using R36 had Nrate (kg/ha) 

5. N efficiency of various N sources and methods of application with
four replications. Rainfall was evenly distributed IR36. Nueva Ecija, Philippines, 1983 WS. 
during the growing season; it contributed to the 
shallow water table and prevented water stress topdressed 5 DBPI, was more efficient than basal 
(Fig. 3). Grain yield with split application of PU broadcast of either PU or AS. The farmers' 
(2/3 basal incorporated, 1/3 topdressed 5 DBPI) practice of applying the whole amount at 30 DT 
was comparable to that with the experimental produced unsatisfactory grain yield and fertilizer 
fertilizer N sources: forestry grade SCU, USG, or efficiency. 
DCD added to either PU or AS (Fig. 4). Low Rice in Santa Rosa, Laguna, received low, 
yields resulted when PU or AS, even with DCD, erratic rainfall (Fig. 6) and conse-quently produced 
was not soil incorporated before transplanting. 
Figure 5shows fer.ilizer efficiency (kg grain/ kg N) water table (cn) Rainfall (mm) 
of the N sources. PU, basal incorporated and 0 

Grain yield It/ha) 	 -20- Water table 

5.6 	 RS RS =2/3 basal, topdressed 5-7 DBPI5. 
BBI =basal,broadcast and incorporated 

DP =deep placement
 
BSB =basal,surface broadcast 
 -40 	 200 

5.2 	 FP= farmers brou,.cost (whole amount 
B 81 l C=control at 30 DT) 

P RS -60- 160 

4.8 - SB FP 

-80 -120 

4A 
-100 

80 
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4. Grain yield of lR36as affected by N rates, sources of N. and methods 6. Rainfall and water table below the paddy in Santa Rosa, Laguna, 
of application in ,:;nfed l3wlands. Nueva Ecija, Philippines, 1983 WS. Philippines, 1983 WS. 
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of application in rainfed lowlands. Santa Rosa, Laguna, Philippines. 
1983 WS. 

low yields with all N treatments because of water 
stress during the reproductive phase (Fig. 7). 
Results with the farmers' practice of a single 
fertilizer application at 30 DT were comparable 
with those from modified N sources and other 
application methods. 

EVALUATION OF PLACEMENT MACHINES TO 
INCREASE NITROGEN EFFICIENCY IN 

TRANSPLANTED RICE 
Agronom' and AgriculturalEngineering
Departments 

Different IRRI-designed placement machines were 
tested in conjunction with either the farmers' 
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practice of urea application or the researchers'improved method and timing.inp1983d ets atiine n 
In 1983 DS tests at IRRI, neither hand pointplaced USG nordeep machine placement increased 

yields over the researchers' method and timing of 
applying urea in split doses (Table I1). Hand point
placed USG produced the lowest floodwater N, 
while topdressing urea at 5 DBPI produced the 

The th'ee most promising placement machines 
were tested at IRRI and at MRRTC during the 
1983 DS. At IRRI, machine fertilizer delivery 
varied widely (-8.6% to + 15.5%) from the intended 

of58 kg N/ha (Table 12). Variation from the 
intended rate at Nueva Ecija was lower (-6.9% to 
-12.1%) than at IRRI. In both sites, yields from 
researchers' timing were comparable to those from
machine- or hand-placed N. But yields from
farmers' practice were lower than with the im

proved timing by 0.4 t/ ha at IRRI and 1.0 t/ ha less 
at Maligaya. 

Band placement of PU with the spring auger 
required the least labor. 

WS resultsat IRRlshowed that band placement 
of PU either by oscillating plunger or spring auger 
machine produced the highest yield (Table 13). 
When researchers broadcast urea and incorporated 
it in 5 cm water during the first application, grain
yield was similar to that from farmers' practice but 
was 0.6 t/ha lower than when urea was incor
porated without water. 

The farmers' practice of broadcasting urea into 

the floodwater 10 DT resulted in the highest 
floodwater N, suggesting high potential N loss 

Table 11. Effect of fertilizer application techniques on grain yield of IR36, fertilizer efficiency, and total floodwater N. 
IRRI, 1983 DS. 

Urea source 

No fertilizer N 
Prilled 
Supergranule 
Prilled 
Forestry-grade 
Prilled 

Prilled 

Supergranule 

Application
meton 

-

Researchers' split 
Point placement 
Band placement 
Band placement 
Point placement 

Point placement 

Point placement 

Actual
Machine N rate(kg N/ha) 

- 0 
- 87 

Hand 87 
Spring auger (push type) 78 
Rolling press wheel 84 
Transplanter with 83 

liquid injector 
Transplanter with 82 

spring auger 
Deep plunger 84 

aUrea-N plus NH +.N 1 d after basal fertilizer application. Value in parentheses 

fertilizer dose (topdressing) was applied. 

Grain 
yield(t/ha) 

3.8 b 
5.6 a 
5.9 a 
5.9 a 
6.0 a 
5.9 a 

5.6 a 

5.5 a 

eriier Total 
(kg rough floodwaterarice/kg N) (kg N/ha) 

- 0.1 
21 1.3 (12. 1i 
24 0.1
 
2F 2.6
 
2(i 1.0 
'.6 0.9 

23 2.2 

21 3.6 
is total floodwater N 1 d after the second 



252 IRRI ANNUAL REPORT FOR 1983 

Table 12. Effect of hand and machine fertilizer application techniques on applied N, labor during application, and yield of 
IR36. IRRI and MRRTC, Nueva Ecija, 1983 DS. 

Nitrogen applied Grain yield 
(kg N/ha) Application timea (t/ha) 

Urea source Application method (h/ha) 
Maahas Maligaya Maahas Maligaya 
clay silty clay clay silty clay 

No fertilizer N - 0 0 - 4.6 b 3.5 d 

Prilled Point placement by 64 54 20 5.7 a 5.1 c 
transplanter with 
liquid injector 

Prilled Band placement 67 58 14 6.0 a 5.6 abc 
by spring auger 

Supergranule Point placement 53 51 38 6.0 a 5.5 abc 
by deep plunger 

Supergranule Point placement 58 58 50 5.9 a 5.9 ab 
by hand 

Prilled Researchers' splitb 58 58 8 5.8 a 6.2 a 

Prilled Farmers' split c 58 58 9 5A a 5.2 bc 

aAvof 2 sites (IRRI and Maligaya)and 3 replications. bTwo-thirds basal B&I and one-third topdressed at 5-7 DBPI.CEqual

split doses at 10 DT and 10 DAPI. 

(Fig. 8). B&I of the first PU dose, into 5 cm of rate with press wheel and press wedge applicators 
water, tripled the amount of N in floodwater. Deep was more satisfactory than with the oscillating 
placement produced low floodwater N but hand plunger. Yields with the four placement machines 
point-placed USG produced least. were comparable with those from the improved 

In WS at Maligaya, the delivery of intended N method and timing of urea application (Table 14). 

Table 13. Effect of hand or machine fertilizer application techniques on the actual amount of N applied and yield of IR58 
at IRRI. 1983 WS. 

Nitrogen Water depth (cm) during Grain 
Urea source Application method applied basal fertilizer yield 

(kg N/ha) application (t/ha) 

No fertilizer N 0 - 2.9 c 
Prilled Point placement by 58 1.3 4.4 ab 

transplanter with 
spring auger 

Prilled Band placement by 56 4.6 4.7 ab 
spring auger 

Prilled Band placement by 58 4.8 5.1 a 
oscillating plunger 

Supergranule Point placement by 58 4.9 4.4 ab 
deep plunger 

Supergranule Point placement by 46 5.1 4.3 b 
press wedge 

Supergranule Point placement by 65 4.7 4A ab 
press wheel 

Supergranule Point placement by hand 58 5.3 4.6 ab 
Prilled Researchers' splita 58 5.0 4.2 b 
Prilled Researchers' splita 58 0 4.8 ab 
Prilled Farmers' splitD 58 5.0 4.3 b 
Prilled Researchers' splita 87 0 4.8 ab 

aTwo-thirds basal B&I and one-third topdressed 5-7 DBPI. bEqual-split doses at 10 DT and 10 DAPI. 
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Total floodwater N (kg/ho) 51 N (%)

8 
 100
 

Panicle initiation 

6- Prilled urea
 
Io-O Spring auger (56 kg N/ha)
 

1 O-O Oscillating plunger (58kg N/ha) 
4 -Urea supergranules so
 

t&-- Press wedge (46 kg N/ha) 
 N 
Deep plunger (58 kg N/ha) 

16 
Prilled urea (58 kg N/ha) +
 

0-0 Formers'split (1/2 broadcast
 
in5cm water at tODT+ 1/2
14 - Exchangeablebroadcast in 4.6 cm water 
at 10DAPI) NH,-N 

6-6 Researchers'split (2/3 8 a40 8
 
12 l in 5cm water + 1/3 broad

cast in 5 cm water at 5-7 
DBPI) 

0-0 Researchers'split (2/3 B a
10 Iwithout water + 1/3 broad 
cost in5.3 cm water at 5-7DBPI) 20 Hydrolyzable 

8 // organic N 

6 
Nonexchangeable 

/ NH,- N
 

4 0

0 2 4 6 8 10 

Weeks after fertilizer incubation 
9. Recovery of O5 N fertilizer from 3 soil N fractions and total N of Pill

2 loam at various sampling times. IRRI, 1983. 

0 3 5 7 9 13'- '10*2-2-2635'3I3 57 9 II 13 1520 22 --242635 37 39 AMMONIUM DYNAMICS IN FLOODED RICE SOILS 
Time (DT) Agronom' Department and IRRI-Justus Liehig 

8. Totalfloodwater N(urea-N+ NH 4 -N)at 1300-1400hasaffectedby Universit,' West Germian, CooperativeProject

fertilizer application techniques using hand and machine, IRRI, 1983
ws. N dynamics in different cultivation systems and 

Table 14. Yield of IR42 and actual amount of N applied as affected by method of N application by hand and with ma
chines. MRRTC, Nueva Ecija, 1983 WS. 

Method of application Machine N source Actual N rate Grain yield 
(kg/ha) (t/ha)

Con - 4.8 a
Band placement Spring auger PU 29 5.0 aBand placement Oscillating plunger PU 17 5.5 a
Point placement Press wedge USG 30 5.0 aPoint placement Press wheel USG 28 5.4 aPoint placement Hand USG 29 5.0 a
Researchers' split a 

PU 29 5.1 a
Band placement Spring auger PU 65 4.8 a
Band placement Oscillating plunger PU 63 
 5.3 aPoint placement Press wedge USG 55 5.2 a
Point placement Press wheel USG 56 5.3 aPoint placement Hand USG 58 5.4 aResearchers' split a 

PU 58 5.3 aResearchers' splita 
PU 87 5.4 a 

a2/3 basal B&I and 1/3 topdressed 5-7 DBPI. 
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soil fractions, i.e. exchangeable NH.1', nonex-
changeable (clay-fixed) NH.', and organic N have 
been studied at IRRI. 

Laboratory experiments. Fresh soil samples 
were collected from Bicol, Cabuyao, Iloilo, Mali-
gaya, and IRRI. N was added as 'IN-labeled AS at 
100 ppm. The pots were flooded with 3cm of water 
and incubated at 300 C (± l0t). 

After 10 wk, '5 N fertilizer was recovered from 
each soil. Pili loam yielded 49.4% (Fig. 9); Guada-
lupe clay, 45.2% (Fig. 10); Sta. Rita clay, 59.2% 
(Fig. 11); Maahas clay, 38.5% (Fig. 12); and 
Maligaya silty c',y loam, 60.3% (Fig. 13). 

In Maligaya silty clay loam, N fixed by the 
nonexchangeable (clay-fixed) fraction exceeded 
that of the organic-N fraction because the vermi-
culite inthe soil fixes considerable NH4' ions in 
wet conditions (Fig. 13). Other wet soils, containing 
montmorillonite, fix less NH4'-N. 

Greenhouse experiments. Air-dried soils in the 
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11. Recovery ofI'INfertilizer from 3soilN fractionsand totalNofSania 
Rita clay at various sampling times. IRRI, 1983. 

greenhouse were flooded for weeks before N 
fertilizer as 15N-labeled AS was added to each soil 
at 100 ppm. 

In Maligaya silty clay loam, 15% of 'IN was 
fixed as nonexchangeable N but was released 
between 20 DT and maturity. In all other soils, the 
nonexchangeable fraction played a minor role in 
fixing 15N (Fig. 14, 15, 16) as did incorporation of 
'5 N into the nonhydrolyzable fraction. 

Plant and soil recovery of fertilizer N was high in 
greenhouse studies compared to those in the field. 
Maligaya silty clay loam showed almost ideal 
behavior as it stored NH.,'-N in the nonexchange
able fraction and provided Nfor later crop growth. 

DYNAMICS OF MICROBIOMASS NIN FLOODED 
soil.
 
Soil Microbiology' Department 

Biomass N is the source of available N to plant. 
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Maahas clay at various sampling times. IRRI. 1983. Maligaya silty clay loam at various sampling times. IRRI, 1983. 

Microbiomass N accumulates at the soil surface partly replenish available soil N (Fig. 17). 
during flooding for the first and second crops. In 
the laboratory, black cloth covering the pots AMMONIA VOI.ATILIZATION 
stopped accumulation of microbiomass N at the Soil Clienstrr/Phlrsics, Agronomv, and Soil 
surface, indicating that the accumulated micro- • " " 
organisms are photodependent. Rice plants ab- Cooperative Project
sorbed ammonium N applied as basal fertilizer 
until 40 DT. Thereafter, N absorbed by the plant The effect of N form, urea or AS, on the rate of 
came from soil N. Until 40 DT, the amount of "IN NH3 volatilization was evaluated ir.the field using
atom % excess absorbed by the rice plant was micrometeorological techniques. Experiments were 
similar to that in NH4"-N in soil. Plant 5 Ncontent conducted to determine NIH3 loss from AS and to 
absorbed from 40 DT to harvest was similar to that confirm the importance of NH:3 volatilization 
in the microbiomass fraction in soil, but much when using urea. Ammonia flux from urea and AS 
higher than that in NH.'-N. This means that was measured concurrently.
microbiomass N is a major N source for the plant Substantial fluxes of NH:3 were measured when 
in later growth stages. Although total amount of AS was applied to the floodwater 18 DT with the 
microbiomass Nwas slightly lower in planted plots maximum flux (0.74 kg N/ha per h) obtained 
than in fallow plots, the difference was much immediately after application (Fig. 18). The total 
smaller than N absorbed by the plant in later measured NH3 loss was 37% of applied N.
growth stage. The data suggest that the plant can In contrast, NH3 fluxes from urea-amended 
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floodwater were maximum on the third day after 
urea application. The total measured NH:i loss was 
36% of the N applied. Volatilization in both 
sources was similar under identical atmospheric 
conditions on the sam. soil. 

Factors affecting NH:j loss. Some pattern dif-
ferences in NH:t loss are closely related to the 
ammoniacal Nconcentrations and partial pressures 
of NH:j in the floodwater after the addition of urea 
and AS. Floodwater ammoniacal N was at maxi-
mum concentration (- 50 ug N/litre) soon after 
AS application and then declined sharply (Fig. 19). 
In the urea-amended field, ammoniacal N reached 
highest concentrations of only - 12 pg N/litre 3 to 
5 d after urea application coinciding with maximum NH3 fluxes. 

Maximum partial pressures of NH: (pNH:I) in 
the floodwater were comparable in both treatments 
although floodwater ammoniacal N concentrations 
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17. N uptake by rice and 15N contentsin available and ammonium N in
Maiigiya soil. IRRI, 1983. 

were higher with AS (Fig. 20). Its lower floodwater 

formed and buffered the pH to 8.0 during the firstand second days of the study (Fig. 21). 
Total titratable alkalinity in the floodwaterinitially ranged between 3 and 4 meq litre in allfields. Irrigation water contained 1.6 meqi litre. 

Diurnal changes in floodwater alkalinity suggest
that biological processes may contribute alkalinity.Moderate floodwater alkalinity in fields irrigated
with low alkaline water explains high loss of NH 

from AS and urea.
 

Submerged photosynthetic biomass. Pro-
nounced diurnal fluctuations in floodwater pH inthe urea study (Fig. 22) and after 3 d in AS-
amended floodwater highlight the role of thesubmerged photosynthetic biomass. The numberof N,-fixingand total algal flora on the soil surface 
are shown in 'Fable 15. Non-N2 -fixing blue-greenalgaedominated total algal flora before Napplica-
tion. Few unicellular green algae were observed 

SOII.AN) CRoP ,MANAGI:NIENr 

NH3 loss (kgN/hoper ho) 

opped07 

0
06 

05
 

0 
04 
0
 

03 

01 

_ :0_ _ .:.__.
 

NH3 loss (Ng N/ha per ho)
07 

06 

05 

.. 
03 

0 PPed 

0 f X: 
X.... .:.i 

0L:k:
 

-ross (kg N/ho per ho)
 

0
 
04 

0 

o.
 

0, Urea lePPD 

0 X~e 

I 2 3 4 5 6 7 8 

Number of days 
1i. Ammonia fluxesfollowing applicationof(l 1 4..SO,. urea.and ureaamended with PI'D. N applied at58 kg ha.phenylphosphorodianidate. IRRIC. 1983.1'P1D= 



258 IRRI ANNUAl. R I'OR I FOR MI1 
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20. Equilibrium vapor pressure of NIl;, in the floodwatcr after application of urea and 
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21. Floodwater pH inN amended and nonfertilized IRRI, 1983.areas. 


Urea N (ppm} NH-N (ppm) and diatoms comprised only about 25% of the 
100I UrreaN N+-N 8 colony-forming units (CFU)per m2.N applicationUrUeeaN V0 to the floodwater increased the total CFU. In con

%% Urea+ PPD o..o v trast, N,9-fixing flora was substantially reduced 7 d 
after N application compared to the control. Only 

80 a few hundred kg fresh weight of algae/ha were
obtained for the AS-treated area 7 DAT with N. 

It appears that large algal populations are not 
/o required to raise floodwater pH to levels which 

r ,\ support rapid NH 1 loss. 

40 -
,,9 FATE AND EFFICIENCY OF FERTII.IZER N('N-I.AIIE[.ED) IN LOWLAND RICE 

/ 1" , Agronomy and Soil Chemisirv/ Physics
20Deparitenis, andI R1IDC C'ooperativ'e 

Project 

0 0 Early IRRI research showed that slow-release urea24 25 26 27 28 29 30 31 I and deep N placement effectively decrease N losses 
Date ( an-Feb)
22. Effect of PPD on concentrations of urea and ammoniacal N infloodwater. MRRTC, 1983 DS. 

and increase N fertilizer efficiency in lowland rice.N distribution, after various methods of fertilizer 

http:N-I.AIIE[.ED
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Table 15. Algae counts and relative abundance8 of the dominant components of the algal flora on a medium for N2-fixing 
blue-green algae (CO) and a medium for total algal flora IGN). I RRI, 1983. 

8 Jan, at 21 Jan, 27 Jan, 3 Feb, 

Treatment 11 Dec,control trans- Controlplanting, 13 DTAS Urea Control 1 d after
N application 

Urea Control 7 dafter
N application 

Urea 

control AS AS 

GO medium 
Unicellular fixing - - - 3 7 13 1 4 -
Anabaena 5 38 65 72 63 67 55 61 60 41 21 
Nodularia - - 3 - - 2 - - - 2 -
Nostoc 73 61 11 7 14 17 32 11 16 35 34 
Scytonema 4 - - 7 - 4 - - - 5 2 
Calothrix 16 1 6 14 23 7 3 15 23 13 43 
Fischerella 2 - 15 - - - 3 - - - -

Total GOb (4.1) (2 .). (4.0) (5 1)1 (2.7)' (6.1)0 (4.3)8 (5.0)' (2.4) 9 (1.4)8 (4.9) 

GN medium nd nd 
Unicellular BGA 6 2 37 nd nd nd - 1 2 
Pseudanabaena 4 18 4 nd nd nd 5 4 3 
L.P.P.O. 62 52 48 nd nd nd 68 81 71 
N2  fixing 3 6 - nd nd nd 7 - -

Unicellular green - - - nd rid rid - - -
Diatoms 25 22 11 nd nd nd 20 14 24 

Total GNb (1.4)0 (1.4)0 (1,1)'0 (2.0)10 (1.6)10 (1.8)' 0 (2.4) (4.0)'0 (3.8)'o 

aRelative abundance as %of total colony-forming units. nd = no data. biNumber of colony forming units per in' of rice field. 

application, was studied using 15N-labeled urea farmers'split (2/ 3 at 15 DT + 1,13 at booting), and 
during the 1983 DS and WS. Point placement at 10 control. The experiment was conducted in Mali
cm deep and band placement w.re compared with gaya soil (pH 5.7) and San Manuel clay loam (p-I 
researchers' split (2/3 basal + 1/3 5-7 DBPI), 7.2), which is calcareous and has a CEC of 39 

meq/1 100 g and 30 meq of exchangeable Ca/ 100 g 
soil (Table 16). IR58, a short-duration variety, was 

Table 16. Soil characteristics of farmers' fields used for 
fate and efficiency of 15N-labeled fertilizer N in lowland the test variety.
 
rice. IRRI, 1983. Additional treatments included farmers' split of
 

Maligaya Kaaringayan, urea with 1%PPD) applied at 15 DT in Maligaya 
Characteristic MuRoz, Laoac, clay and researchers' split of AS in San Manuel 

Nueva Ecija Pangasinan clay loam. 

pH a 5.7 7.2 Floodwater chemistry. Potential N loss through 
Total N %) 0.10 0.15 ammonia volatilization was monitored by the 
Organic matter b (%) 1.90 2.41 
Exchangeable Nac 0.52 0.87 presence of urea-N and NH, -N concentration in 

(meq/100 g soil) the floodwater after fertilizer application. N H.1 +-N 
Exchangeable Kc 0.34 0.22 + urea N concentrations and pH of the floodwater 

(meq/100 g soil) 
Exchangeable Mgc 9.23 5.37 were measured at 1200-1400 h after the fertilizer 

(meq/100 g soil) application up to 8 d. 
Exchangeable Cac 10.5 30.0 In DS, urea was applied as farmers' split (2/3 15 

(meq/lO0 g soil) 
CECc (meq/100 g soil) 27 39 DT + 1/3 at booting) and researchers' split (2/3 
Olsen available P (ppm) 3 8 basal + 1/3 5-7 DAPI). On the first day, potential 
Available Znd (ppm) 1.09 Nil N losses through volatilization were indicated by 
Soil texture8 Clay Clay loam 
Soil series Maligaya San Manuel the presence of 75 jg N/ ml from the farmers' split 
aBeckman pand ' - floodwater in San Manuel clay loam (Fig. 23).a~cmnpH meter in (1:1) (soil:waterl ratio. b Walkley 138 pg N/ml from the researchers' split in the 

Black method. clN NH4 OAc pH 7 as extractant. do. 05 N 

HCl extractant. eBouyoucous hydrometer method. Potential volatilization losses in Maligaya soil (Fig. 
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Nitrogen in floodwater (,ug/ml) pH 
80 9.0 

Control60 
4 

40 0 

1CI%20
o7 

,20~ 
120 1. 

100 Farmers sp/l# 

80 /- -0 

60 - 90r0o
 

40 pH 

N in floodw 

0 7.0x 

11 0.0 

120 'y*acer'i20 I 8. 
0-9.0 

8 % 

60 
3%24. 

40 % 8.0 

20 

07.0 
1 2 3 4 5 6 7 8 

24) were 113 ug N/ml with the farmers' split and122Dyg N/ml in the researchers' split. N concentra-

tions dropped to 0 after 5-6 d. Floodwater pH in
San Manuel clay loam receiving the researchers' 
npliandiippeidinesal, 

similar, but showed varied patterns on succeedingdays. The rise in pH with farmers' splitwas slower 
than with researchers' split. 

Band placement at 8.5 cm soil depth produced
36 mg N/ml concentrations in San Manuel soil 
(Fig. 25) and 26mg N/ml inMaligaya soil (Fig. 24).
ions25. 

Poin plcemntt 1 cmprouce neligble
concentrations in floodwater in both locations.

In San Manuel clay loam, total N concentration 
in the floodwater was 138 g N/tml with urea and 
14dmg N/ml with AS (Fig. 26). Although the rise in 
floodwater pH with AS was initially slower than 

Nitrogen in floodwater (Ag/ml)
 
140
 

U Urea + PPO(0%)
 
120 0 Farmers' split
 

Y Researchers' split 
o-0Point2o""V Band placementplacement 

" 0ooIControl 

80 0 CoNro 

8 

60 % 

40. 

20 Nk 

0 ~
1 2 3 4 5 6 7 8 9 

Days after urea application 

Changes in total N concentration of floodChnater of klaligaya clay as 
affected by fertitizer application methods. M R RTC 19H3 1) . 

Nitrogen infloodwater (,ug/mfl pH 
40 9.0 

10.0 
&ndp 'pl ent 

40 - 69.0 
L-- Nnflood ter 

60 

4.0 
20 / \ J 

.0 

0 .o 2 3 4 5 " 7 8 . 
Days offer urea application

Changes inpl and total N cFdcentratio f lodater of San 
Manuel clay loam as affected by fetlihier p lacement Methodls. 19X3 DS. 

with urea, the peak pH of9.0 occurred on the 5th 
day for both sources. 

Grain yield. Yield response of IR58 to N 
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Nitrogen in floodwater (pg/ml) pH Urea N (ppm) 
140 9.5 t00 

Urea 

20 9-0-o Ureo 

/ I - Urea+I%PPD 

60 I 8.5 60 
II 

40 N 8.0 40 1 

I I 

20 7.5 20 

0 7.0 0 I 2 3 4 5 6 
140 a9.5Dys of sampling 

Ammonium sulfate 27. Effect of the urease inhibitor pheniylphosphorodiamidate (PPD) on 

120 I 9.0 

8.5 

floodwater urea concentration. IRRI, N8,3 OS. Urea was applied to 
floodwater 26 1)1'. 

fertilizer was more than 3t/ ha in DS and I t/ha in 

t WS (Table 17). 
/ - In LS, point placement at 10-cm soil depth gave 

40 I 80 the highest yield: 7.2 t/ha in Maligaya clay and 7.1 

d t/ha in San Manuel clay loam. In Maligaya clay, 
2 -, band placement and researchers' split of urea had

similar yields and did not differ from point place

ment of urea. 

0 -0 - 7. In San IR58 yielded sig.0 Manuel clay loam, 
1 2 3 4 5 6 7 8 nificantly higher with urea point placement than 

Days after fertilizer application with other treatments. The farmers' fertilizer split 
26. Changes in pH and total N concentration of floodwater of San 
Manuel clay loam as affected by sources of N fertilier, 1983 DS. yielded lowest. PPD addition did not increase yield 

Table 17. Grain yield of IR58 as affected by fertilizer N application methods on two soils in the Philippines. 1983 DS and 
ws.a 

Yield (t/ha) 

Application method DS WS 

Maligaya San Manuel Maligaya San Manuel 
clay, clay loam, clay, clay loam, 

Nueva Ecija Pangasinan Nueva Ecija Pangasinan 

Unfertilized control 3.5 c 3.2 d 3.9 c 3.5 c 
Point placement 7.2 a 7.1 a 5.3 a 5.5 a 
Band placement 6.9 a 6.4 b 4.8 b 5.4 a 
Researchers' splitb 6.9 a 6.4 b 5.2 ab 5.2 ab 
Farmers' split c 

6.0 b 5.2 c 4.7 b 4.7 b 
Farmers' splitc 6.0 b - 

with 1% PPDd 
Researchers' split of - 6.6 b 5.2 ab 5.2 ab 

ammonium sulfate
b 

aNitrogen levels were 87 kg/ha in DS and 58 kg/ha WS. b2/3 basal plus 1/3 5-7 DBPI, c 2 /3 15 DT plus 1/3 booting stage. 
dA urease inhibitor. 
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28. Effect of the urease inhibitor phenylphosphorodiamidate (PPD) on 
floodwater ammoniacal N concentration. IRRI. 1983 DS. Urea was 
applied to floodwater 26 DT. 
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over the farmers' split. Yields with researchers' split 
of urea and of AS were similar. N sources per
formed equally well in the calcareous soil. 

WS yields were lower than those in DS, but the 
trend of yield response to application methods was 
similar. 

Effect of phenyl phosphorodiamidate on N 
recovery and grain yield. The effect of PPD on the 

rate of urea hydrolysis, plant uptake of N, 15N 
recovery, and NH:j volatilization was evaluated at 
MRRTC and IRRI. 

PPD delayed hydrolysis of urea and retarded the 
ofammoniacal N in all studies (Fig. 27, 28, 

29). However, there was no effect on floodwater 
pH and its diurnal pattern. PPD with urea sig
nificantly increased N uptake and grain yield 
(Table 18) in an IRRI experiment where urea or 
urea + 1% PPD were topdressed 26 DT. PPD did 
not increase yields in a comparable experiment at 
MRRTC where urea or urea + 1% PPD were
applied 17 DT (Table 19). 

t5 NM4RRTC and IRRI studied balance to 

evaluate the effect of PPD on N loss from
topdressed urea. PPD (1% wt/wt) with urea 

Irrigation 

I I I 

6 7 8 9 
Number of days 

29. Ammoniacal N concentration in the floodwater after application of urea amended wlith 1%PPD. IRRI. 1983. 
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Table 18. Effect of urea source and application method 
on IR36 grain yield. IRRI, 1983 DS. Ge 

TetetGrain yield 

Treatment 	 t/ha) 

Farmers' split with PPD amended urea 5.24 a 
(2/3 with PPD 26 DT + 1/3 at booting) 

Farmers' split with urea 4.70 cd 
(2/3 26 DT + 1/3 at booting) 

Researchers' split with urea 4.88 bc 
(2/3 basal B&I + 1/3 5-7 DBPI 

Deep-point placement with USG 5.16 ab
 
Osmocote basal B&I 4.56 d
 
Control 
 3.01 e 

Table 19. Effect of sources and application method of 
urea on grain yield of IR58 rice in 1 5 N balance experi
ment. MRRTC, 1983 DS. 

Treatment 	 Grain yield
(t/ha) 

3.5 cNo fertilizer N 

Point placement of USG at 10 cm 7.2 a
 
Band placement of PU 6.9 a
 
Researchers' split with PU (2/3 B&I 6.8 a 


+ 1/3 5-7 DBPI) 
Farmers' split with PU (2/3 17 DT + 6.0 b 

1/3 at booting) 
Farmers' 	split with PU (2/3 with 1% PPD 6.0 b 

15 DT + 1/3 at booting) 

Table 20. Recovery of 15 N-labeled urea and urea + 1% 
PPD at 30 DT (MRRTC) or 40 DT (IRRI), 1983. 

% 1 5 N applied 
%5alDistributionLocation 
Urea Urea + 

1%PPD 

MRRTC, Exchangeable NH + 9.8 23.9 
Muioza 	 Nonexchangeable NH + 

26.4 29.8 
Straw 34.5 28.8 
Roots .2 3.1 

Total 73.9 85.5 

IRRI, Exchangeable NH+ 1.1 1.1 
+Los Bahiosb 	 Nonexchangeable NH 25.7 29.4 

Straw 26.5 35.9 
Roots 6.8 8.1 

Total 60.1 74.5 

aUkg
Urea and urea + 1% PPD tcipdressed 18 DT. bUrea and 

urea + 1%PPD topdressed 26 DT. 

increased 1
5 N recovery by 14% of the ipplied N at 

IRRI and 12% at MRRTC (Table 20). Increased 
t'N recovery at IRRI was mostly from the plant 

NH* -N (ug/ml) 

10 \\ Ureo wi'thoutPPD 

8 	 - N 

Urea N 

6 

4 

2 
14. 

Urea N (pg/ml) 

100 	 - Ureowdh/ PF,2 

\ 
80 

\ 

60 	 \ 

40

20 

I 
1 2 3 4 5 6 7 8 9 

Days after fertilizer application 

30. Effect of 1%PPD on the concentration of urea and ammonium in 
floodwater in Maligaya clay, 1983 DS. 

pool, while the exchangeable NH4' fraction at 
MRRTC contained higher quantities of '5N where 
PPD was applied with urea. 

In a micrometeorological study, PPD (1% 
wt/wt) with urea reduced NH 1 loss from 22 to 12 

N/ha when 58 kg urea/ha was applied to 
floodwater 18 DT. Floodwater ammoniacal N
remained at low concentrations for 3 d after 

application of urea + 1%PPD; however, sub
stantial concentrations were detected on day 4 and 
maximum concentration (12 /ug N/ml) was 
obtained )n day 6 (Fig. 30). 
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Total floodwater N (kg/ha) Totcl floodwater N (kg/ha) 

7f 	 35 

30 

5 25 -Water depth
 
0-0 0
 

- 2.5
 
Water depth (c -V 5.0|
 

4 0- O0 (48 kg A/ha) 
 20
 
- 2.5 (44k jN/ha)
 

9- 5.0 (45 KgN/ha)

3 - 61 kg N/ha) 15
 

10
2 

05 

O .
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Days after fertilizer application 33. lhtal floodwater N(urea-N, NIl 4'-N) afterdeep point placement by 

31. Total floodwater N (urea-N + NtiH'-N) after band placement of il)I 
tand of58 kg N ha asISG. IRRI, 1983 WS.
 

by oscillating plunger machine. IRRI. 1983 %VS.
 

WATER DEPTII EFFECTS ON NITROGEN LOSSES IN 
FLOODED RICE 

Total floodwater N (kg/ha) Agronotmn' Department
16 

Water depth (cm) 	 A field experiment in 1983 WS evaluated the effect14 -- 0 of water depth during fertilizer application by hand 
S2.5 or machine on reducing N losses with transplanted~5 1R58 rice. Floodwater depths during urea applica12 -- 100 	 tion were 0, 2.5, 5, and 10 cm. For 0 cm treatment, 

10-	
water depth was increased to 5 cm after application.
For the other treatments, existing water depth was 

maintained up to the 6th day after application.8 	 Floodwater samples and water depths were 
measured from I to 6 d after fertilizer application
6 - to determine the amount of urea and NH.
1 '-N. 

Analysis showed high total (urea + NH.,') N
4 levels with hand- and machine-placed fertilizers
 
when water was 10 cm deep during fertilizer 

2 application (Fig. 31, 32, 33). However, total floodwater N (kg/ha) was lower with the 0 cm (satura
tion) and 2.5 cm water depth.

3 4 66(2 Total floodwater N was appreciably lower with 
Days otter feetilizer application hand point-placed USG. With a deep plunger

32. Total floodwater N (urea-N + Nl,-N)after point placement of58 kg machine, point-placed USG increased floodwaterN/ha as USG by deep-plhnger machine. IRRI. 1983WS. N four times more than with hand point placement. 
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PU band-placed with the oscillating plunger water during N application results in a greater 
resulted in twice as much floodwater N as with amount of N in the floodwater. Fertilizer N should 
hand point-placed USG. Increased floodwater N be applied onto mud and incorporated before 
indicates higher potential N losses. Deeper standing transplanting. 
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ASSOCIATIVE NITROGEN FIXATION 	 Table 1. Effect of H2 on acetylene reductiona in an intact 
plant of irrigated rice. IRRI, 1983. 

Varietal differences in stimulating N2 fixation Ethylene (nmol) formed in 24 h/g 

(spermosphere model). Sterile rice seeds were dry weight plant 

germinated on semisolid agar, inoculated with N2
fixing bacteria, and grown in the dark. Acetylene 	 Trial 1 Trial 2 Trial 3 

heading heading heading 

reduction activity (ARA) was measured from 4 to IR42 IR42 IR52 

10 d after germination. Because previous results 
showed more activity with larger seeds, rice With H2 (10%) 810 880 1590 

Without H2 580 320 960
varieties with large and small seeds were used. They 

were inoculated with three strains of Azospirillum aAll differences were significant at 5% level. 

lipoferum, two strains of Pseudomonas sp., and 
one unidentified strain (Fig. I).Increase in seed size 
did not correlate with increase in N2-fixing activity. N2-fixing activity. No rice variety produced 
Therefore, the quality as well as the quantity of uniformly high activity with all bacterial strains, 
organic substances from the seedling determine showing that the relationship between rice varieties 

and bacterial strains is quite specific. A. lipoferum 
34H showed tht. highest average activities, and A. 

C2H4 (nmol/plant in6 d) brasilense R07 showed the greatest variation 
500 - depending upon variety. This suggests that some 
4000 bacteria have a higher affinity for rice seedlings. 
3000 5 The spermosphere model is more suitable for 
2000 4 detecting active N.,-fixing bacteria than varietal 

differences. 

6 Effect of hydrogen gas on nitrogen fixation. 
10008 Some aerobic N2-Fixing bacteria can grow and fix 

800 N by using H2 and CO 2 (chemolithotrophy). More 
720-	 H2-utilizing N2-fixing bacteria600 -2 were associated 
500- with irrigated rice. 
400- - H2 (10%) stimulated N2 fixation in dominant 
30 6 rice rhizospheric N2-fixing bacteria, Pseudomonas 

sp. and Azospirillum sp. H2 also stimulated the 
200-	 N,-fixing activity of these bacteria when inoculated 

on rice seedlings. 
stimulated acetylene reduction of the rice100-	 H2

E- plant (Table 1) and the excised root (Table 2) 
70- grown in a flooded field. The rice root could 
60 8 

oxidize H2. To confirm data based on acetylene50-
40-	 reduction, the excised rice plant grown in the field 

was covered with a cylinder and supplied with a30-
t1	 15N2"N 2 gas mixture for 60 h. H,, stimulated 

20- incorporation by the excised rice. Because H,, 
evolves in irrigated soils, N., fixation associated 

10 1with rice roots and basal stems may be stimulatedIo45 _5 - 56.-..
 

S- B C D E F by H2.
 
I. Acetylene reduction inspermosphere system of varieties inass(ciation Bacteria identification. Acid- and gas-producing 
with bacteria. IRRI, 1983. Rice varieties with seed wt(mg) in parentheses N,-fixing enterobacteria isolated from rice roots 
follow: I =TI)52(4l),2= KapNhay(41),3= KU 79-1(31),4= IRAT 
115(22).5=Tulakhi().6= Gia(15).7= Motta(8).8= Kalajira(9). and leaf sheaths were characterized biochemically 
Bacterial strainsare A= 34H. .lipvfenn. I=tSGBIP4unidntifiCd.C and serologically. Using selected cultural and 

= 
= FS A.lipofrnm. D 18 Petudontotas. E

= 
KI.1176 Pi,thtomonas.
 

F = R07 A.lipofenni. biochemical tests, all isolates from rice were iden
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Table 2. Effect of H 2 on dinitrogen reduction in an excised plant of irrigated rice. I RRI, 1983.
 

Root Submerged shoot Aerial shoot Total
 

With Without With 
H 2 H2 H2 

Atom % excess 0.179 0.119 0.173 
N from fixation jpg N 74.0 45.2 66.8 

t (df = 8) 2.41 

tified as Enterobacter cloacae except two isolates, 
later identified as Klebsiellaplanticola.Fluorescent 
antibodies from two species showed separate 
serogroups. 

Enzyme-linked immunosorbent assay (EIISA) 
for rapid identification and enumeration. The 
fluorescent antibody technique is sensitive and 
highly specific, but is time-consuming and cannot 
identify a large number of bacterial isolates. The 
indirect enzyme-linked immunosorbent assay was 
standardized and employed to identify N2-fixing 
Pveudomonas H8 isolated from rice plants grown 
in different soils. The ELISA cross reactions of 
Pseudomonas H8 were checked against several 
reference bacteria and those isolated from rice. Of 
50 unrelated bacteria, only 8 showed a slight cross 
reaction with H8 antibody, but their ELISA values 
were significantly different from that of H8. ELISA 
confirmed that some Pseudomonas strains found 

Without With Without With Without 
H 2 H 2 H 2 H2 H 2 

0.145 0.096 0.069 
58.0 71.0 57.2 212 160 

2.31 

by fluorescent antibody reaction were closely 
related to H8. A few other strains were not. The 
failure of KLH 76 to cross-react against the H8 
antibody supports the earlier view that it belongs to 
another serotype. Table 3 shows the results of 
ELISA survey of Pseudotnonasfrom rice roots in 
different soils. Almost all irrigated rice-growing 
sites yielded isolates serologically similar to H8. 
Soils high in soluble Fe (Labo, Luisiana) seem to 
have a lower percentage of H8-type bacteria. 

Preliminary results with ELISA suggest that it 
can distinguish closely related strains from inter
mediate or distantly related strains. The test is 
highly sensitive and c-an be used in the rapid and 
large-scale detection and identification of N2-fixing 
bacteria. 

Rice varietal differences in N2 fixation. Field 
experiments were conducted at IRRI (Maahas 
soil) and at the Maligaya Rice Research Station in 

Table 3. Survey by ELISA of Pseudomonas sp. H8 from rice roots in different soils. IRRI, 1983. 

Isolates (no.) that Relative valuee 
showed cross reactionc ofsimilarityIsolatesofsmlrt
 

Source of isolatesa 

Maligaya - IR36 (UF) 
Maligaya - IR36 (F) 
Labo - IR8 (LIF) 
Pili - IR8 (UF) 
Pili - IR36 (UF) 

Luisiana - IR36 (UF) 
Luisiana - IR42 (UF) 
Maahas - IR42 (UF) 
Maahas - Oryza glaberrima 109 

testedb 

(no.) 

(C) 

67 
66 
50 

36 
90 


18 

55 

93 

34 


Significant Not significant with H8 
over control over strain H8d 

(no antigen) 
(A) (B) 

11 7 18.6 
11 4 14.4 
6 1 8.0 

17 9 48.6 
13 3 10.6 
3 0 8.3 

15 1 15.45 
26 8 22.5 
0 0 0.0 

(F,dryland)
 

aUF = unfertilized, F = fertilized with N. blnclude N 2 -fixing and non-N 2 .fixing. CBased on t-values (1 and 5% points).
dAlI isolates in this column were N 2 -fixing. e (A) + 2 X (B) X100. 

2 x (C) 
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1983 WS. Six rice varieties (Table 4) were grown in Table 4. Acetylene-reducing activity (excised plant-soil 
flooded soils and the following parameters studied assay) of 6 rice varieties grown in a flooded IRRI field 

during 1983 WS.at different growth stages: 
" acetylene-reducing activity of the whole plant Ethylenea (nmol)/6 hper plant 

in water culture technique and of the excised Variety 21 DT 42 DT Headingb 

plant-soil system, 
" the count of heterotrophic N2-fixing and non- IR58 515 ± 166 3022 ± 841 ab 1893 t 71 b

bacteria in rhizosphere soil, root, 	 ±633bc5282 (82)N2-fixing IR26 347 ± 36 2713 ±633 bc 5282 ±446 a 
and submerged portion of the plant, and (92) 

" rice yield. IR42 523± 222 4690±740a 5031 ±959a 
Table 4 shows ARA at three growth stages of six (68) 

Hua-chou- 180±4 1919±410 bc 3319 ±454 brice varieties grown in Maahas soil. The acetylene chi-mo-mor (82) 
reduction assay ofthe excised plant-soil system was BPI-76 500 ±232 2677 ±423 bc 5203 ±755 a 

(75)better. 
914 ±204 c 2599 ±690 bInitial results showed significant varietal dif- S4 215 ±24 

ferences in N2-fixing activity in at least one of three F value 1.21 ns 5.23 7.27 

in two soils. A great variation in 
growth stages 

ARA among the replications seems to be caused by aValucs are averages of 3 replications ±standard error of 
the mean. bValues in parentheses are heading time invariation in plant growth. 	 days.in the were no significant differencesThere 

number of non-N 2-fixing heterotrophs and N2
fixing heterotrophs because ofvarieties and growth lower dilution, the ratio between counts at 2 

stages. The rhizosphere soil (RS) consistently consecutive dilutions (theoretically equal to 10) is 
showed less bacteria than the root (R) and stem leaf lower than 10 and is negatively correlated with the 

sheath (SL). Regardless of growth stage and number of colonies. Whenadish has more than40 

variety, colony-forming units (CFU) per g dry colonies, there will probably be a-, underestimation 
weight of total heterotrophs was about 101 for RS because of colony competition. 

and 108-109 for R and SL; those of N2-fixing The reproducibility of the method was tested by 
bacteria were 106-107 for RS and 108l09 for Rand plating 30 composite samples collected from a 16

2SL. 	 m plot and counting total and N2-fixing BGA 
flora. Distribution was about normal and standard 
errors were 32 and 26% of the mean. The accuracyAUTOTROPHIC NITROGEN FIXATION 
of a single count isabout ± 60% and two results of 

Standardization of the method for estimating BGA a count are not significantly different if the ratio 
abundance in the soils. A standardized plating between the higher and the lower is less than 4. 
method has been developed to -count algae in The interplot variability of the counts was 
submerged and dry soils. studied from 28 groups in 4 replicated 16-M 2 plots. 

The effect of preparing dry samples on counts Coefficients of variation (cv) ranged from a few 
was tested. Six soil-based inocula were ground and percent to about 100%. cv were higher with 
sieved at 2.0, 1.0, 0.4, or 0.25 mm and then stirred growing populations of BGA and lower with dry 
for 15, 30, or 60 min when preparing the 10-1 soils or where the contribution of spores in the soil 
dilution. Particle and time of stirring had no effect was high. Spores in soil are more evenly distributed 
on total BGA counts. But in one multistrain after plowing than populations whose pattern 
sample ground at 2 mm, counts of one of the approximates a log-normal distribution. 
strains (Nostoc sp.) significantly increased with The number of replications needed for a given 
time of stirring. accuracy was calculated, assuming a log-normal 

Competition between petri dish colonies was distribution. From the average of standard errors, 
studied by comparing triplicate counts at 2 con- 3 replications are needed to obtain significant 
secutive dilutions from 133 soil samples. When differences between 2 means whose ratio is 10and6 
there are more than 40 colonies on a dish at the replications for a ratio of 2. Taking the upper limit 



of standard error below which 97% ofcases fall, 4 
replications are needed for a ratio of 10 and 16 fora 
rat;i of 2. 

I ong-term inoculation experiment. A 2-yr DS 
field experiment highlighted problems encountered 
when trying to increase populations of N,-fixing 
BGA in an irrigated rice field by inoculation and 
controlling grazing by aquatic invertebrates. Ino-
culation of nonindigenous strains, with either dried 
or fresh viable inocula at high levels of application, 
was unsuccessful. Grazing had an obvious limiting 

effect especially during the first crop. But itwas not
the only factcr since inoculated strains still did not 
grow du;ing the second crop even with strict 
grazing control. 

During the second crop, grazing control per
mitted the establishment of an efficient N2-fixing 
bloom of indigenous Anabaena sp. The bloom 
lasted for only a few days and was replaced by 
prolific mucilaginous strains which are resistant to 
grazing but much less efficient in N., fixation, 
Controlling grazing has a positive effect on N., 
fixation, but the increase was of little significance 
compared with the total N,-fixing activity along 
the crop cycle. The extrapolation of acetylene 
reduction assay measurements of N.-fixingactivity 
(the value of which is debatable) showed that soil 
algae produced about 3 kg N/ha and floating 
algae, 10 kg N/ha during the first crop. During the 
second crop, soii algae produced about 3 kg N/ha 
in grazed plots and 6 kg N/ha in plots treated with 
neem and molluscide. The average contribution of 
floating algae, distributed equally in all plots, was 
about 20 kg N/ha. 

There were no yield differences between treat-
ments. Neither insecticide use to increase biological 
N2 fixation nor algal inoculation techniques had 
any economic justification. 

Growth-regulating effects of BGA. The effect of 

Table 5. Effect of algal treatment on length of 14-d-old 
seedlings. IRRI, 1983. 

Mean length (cm) of seedling 
Treatment 

GO medium Water 

BGA culture 8.32 a 7.90 a 
BGA filtrate 8.07 ab 5.55 cd 
BGA extract 6.99 bc 6.29 c 
Control 6.30 c 5.31 d 
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Table 6. Effect of seedling pretreatment and algal inocula
tion on yield (pot experiment). I R RI, 1983. 

Dry wt Filled Grain 
Treatment of straw grains yield 

(g/pot) (%) (g/pot) 
Without black cloth 

Control 46.83 ab 26.6 c 12.77 c 
Inoculated 31.96 c 46.0 abc 16.32 bc 
(71 mg algal N)
U71 mg ag N2Urea 37.97 bc 55.7 ab 21.81 ab 
(71 mg N) 

With black cloth 
Inoculated 
(71 mg algal N) 

49.48 a 50.0 ab 22.97 ab 

Urea 50.15 a 44.9 b 20.39 a 
(71 mg N) 
Algal extract 42.60 a 65.6 a 27.74 d 

BGA cultures, culture filtrates, and BGA extracts 
on ricegermination and seedling growth was tested 
on solutions using small floating screen trays. The 
method was unsatisfactory because most variations 
were caused by artifacts introduced by the experi
mental design, especially the BGA culture medium. 
BGA treatments had no significant effect on ger
mination but increased seedling growth (Table 5). 

A pot experiment estimated the importance of 
BGA N and its "growth-promoting" effects in 
increasing rice yields. Results were strongly affected 
by 

e great variability among replicated pots, 
* abundant growth of indigenous BGA in 

uninoculated pots exposed to light, and 
o 	higher temperature brought about by the 

black cloth covering half of the pots to prevent 
algal growth. 

Yields increased when rice was germinated and 
grown in a BGA extract. The effects of rice 
germination and growth in a BGA culture and 
inoculation of BGA in the pots were less clear 
(Table 6). Yields in inoculated pots were not 
significantly different from those in pots receiving a 
urea 	N equivalent. 

Production of BGA inoculum. Different 

methods for producing BGA inoculum have been 
tested in the greenhouse. Methods using artificial 
liquid media, either in open culture or in large 

plastic tubes, were expensive and unsatisfactory
because tested strains were frequently damaged by 

phytooxidationofpigments(bleaching). Bleaching
also occurred when Chinese-recommended mix
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Table 7. Characteristics of some dry soila based algal flakes from monostrain inocula. IRRI, 1983. 

Dry wt harvested per m2 

(g of flakes) 
N,-fixing CFU 
(gdry wt algal flakes) 
Non-N 2-fixingCFU 

(gdry wt algal flakes)
 
Ash (% dry wt) 

Total N (% dry wt 

including NO) 
P (ppm dry wt) 

C (% dry wt) 

Dry wt BGA (kg/ha) 

8GA N (kg/ha) 

% N in BGA, ash-free basis 


Anabaena Aulosira Nostoc Tolypothrix 
variabilis fertilissima sp. tenuis 

313 470 377 356 

2.1 X 10' 8.5 X 106 3.3 X 106 2.2 X 10' 

3.5 X 106 3.0 X 106 8.0X 106 1.7 X 106 

78.5 79.0 79.3 79.8 
0.509 0.545 0.566 0.514 

1828 1772 1897 1616 
3.78 3.92 4.25 3.92 

158 250 226 203 
13.3 11.5 18.9 15.9 

7.2 7.6 7.0 6.5 

aSoil used for multiplication had 84.4% ash, 0.150% N, 1.33% C,and 428 ppm P. 

tures of water, superphosphate, and rice straw ash 
were used as culture media. Burmese and Indian 
methods which use soil and superphosphate were 
more successful. The Burmese method, which uses 
5 kg dry soil, 10 g superphosphate, 2 ml perthane, 2 
g NaCI/m 2, and 5 cm water proved to be most 
efficient during the Philippine DS. The large 
quantity of soil used may provide more nutrients 
and CO.,to the algae, making them less sensitive to 
phytooxidation of pigments under high light in-
tensities. The Burmese method was used to test the 
growth performance of 33 N2-fixing strains in 
small trays. Material produced has CFU counts 
ranging from less than 10 to 107/gdry weight. The 
most efficient strains were tested in triplicate in 
I-M 2 trays. Under favorable conditions, 3 suc-
cessive crops of algae were harvested from I tray in 
about I mo. Algal flakes had CFU ranging from 
101 to 107/g dry weight (Table 7), an average of 
1000 times more than in the first cm of a dry rice 
soil rich in BGA. Algal flakes are characterized by 
high ash and P contents. 

When produced in the greenhouse, without 
predators and with ample available P, BGA 
develop a dense bloom covering the floodwater 
surface in the tray. Analysis of such blooms can 
predict the maximum standing biomass expected 
in the field. Dry weights calculated on an ash-free 
basis ranged from 150 to 250 kg/ha, corresponding 
to II to 19 kg N/ha ('Fable 7). 

Isozymes. Isozymes of 18 enzymes of 26 strains 
of N2-fixing BGA were studied to evaluate the 

possibility of using zymograms to identify BGA 
strains. Four enzymes were selected which have 
high frequency (F) and a high number of zymo

= grams (n.z.): phosphoglucose isomerase(F 92%, 
=
 n.z.= 6), 6-phosphogluconate dehydrogenase (F

84%, n.z. = 5), glucokinase (F = 69%, n.z. = 5), 
and superoxide dismutase (F 87%, n.z. = 5). 
They have been used to compare zymograms of 12 
genera of BGA and 10 species of Anahaena at 
different ages and grown in different conditions. 
The extraction methods were tested, and they 
showed that cell breakage in small mortars was 
most convenient. The method is highly discri
minating at genus and species levels and has a 
satisfactory repeatability useful for strain charac
terization. More data are needed before the tests 
are used for taxonomic purposes. 

Effects of tubificids. Aquatic invertebrates, such 
as tubificid worms and other saprophytic Oli
gochaeta, are important in recycling mineral and 
organic matter between floodwater and soil. IRRI 
cooperated with Boyce Thompson Institute to 
study the role of tubificids in soil mineralization 
and recovery of algal N by irrigated rice. 

1'5N-labeled Nostoc sp. was either buried 10 cm 
deep or placed on the soil surface. In the tubificid 
treatment, Tubifex tubife.x was added to give an 
initial density of 12,500/M 2, which is the normal 
range in Philippine rice soils. Five days after algal 
and tubificid treatments, rice seedlings were trans
planted into the treated soil in 15-litre pots and 
placed in a temperature-controlled light-supplied 



greenhouse. After the first rice harvest, soil was 
thoroughly mixed, and 2 wk later, a second crop 
was transplanted. 

The results of 'N recovery and plant N uptake 
are shown in Table 8. Tubificid activities reduced 
recovery of buried algal N by rice, increased plant
uptake of soil N, and doubled losses of 1'N from 
the system. Soil N and algal N mineralization in 
flooded soil was doubled in 17 d by tubificid 
activities. "'N-labeled algae and rice straw were 
placed on the soil surface with tubificids. In 70 d,
tubificids helped move 15 N-labeled rice straw and 
algal material or their degradation products 12 cm 
down in the soil. 

Lower recovery and higher losses of algal N by
tubificid activity may be explained in the following 
ways. Tubificids change the redox potential of soil 
to favor nitrification. Diffusion of NH 4+N from 
decomposing algae and tubificid excretion is 
enhanced by tubificid activities in the reduced 
layer. Some of this N is lost. At the same time, 
tubificids enhance mineralization which increases 
the plant's soil N uptake but competes with algal N 
uptake. Probably tubificid action in N transforma-
tion in flooded soil is more complex than it 
appears. Further studies are needed. 

N BALANCE AND 'N TECHNIQUES 

Application of 1'5N dilution technique in screening 
rice varieties that can stimulate biological N,
fixation. N balance studies using Kjeldahl analysis 
showed great differences among rice varieties' 

1 5Table 8. Percentages of recovery of algal 

Recovery (%)

First crop 

Second crop 

Total to two crops 

Soil 

Unaccounted for 


N uptake by ricea (mgN/pot)
First crop, from soil 

from algae 
Total 
Second crop 

dOnly to grain and straw. 
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ability to stimulate N gains in flooded soils. The N 
balance method is time-consuming and laborious. 
Simpler methods are needed to identify varieties 
that can efficiently stimulate N gains or depend on 
biological N., fixation. Since the 'N dilution 
method is now widely used in selecting legumes
higher in symbiotic N fixation, the same principle 
was applied to irrigated rice. 

Pot e.peritnent.IRRI field soilwas putinto pots 
(200 cm 2) with added 'N (25.85 atom % excess)
labeled ammonium sulfate (74.3 mg/pot - 26 kg
N/ha). 1R26, Mahsuri, and OS4 were transplanted 
in flooded pots and IR26 was grown in upland
conditions. Pot surfaces were covered with black 
cloth and 3 consecutive crops were grown with 
3-wk intervals between. 1'N contents and total N 
balance were measured to find the whole-plant 
atom % excess in the first, second, and third crops 
(Table 9 ).Atom%excessoftheplantdecreasedas 
growth duration increased, because the atom % 
excess in the available N pool diminished. Atom % 
excess in the first crop of upland IR26 was
 
apparently lower than that 
 of flooded IR26. 
Because growth duration differed greatly, the 
apparent difference in 1,N atom % excess could 
have been caused by the long growth period of 
upland IR26. 

To eliminate the effect of growth duration, the
regression equation between atom % excess and
number of days from the beginning of the experi
ment to harvest was calculated. The positive
difference between the observed and the expected 
atom % excess means higher atom % excess, 

N and total N uptake by rice. IRRI, 1983.
 

Surface-applied alga 
 Buried alga 

With tubificids Without tubificids With tubificids Without tubificids 

23.7 24.6 29.5 43.9 
8.3 6.7 8.4 11.2

32.00 33.3 37.9 55.1
50.7 58.0 51.8 40.4
17.3 8.7 10.3 4.5 

63.4 51.5 59.2 45.6
3.80 3.95 4.73 7.04

67.2 56.5 63.9 52.6 
34.2 40.4 42.7 43.8 
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Table 9. 15N content in 3 crops of rice grown in 15N-labeled soil. IRRI, 1983. 

15 N atom %excess Harvest date Estimateda Difference 
in whole plant (d after transplanting 15 N atom %excess (a- b) 

(b)(a) 	 of the first crop) 

Firstcrop 
OS4 3.56 	 112 3.43 0.12 

141 2.55 0.38Mahsuri 	 2.94 
115 	 3.29 -0.09IR26 wetland 3.10 

IR26 dryland 2.75 151 2.13 0.61 

Second crop 
OS4 0.67 	 248 0.96 -0.29 

0.74 -0.13Mahsuri 0.61 	 291 
0.93 -0.30IR26 wetland 0.63 253 

IR26 dryland 0.79 310 0.67 0.11 

Third crop 
OS4 0.47 404 0.43 0.03 
Mahsuri 0.48 442 0.43 0.10 
IR26 wetland 0.48 404 	 0.43 0.04 

0 3 aLog (atom %excess) = 23.3 - 19.78 (d) 0 . 

keeping growth duration equal. Upland 1R26 The difference in 15N content among plant 

depended more on 1'N-labeled available N than tissues needs further study. 

flooded IR26, which is consistent with lower N, Fieldexperiments. In concrete plots with 4 kinds 

fixation associated with upland rice. The lower of soil, 2 rice crops were grown after applying 1'N 

value of atom % excess in Mahsuri was caused by ammonium. Five rice varieties (lR58, IR42, BP176, 

its longer growth duration. Hua-chou-chi-mo-mor, and OS4) were used. t5 N 

In applying the 15 N dilution technique, data for atom %excess in thegrain of IR58 was higher than 

varieties with different growth durations should be that of Hua-chou-chi-mo-mor at 79 DT. Among 

treated carefully. IR42, BP176, and OS4 with similar growth dura-

N gains for 3 crops were 146 ± 22 mg N/pot tion, OS4 had the highest '-N atom % excess. In 

(means ± standard error) for IR26 (flooded) and previous pot experiments, it also was lower in 

177 ± 75 for OS4. 'N atom % excess was always stimulating N gains. This preliminary trial showed 

highest in the grain and lowest in the root. a rough correlation between 15N atom % excess 

Underwater culms always had lower 'INcontent and N gains. 
than those above water. In upland conditions, Careful methodology(topreventsamplingerrors 
differences in 'IN contents amongdifferent parts of and difference in ' N content among different 

rice were small. This suggests that lower 15 N plant parts) is needed to apply 1'5N dilution in the 

content in underwater roots and culms is caused by screening of varieties. 
their N,, fixation. 
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SOIl. AMENI)MENT WItH STRAW 

Soil ChemistrylPhysics Department 

Decomposition of ''C-labeled rice straw in sub-

merged soils. ''C-labeled rice straw was incor-
porated into soil layers of different depths in a/ 
permanently submerged Haplaquoll on the IRRI 

'"Cwas monitored overfarm and the remaining 

time. 
Shortly after incorporation, the soil was con

taminated down to the dense layer with water-
soluble C compounds (Fig. I). The resulting CO., 
production leveled off after a few weeks, but 
methane formation was maintained. Nearly 30%: of 

the incorporated C was transformed to methane in 
80 d (Fig. 2). The decomposition pattern was 

similar to that in tropical uplands, having a half-life 

of 43 d (Fig. 3). As depth of incorporation 
increased rice straw decomposition slowed down, 

and water-soluble C compounds that were trans
located upward were degraded faster (Table I). 

Long-term experiments on straw management. 
As in previous years, the straw equivalent to 5 tiha 
in outdoor drums significantly increased straw and 

grain mean yields in 3 soils (1.3-2.0/ C,pH 4.8
7.5). Straw-treated soils had higher C, N, and K 
content, resulting in significantly higher N, 1P,and 
K uptake by 1R52. 

Straw was used with four management methods 
(rL-noved, burned, long straw, and composted 

straw) on Maahas clay. The 22nd crop of IR52 and 
the 23rd crop of IR56 had higher straw and grain 

yields in the long-straw and compost treatments, 
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The highest increase of N and available P came 

from compost incorporation, and the greatest 
increase in exchangeable K came from burning 
(Table 2). 

Water management studies in 3 soi!s (pH 4.8

7.5) in outdoor drums showed that flood fallowing 
produced higher straw and grain yields for the 35th 
and 36th crops. Submergence increased soil C by0.5% and N by 0.06% over dry fallow. 

Three water and 2straw treatments on Maahas 

clay showed no significant differences in straw and 

grain yields in the 22d and 23d crops. Straw and 

grain yields were high in all treatments with means 
of 4.4 t/ha in DS and 3.5 t, ha in WS. 

24 



Table 1. Fate of 14C-labeled rice straw in submerged Maa. 
hrs clay, 1 yr after incorporation. 1983. 

Distribution (%) of 4 C in soil AvDepth when loss is distri-
(cm) (cm) - bution 

82.7% 79% 71.9% 72.1% (%) 

0-5 5 .4 a 3.2 0.8 0.3
5-10 6.1 4 5b 0.6 F0.3 


10-15 2.0 6.0 
 c
9.5 1.6 
15-20 1.1 3.8 10.-3 18 .2d 8.4 
20-25 1.3 1.8 4.9 5.2 

25-30 0.8 0.8 1.0 1.1 

30-35 0.3 0.5 0.7 0.7 

35-40 0.3 0.4 
 0.3 0.5 23.6 

Total 17.3 21.0 28.1 27.9 
aDepth of incorporation (DI) was 0-5 cm. bDl 5-10 cm.CDl = 10-15 cm. dDl= 15-20cm. 

Table 2. Effects of 4 straw treatments on nutrient status 

of Maahas clay before the 23d WS crop, 1983.
 

Total N Or- Avail- Exchange.Treatment ganic C able P able K(1%) (mg/kg) (rreq/100g) 

Straw removed 0.17 c 1.6 b 7.3 c 1.14 b 

Straw burned 0.17 c 1.7 b 10.3 
 b 1.52 a 

and ash mixed
 
with the soil


i.ong straw 0.18 b 1.9 a 8.9 bc 1.27 b 

added


Straw compost 0.21 a 2.0 a 20.2 a 1.14 b 

added
addedEffects 


Effect of different amounts of straw incorpora-
tion. Greenhouse studies investigated the effect of 
increasing amounts of incorporated straw on soil 
solution kinetics and growth of ,ice on Luisiana 
clay (pH 4.4), Maahas clay (ptH 6.1), and San 
Manuel clay loam (pH 6.9). Straw was incorpo-
rated at 0%,0.3%,0.6%, and O.9% by weight. IR26 
was the test variety. 

Aside from the beneficial effects of increasing 
NH.," and K', Zn availability decreased markedly 
with increasing amounts of incorporated straw. 
This was probably caused by precipitation lato 
ZnCO:j. The decrease in availability caused Zn 
deficiency in Maahas clay and San Manuel clay
loam. In Luisiana clay, the decrease remained 
above the critical level. Since IR26 issusceptible to 
Zn deficiency, straw and grain yields decreased 
with increasing amounts of incorporated straw on 
Maahas clay and San Manuel clay loam. Yields 
increased on Luisiana clay (Table 3). 
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Table 3. Grain yield and Zn content of IR26 straw as af
fected by straw treatments. 1983. 

Straw 
dtnn 

Soil pH (weightaddition% G anZ ZnGrain 
of dry (g/pot) ppm 

soil 

Luisiana 4.4 0.0 42 fg 152 a 
clay 0.3 93 bc 145 a 

0.6 113 b 125 b 
0.9 146a 110 bc
 

Maahas clay 6.1 0.0 86 cd 
 101 cd 
0.3 68 71do ef 

0.6 23 g 58 fg
0.9 42 fg 48 g 

San Manuel 6.9 0.0 ef57 87 de 
clay 0.3 46 efg 71 ef 

0.6 37 fg 63 fg
0.9 40 fg 54 fg 

Another experiment showed no differences in 
grain yield oflR.36 (tolerant ofZn deficiency) after 
incorporation of 0.25% straw. 

AMELIORATION O"AN ACII) SUI.FAIESOl. 

Sol/Chls'tr'/Pl'ics Departmet 

of CaCOt, Mn..,, and straw addition on
 
soil solution kinetics and rice growth were studied
 
in the greenhouse on an acid sulfate soil from
 
Albay, Philippines. The application rate for straw
 
was 0.25%; lime, 0.25%; and MnO.,, 0.005% by
weight of air-dried soil. Fer1llizer rates during the 
first crop were 50-25-25 kg NPK;kg soil. Four 
3-wk-old !IR26 seedlings were transplanted. Lime 
application immediately increased the pH from 3.2 
to more than 4.5 and depressed excessive forma

'tion of Fe-> and A13 in the soil solution. Straw 
application only slightly increased pH but markedly 
depressed Fe2" concentration after 2 wk (Fig. 4) so 
that Fe toxicity symptoms occurred only during 
' arly growth. Other than on Mn content. MnO., 
application had no effect on the chemical kinetics 
of the soil solution. 

lime treatments resulted in the highest straw 
and grain yields for the first crop, followed by the 
straw and Mn treatments, and the control (Fig. 5). 

The soil was kept submerged and 50-25-25 mg 
NPK/ kg soil was added before planting a second 
crop. Four WT,growth was depressed on soils that 
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were previously treated with lime and straw because OIPTIMAI. SOIL ORGANIC MA'I7ER CONTENT OF 
SOILSof N deficiency. The control performed best SUBMERGED 

(Fig. 5). Soil Chenistry/ Physic.s Department 
Topdressed N seems to be essential on ame- The model, described in Annual Report for 1980, 

liorated acid sulfate soils that have been kept for tailoring N recommendation to soil and crop 
submerged. needs in submerged soil was developed further. 

The bulk density of puddled and submerged 

Fe"mg/itre) soils is correlated to the OM content and con

sequently (because of the stable C:N of about 10) to 
M - the soil N content (Fig. 6). 

The mass of soil (m, in kg/ ha) is therefore 
expressed as a function of the soil N content (% N,) 

/ . and the effective root depth (di, in cm). 
/ / tvStraw0 -, in, = 10r (1.5095 - 3.8051 N,) X di, 

]"st "Philippine field trials vithout N fertilizer during 

/ ---------- the last 15 yr showed that one rice crop takes up 
3.2% of total N. 

Coco Soil N uptake (SN,, in kgI ha) is calculated as 

/ SN,, = 32 N, (I .5095 - 3.8051 N,) X (, 

500 - Losses of N fertilizer (FN) may increase with 
0.0 ,higher rates. The remaining effective uptake of N 

2 a k 6 s 0o 1m2 ,c fertilizer (FN,. in kg/ ha) is estimated as 
W~kottler s bm~ter 

-14. Ilect of1anem enti on tile kinetics of Ie in the il Soluolin nl ai FN,, = 1. 193 •F. )'

acid sullate soiil Irin Alhay. I'hilippm%. 1983. 
The weakening of yield response to N fertilizer 
(FN,, was./ound to he 

f"roin yield (g/pot) 

• FN, = -0.000225 . FN,.2 
I Contro' 
2 MnO? Firt crop 

80 K1 StrwSecond crop
4 Mn0 2 r" tow,coCO ,2t. Soil bulk density (g/cm3 ) 

6 CoCOS, MrOz2 T' 4 
70 -- 2' CoC0.Sia .bd .15095-38051 Nt 

B CO03tMn~ fto • :0" t 2 8148 CoCO3sMri2t ra~w 
n -2560. 

60
 

50 

08 
v40 

030K 06 

04 
20 

02 
I0
 

o II I I 
,1N 0 005 010 015 0.20 025 

1 2 3 4 5 6 7 8 Sol N(M) 

5. Effect of amiendnent%on [he vild I 2 %ucccsi..eIR26 crop4 on an 6. Rclationhip hereen st N cirient arid soil hulk density in puddled 
acid sulfate soil Iron Albay. Philippines, 1i983. and subierged soil. IRRI. 1983. 
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Experiments with ',N fertilizer showed that different levels. For a maximum yield of 3.8 t/ha
application enhances uptake of soil N (SN.), which with zero N, optimum soil C should be 2.0%. For a 
is expcessed by yield of 7.9 t/ha with 210 kg N/ha, soil C should be 

0 SN,= FN.,•N, 2.4%. Further increase of soil C does not produce 
Since 20 kg of N uptake produces I trice, the higher yields. Ifthe effective root depth, not justequation for yield targets (Y,inkg/ha)ris 
 tillage depth, could be increased by 5 cm, grain 

e Y,= 0.05 FN,- 0.000225 •FN,n+ 0.05 FN, yields of 5't/ha without fertilizer N could be 

N,+ (2.4152 N, - 0.0882 N,2) . (1 possible (Fig.7). 

Only effective root depth (mostly 15 cm), soil N
 
content, and N fertilizer rate data are needed. The SUPPLEMENTARY SOURCES OF NITROGEN
 
model worked satisfactorily for soils with an N FERTII.IZERS IN LOWLAND RICE
 
range of 0.09 to 0.25% and an OM content range of Agronomy Department
 
2 to 5%. The validity has not yet been evaluated for
lower and higher contents. 	 Long-term studies on integrated N management

Themodelpredictsoptimumyieldsforgivensoil 
using organic and inorganic fertilizers were ini-Theoelprdisf tiurteds ivensifs
fsor tiated during the 1982 WS at IRRI and aN contents and fertilizer rates. It also identifies farmer's field in Laguna, Philippines. in 

optimum soil N and C by comparing yields at Before trials began, soil analyses showed marked 
differences in total N, OM, and exchangeable 

Groin yield (W/ha) NH 1 '-N (Table 4). First crop yields in the unfer

tilized control were higher in the farmer's field (4.0
9"' 
 t' ha) than at IR RI (3.1 t ha) because the farmer's 

field had higher soil N (0.37% vs 0.17%) (Table 5).
/ However, N response was greater at IR R I( 1.6 t/ha 

/,/ alo vs 1.1t/hIa). 

10 "I,, Inboth soils, azolla alone or combined with PU 
7 	 or deep-placed USG performed better than soil

incorporated fresh or composted rice straw. Yields 
from azolla-treated plots were comparable with 

-6 "those with either PU or USG. Fresh or composted 
rice straw was as good as !he control 

Table 4. Characteristics of soils for the long-term trial on 
0 supplementary sources of fertilizer N in lowland rice at 

IRRI and in a farmer's field in Vic.ri. , Laguna, Philip
pines, 1982 WS. 

Soil property IRRI 	 Victoria, 
/ ,Laguna
 

pH (1:1) 6.4 6.6 
Total N (%) 0.17 0.37 

Effective root depth OM (%) 3.1 6.7 
15cm Exchangeable NH 4 .N (ppm) 28 46 

-----	 20 cm Available P (Olsen, ppm) 24 6 
Exchangeable cations (meq/100 g) 

K 1.33 0.72 
Na 1.44 0.73 
Ca 18 27 

0 Mp 11 1305 	 10 1 5 20 25 30 CEC kmeq/100 g) 35 43 
Soil carbon content (M) Available Zn (ppm, K & P) 1.4 0.16 

7. Relationship between soil Ccontent. N-fcrtilizer rate (0, 70. 140,210 Texture Silty clay Claykg N/ha), and rice yield in puddled and submerged soil. IRRI, 1983. 
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In the farmer's field, combined N sources gave 
similaryields except for fresh rice straw with USG. 
With the same inorganic source added, fresh rice 
straw and rice straw compost were comparable to 
urea alone. 

At IRRI, fresh rice straw and rice straw compost 
either with PU or USG were equally effective 
(Table 5). 

The second (DS) and third (WS) consecutive 
crops at both it,.s were continued in 1983. 

At both site, in 1)S, fresh soil-incorporated 
azolla alone or combined with PU or USG was 
comparable to PU alone. Soil-incorporated rice 
straw compost did not increase yield over the 
control. At IRRI, fresh soil-incorporated rice 
straw was as effective as PU or LJSG (Table 6). In 
the farmicr's field, however, fresh soil-incorporated 
rice straw was no better than the unfertilized 
control (Table 7). PU or JSG with fresh rice straw 
or rice straw compost usually gave higher yields 
than either rice straw o rice straw compost alone, 

In WS, organic sources performed poorly at 
both sites. Combination treatments at IRRI were 

comparable to USG or PU alone and almost 
always superior to the control. Organic and in
organic fertilizers performed poorly in the farmer's 
field, 

Table 5. Effect of supplementary N sources on grain yield
of IR36. IRRI and a farmer's field in Victoria, Laguna, 
Philippines, 1982 WS. 

Grain yield It/hal 
N sourcea 

IRRI Victoria, 
Laguna 

-
No fertilizer N (control) 3.1 d 4.0 ef 

58 kg N/ha of single sources 
PU, split 4.7 a 5.0 ab 
SCU 4.7 a 5.1 ab 
Fresh azolla, soil incorporated 4.3 abe 5.2 a 
Fresh rice straw,soil incorporated 2.9 d 3.9 f 
Rice straw compost, soil 3.1 d 4.3 de 

incorporated 
58 kg N/hab of combined 

sources 
Fresh azolla + PU, spit 4.5 ab 5.1 ab 
Fresh rice straw + PU, split 4.1 bc 5.1 ab 
Rice straw compost + PU, split 3.8 c 4.9 ab 
Fresh azolla + USG 4.7 a 4.8 ab 
Fresh rice straw + USG 4.0 c 4.5 cd 
Rice straw compost + USG 4.3 abc 4.7 bc 
aFor split application, 2/3 urea was B&I at planting time, 

and 1/3 was topdressed 5-7 DBPI. kg N/ha each ofb 2 9 
organic and inorganic sources combined. 

Table 6. Effect of supplementary N sources on grain 

yield of IR36 rice. IRR I, 1983. 

Grain yield (t/ha) 
Nsourcea DS wsb 

(second (third 
crop) crop) 

No fertilizer N (control) 4.5 d 3.3 c 
Single sources 
PU, best split 5.9 ab 4.1 aUSG 5.6ab 4.0ab 
Fresh azolla, soil incorporated 5.5 ab 3.5 be 
Fresh rice straw, soil incor- 5.2 bc 3.5 bc 

poratedRice straw compost, soil 4.4 d 3.6 abc 

incorporated 
Combined sourcesC 
Fresh azolla + PU, best split 5.8 ab 3.2 abFresh rice straw + PU, best split 5.9 ab 4.0 ab 
Rice straw compost + PU, best 5.6 ab 3.8 at, 

split 
azolla + USG 5.8 ab 3.8 abFreshFresh rice straw + USG 4.6 cd 3.9 ab

Rice straw compost + USG 6.0 a 3.7 abc 

aFor best split application, 2/3 urea was B&I at planting 
time, and 1/3 was topdressed 5-7 DBPI. N rates = 58 kg 
N/ha in WS and 116 kg N/ha in DS. bNo azolla application in WS. CFor combined applications 29 kg N/ha each 
of organic and inorganic sources in VS, and 58 Ln N/ha i1 

DS. 

Table 7. Effect of supplementary N sources on grain 

yield of IR36. Farmer's field, Victoria, Laguna, Philip
pines, 1983. 

Grain yield It/ha) 

N sourcea DS WSb 

(second (third 
crop) crop) 

No fertilizer N (control) 3.1 ef 3.2 c 
Single sources 
PU, best split 5.5 bc 4.0 ab
 
USG 6.1 ab 
 4.4 a
Fresh azolla, soil incorporated 6.0 ab 3.6 bc 
Fresh rice straw, soil incor- 2.6 f 3.4 bc 

porated 
Rice straw compost, soil 2.7 f 3.1 c 

incorporated 
Combined sourcesc 
Fresh azolla + PU, best split 5.3 cd 3.4 bc 
Fresh rice straw i-PU, best split 4.6 d 3.4 bc 
Rice straw compost + PU, best 3.7 e 3.8 bc 

split 
Fresh azolla - USG 6.5 a 3.4 bc 
Fresh rice straw + USG 5.1 cd 3.7 bc 
Rice straw compnst + USG 5.0 cd 3.4 bc 

aFor best split application, 2/3 urea was B&l at planting 
time, and 1/3 was topdressed 5-7 DBPI. N rates = 58 kg
N/ha in WS and 116 kg N/ha in DS. bNo azolla application during WS. CFor combined applications, 29 kg N/ha 

each of organic and inorganic sources in WS and 58 kg 
N/ha in DS. 



AZOLLA AS SOURCE OF SUPPLEMENTARY 
NITROGEN FERTILIZER FOR MEI)IUM 
DEEPWATER RICE 

Agronomy Depa. imwnt 

An experiment was conducted to determine the 
supplementary effect of azolla when used with 
inorganic fertilizer sources (PU, SCU, and USG) 
andComparison 
basis) was inoculated at 500 g/ m2 I DT, allowed to 
grow, and incorporated 30 DT. Water depth
increased 5cm daily after azolla incorporation and was matintaied at 50 cm until harvest, 

Yield increased significantly with fertilizer N 

compared with the unfertilized control (Table 8). 

NIIROGEN FIXATION BY ..tOII..I..IABAENl 
SYMBIOSIS 
Soil Microbiology Dempartment 

Dual culture of rice and azolla by wide-rovsi 
spacing. To see ifazolla can substitute forchemical 
N fertilizer, the fern was grown in the rice canopy in 
wide or narrow row spacing and incorporated. AS 
in chenical-N treatments was applied I/3at basal, 
1/3 at 14 DT,and 1/3 at 50 DT.The distance 

Table 8. Effect of azolla as supplementary N source for 
medium deepwater (maximum water depth, 50 cm) rice 

a
(IR421. IRRI, 1983 cropping season. 

Nitrogen rates Grain yield (t/ha) 

(kg/ha) No azoila With azolla 

0 3.6 b 3.4 b 
58 4.3 a 3.7 a 

116 4.3 a 4.6 a 

0 01
1.4 b 1.6 b 

29 1.5 a 2.1 a 
58 2.1 a 1.9 a 

aAv of 3 replications and 3 N sources, 
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between narrow rows was 13.6 cm; between wide 
rows, 53 cm; and between hills on a row, 10 cm. 
Plant density was 30 hills/m 2 .A mixture of Azolla 
pinnataand A. carolinianawas inoculated and one 

crop was grown beiore transplanting rice. The 
results of the seventh and eighth crops are shown in 
Table 9. Azolla alone produced yields similar tothose obtained with chemical fertilizer. 

of azolla grown in the field. Desir
able azolla strains for future field propagation 
should have a higher multiplying capacity, less 

seasonal variability in growth, and higher biomass 
production. To screen for those traits, 10 strainswere grown in the field during WS and DS. A. 
ni/urica andA. icruphIla#421 (Galapagos) were 

also tried, but they only grew for 2 wk in August.
Azolla was grown in I-m2 plots in an IRRI field. 

Each strain had three replications. Initial inoculum 
was 100 g fresh azolla/m 2 . Fresh weight was 

determined weekly and about 10-20 g fresh azoilawas removed for dry weight and N determination.
Tss reoned fro gut an arin 
WS and from March to June in DS. 

In WS,one-half of the biomass was removed 
when the fresh weight exceeded 1,000 gim" except 
during the last 2 wk. In DS, three-fourths was 
removed. In WS,A zollapinnata var.pinnata #701 
had the highest biomass production ald the great
est number of harvests, followed by A. mcro

1)/.l/a, and A.caroh/niana (Table 10). 
In the hot DS. only A. microph"/fla #418 grewwell A.1pinnaiahad biomass of:40 g dry weight 

only (Table II). A. microph i/la #407 and #417 
died after 8 wk. All strains except A. microliw/a
#418 and A. cao//hiana #301 peaked in biomass 
production in April. Good growth of the mixture 
inoculum came from the predominance of A. 
mnicr'olh.|/la#418. Results from both seasons show 
that A. microphrlla #418 is the most promising. 

Table 9. Dual cuiture of rice and azolla. IRRI, 1982 WS and 1983 DS. 

Trials
Trialsce 

sequence 

Cropping
duration and 
rice variety 

Chemical N 
applied 
(kg/ha) 

Azolla incorporation
No. N contenN 

1kg N/ha) No N 

Rice grain yield (t/ha) 

Chemical N Azolla 

7th 

8th 

Sep-Dec 1982, 

IR56 
Jan-Apr 1983, 

IR56 

60 

100 

5 

5 

57 

83 

3.6 

2.6 

5.0 

3.9 

4.5 

4.0 
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Table 10. Azolla grown in WS, Aug 1982-Jan 1983 (20 Then it was harvested and subjected to chemical 
wk). a analyses. 

Accumulated biomass Relative growth rate (g/g) was maximum in the 
specis no. Fresh Dry N Harvests first week except for that of#421 during the second 
Azol a Acc. r weight N 2 (av no.) 

week. The value was highest at 26° 180 C and 
(kg/rnw) (g/mh) (g/m) 

35,/.250'C in all strains. At all temperature levels 
A. pinnata 5 3.67 178 6.3 5.3 

A. pinnata 32 1.04 65 2.3 1.0 	 Azolla nmicroph/la #417 showed highest relative 
A. pinnata 40 0.81 48 1.5 0.3 	 growth rate (Table 12). 
A. pinnata 49 1.48 81 2.9 2.0 

The maximum biomass and average N,-fixing
A. pinnata var. 701 5.90 331 10.7 9.3 

rate decreased at temperatures higher than 260/pinnata 
A. caroliniana 301 3.60 196 6.9 4.7 	 180C for all strains. Strains #421 and 301 were less 
A. carolinianab 302 3.43 189 7.2 4.7 

tolerant of higher temperatures than strains #2,
A. microphylla 407 3.74 218 7.0 5.7 

A. microphyllab 417 4.16 228 7.6 5.7 	 701, and 417. 
A. microphyllab 418 3.97 227 8.6 5.3 Relative growth rate, average N,-fixing rate, 

aln the last 2 wk, 3/4 of biomass was removed when it N%, and field growth data show A:olla pinnata 

was greater than 1 kg/m 2 . bSpecies identification is tenta
var. pinnata #701 and A. inicrop ylla #417 as 

tive. 
promising. 

Survival ofazolla at 40' C or higher temperature. 

to various temper- Azolla fronds were treated at 400 , 440, 48', andResponse of azolla species 
atures. Five azolla strains (A.pinnata #2, Malaysia; 520 C for 0.5, 1 and 2 h. Two-hour exposure at 

A. 	pInnaa var. pinnata #701, Australia; A. taro- 401 C retarded growth. After 2 11exposure at 44' C, 

plants of A. pinnata #5, A. microphla #417 andfiniana #301; A. tnicrophylla #417, Paraguay; A. 

microphvila #421, Galapagos) were inoculated (60 418, and A. pinnata var. pinnata #701 and 704 

g fresh weight M 2 ) in a tray containing an N-free survived. After 30-min exposure at 480 C, <_30% of 

growth these strains survived, but could not multiply anymineral medium. Plants were kept in 
cabinets with controlled temperature and light, more. 

Four conditions of day/ night temperature -- Contribution of N, fixation to N nutrition of 

230 / 15o C, 26o/ 19o C, 330/250C, and 37', 290 C - azolla grown in soil. In the field, azolla may partly 
depend on .oil N. To assess the contribution of N.,were compared. Length of day and night was 12 h. 

Light intensity was 30 klx at the surface of the fixation to azolla's N nutrition, the '"N dilution 

azolla plant. Fresh weight was measured and technique was applied. Lenmna minor L. was used 

culture solution renewed at alternating 6- and 8-d as a non-N.,-fixing aquatic plant. Because of N 

intervals. Growth was continued until azolla fixation, 15 N content in azolla must be lower than 

reached its m.ximum value or showed senescence. that in non-N.-fixing Lenna. 

Table 11. Azol'a growth in DS, Mar-Jun 1983. 

Accumulated biomass 	 Duration 
Harvests of growth 

N (no.) gwthAzolla ;pecies Acc. no. Fresh Dry 
2 )

weight weight (g/m	 (wk) 
2

(g/m 
2 ) (g/m ) 

24 0.68 0 13A. pinnata 	 5 386 
442 30 0.86 0 12A. pinnata 	 32 
309 19 0.58 0 14A. pinnata 	 40 

49 369 24 0.74 0 12A. pinnata 
1.11 0.3 12A. pinnata var. pinnata 701 1042 40 

94 3.12 1 12A. caroliniana 301 1048 
53 1.91 0.3 13A. caroliniana 302 883 

333 17 0.63 0 8
A. microphylla 407 

480 8 0.88 0 8A. microphylla 417 
3 13A. microphylla 418 3192 167 6.30 
1.7 10Mixturep 5,301,418 2211 105 3.60 

Olnitial inoculation was made 1 mo later. 
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Table 12. Maximum biomass, average N 2 -fixing rate, and N content of harvest of azolla grown In controlled conditions. 
IRRI, 1983. 

Temperature 
Tempertu

Trait 
reA. 

A. pinnata 2 A. pinnata 701 A. caroliniana 301 
microphylla 

(0417 421 

230/15 Maximum biomass Ig N/i 2W) 15.8 15.3 27.3 22.3 20.0 
Duration (d) 
Av N2 fixation (gN/m' daly) 

56 
0.283 

56 
0.274 

62 
0.441 

56 
0.399 

62 
0.323 

% N (dry basis) 5.26 4.97 5.97 7.29 4.86 
260/180 Maximum biomass (g N/m') 16.9 18.3 22.6 19.9 16.4 

Duration (d) 48 56 56 48 48 
Av N, fixation (gN/m' daily) 0.352 0.327 0.404 0.414 0.341 
% N (dry basis) 5.45 4.94 6.08 7.37 5.31 

330/250 Maximum biomass (gN/m' ) 
Duration (d 
Av N 2 fixation (gN/M 2 daily) 

11.4 
48 
0.237 

10.9 
48 

0.228 

8.8 
42 

0.209 

9.7 
34 

0.285 

7.1 
48 
0.149 

% N (dry basis) 4.97 4.64 5.25 7.23 4.23 
37°/290 Maximum biomass (gN/m') 4.7 10.7 3.33 7.2 2.4 

Duration (d) 28 34 28 28 28 
Av N. fixation (gN/m' daily) 0.169 0.135 0.119 0.258 0.087 
% N (dry basis) 4.07 3.64 3.32 5.98 2.90 

Percent of Nderived from N., fixation(NdfN ) is AZOI.I.A INSECT 'ESlS 
calculated as follows: l:niomolotv Department

"N Ut()o r}ecess,~
ind,(Ilhi
 

(i Ndt_,= -- 'N atonli excess i /ollUatI(X)H .- I-	 About 30 species of insects have been recorded aspests of azolla. Chirotnonins kiiensis Tokunaga5'N-labeled AS (1.48 g Ni in2 ) was applied to soil (Diptera, Chironomidae) and Rholalosiphuin 
ina I-m2 concrete pot and mixed well with soil. nhmphaeae (L.) (Homoptera, Aphididae were 
lemna and Azollapinnata were inoculated. After identified. A webworm (Lepidoptera, Pyralidae),
15 d,A solla and limna were harvested. NdfN., in probably a new species, was found. 
azolla was 35%. To remove mineral N, rice plants The caseworm Nvmphula eni.xalis (Swinhoe) 
were transplanted, and Ao1la and Lemna were and the webworm have been found in Luzon,
inoculated again. Ndf.,in azolla was 86% after 28 Leyte, and Mindanao (South Cotabato) in the 
dwith both Azolla and Lemna growing well. After Philippines (Fig. 8).
rice harvest, the two grew for 24 d, but Lenna The fully grown larva of the webworm is about 
growth was poor probably because of lack of 8-12 mm long with a light brown body and dark 
available N. NdfN., in azolla was 75 (' or more. head. During the 15-d larval stage, larvae make 

Decomposition of azolla in flooded condition. tunnels of azolla fronds bound together. The 
Fresh and dried azolla were inoculated in soil tunnel appears as a white line, especially when 
(about 500 Mg azolla N/g soil), flooded, and azolla changes from green to brown from heavy
incubated. Ammonium was determined weekly for infestation. The larval stage lasts about 15 d. 
10 wk at 30'C. Rapid ammonification from fresh A preliminary experiment showed that carbo
azolla took place in the first and second weeks, furan 3G and monocrotophos 30EC are effective 
followed by gradual ammonia formation. Am- when applied to azolla inoculum. 
monification from dried azolla showed I - or 2-wk 
lag. CURRENT STATUS OF AZOL.I.A CULITIVATION IN 

Maximum amount of mineralized N from fresh SOUTH COTABATO AND LEYTE, PHILIIPPINES 
azolla was 40 to 43% of total N in azolla except for Soil Microbiology Department 
A. microl)h/vlla #417 which released 60% of azolla 
N as ammonium. This strain had the highest N To test for adaptability, four species/strains of 
content (6.3%). Accumulated N of'A.filiculohi, azolla were introduced to South Cotabato in 
(N = 4.3%) was most resistant to mineralization, addition to the existing A. pinnata Bangkok strain. 
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In South Cotabato, where the drought lasted for 
, a 8 mo and where farmers had previously used 

= Webwom azolla, most rice fields were planted to upland 
MCW ad webworm crops, causing azolla to disappear. 
SNeith cw By late 1983, however, azolla had returned to the 

nor webworm irrigated rice areas of the Koronadal Valley, mostly
-Not surveyed as A. pinnata and A. nicrophy'lla. Although not 

covering as extensive an area, azolla was clearly 
spreading again through irrigation water and 
manual distribution, and farmers were again using 
it as an organic manure. The Ministry of Agri
culture encouraged farmers to make at least 5 
azolla multiplication ponds of 400-500 m2 area in 
each village for easy distribution to farmers' fields. 

Because of strong positive results from the 
nationwide azolla adaptability tests, Leyte was 
identified for more intensive study during 1983. A 
native strain of azolla was found growing freely in 
parts of Leyte; however, active use of azolla by 
farmers islimited. 

C> Presently, azolla cultivation remains confined to 
maintenance nurseries of the Ministry of Agri
culture Research Stations. These nurseries are 

in the small few require 
careful management. From them, interested 
farmers can obtain propagation materials and 

They were A. caroliniana 301, A. pinnata var. information from technicians. 
pinnata Australia, A. mnicrophyla 407, and A. Insect pests of azolla are found in Soutl, Cota
mnicrophylla 417. bato and Leyte, but their impact isnot serious. 

Of these, only A. pinnata Bangkok strain and A. The monitoring of azolla adaptation and use by 
microphvla survived the long drought. Filipino farmers iscontinuing. 

8. Distribution of CW and webworm on azolla Philippines, 1993 and and very intensive and 
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LONG-TERM FERTILITY EXPERIMENTS 

Avronomy Department 


IRRI. The 38th (DS) and 39th (WS) consecutive 

crops were grown in long-term fertility experiments 

using IR8, IR36, and IR42. In DS, all test varieties 

had highly significant yield increases with 140 kg 

added N/ha. Yields from plots with N fertilizer 

alone were comparable with those in plots receiving 

Table 1. Effect of NPK fertilizers on grain yields of IR, 

and 39th (WS) consecu.IR36, and IR42 in the 38th (DS) 
tive crops. IRRI, 1983. 

Fertilizer (kg/ha) Yield (t/ha) 

Na P2 0, K, 0 IR8 IR36 IR42 

0 0 0 DS4.2 c 4.3 b 3.8c 

140 0 0 7.4 ab 7.3 a 6.5 b 

0 30 0 4.5 c 4.4 b 3.9 c 

o 
140 
140 
140 

0 
30 
0 

30 

30
0 

30 
30 

4.3 c7.1 ab 

6.9 b 
7.8 a 

4.3 b7.1 a 

6.9 a 
7.0 a 

4.3 c6.9 ab 

6.7 ab 
7.0 ab 

14 0b 30 30 7.1 ab 6.9 a 7.4 a 

KS 
0 

60 
0 
0 

60 
60 
60 

0 
0 

30 
0 

30 
0 

30 

0
0 

0 
30 

0
30 

30 

--

-
-
--

-

3.2 c4.0 abc 

3.5 abc 
3.3 bc 
4.5 a3.9 abc 

4.4 ab 

2.4 c3.5 ab 

3.0 bc 
2.4 c 
4.2 a3.3 abc 

3.9 ab 

6 0b 30 30 - 4.2 abc 3.9 ab 

aAll N treatments except the control include 40 kg N/ha 

topdressed 5-7 DBPI during DS and 20 kg N/ha topdressed 

5-7 DBPI during WS.b24 kg N/ha coming from compost. 

N combined with P or K or both (Table 1). Plots 
receiving either P or K alone had yields comparable 
to those in control plots. In complete fertilizer 

treatments (NPK), where part of the N came from 

compost, yield was statistically comparable with 

those where N came only from inorganic sources. 
wereDuring WS, RTV damaged IR8. There 

minimal yield increases from 60 kg added N/ha, 

or combined with P or K. P- or K-treatedalone 
plots consistently had yields comparable to those 

of the control plots (Table 1). 
NPK substantiallyBPI stations. During DS, 

increased yields ofall test varieties in Maligaya and 
Bicol. When combined with N and P, K which was 

to 90 kg K20/ha and applied in split
increaseddoses did not increase yields further. N combined 

with P gave better yields than N alone or combined 

with K (Table 2). The Visayas trial was discon
tinued because of drought. 

During WS in Maligaya, yields of all three 

varieties with an N and P combination were 
comparabletothosewithNPK(Table3).Although 

the N and K combination increased yield, the yield 
was lower than that with N alone. Yield trend in 
Bicol, except for IR8 which had some RTV 

infection, was similar to that in Maligaya. 
Farmers' fields. The 14th and 15th crops in 

Luisiana, Laguna, and the 12th and 13th in Tanay, 

Rizal, continued in 1983. 
IR36 yields from a single application of N, P, or 

K on both Luisiana and Tanay soils were no better 

than the control (Table 4, 5). In both seasons, 
however, IR42 showed a significant P response on 

Luisiana soil and a significant N response on 

Tanay soil (pH 7.1). 

in the long-term fertility trials at 
Table 2. Effect of NPK fertilizers on yields of IR8, IR36, and IR42 in the 31st crop (DS) 

Maligaya Rice Research and Training Center and Bicol Experiment Station, Philippines. 1983 DS. 

Yield (t/ha) 

MaligayaFertilizer (kg/ha) 

IR8

K20 IRB IR36 IR42 

Na P2 OA 

d 4.4 bcd 2.5 f
3.8 bcd 3.30 0 0 

bcd 2.7 f
0 4.7 bcd 3.9 bcd 4.4

140 0 
4.8 bcd 4.3 cdef0 7.0 a 5.4 b140 60 2.7 f 

0 60 5.4 b 43 bcd 4.5 bcd 
140 

60 8.1 a 7.9 a 8.0 a 5.1 bcde 
140 60 

7.8 a 5.4 abcd8.1 a 8.1 a140 60 60 + 30 

aAII N treatments except the control include 40 kg N/ha topdressed 5-7 DBPI. 

Bicol 

IR6 IR42 

2.6 f 2.6 f 
ef2.9 f 3.3 

6.7 ab 5.9 abcd 
4.5 cdef4.1 def 

7.1 a 6.8 ab 
6.6 ab 6.1 abc 
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Table 3. Effect of NPK fertilizers on IRB, 1R36, and 1R42 yields in the 32nd crop IWS) in the long term fertility trials at 
Maligaya Rice Research and Training Center and Bicol Experiment Station and in the 16th crop WS) at Visayas Experi
ment Station, Philippines, 1983. 

Yield (t/ha) 

Fertilizer (kg/ha) Maligaya Bicol Visayas 

N a 
P; 0, K, 0 IR8 IR36 IR42 IR8 IR36 IR42 IR8 IR36 IR42
 

0 0 0 1.9 i 2.7 g--i 2.3 hi 1.6 h 3.8 de 2.1 gh 2.8 cd 2.3 d 2.8 cd 
70 0 0 3.0 f--h 3.4 d--g 3.4 d--g 2.8 fg 4.4 b--d 2.9 fg 3.8 bc 3.1 cd 3.3 cd 
70 60 0 3.8 d--t 5.6 a 4.7 a--c 4.0 de 4.6 b--d 5.1 ab 5.2 a 4.9 a 4.5 ab 
70 0 60 2.6 g--i 3.2 c--h 2.9 e--h 4.2 cd 4.4 b--d 3.3 ef 3.5 c 3.0 cd 3.0 cd 
70 60 60 4.2 b--d 4.8 a--c 5.6 a 4.9 a--c 5.1 ab 5.6 a 5.5 a 5.0 a 4.5 ab 
70 60 60+30 4.0 c--e 5.0 ab 5.3 a 4.1 c--e 5.5 a 5.6 a 5.2 a 4.8 a 4.8 a
 

aAll N treatments except the control include 20 kg N/ha topdressed 5-7 DBPI. 

Table 4. Effects of NPK on yield of IR36 and IR42 in the Table 5. Effects of NPK on yield of 1R36 and 1R42 in the 
14th (DS) and the 15th WS) consecutive crops, on 12th DS) and the 13th WS) consecutive crops on Bay 
Luisiana silty clay. Luisiana, Laguna, Philippines, 1983. clay. Tanay, Rizal, Philippines, 1983. 

Yield (t/ha) Yield It/ha)
 
Fertilizer 
 Fertilizer 

atreatment DS WS treatmen i
a 

DS WS 

IR36 IR42 IR36 IR42 IR36 IR42 IR36 IR42
 

Control 3.0 cd 2.8 d 2.9 bc 2.4 c Control 3.6 cde 3.6 b 2.6 bc 2.3 d 
N 3.2 cd 2.8 d 2.5 cd 2.7 bc N 3.9 bcd 4.9 a 2.7 bc bc3.2 
P 2.9 d 3.7 c 2.4 d 3.0 b P 3.3 de 3.3 b 3.2 b 3.1 bc 
K 2.8 d 2.8 d 2.4 d 2.5 c K 3.0 e 3.4 b 2.5 b 2.4 d 
NP 4.0 b 4.8 b 3.5 a 2.7 bc NP 4.3 ab 4.6 a 3.2 b 4.2 a 
PK 3.3 c 3.6 c 2.5 cd 2.4 c PK 3.2 de 3.7 b 2.5 c 2.9 cd 
NK 3.3 c 3.7 c 3.0 b 2.3 c NK 4.3 ab 4.7 a 2.8 bc 3.0 bc 
NPK 5.0 a 6.0 a 3.7 a 3.8 a NPK 4.5 a 4.9 a 3.9 a 3.6 ab 

a120 kg N/ha for DS and 60 kg N/ha for WS; 17.5 kg P/ha a120 kg N/ha for DS and 60 kg N/ha for WS; 17.5 kg P/ha 
and 33 kg K/ha in both seasons. CV - 6.9% for DS and and 33 kg K/ha in both seasons. CV = 9.9% for DS and 
9.9% for WS. 13.7% for WS. 

Combined applications of NPK brought a sig- Natividad, Nueva Ecija; and Famy, Laguna. In 
nificant response in Luisiana soil in DS. In WS, WS, only Pili and Famy were used to study 
response was more consistent with IR36 in Tanay. residual effects because a water problem existed. 

Continucus croppings increase the need for Table 6 shows the characteristics of soils before 
higher rates of NPK. trials began. 

At Pili, all P sources at all rates of fresh 
application increased yields significantly over the 

PHOSPHORUS AND NITROGEN-PHOSPHORUS control (Table 7). The same trend occurred with 
FERTILIZER SOURCES NP fertilizer soucces at Famy (Table 8). At Pili, a 
Agronomy Department response of 3 t/ha was obtained with single 

superphosphate (SSP) and PAPR-30 (partially
Experiments in farmers' fields in 1983 evaluated acidulated phosphate rock, 30% acidulation) at 80 
direct and residual effects of P and NP fertilizers in kg P/ha (Table 7). At Gen. Natividad, however, 40 
lowland rice. DS trials to study direct effects were and 80 kg P/ha as SSP increased yield by 1.5 t/ ha. 
installed in three sites: Pili, Camarines Sur; Gen. The same response was obtained with urea + triple 
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Table 6. Characteristics of soils for P and NP sources trials superphosphate (TSP) at 80 kg P/ha in Famy
in Pili, Camarines Sur; Gen. Natividad, Nueva Ecija; and (Table 8).
Famy, Laguna, Philippines, 1983. Grain yields differed significantly between rates 

Soil Pili, Gen. Natividad, Famy, but not between sources. In WS, the trials showed 
property Camarines Sur Nueva Ecija Laguna minimal residual effects. Fresh applications of TSP 

pH (1:1) 5.0 5.3 4.8 
Total N %) 0.190 0.050 0.163 were as good as the control. 
Exchangeable K 0.04 0.05 0.14 In addition to site selections, more croppings are 
(meq/lO g)


Total P (ppm) 188 69 650 needed to critically evaluate direct and residual 
Available P (ppm) effects of P fertilizers.
 

Bray 2 6 4 11
 
Olsen 1.6 1.8 7.4
 

CEC (meq/100 g) 22 6 25 IHtOSIIIORUS FOR LOWI.AND RICE
Exchangeable Ca 7.6 2.4 	 Agronouw Department and IR-iternational 

(meq/100 g)

Exchangeable Zn 0.4 0.6 3.5 Fertilizer Development Center (IFDC)


(ppm) Cooperative Experiments
 
Particle size (%)
 

Sand 15 52 12 
 Source, time, and method of application for 
Silt 41 35 48 
Clay 44 13 40 lowland rice. IRRI-IFDC Cooperative Experi-

Texture Silty clay Loam Silty clay nents. Many farmers apply fertilizer P after 
transplanting. It is believed that P should be 

Table 7. Yield of IR36 with different P fertilizers and
 
residual effects on IR58. Pili, Camarines Sur, and Gen. Table 8. Yield of IR58 with different sources of NP fertil.

Natividad, Nueva Ecija, Philippines, 1983. 
 izers, and the residual effects. Famy, Laguna, Philippines, 

1983.Yield t/ha) 
Sourcea Yield (t/ha)

(kg P/ha) Fresh applications in DS Residual in WS Sourcea
 

G-P (kg P/ha) Fresh Residual 
Pill Gen. Natividad Pili 
 application 1983 WS 

No P 3.6 g 5.2 d 3.7 b 1983 DS 
SSP 

10 5.7 cde 6.0 abcd 4.1 ab No P 4.3 de 3.6 ab 
20 6.0 abcd 6.1 abcd 4.1 ab TSP + urea 
40 6.0 abcd 6.7 a 4.5 a 10 	 4.8 cd 3.5 b 
80 6.6 a 6.7 a 4.3 ab 20 	 5.5 abc 3.6 ab 

PAPR-30 	 40 5.3 abc 4.1 a 
10 5.6 cde 6.1 abcd 3.9 ab 80 	 5.8 a 3.9 ab 
20 5.8 bcde 5.9 bcd 4.0 ab UP 
40 6.1 abcd 6.2 abcd 4.1 ab 10 	 5.0 bc 4.1 a 
80 6.6 a 6.6 ab 4.2 ab 20 5.0 bc 3.8 ab 

PAPR-15 40 5.3 abc 4.0 ab 
10 5.2 ef 5.6 cde 3.9 ab 80 	 5.2 abc 3.6 ab 
20 5.3 de b.5 de 3.9 ab OP 
40 6.0 abcd 6.2 abcd 4.0 ab 10 	 4.9 c 3.6 ab 
80 6.2 abc 6.4 abc 4.2 ab 20 5.2 abc 3.9 ab 

PR 40 5.2 abc 3.8 ab 
10 4.9 f 5.7 cde 3.9 ab 80 	 5.7 ab 3.9 ab 
20 5.7 bcde 5.8 cd 4.0 ab TSP 
40 5.9 bcd 6.0 abcd 4.4 a 10 	 4.9 c 3.6 ab 
80 6.4 ab 6.4 abc 4.5 a 20 	 5.3 abc 3.7 ab 

TSP 	 4U 5.2 abc 4.1 a 
10 - - 4.1 ab 80 5.3 abc 3.9 ab40 	 4.1 ab TSpb 

80 	 - 4.2 ab 10 - 3.8 a b 
40 	 3.9 abaSSP= single superphosphate; PAPR - 30 = partially 80 4.1 a 

acidulated phosphate rock, 30% acidulation; PAPR - 15 
= 
= partially acidulated phosphate rock, 15% acidulation; TSP triple superphosphate, UP urea phosphate, OPPR = phosphate rock; TSP = triple superphosphate. diurea phosphate. bTSP applied in WS. 



applied before tillering to be effective, but little field 
data are available. The effect of time of fertilizer P 
application for irrigated IR36 was investigated at 
Llanera, Nueva Ecija (Inceptisol, pH 5.6); Teresa,
Rizal (Vertisol, pH 6.8), and Pangil, Laguna 

l 


Prenso clay loam (Inceptisol) 

08 

06 -


Fo4clonolfoemY' 601 1PI+00, 
0.4 o 88 , I oa, b, 0 o3758 

V B , 14DTj b= O0381 
111 , 28DT, b4-003726 

Smaximum 

00 10 20 30 40 50 
P rate (kg/ha)

1. Yield increase (if irrigated 1R36 asinfluenced by I' rate and tinieof 
application. Llanera. Nueva Ecija. I'hilippines, 1983 DS.If broadcast. 

Yield increase (t/ha)
 

07
 

Binangonan clay (Verlisol) 

0 .6 

0505 

0.4 

030 

Vu n ,--oT,11" : o 2 

0.1 .•8 ,28orDT, -0O25it 
o]8 , 42DT, b8 :0.02395 

0 10 20 4030 50 
P rae (kg/ha) 

2. Yield increase of irrigated IR36 as inlluenced by 11rate and time of 
application. Teresa. Riial, Philippines, 1982 WS.B = broadcast, 
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(Inceptisol, p11 4.9). Application times were B&I I 
DBT, broadcast after transplanting on the same 
day, and 14, 28, and 42 DT. SSP was B&I I DBT 
and broadcast without incorporation at other 
times. P rates were 0, 5, 15, and 45 kg/ha. 
Maximum yield responses to P at Llanera in 1983 
DS and Teresa in 1982 WS were 15% over the 
control. All application times had similar (P -
0.05) yield responses (Fig. 1, 2). In Teresa during1983 DS, yield responses to residual P were similar 
to those to fresh applications (Fig. 3). Maximum 
responses were 15% over the control. Accumulated 
yield responses during two seasons at Teresa (Fig. 
4) were similar for all times of P application. At
Pangil, maximum yield responses were 31% over
the control and P applied at 42 DT increased yield
significantly less than at other application times 
(Fig. 5). During 1983 DS, resonse to iesidual P were similar to those for fresh applications, and 

yield response was 22% over the control
(Fig. 6). The same pattern of responses to applica
tion time occurred for accumulated yield responses 
over two seasons (Fig. 7).Diammonium phosphate (DP) and urea phosphate (UP) were compared with TSP at Famy, 
Laguna (Inceptisol, pH 4.8). Two other experi-

Yield increase t/ha) 
06 

0 5 Binangonan cl y (Verlisol) 

0.4 
0
 

03 

F/ctwd fom.Y. 362.p,+,lb,II • Bat, oa~r l <,.awl,--oo.eD
 
02 a Bat, .°8Tre.'l,b,=oo 8,
9B"Mi, 28D[ (for c" 
 , b= 00340,2 
 0 8 , I2o0T ,, , 03o= 


0 10 20 30 + 40 50 

P rle(kg/ha) 

3. Yield increase of irrigated I R36 as inl;uenced by rate of P as residual 
and fresh applications. Teresa. Rizal. Philippines, 1983 I)S. = 
broadcast. 

http:awl,--oo.eD
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Yield increase (t/ha) 
1.5 

Binangonan clay (Vortisl) 

1.0

0 0 970  
Y 7.40 (Ptl) 

Range fortimes05 

0 Ibroadcast. 

1O 20 30 40 50 
P rate (kg/ha) 

0 

4. Range ofafccumulative yield increase for 2 crops of irrigated IR36 as 

influenced by P rates and times of application (first crop only). Teresa, 

Riml, Philippines. 1982 WS and 1983 )S. 

Yield increase (/ha) 

1.2-

Maligaya clay (Incepfisal) 

1.0 

0.8 

0.6- Brt, IOT (nPctioni 0oa-t, bb10.05277al 
0 8 i=0.05648 
V a 14DT; b3=0,.05380Fucinlfr.Y-80 
* B 280T, b4=0.06295 

0.2 


0 1 
0 10 20 30 40 50 

P rate (kg / ha) 

5. Yield increase of irrigated IR36 as influenced by P rate and time of 

application. Pangil. Laguna. Philippines, 1982 WS. B = broadcast. 


Yield increase t/ha) 
1.2 

Maligoya clay (Inceptisol) 

1.0

• V
 

0.8 V 0 

0.6 

=
 
"l 4 8 0 0 

Fuhonldfor, y'z48709 +40.4-
//al I ib--0.5244BBOBT(fo' cro) 

/ B ODT i 3=0049 
V B ,14DT b4 0 043640.2 

* B ,28DT N= 0.05607 
1 B ,420T b 03885 

0 10 20 30 40 50 
P rate (kg/ha) 

6. Yield increase of irrigated IR36 as influenced by rate of Pas residual 
and frtsh applications. Pangil, Laguna, Philippines, 1983 DS. B = 

Yeld increase (I/ha) 
3.0 

Maligayo clay (Inceptisol) 

2.5 

1.5 

m Y - 4.0 FFu forr 6 f ) b
 

0 DT b2 

pt b 

o 8a1, -tIOT (residual) b, : 0.05821 

EB 28DT " ib4 0 07414 

B ,420T " b0.04088 

0 10 20 30 40 50 
P rate (kg/ha) 

7. Accumulative yield increase of 2crops of irrigated 1R36 as influenced 

crop only). Pangil. Laguna, 
Philippittes, 1982 WS and 1981 DS.1 = broadcast.
by P rates and times of application (first 
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ments that were established were lost because of increase (t/ha)Yield 
lack of irigation water. P sources were B&I at 2.0
 

rates of 0,1, 20, 40, and 80 kg P/ha.
 
In 1983 DS, maximum yield response was 30% Prnsa loam
 

over the control and sources had similar yield 
 1.5

responses (Fig. 8). With maximum yield response
 
of 14% over the control during 1983 WS, residual P
 
and fresh applications had similar yields. 1.o-


Phosphate rock (PR) and partially acidulated
 
PR (PAPR) are potentially lower cost sources of
 
fertilizer P than soluble sources. PR and two levels 
 F al form 5'1 , '
 
of partial acidulation (15% sulfuric acid required to 05 0 SSP bI 0.06348
 

produce SSP - PAPR-15 and 30%to produce P -15 ba.04420

PAPR-30) were compared with SSP in experiment 0 PR " b4 004615
 
at Gen. Natividad, Nueva Ecija (Inceptisol, pH I
 
5.3), and Pili, Camarines Sur (Vertisol, pH 5.0). 0 20 40 60 80
 

P rate (kg/ha)Sources were B&I at rates of 1,l0,20,40, and 80kg 9.Yield increase of irrigated IR36 as influenced by P rateand source. 
P/ha. Maximum yield responses were 28% over General Natividad, Nueva Ecija, Philippines. 1983 DS. 
the control at Gen. Natividad and 82% at Pili. SSP
 
and PAPR-30 had similar yields and were superior (P = 0.05) to PAPR-I 5and PR on both soils (Fig.
 

9, 10).Yield increase (i/ha) Fertilizer P placement may influence response of 
Functional form r.4.29 P+ )i rainfed rices, particularly if the soil surface is dry0 TSP ib, 0 05435 for !ong periods. During 1982 WS, B&I, deep-
Y TSP + U i b2 - 0.05275 

o up ; b3 0.05109 
Yield increase (/ha)0 DP ib4 05916 

3.5 

1.0- 30 Pill clay 

b
Functional form; Y 3 55 (P, + I) , 

0 TSP (for crop) ;IIz 0.02966 25 
0 TSP (residual) j b2- 0.02237 

•TSP 	+U " ib3 0.02074
 
UP " b4; 0.01979
 

n OP jb5 :0.01914 2.0
 
1983 WS (1)"e-"' "
 

01.5-	 Functional form:. y (p,+tb3 6 3 
0 SSP ihi:0.14770 
V PAPR-30 i hi=0.14612 

PAPR-15 ib'0.13166 
Maligayo clay 1.0 PR0 ib4 :0.13170 

0 I I I
 
0 20 40 60 80 05
 

P rate (kg/ha) 
8. Yield i icrease of irrigated IR36 as influenced by P rate and source 
(1983 DS)and by rate, residual, and fresh applications (1983 WS) at 
Famy, Laguna, Philippines. For TSP, a basal 56 kg N/ha was DPP and O

72 kg N/l;awas broadcast 5-7 DBPI. TSP + UP means that urea was 0 20 40 60 80B&I at N rates equivalent to those of DIP and LIP(N:r = 0.9:1.0). In P rate (kg/ha)addition, 56 kg N/ha was broadcast 5-7DBPI for TS' + U. DP,and 10. Yield increase of irrigated IR36 as influeticeJ by P rate and source.UP. Pili, Camarines Sur, Philippines, 1983 DS. 
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Yield increase (/ho) 
3.0 

2.5-

Angat - Prenso clay loam 0 0 05nO o o t s' 7 "II )

trBaiV -15 0 11.5o 0r "lOaatrot , :I.75(,'t (.I 1 ,511 

V DP14hillsiY ='5(P+ )006053  

0 10 20 
2 300 4 

Prate (kg/ha) 
II. Yield increase of rainfed I R36 as influenced by method of placement. 
Angat, Bulacan. Philippines. 1982 %VS. 

point placement (DPP) with seedlings, and DPP 
between alternate 4 hills were compared at 0, 5, 10, 
20,30, and 40 kg P/ha at Angat, Bulacan (Incepti-
sol, pH 6.0). Maximum yield response was 50% 
over the control and placement methods gave 
similar yield response (Fig. l1). During 1983 WS, 
B&I, broadcast without incorporation, and DPP 
with seedlings were compared at 0, 5,15,30, and 60 
kg P/ha at Pamukid, Camarines Sur (Inceptisol, 
pH 5.4). Maximum yield response was 14% over 

Control yield (% of maximum) 

100 1 

VI_ 

60 

oDS 

IS 
40t 

V I I I I , I I I 

0 4 8 12 16 20 24 28 32 

amy 2 P (L..q/g) 

the control and placement methods had similar 
yields. 

Production was less than 30 kg grains/kg P 
during WS and more than 30 kg grains/ kg P 
during DS. 

P extractions of aerobic soils by Bray 2 and 
Olsen methods were not good indications of yield 
responses to fertilizer P (Fig. 12). 

On moderately P-deficient soils, 
* fertilizer P may be applied to irrigated 1R36 

until PI stage without affecting yield response; 

later application has less response; 
0 more than 15% acidulation is needed for 

moderately reactive PR to be as effective as 

highly soluble P for irrigated 1R36 rice, par
ticularly for the immediate crop; and 

0 B&I, broadcast, and DPP with seedlings were 
similarly effective for rainfed rice. 

PHOSPHORUS SOURCES FOR LOWLAND RICE 

Agronomy Department 

The evaluation of three P sources used in lowland 
ricc in Teresa and in Lucban was continued in 1983 
after testing the residual effects for six continuous 
plantings. 

In DS, significant P response was observed with 
all sources and application rates in both soils 
(Table 9). Local PR and SSP had comparable 
yields. 

01
 
I
 
I
 

F i l l I I I t 

36 0 2 4 6 8 10 12 14 )G 18 

Ol9M P ('ug/g) 

12. Relationships between yield response and Bray 2 or Olsen soil P in 13field experiments, Philippines. 



SOIL AND CROP MANAGEMENT 293 

In WS, calcined iron aluminum phosphate and 
imported PR (both highly reactive) had similar 
yields as the control (Table 9). SSP had higher 
yields than the control while local PR had yields 
similar to those with SSP. 

DRILLING OF LIME AND PHOSPHORUS ON ACIDSULFATE SOILS0 

Agronomy Department and Thai-IRRI 
Collaborative Project 

Deepwater rice RDI9 was drilled in rows 18 cm 
apart, at 125 kg seed/ha, on acid sulfate soils (pH 
4.3) at Prachinburi, Thailand. Finely ground lime 
(100 mesh) and TSP were either drilled with the 
seed or broadcast after seeding (Table 10). All plots 
received 75 kg N/ha. 

Floodwater rose 2.3 crn/d during August and 
reached a maximum depth of 110 cm. Despite the 
response to P (p < 0.01),yields were lower than in 
previous years. Lime did not significantly increase 
yields. 

In a second experiment, three P rates were used, 
either driled with seed or broadcast afterwards. All 
plots received 75 kg N/ha. Maximum water depth 
was 94 cm. Drilling, which concentrated the fer-
tilizer near the seed, produced higher yields than 
broadcasting (p < 0.01) (Table 11). 

Table 9. Yield of I R36 as affected by different P sources 
on Binangonan clay (Teresa, Rizal) and Luisiana silty clay 
(Lucban, Quezon), Philippines, 1983. 

Yield (t/ha) 
Tr~iamen tpected(source, kg Binangonan clay Luisiana silty clay 


P2 0 5 /ha 

DS WS DS WS 

No fertilizer 3.3 e 3.7 e 3.2 e 2.1 e 
P (control) 

SSP 
20 4.3 bc 3.7 de 4.5 cd 2.9 bc 
40 4.4 bc 4.2 abc 5.0 abc 3.4 ab 
60 4.8 a 4.2 abcd 5.4 a 4.0 a 
a


PR

20 4.1 d 3.7 cde 4.2 d 2.2 de 
40 4.2 cd 3.9 bcde 4.4 d 2.5 cde 
60 4.3 bc 4.0 abcde 4.6 bcd 2.6 cdeGuano

40 4.2 cd 4.4 abcd 4.3 d 2.8 bcd 

80 4.5 b 4.4 a 5.1 ab 3.4 ab 

120 4.7 a 4.3 ab 5.4 a 3.7 a 


acalcined iron aluminum phosphate (highly reactive) 
Binangonan clay and imported PR (high reactive). 

Table 10. Yields of RD19 with drilled or broadcast lime 
and P.Prachinburi, Thailand, 1983. 

Av yield (t/ha) 
Mean 

Lime 
(kg/ha) 

No P,0, 40 kg 
P2 0,/ha, 

40 kg 
P2 0,/ha, 

yield 
(t/ha) 

drilled broadcast 

0 
300, drilled 

0.69069 
0.93 

1.3613 
1.39 

1.411.1 

1.25 

1.15.5 

1.19 
300, broadcast 0.97 1.48 1.64 1.36 

0.86 b 1.41 a 1.43 a 1.23 

SULFUR STATUS OF SOME PHILIPPINE RICE SOILS 
Agronomy Department 

Preliminary survey. To identify potential S-deficient 
rice areas in the Philippines, soil samples at 
different depths were collected in 167 sites in 19 
provinces of Luzon and 2 in the Visayas. The 
samples were analyzed for S04-2-S, total S,and 
other soil characteristics. Preliminary results of 
S04-2-S analysis showed that at least 50 sites can.be 
considered potentially S-deficient based on the 
critical level of 9 ppm S04"2-S established by Islam 
and Ponnamperuma (1981). 
S042-S content varied according to soil type 

and sampling depth. Values ranged from < I to 
>1,000 ppm, generally decreasing with increasing 
sampling depth (Fig. 13). A few sites showed 
increasing SO2-S accumulation (Fig. 14). Initial 
total S analysis showed a similar trend. 

Greenhouse experiments. Six Luzon soils sus
to be S deficient were tested for S responsein t e re ceica chractrstics 

in the greenhouse. Their chemical characteristics
 
are presented in Table 12. Only Bankal loam in 
Botolan, Zambales, a.id San Manuel sandy loam 

Table 11. Yields of RD19 with 3 rates of P drilled or 
broadcast. Prachinburi, Thailand, 1983. 

Av yield (t/ha) 
Mean 

24 kg 48 kg 72 kg yield
P, 0,/h P3 0,/h P, 0,/he yieldht/ha)a a 

Drilled 1.62 1.96 1.84 1.81 a 
Broadcast 1.53 1.44 1.71 1.56 b 

1.58 1.70 1.78 1.56 
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Soil depth (cm) Soil depth (cm) 

0-20 [1n0-20 cloyoSon Fernondo 

a Bantog clay 
20-40 V Buenvisto sandyoy loom 

20-40 
SSonMiuel silty 

clo!'town 
1 Blgoa city 

S460 O 
40-60 

o Bontoigcloy 

60-ti0 V La Paz fine sand 60-80 
* Luisito fine sand
 

0 Bontog cloy loom
 

80-100 80-00 I 
0 20 40 60 80 100 10 140 160 180 0 20 40 60 80 100 120 140 160 18C 

S0 4 -S (ppm) S042_ S (ppm) 
13.Rcpresentalic soil types with decreasing S(,--S content. 1x3. 14. Repr sentatr e soil tvpes aith increasing SO,--S content. 1983. 

in Bacnotan, La Union, Fad significant yield The influence of water management on S avail
responses to applied S (Table 13). ability was evaluated in Bankal lcan where yield of 

The experiment continued until the third crop to the first residual crop was practically zero. Allow
evaluate residual effects of added S. Responses to ing the soil to dry before subjecting it to prolonged 
residual S were significant only in San Manuel submergence produced beneficial effects. Irres
sancyclay loam and Maahas silty clay loam(Block pective of the amount of added S, yield increases 
421, IRRI farm). Yield increased with increased S. were extremely high, significantly higher than in 
No significant effects were obtained with fourother the three other soils which were continuously 
soils untii the second residual crop (Table 14). submerged. 

Table 12. Chemical charactcristics of soils studied in the greenhouse. IRRI, 1983. 

H Organic Total CEC Available Available 

Site Soil type C(meq/100 g) Zn SSite (gW (ppm)(1:1) m) (ppm) 

Muiioz, Nueva Ecija Maligaya silty clay 61 1.10 0.138 26.9 0.5 36 
Candelaria, Zambales Quingua clay loam 6.6 1.37 0.148 38.4 nil 25 
Talavera, Nueva Ecija Quingua loam 6.7 1.16 0.119 20.3 0.5 10 
Botolan, Zambales Ban kal loam 6.8 0.72 0.080 14.5 0.3 5 
Bacnotan, La Union San Manuel sandy loam 6.1 0.50 0.050 13.6 0.8 7 
Block 421, IRRI farm Maahas silty clay loam 6.2 1.40 0.120 32.6 0.4 40 

Table 13. Response to applied S of 2 rice varieties in 6 Luzon soils. IRRI, 1983. 

Yielda (g/pot) 

Site So4 _"
(ppm) No S 20 kg Slha 40 kg S/ha 

Botolan, Zambalesb 5 7.4 f 53.2 e 54.9 de 
Candelaria, Zambalesb 25 63.2 bcd 53.9 de 56.0 cde 
Mufioz, Nueva Ecijab 36 76.3 a 67.3 ab 70.7 ab 
Talavera, Nueva Ecijab 10 64.9 bc 69.2 ab 67.4 ab 
Bacnotan, La Unionc 7 15.2 d 60.4 . 52.5 bc 
Block 421, IRRI farmc 40 59.3 a 56.0 ab 48.4 c 

aSeparation of means in a row by Duncan's multiple range test at the 5% level.bBG 400-1 was test variety. clRS0 was test 
variety. 
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Table 14. Effect of residual S on rice yield. IRRI, 1983. 

Yielda (9/pot) 

Site No S 20 kg S/ha 40 kg S/ha 

Crop 1 Crop 2 Crop 1 Crop 2 Crop 1 Crop 2 

Botolan, Zambales 0.0 d 86.6 a 0.0 d 76.5 a 0.1 d 84.6 aCandelaria, Zambales 61.6 abc 38.3 bc 66.6 ab 49.3 b 56.2 c 48.1 bMurioz, Nueva Ecija 62.0 abc 45.8 bc 60.1 abc 51.4 59.3 abb 48.3 bTalavera, Nueva Ecija 60.6 abc 29.5 c 70.1 a 40.2 bc 69.4 ab 52.4 bBacnotan, La Union 16.2 e 58.2 cd 77.9 ab
Block 421,1RRI farm 41.9 d 68.4 bc 92.3a 

aSeparation of means in a row by Duncan's multiple range test at the 5% level. 

In another experiment on an S.deficient Bankal Field experiments. During 1983 DS, a trial
loam where S response was highest, II varieties determined the response of IR50 to applied Zn in 
and lines of rice were tested for tolerance to S two forms and to S in two farmers' fields in
defciency. By appearance and magnitude of S Aguilar, Pangasinan. Physical and chemical 
response, no varieties were tolerant of low S characteristics of the test sites aregiven inTable 16. 
(Table 15). In site 1, NPK alone brought a significant yield 

increase of 2.28 t/ ha (Table 17). Added Zn (ZnO) 
improved yield significantty over NPK, but notTable 15. Response of 11 varieties and lines of rice tested when ZnSO 4 was used. There was practically no 

in S-deficiunt Bankal loam. Botolan, Zambales, Philip
pines, 1983. response to S (NPK + Zn + S vs NPK + Zn). 

Grain yield (9/pot) % In site 2, NPK alone brought a marked decline in
Varety yield yield. Addition of40 kg S/ha reduced it even more. 

With S Without S increase When Zn instead ofS was applied with NPK, grain 
IR8 54.2 a 3.1 g 1648 yield significantly increased. ZnO increased yieldIR32 44.5 cde 4.7 g 847 by 2.35 t/ha, and ZnSO 4 at 4 kg Zn/ha increased
IR36 42.5 def 5.2 g 717 yield by 1.70 t/ha (Table 17).
IR42 48.1 abcd 3.8g 1166
IR50 51.4 ab 4.0 g 1185 Zn is a limiting factor and root dip ir.a 4% ZnOiR52 47.1 bcd 1.2 9 3825 solution is a better source of Zn th',n broadcast 
IR54 47.4 bcd 3.4 g 1294 ZnSO.1 "
 
IR56 38.1 
 f 0.9 g 3720
IR9752-71-3.2 39.4 ef 3.3 g 1094 Management of sulfu- fertilizer for rice. IRRIIR21820.154-3.2-2-3 52.0 ab 4.8g 983 Agronomy Department collaborated with DonC4-137 48.8 abc 2.1 g 2224 Mariano Marcos Memorial State University to 

Table 16. Physical and chemical characteristics of soils in 2 farmers' fields. Sitio Tambogan, Aguilar, Pangasinan, Philip
pines, 1983 DS. 

Depth of pH Organic Total SoilCEC Available Available 

sample (1: 1) C N 
 (meq/ Zn S texture

(cm) (%) (%) 100 g) (ppm) (ppm) 

Site 16.3 0.52 0.095 13.60-20 0.8 14 Sandy loam20-40 6.6 0.15 0.024 12.1 0.5 18 Loamy sand40-60 6.6 0.16 0.021 20.9 0.2 6 Sandy loam 

Site 20-20 6.3 0.55 0.058 14.2 0.7 15 Sandy ioam20-40 6.5 0.19 0.026 11.7 0.6 12 Loamy sand
40-60 6.6 0.17 0.021 15.5 0.5 8 Sandy loam 
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Tabie 17. Response of IR50 to added Zn and S. Aguilar, 
Pangasinen, Philippines, 1983 DS. 

Yield (t/ha)
Treatment a 

Site 1 Site 2 

Unfertilized control 1.89 d 2.67 b 

NPK only 4.17 bc 1.54 c 

NPK + S (40 kg/ha) 4.07 c 0.18 d 

NPK + ZnOb 5.01 a 5.02 a 

NPK + ZnOb + S (20 kg/ha) 4.78 ab 5.10 a 

NPK + ZnO b + S (40 kg/ha) 5.09 a 4.65 a 

NPK + ZnSO4 (4 kg Zn/ha) 4.79 ab 4.37 a 

NPK + ZnSO6" + (20 kg/ha) 4.63 abc 4.62 a 

NPK +ZnSO 
c + S (40 kg/ha) 4.86 a 4.94 a 

CV (%) 9.20 17.40 

aS is in the form of ammonium sulfate. bRoot dip in 4% 

ZnO solution. CBroadcast and incorporated. 

conduct trials on an apparently S-deficient field in 
Bacnotan, La Union, to test Sresponse in the field. 
The physical and chemical characteristics of the 
soil before planting are given in Table 18. 

Of the 4 Sfertilizers tested during DS, only SCU 
at the highest rate yielded significantly higher (an 
increase of 2 35 t/ha) than the control (Table 19). 
No significant differences were found among S 
sources and rates. 

During WS, additional field tests were done in 
Botolan (Zambales) and Aguilar (Pangasinan). 
Soil chemical and physical characteristics are in 
Table 20. The two sites showed no significant 
response to S (Table 21). In Bacnotan, yield could 
be increased significantly to as high as 1.70 t/ha 
with NPK fertilizers alone. Different forms and 
amounts of added S made no differences, 

The nonresponse to S could be caused by 
0 prolonged nonsubmergence period during DS, 

Table 19. Management of S fertilizer for irrigated rice. 
Bacnotan, La Union, Philippines, 1983 DS. 

S source 
S rate 

(gh)(/a 
(kg/ha) 

Yield 

(t/ha) 

Unfertilized control 

AS 

-

20 

4.48 b 

6.00ab 

AS 

8 

40 

20 

5.78 ab 

5.64 ab 

S 40 5.50 ab 

CaSO 4 

CaSO, 

SCU 

20 

40 

20 

5.72 ab 

4.60 ab 

5.25 ab 

SCU 40 6.83 a 

CV %) 20.70 

which might have enhanced mineralization of 
native S (especially in La Union); 

0 intermittent wetting and drying during WS, 
because of erratic and inadequate rainfall; and 

9 appreciably high concentrations of sulfate Sin 
the irrigation water during DS. 

Long-term fertility experiment for Irrigated rice. 
The long-term 1RRI experiment to evaluate effects 
of continuousapplication of highanalysis fertilizers 
(urea and TSP) to irrigated rice was continued 
during the 1983 DS and WS (second and third 
crop). 

During the second crop, N alone or combined 
with P or K, or P and K, and S produced 
significant yield increases over the control (Table 
22). P and K did not appear to be limiting when 
applied singly or even when combined. Zn, shown 
deficient in soil analysis, did not increase yields 
significantly. Although not significant, added S(40 
kg AS/ha) increased yield 0.83 t/ha over NPK 
only. Supplementing the inorganic fertilizer Nwith 

Table 18. Physical and chemical characteristics of an S-deficient field. Bacnotan, La Union, Philippines, 1983. 

Sample depth pH Organic C Total N CEC Available Zn SO "-S Soil texture 
(cm) (1:1) (%) %) (meq/100 g) (ppm) (ppm) 

0-20 6.1 0.50 0.05 13.6 0.8 7 Sandy loam 
20-40 6.5 0.10 0.02 9.9 0.5 2 Loamy sand 

40-60 6.8 0.08 0.01 10.8 0.4 4 Loamy sand 
60-80 6.8 0.24 0.02 22.7 0.3 4 Sandy loam 
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Table 20. Physical and chemical characteristics of the soil in Botolan, Zambeles, and Aguilar, Pangasinan, Philippines, 1983 
WS. 

Sample depth pH Organic C Total N CEC Available Zn SO4 -- S Soil texture 
(cm) (1:1) (%) %) (meq/100 g) (ppm) 

Botolan, Zambales
0-20 6.8 0.72 0.080 14.5 0.30 5 Loam20-40 6.7 0.80 0.079 33.0 0.03 5 Clay loam40-60 6.8 0.45 0.051 48.3 0.20 4 Clay60-80 6.8 0.28 0.035 41.4 0.00 6 Clay 

Aguilar, Pangasinan0-20 6.9 0.98 0.078 23.3 0.09 12 Silty c!ay 

20-40 7.0 loam0.74 0.051 30.5 0.01 5 Silty clay40-60 6.8 0.65 0.045 25.3 0.05 13 Silty clay60-80 7.0 0,47 0.033 27.1 0.00 4 Silty clay 

loam 

Table 21. Managempnt of S fertilizer in rainfed lowland Table 22. Yield of 14 treatments in the long-term fertilityrice at 3 Philippine sites, 1983 WS. trial in irrigated rice. IRRI, 1983 cropping seasons. 

Treatment S rateTreamentTreatment Yield It/ha) Yield It/ha) 
(kg/ha) Bacnotan, Botolan, Aguilar, DS WS 

La Union Zambales Pangasinan 
Control 2.60 b 4.22 abcUnfertilized - 1.84 b 0.81 b 1.01 b Zna alone 2.76 b 3.87 bccontrol N + Zn 4.41 a 4.26 abcNPK only - 3.58 a 2.67 a 2.88 a P + Zn 2.94 b 4.05 abcAS 20 3.73 a 2.98 a 2.95 a K + Zn 2.57 b 3.71 cAS 40 3.50 a 2.86 a 2.87 a NP + Zn 5.00 a 4.42 abc2S 20 3.31 a .95 a 2.82 a NK + Zn 4 

.25 a 4.55 abS 40 3.53 a 2.79 a 3.24 a PK + Zn 2.95 b 4.43 abcCaSe 4 20 3.36 a 3.39 a 2.81 a NPK + Zn 5.03 a 4.26 abcCaSe 4 40 3.43 a 3.09 a 2.69 a NPK orly 4.30 a 4.37 abcS bentonite 20 3.22 a 3.02 a 2.92 a NPK + S 5.13 a 4.09 abcS bentonite 40 3.34 a 2.91 a 3.01 a NPK + Zn + S b 
4.62 a 4.72 a 

CV %) 9.80 10.90 13.2 a + azolla + Zn 4.31 a 4.75 aNPKNPK + straw + Zn 4.74 a 4.65 ab 

CV %) 15.60 10.80 

aRoot dip in 4% ZnO solution, bin tne form of AS at 40organic fertilizers (azolla and straw) might prove kg S/ha. 
economical. 

Yields increased significantly from added 
elements during DS but not during WS. A typhoon after fertilizer application, and heavy lodging
during the third crop caused severe flooding 2 d occurred 2wk before harvest in a!l N-treated plots. 
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NITROGEN FERTILIZER EFFICIENCY FIELD 
TRIALS 

Irrigated, RRlfarm. The fifth international trial 

on N fed ilizer efficiency in irrigated rice was 
continued at IRRI in 1983. Split-applied urea, 
SCU, B&i, and point-placed USG were compared 
at four application rates using medium-maturing
IR56. 

With increasing N rates in DS, yields of 1R56 

were 2 t/ha more than the control (Table 1). They 
were significantly higher with deep-placed USGand sigifiScUan sit-aplie d PUthatep58d 8G 
and B&M SCU than split-applied PU at 58 and 87 
kg N/ha. Deep-placed USG with topdressed urea 
during Pidid not increase yield over deep-placed 
USG applied I DT. 

Table 1. Effects of forms, rates, and methods of urea 
application on IR56 yield. Fifth INSFFER trial, IRRI, 
1983 DS and WS. 

Treatment Yield (t/ha) 
DS WS 

No fertilizer N 2.8 f 3.7 d 

PU, split applicationa Nbha 4kg 
Ordinary SCU, B&I 4.2 bod 
USG, placement 4.5 abc 

58 kg N/ha 
PU, split applicationa 4.5 e 4.6abc 
Ordinary SCU, B&I 5.4 bcd 5.0 ab 
LJSG, placement 5.4 bcd 5.0 ab 
USG, placement + urea top- 5.0 cde 

dressedb 

87 kg N/he 
PU, split applicationa 4.9 de 4.8 ab 
Ordinary SCU, B&I 5.8 ab 3.8 cd 
USG, placement 5.1 cde 4.9 ab 
USG, placement + urea top- 5.9 ab 

dressedb 

116kg N/ha 
PU, split applicationa 5.9 ab 4.0 cd 
Ordinary SCU, B&I 5.9 ab 3.8 cd 
USG, placement 5.8 ab 5.2 a 
USG, placement + urea top- 5.5 abcdressedb 

174 kg N/ha 
PU, split applicationa 5.9 ab 
Ordinary SCU, B&I 6.0 ab 
USG, placement 6.2a 
USG, placement + urea top- 6.2 a 

dressedb 

'Two-thirds B&I at planting, 1/3 topdressed 5-7 DBPI. 

bTwo-thirds supergranule placement, 1/3 urea top-

dressed 5-7 DBPI. 

The WS experiment continued with three sources 
of uea at four application rates. IR56 did not 
res-ond significantly to increasing N rates. Results 
re 
were modified by 2 typhoons that hit the field I mo
after transplanting aad during heading and flower
ing stages. 

Farmers'fields.N fertilizer efficiency tests were 
continued in farmers' irrigated fields under the 
ISFRporm 
INSFFER program. 

Soils were analyzed before trials began (Table 2).
IR36 showed significant response to all N sources 

(Table 3). DS yields consistently increased as the N 
rate of all sources increased. Although significant
differences were observed at 174 kg N/ha in 
Calauan soil, 116 kg was optimum in both seasons. 
N response was 6.4 t/ha in Calauan soil (0.26% 

total N) at 174 kg N, ha as USG plus PU, and 

4.0 t'ha in Famy soil (0. 188% total N) at 174 kg 
N,'ha 	its USG only. 

In WS, the highest response of 1.4 t/ha was 

obtained with PU at 116 kg N/ha. 
Medium-deepwater rice. An INSFFER trial 

was conducted during the 1983 DS at IRRI as part 
of the third international trial on N fertilizer 

efficiency in deepwater rice. 1R42, a semi-medium 
deepwater rice, was used at 50-cm water depth. 

Regardless of N sources, application increased 
IR42 yield by 1.1 t/ha over the nonfertilized 
control (Table 4). At 58 kg N/ha almost all N 
sources yielded significantly higher than the 

control, but there were no differences among 
sources and among rates. Urea foliar spray 5-7 
DBPI had no advantage over PU B&I. 

Table 2. Characteristics of soils for INSFFER trials, 
farmers' fields in Calauan and Ferny, Laguna, Philippines, 

1983. 

DS WS 
Soil property 

Calauan Famy Calauan 

pH (1:1)
Total N (%) 

6.3 
0.26 

5.0 
0.19 

6.4 
0.11 

OM (%) 4.2 3.1 1.6 
Available P (ppm) 13 5 22 
Exchangeable K 0.73 0.07 0.94 

(meq/l00 g soil) 
Exchangeable Ca 15 7 17 

(meq/100 g soil)
CECo(q/100 g soil)
Available Zn (ppm) 

37
nil 

24
4 

39 
0.1 

Texture Silty clay Silty .aySilty clay 
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Table 3. Effect of sources, rates, and methods of N fertilizer application on grain yield of IR36 on Calumpang silty clay in
 
Calauan, Laguna, and Maligaya silty clay in Famy, Laguna, Philippines. International trials on nitrogen fertilizer efficiency
 
in irrigated rice, 1983. 

Grain yield (t/ha) 

Treatmenta DS WS 

Calauan Famy Calauan 

No fertilizer N 3.4 g 2.9 h 4.2 d 

58 kg N/ha 29 kg N/haPU, split 6.1 f 4.7 g 5.1 bc
SCU 6.7 ef 5.4 def 5.0 bc
 
USG 6.3 ef 
 5.2 defg 4.9 bc
 
USG + PU, split 7.2 e 5.1 efg 

87 kg N/ha 58 kg N/ha
PU, split 6.8 ef 4.9 fg 4.7 c
SCU 7.2 de 5.5 def 5.1 bc 
USG 8.2 bcd 5.9 bcd 5.2 bc
 
USG + PU, split 8.3 bc 5.7 ode
 

116 kg N/ha 87 kg N/haPU, split 7.1 ef 5.8 bcde 5.0 bc

SCU 7.3 cde 
 6.8 a 5.2 bc
USG 9.0 ab 6.5 ab 4.9 bc
 
USG + PU, split 9.0 ab 6.4 abc 
 -

174 kg N/ha 116 kg N/haPU, split 8.5 b 6.3 abc 5.6 a
 
SCU 8.6 b 6.9a 5.0 bc

USG 9.3 ab 
 7.0 a 5.3 ab
 
USG + PU, split 9.8 a 6.9 a 
aFor split application, 2/3 urea was B&I at planting time, and 1/3 topdressed 5-7 DBPI. 

Table 4. Effects of sources and methods of N applica- INTERNATIONAL TRIALS 
tion on yield of medium deepwater rice IR42. IRRI,
1983 DS. In 1983, 39 collaborating scientists submitted 

Treatment Grain yield results from 93 trials conducted in 1982 in 63 sites 
(t/ha) in II countries. Most trials were on N fertilizer 

No fertilizer N 0.8 c efficiency in irrigated rice. In 1983, 215 sets of 

58 kg N/ha materials and fieldbooks were sent to 60 colla-
PU, B&I 2.1 ab borating scientists in 17 countries. 
2/3 PU, B&I fb 1/3 foliar spray of urea 2.0 ab Fifth iaternational trial on nitrogen fertilizer 

solution 5-7 DBPaSCU, B&I 2.0 ab efficiency in irrigated lowland rice. Of the 46 trials 
USG, 10-12 cm deep placement 2.0 ab conducted in 8 countries, one from Burma and one 

in the Philippines did not respond significantly to 

PU, B&I 1.7 b N. Average yield responses were higher during DS 
2/3 PU, B&I fb 1/3 foliar spray of urea 1.7 b than during WS (Fig. I). Yield increases ranged

solution 5-7 DBPI from 0. 1 to 2.6 t/ ha in DS and from 0.6 to 1.9 t/ ha
SCU, B&I 2.3ab in WS. Regardless of form, response increasedUSG, 10-12 cm deep placement 2.3ab with N rate. Yield differences between SCU or

116kg N/le USG and PU were highest at the medium rate inPU, B&l 2.2 ab 
2/3 PU, B&I fb 1/3 foliar spray of urea 1.8 ab both seasons. The advantages of SCU and USG 

solution 5-7 DBPI over PU were more apparent at the lower N rates
SCU, B&I 2.4 a (Fig. 2-5). At high N rates in some sites, USG or
USG, 10-12 cm deep placement 2.2 a SCU yielded significantly lower than PU. 
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I. Rice response io N in different forms of urea and different application 
rates. Data areaverages of 12 )S and 34 WS trials. [he fifth 
international trial on nitrogen fertiliuer efficiency in rice. INSFFtR. 
1982. 

The effects of SCU and USG were variable 
among sites and inconsistent at all N rates. While 
SCU consistently outyielded PU significantly at all 
N rates in only one trial (trial #11, Fig. 2). US(; 

Yield difference t/ha)
2
 

2 . 

1 1174 

I * 


87kg N/ha 


outyielded PU in 3 trials: trials #10 and I I in China 
and #15 in India (Fig. 4, 5). 

Ludhiana site, India (#22). consistently pro
duced lower yield from USG than PU at all N rates 
because of the very high percolation and low CEC 
of the soil. The advantage of SCU and USG over 

PU were observed in several sites only at certain N 
rates. 

technical and economic efficiency of N 

sources included in INSFFER N-fertilizer effi
ciency experiments were evaluated using multi
fertilizer response models. Based on the results of 
the third to fifth N efficiency trials in irrigated rice, 
a trend emerged: SCU and USG were 25-30% 
technically more input efficient than PU. Yield 

(output) efficiency of SCU and USG was 1.3 to 1.4 
higher than that of PU. However, there were large 
differences in results between sites, some caused by 

poor performance of USG at sites with high 

percolation losses. Other differences in response 
between locations are being explored. 

N soutces were economically analyzed based on 

the percent increase in the price of SCU and USG 
that would yield the same profit as PU at its current 

price. This adjusted approach was used because 
SCU and USG are not yet commercially available 
and they have no market pi ice. At about half the 
South and Southeast Asia INSFFER sites, modi
fled Nsources were more profitable than PU, even 

kg N/ha 

Philppines
 

1Inonsi 

1 4 11 13 37 41 4' 46 50 54 56 64 1 4 11 13 37 41 43 46 5 54 566
 

Trial no. Trial no. 

2. significant increase or decrease in grain yield of 12 triais %%ithN as R&l SCU compared with Il.The fifth international trial on 
nitrogen fertiliier efficienc.%in rice. INSFFER. 1982 DS, 
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Yield difference (t/ho) 

29kg N/ha * 

0* 

, 58 k N/ha [ 

2 
* 116 kg N/ha Phi'ippines 

NIL--U-~M 

Burma India Indonesia 

-211 I II 1 l1 i II I I
2 5 6 8 10 14 15 16 17"19 22242932 34 35 36 38 39 40 42 44 45 49 51 55576061 6263656869 

Trial no. 
3. Significant increase or decrease in grain yield of 314trials with N as B&I SCU compared with PI split-applied at 4 rates. The fifth 
international trial on nitrogen Iertili/er efficiency in rice, INSI:FER. 1982 WS. 

Yield difference (/ha) 
2 

58 Kg N/ha 
116 kg N/ha 

o=- _ i.iu.~E~ -.-* U_=U.l.. 
-- ,La m] W 

2 
87 kg N/ha * Indonesia 

* Philippines 

-1 K? . 

-2 -- 174 kg N/ha 

2 1 1 I 1 1 I I I I I I J_ 
1 4 11 13 37 41 43 46 50 54 56 66 1 4 11 13 37 41 43 46 50 54 56 66 

Trial no. Trial no. 

4. Signiticant ittcreaseit)rdecreas in grain yield t 12trials ssith N as USG. deep point-placed %4ithI'U. I he lifth international trial otn 
nitrogen fIrlili/er efficiency in rice. INSFFER. 1992 DS. 
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Yield difference (t/ha) 
2 

0-'1* 

-1 I29g N/ha. 

-2 

2 

-2 

2 

when their cost is more than one-third higher than 
the current price of PU. As the price of PU 
increases, the profitability of using deep-placed 
SCU or USG increases, 

Third international trial on nitrogen fertilizer 
efficiency in rainfed rice. All 13 trials conducted at 
12 sites in 6 countries responded significantly to N. 
Based on average yields, USG and SCU consis-
tently outyielded PU at all N rates. Average yield 
differences between USG or SCU and PU were 

InTr eia i 

116 kg N/ha-2 

2 5 6 8 10 1415 1617 19 _224N.292.34 35 36 3839 404,2? 44454951 55576061 6263656869 

Trial no. 
5. Significant increase or decrease in grain yield of 34 trials with N as USG deep point-placed compared with PU split-applied at 4 rates. 
The fifth international trial on nitrogen fertilirer efficiency in rice, INSFFER, 1982 WS. 

greatest at 58 kg N/ha (Fig. 6) when SCU was 

higher by 0.5 and USG by 0.7 t/ha. 
B&I SCU yielded significantly higher than PU 

best split in three trials at the low and medium rates 
and in five trials at the high rate (Fig. 7). Only trial 
#10 from Mithapur, India, produced significant 
yield differences between SCU and PU at all N 
rates. 

Although 4 trials showed significant yield dif
ferences between USG and PU at 87 kg N/ha, 

http:224N.292.34
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Groin yield (/ho) greater yield differences were observed in 6 trials at 
5.0 58 kg N/ha. Like SCU, USG showed significant

yield differences over PU at all N iates in tiial #10. 
Second international trial on nitrogen fertilizer 

efficiency in deepwater rice. Average yields of 5 N 
4.5 
 trials conducted in India, Philippines, and Thailand 

PU showed increases of 0.4-1.2 t/ha. PU in both 
methods of application (basal and split) yielded 

4.0- similarly at low and medium N rates (Fig. 8). 
Basally applied PU and SCU had similar yields at 
58 and 116 kg N/ha. Deep-placed USG outyielded 

3.5 	 -other urea forms at low and medium rates (Fig. 8). 
At 116 kg N/ha, USG yielded 0.3 t/ha lower than 
PU and 0.2 t/ha lower than SCU. 

The SCU yield increase over best split urea was3.0 	 significant in trial #5 (Rangsit, Thailand)(Fig. 9)at
T I I the low N rate. At high N rate, however, SCU
0 29 58 87 yielded significantly less than PU in Klong Luang

N applied (kg/ha)
6. Nresponseofricetodifferentformsofureaandapplicationrates. The (trial #4) where a yield reduction of 0.8 t/ha wasthird international trial on nitrogen fertilizerefficiency in rainfed wetland noted. 
rice, INSFFER, 1982. 

Yield difference (t/ha) 

2 * 

2 L58kg N/ha 

0 	  ln.m ML-I u 

Burma India Philippines C w Burma India e Philippines r
.~ C0 

-2 I-

I 
2 3 4 

I 
6 7 

I I I I 
10 12 14 15 

I II I 
19 21 

I 
22 

I 
23 

j 

2 3 
I 
4 

I 
6 

I 
7 

I 
10 

I 
12 

I 
14 

I 
15 

I 
19 

I 
21 22 23 

Trial no.
7. Significant increase or decrease in grain yield of 13 trials with N as B&I SCU and deep-placed USG compared with PU split-applied at 3 rates. The thirdinternational trial on nitrogen fertilizer efficiency in rainfed wetland rice, INSFFER, 1982. 
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Grain yield (t/hl) 	 USG also yielded significantly more than PU in 
4.0 	 trial #5 at the low N rate. At the high N rate, 

however, ityielded significantly less than PU in two 
3.5 	- trials. Trial #3 (Los lafios) showed a significant 

yield reduction of 1.0 t/ ha: trial #4 in Klong Luang, 
0.7 ti ha. 

3.0 	 Azolla use ip rice. I he 1982 results from 18 sites 
in 8 countries showed that fresh azolla incorporated 

2.5 	 0 2/3 PU, B8ai1l/3 PU, folior 
13 SCU,a0l B0aITable 5. Grain yield response to fertilizer N and to azolla 
* USG, point placement application in irrigated rice in 8 countries. INSFFER, 

2.0 1 1 1 	 1982. 

0 29 58 116 	 Grain yield
a 

(t/ha) 

N (kg/ha) 	 Treatment Mean 

8. N responm,:soi rice to difterent torm, eefurea and ra tes ol pplicatiol. Mean of of 13 N-
The second intcrnijnal trial on nitrogen fertilier elficiencs in deep- 18 sites responsive 
water rice, INS'I:ER, 1982. sites 

Control 2.89 2.68 
60 kg N/ha from PU, applied in 4.20 4.24 

Yield difference t/ha) 3 splits 
2 	t fresh azolla/ha incor- 4.16 4.18 

porated before transplanting + 

30 kg N/ha front urea 

2 

Low Nrate 
*Azolla grown before and after 4.03 4.00 

transplanting, incorporated 
0 N MAIL-- after full cover 

Azolla grown twice after trans- 3.87 3.94 
-1 SCU USG planting, each crop incor

-porated when full cover 

-2 - aValues for the N and azolla treatment are averages of 2 
plant spacings (20 X 20 cm and 10 X 40cm) and are not 

2 	 significant. 
Medium N rote 

Table 6. Mean yield response to different P sources in 93 

0c E~ Pa 	 trials at 25 sites in 11 countries. International trial on 
sources of phosphorus in flooded rice, INSFFER, 1983. 

-1 - Mean grain yield (t/ha) 
Treatment 

-2 Treatment All sites P-responsive sites 

P Rate WS DS WS DS2 
source' (kg/ha) (58 (35 (51 (31

High Nrate trials) trials) trials) trials)
1 --	 ThailandPhili inn-, i Check 3.23 4.18 3.09 3.85
0Philippins SP 9 3.67 4.69 3.58 4.44

' "18 3.81 5.10 3.74 4.92 
-1 India 26 3.86 5.27 3.80 5.14 

-1 HRP 9 3.70 4.49 3.63 4.22 
18 3.82 4.83 3.76 4.60 

-2 I I 26 3.82 5.03 3.76 4.81 
1 	 2 3 4 5 LRP 18 3.84 4.47 3.76 4.39 

Trial no. 35 3.89 4.86 3.80 4.82 

9. Significant increase or decrease in grain yield of5 trials with N 53 3.93 4.88 3.85 4.84 
as B&I SCU and point-placed USG compared with split-appiied 

= PU. The second international trial on nitrogen fenili;.erelficiercy aSp superphosphate, HRP = highly reactive rock phos
in decpwater rice. INSFFER, 1982. phate, LRP = low reactive rock phosphate. 



at 2 t/ha plus basal application of 30 kg N/ha as 
PU produced yields comparable to those of urea 
split application at 60 kg N/ha (Table 5). Azolla 
alone, applied before and after transplanting or 
twice after transplanting, yielded less than split 
doses of urea alone or azolla plus 30 kg N/ha of 
urea. However, the differences were not significant 
because azolla biomass was far lower than the 40 
t/ ha which is equivalent to 60 kg N/ha from urea. 
Azolla alone yielded a ton or more of grain above 
the control plot. 

Sources of phosphorus in flooded rice. Since 
1977, research on P sources in flooded rice have 
been conducted at 25 :iites in II countries. Results 
of nine trials in five locations were reported in 1983. 

Of 93 trials, II did not show significant dif
ferences among treatments. On the average, yields 
increased more than 0.5 t/ ha from all P sources 
(Table 6). P response during DS was higher than 

during WS (Fig. 10, 11). During DS, greater yield 
responses were obtained from SP than from less 
soluble P sources but there were no differences 
during WS (Table 7). 

Residuil P after 5 seasons of continuous appli-

Grain yield (C/ha) 
5.5 


Ds 

5.0 

4.5-


3.5-


3.0 


0 1 1 
0 
0 

20 
40 

40 
80 

60 for SP, HRP 
120 forLRP 

Applied P2 0 5 ( kg/ha) 
10.Average yield response of rie to dilferent P sources in93 trials. 
International trial on sources of phosphorus in florxled rice. INSFFER. 
1983. 
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Grain yield Ct/ha) 
5.5
 

oos

4.5
 

ws
 
4.0

35

0 
0 20 40 60 forSP HRP 
0 40 80 120 forLRP 

Applied P2 05 ( kg/ha) 
II. Aserage yield response of rice to different 1Psources in 82 trials. 

International trial on sources ot phosphorus in Ilhuxled rice. INSIAt'R. 
193
 

cation in 4 sites increased yields 1.5 t/ ha in DS and 

0.8 t/ha in WS. 
Long-term fertility trial. Since 1976, 80 long

term fertility trials have been conducted at 10 sites 
in 7 countries. Results from II trials at 4 sites in 2 
countries were reported in 1983. After 10 crops, 

one Indonesian site showed response to N or P 
alone or N and P combined. The other site 
responded to N only after eight croppings (Table 
8). Yield differences were more pronounced in DS. 

Table 7. Mean yield differences between P sources and 
control. International trial on sources of phosphorus in 
flooded rice, INSFFER, 1983. 

Yield differences (t/ha) 

All sites P-responsive sites 
Treatmenta 

Ws DS Ws DS 
(58 (35 (51 (31 

trials) trials) trials) trials) 

SP over check 0.56 0.84 0.62 0.98 
HRP over check 0.55 0.60 0.63 0.69 
LRP over check 0.66 0.56 0.71 0.83 

asp = superphosphate, HRP = highly reactive rock phos
phate, LRP = low reactive rock phosphate. 
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Table 8. Mean yield of 9 treatments by location and sea-
son in Indonesia. International long-term fertility trial in 
rice, INSFFER, 1977.82. i.Mean tha)grain yield 

Lanrang Maros 

TreatmentLanrang 	 Mars 
DS WS DS WS 
(5 (5 (5 (3trials) trials) trials) trials) 

Check 3.0 2.2 3.3 3.2 
N 3.8 2.6 5.1 4.1 
P 4.0 2.3 3.9 3.4 
K 3.3 2.5 3.6 3.2 
NP 4.3 3.2 5.2 3.9 
PK 3.3 2.3 3.6 3.2 
NK 3.8 2.5 5.3 4.1 
NPK 4.5 3.3 5.2 4.4 

NPK + Zn (2 .9 )a (3.3)a 5.2 4.2 

aAv of 3 trials only. 

Table 9. Mean yield of 8 treatments by location and sea-
son in the Philippines. International long-tarm fertility 
trial in rice, INSFFER, 1977-82. 

Mean grain yield (t/ha) 

Luisiana Tanay 
Treatment -_______ ________ 

DS WS DS WS 
(7 (8 (5 (8 

trials) trials) trials) trials) 

Check 3.4 2.5 3.1 2.9 
N 5.0 3.7 4.8 4.2 
P 3.6 2.7 3.5 3.4 
K 3.5 2.6 2.9 3.0 
NP 5.8 3.9 5.3 4.4 
PK 3.9 2.8 3.3 3.3 
NK 5.2 3.5 5.1 4.2 
NPK 6.4 4.2 5.7 4.6 

In 2Philippine sites, yields responded to N alone 
after 5 continuous croppings in Luisiana and 13 in 
Tanay (Table 9). An NP combination increased 
response further especially in DS. Yield increase 
from NP was more than 0.8 t/ha over N alone in 
Luisiana and 0.5 t/ha over N alone in Tanay, 
showing that P deficiency is becoming limiting. 

INSFFER TRAINING COURSE 

Since 1979, 106 participants from 14 countries 
have completed the 4-mo INSFFER training 
course. Nineteen participants representing six 

countries (China, InJia, Indonesia, Philippines, 
Thailand, and Vietnam) attended the fifth course 
held 10 Jan to 29 Apr 1983. 

The trainees conducted the following field fer

tilizer trials in IRRI using IR58 (105 d maturity): 
* 	The fifth international trial on nitrogen fer

tilizer efficiency in iirigated lowland rice(irrigated). Yield differences were not signif
icant among fertilizer forms and application 

methods under the same N rate. At 87 kg 
N/ha, 2/3 USG deep-point placed plus 1/3 
PU topdressed 5-7 DBPI produced signifi

cantly higher yield (6.9 t/ha)than PU best split 
(2/3 basal plus 1/3 topdressed at 5-7 DBPI) 
which yielded 5.5 t/ ha. The former treatment 
produced yield comparable to yields obtained 

at 174 kg N/ha with SCU, USG alone, and 
urea best split. 

* 	 Long-term fertility trial in irrigated lowland 
rice (third crop). N-treated plots yielded sig
nificantly higher than those without N. There 
was no response to N, P,K,Zn, S,azolla, or 

rice straw treatments. Details of the experi
ment results are presented in the section Soil 
and Crop Management (Management of 

Other Nutrients) of this report. 
* 	Urea forms and their application methods in 

irrigated rice. At 58 kg N/ha, USG deep-point 
placed at transplanting yielded significantly
higher (6.2 t/ ha) compared to delayed applica

tion (28 DT) which yielded only 4.4 t/ha. 
Similar results were obtained at 116 kg N/ha, 
where USG applied 28 DT decreased yield by 
about 1.6 t/ ha compared to application 7and 
14 DT. 

* 	Azolla INSFFER trial. Incorporation of 
azolla (approximately equivalent to 30 kg 
N/ha) oefore transplanting plus 3-split appli
cations of 30 kg N/ha as urea produced yield 
(6.3 t/ ha) compavlle to that with 90 kg N/ ha 
as urea split applied (2 3 basal plus I/3top

dressed at 5-7 DBPI). Azolla alone applied 
once before transplanting and 3 times after 
transplanting produced yields similar (5.6 
t /ha) to those with 60 kg N/ha as urea, applied 
in 3 splits. 
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MANAGEMEN I O- NITROGEN FERTILIZER IN Results indicated that most very early-maturing 
EARIL'-MATIURING RICE lines have higher productivity (kg rough rice/ha 

per day) than IR36 and IR42 (Table i, 2). Fur-
Research to evaluate productivity, brown-rice thermore, several early-maturing rices(IR25588-7
protein content, and lodging resistance of IR 3-1, IR25588-32-2, and IR28128-45-2) produced 
varieties and promising early-maturing breeding similar or higher yields than medium-maturing 
lines, as affected by N rates and application IR8 and IR42 while retaining comparable grain 
methods, continued during 1983. protein content in DS (Table I). 

Table 1. Field duration, productivity, and brown-rice protein content of 14 early-maturing IR rices as affected by N rates 
and application methods. IRRI, 1983 DS. 

Grain yielda (t/ha) 	 Av yield
Field 	 ________Brown-rice 

87 kg N/ha 	 150 kg N/ha t/ha kg/ha proteinEntry duration Without 
perdayb (o )

(d) 	 fertilizer 
N Urea SCU USG Urea per dayb M 

split 	 split 

IR8 108 5.5 abcd 6.5 abc 6.9 ab 6.9 a 6.5 a 6.5 60 8.1 
IR36c 89 4.6 de 4.7 d 4.5 de 4.7 de 5.3 cd 4.8 54 9.3 
1R42 109 5.2 bcde 6.4 abc 6.8 ab 6.3 ab 6.5 a 6.2 57 8.4 
IR50 c 86 5.1 bcde 4.5 d 4.2 e 4.4 e 3.1 e 4.2 49 9.6 
IR60 84 5.5 abcd 6.2 abc 6.5 b 6.1 abc 6.3 ab 6.1 73 9.7 
IR9729-67-3 84 4.9 cde 5.9 bc 6.1 bc 5.8 bc 5.3 cd 5.6 66 8.8 
IR18350-175-2-3 92 5.2 bcde 6.9 a 6.2 bc 6.7 ab 6.5 a 6.3 68 9.1 
IR21015-80-3-3-1-2 92 4.3 e 6.4 abc 6.3 b 6.2 abc 5,5 bcd 5.7 62 8.9 
IR25588-7-3-1 91 6.2 a 7.1 a 7.0 ab 6.5 ab 6.9 a 6.7 74 8.9 
IR25588-32-2 91 6.0 ab 6.8 ab 6.8 ab 6.4 ab 6.6 a 6.5 72 9.1 
IR25898-69-2-2 87 5.7 abc 6.4 abc 6.7 ab 6.1 abc 6.3 ab 6.3 72 8.8 
IR25924-51-2-3 c 87 5.4 abcd 5.7 c 5.3 cd 5.3 cd 4.9 d 5.3 61 9.0 
IR28128-45.2 89 5.9 ab 6.7 ab 7.6 a 6.5 ab 6.2 abc 6.6 74 9.1 
IR28210-96-4-3-3 88 4.9 cde 6.5 abc 6.1 bc 5.8 bc 6.1 abc 5.9 67 9.7 

aUrea split, 2/3 basal and incorporated and 1/3 topdressed 5-7 DBPI; forestry grade SCU, B&l; and USG hand point-pl3ced 

at 10-15 cm deep. bDoes not include 18 d in the seedbed. CAffected by B1. 

Table 2. Field duration and productivity of 13 early-maturing IR rices as affected by N rates and application methods.a 
IRRI, 1983 WS. 

Grain yield (t/ha) 
Av yield 

Field Without 58 kg N/ha 90 kg N/ha 
Entry duration fertilizer t/ha kg/ha per dayb 

(d) 	 N Urea SCU USG Urea 
split split 

IR36 93 3.7 abc 4.4 abc 4.0 abc 4.0 abc 3.9 bcd 4.0 37 
1R42 111 3.3 c 3.9 cdef 4.5 a 3.9 bc 4.0 bc 3.9 31 
IR58 86 3.8 abc 4.2 abcd 4.2 ab 4.1 abc 4.2 abc 4.1 40 
IR60 87 3.6 bc 3.6 def 3.7 bc 3.8 bc 3.7 cdel 3.7 36 
IR25588-7.3-1 87 4.3 a 4.4 abc 4.1 ab 4.0 abc 3.8 cdef 4.1 40 
IR25621-135-1-1 89 3.8 abc 4.1 bcde 4.2 ab 4.0 abc 3.9 bcd 4.0 38 
1R29692-86-2-3-3 90 3.6 bc 3.7 def 3.7 bc 3.8 bc 3.3 defg 3.6 34 
IR29692-94-2-1-3 87 4.1 ab 4.6 ab 4.5 a 4.6 a 4.5 ab 4.5 42 
IR29692-99-3-2-1 87 4.0 ab 4.8 a 4.4 a 4.2 ab 4.3 abc 4.3 42 
IR29708-41-2-2-3 86 4.0 ab 4.4 abc 4.5 a 4.2 ab 4.7 a 4.4 43 
IR29725-3-1-3-2 89 3.7 abc 3.5 ef 3.4 c 3.6 bc 2.8 g 3.4 32 
IR29725-22-3-3-3 89 3.3 c 3.4 f 3.6 bc 3.5 c 3.0 g 3.4 32 
IR29725-109-1-2-1 89 3.7 abc 3.6 def 3.6 bc 3.8 bc 3.9 bcd 3.7 35 

a1R8 was severely affected by RTV and was harvested at Pl. bDoes not include 16 d in the seedbed. 
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Lodging resistance of IR8 in DS, based on Table 5. Effect of urea sources, application methods, and 
lodging resistance factor (cLr) value, was sig- application rates on brown-rice protein rf 14 rice entries,
 

nificantly higher than that of IR42 (Table 3). Both IRRI, 1983 DS.
 
varieties had significantly higher cLr values than Brown-rice protein (%)
 
the other early-maturing rices tested. Napplication Without 87 kg N/ha 150 kg
 

and increased level of split-applied N further Entry fertilizer - N/ha 
aggravated lodging susceptibility (Table 4) N Urea SCU USG as urea

split split
In both seasons, the single basal incorporation IR8 7.3 b 8.1 a 8.6 a 8.2 a 8.6 a 

of slow-release SCU and hand point-placed USG IR36a 7.6 c 9.0 b 9.8 a 10.0 a 10.1 a 

produced grain yields (mean of 5.1 and 5.0 t/ ha) IR42 7.3 c 8.1 b 9.0 a 8.5 ab 9.0 a 
comparable to those with split urea application (5.2 IR50a 7.7 d 9.4 c 10.1 b 9.8 bc 11.0a 

IR60 8.2 d 9.5 c 10.4 ab 10.0 bc 10.6 a
t/ha). For the fourth time, however, single basal IR9729- 7.2 c 8.3 b 9.5 a 9.5 a 9.5 a 

incorporation of slow-release SCU increased the 67-3 

average percentage of brown-rice protein by IR18350- 7.6 c 8.6 b 9.8 a 9.8 a 9.9 a 
175-2-3

0.9%; and hand deep point-placed USG in-reased IR21015-80- 7.5 d 8.7 c 9.3 b 9.1 bc 9.9 a 

it by 0.7% over the split application of PU in DS 3-3-1-2 
(Table 5). 125588- 7.7 c 8.4 b 9.2 a 9.4 a 9.7 a 

7-3-1
 
1125588- 7.5 d 8.7 c 9.5 b 9.6 ab 10.1 a 

Table 3. cLr value of 14 early-maturing rices. IRRI, 1983 32-2 
DS. IR25898- 7.3 c 8.6 b 9.5 a 9.3 a 9.5 a 

69-2-2 
Entry cLr valuea IR25924- 7.5 c 8.5 b 10.0 a 9.5 a 9.7 a 

51-2 -3
a 

118 0.285 a IR28128- 8.0 c 8.5 c 9.8 ab 9.3 b 10.2 a 
IR36 b 0.090 d,! 45-2 
R42 0.141 b IR28210- 8.2 c 9.3 b 10.5 a 10.3 a 10.2 a 

IR50 b 0.096 d 96-4-3-3 
IR60 0.080 e F-means 7.6 8.7 9.6 9.4 9.8 
IR9729-67-3 0.102 d 
IR18350-175-2-3 0.102 d aAffected by BI. 
IR21015-80-3-3-1-2 0.095 d 
IR25588-7-3-1 0.093 d 
IR25588-32-1 0.099 d PIANTGROWTH REGLAFORSTO INCREASE 
IR25898-69-2-2 0.079 e 
IR25924-51-2-3b 0.095 d RICE GRAIN YIE.[D 
IR28128-45-2 0.058 f 
IR28210-96-4-3-3 0.116 c Two field experiments were conducted in 1983 to 

aAv of 5 N treatments and 4 replications, study the effects of growth regulators on seedlings 
total weight of freely suspended brass chain of different ages. Test varieties were intermediate

cLr links + hook (g) maturing IR42 and early-maturing IR58. 
culm length (cm) In DS, the plant growth retardant CCC (5,000

bAffected by B1. ppm solution at 100 ml/m 2 otseedbed area) was 

applied at 2- to 3-leaf stage in seedbeds with 20-, 
Table 4. cLr value as affected by N rates and application 30-, 40-, 50-, and 60-d-old seedlings. They were 
methods, IRRI, 1983 CS. then transplanted in the main field and grown to 
Urea source Application method cLr value" maturity. Except in the normally used 20-d-old 
Without fertilizer N  0.126 a seedlings, CCCapplication resulted in significantly

87 k3 N/ha higher IR42 yields compared to the control (Fig. 

PU Split 0.109 b I). The highest yields were obtained with CCC-
SCU B&I 0.107 b treated 30- and 40-d-old lR42 seedlings. Those 
USG Deep point placement 0.107 b seedlings yielded 1.3 t/ ha more than the untreated 

150 kg N/ha control and significantly more than all other 
treatments except CCC-treated 50-d-old seedlings. 

aAv of 14 rice entries and 4 replications. The IR42 grain yield increase with CCC treatment 
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Grainyield (t/h) Grain yield (t/ha) 

5 

8-CCnr_ a a 1 CCC 

a abc 
4 abc 

6 bc 
bc bc bc 

C 

ab 

3 dd 

cd 

idd dd d 

4
 
2
 

2 e 

20 30 40 50 60 0 
Seedling age (d) 20 30 40 50 60 

Seedling age (d) 
I. lR42 grain yield as affected by seedlings treated with CCC (growth 2. IR58 grain yield as influenced by seedlings treated w,ith CCC(growth
retardant) at 2- to 3-leaf stage and transplanted at diffcrcnt ages. IRRI, retardant) at 2- to 3-leaf s:age and transplanted at different ages. IRRI, 
1983 DS. 1983DS.
 

was caused by a lower percentage of unfilled With IR58, no treatment increased yield sig
spikelets, higher 100-grain weight, and delayed leaf nificantly over the untreated control (Fig. 2). The 
senescence. These factors increased the ripening distinct way in which varieties respond to growth 
"eriod by 3-4 d compared with the untreated regulators appears more important and needs 
control. further testing. 

Table 6. Environmental factors, yield, and yield components of deepwater rice on the central plain of Thailand, 198 3 .a 

Max water Mean Dry Harvest Panicles Panicle
Site Adverse factors depth (cm) yield weight index (no./m ) weight Variety
 
(t/ha) (g/m 2 I (g/panicle) 

1 - 35 2.91 761 0.29 132 1.92 Khao Ma Na
 
2 Early drought 2.38 0.26 138 1.87
75 879 Khao Puang Glahng
3 Early drought, 2.37 0.26 84 2.54120 696 Khao Ma Na
 

poor stand
 
4 Early drought, 2.25 0.18 52 3.41
220 843 PG56 

poor stand, weeds
 
5 Early drought 90 1.86 1027 0.20 120 1.96 Sang Kaset
 
6 Poor stand, weeds 55 1.80 
 426 0.37 24 7.93 Khao Seat
 
7 Deep early flood 150 1.41 664 0.18 97 1.53 LMN Ill
 
8 Early drought 120 1.35 586 0.20 
 75 1.87 LMN III
 
9 Early drought, 50 1.25 904 0.14 113 1.27 Mali Luay
 

rat damage
 
10 Early and mid- 80 1.05 507 0.19 103 1.21 Khao Ma Kok
 

season drought 
11 Severe early and 100 0.34 477 0.13 37 2.11 Jam Pah Pay 

midseason drought 

ayield was from 25-m2 
samples; yield components were from 1-m2 

samples. 



FACTORS INFLUENCING DEEPWATER RICE 
PRODUC TION ON THE CENTRAL PLAIN OF 
THAILAND 

Thirteen simple N, P, and herbicide experiments 
were established in farmers' fields to assess yield-
limiting factors. Surface soil (0-10 cm) was analyzed 
for pH and chemical properties, and all sites were 
monitored for pests and diseases. Before flooding, 
a leaf-eating complex of gryllids, hispa, flea beetle, 
grasshoppers, RWM, LF, thrips, and leaf miner 
caused only minor foliage damage. GM damaged a 
fewplants. Atsite3(Prachinburi),4.4%deadhearts 
were recorded in July, but the preflood average was 
0.8%. Root-knot nematodes were found in several 
fields. 

During flooding, rats cut stems in patches of 
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3everal fields. RSV infected 38% of the fields, but 
less than in 1981. It was severe (5%) at only one site, 

Ongkharak. YSB infestation increased rapidly 
during late elongation and heading in October, and 
reached an average of 41% damaged stems and 
4.1%whiteheads at harvest. 

Environmental factors and crop establishment 
(Table 6) strongly influenced early growth, and 
there was little response to fertilizer. N significantly 
increased dry weight (44%) and yield (11%) at site 
3.N decreased yield at site 9where rat damage was 
greater in fertilized plots. Herbicide application 
increased rice dry weight at sites 3 and 4. Yields 
were not correlated with soil N or P, but H I (weight 
of grain/grain + straw) was positively correlated 
with yield. 
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SIGNIFICANCE OF PERCOLATION LOSSES IN 
LOWLAND RICE 

Agronomy Department 

Field and greenhouse experiments studied the 

significance of percolation rates in lowland re 

production. The greenhouse experiment used three 

soils: sandy loam, loam, and clay loam. Some of 
their chemical properties are listed in Table 1. 
Percolation rates (0, 5, 10, 15, 20, 40, and 80 
mm/d), regulated with a hose cock clamp and 

hypodermic needle, did not affect redox potential 
(Fig. 1) or soil temperature (Fig. 2). Grain yields 
were similar at all percolation rates (Table 2). 
Percolation rate alone may not affect yield sig-
nificantly in soils without texins in high, constant 
temperatures in the Asian tropics. 

The field study was conducted at two IRRI farm 
sites - blocks M 17a and UF2. Percolation rate 
was modified by puddling. Effects on soil physical 
properties and yield and its components were 
monitored. 

Bulk density and soil strength. Bulk density of 
puddled soil in the top 10 cm was about 30% lower 
than that of nonpuddled sol (Table 3). The effect 
of puddling on bulk density was limited to 20-cm 
depth and decreased with time. 

Soil strength in M 17a at 7and 60 DT was almost 
the same in puddled and nonpuddled conditions 
(Fig. 3). But in UE2, soil strength up to 15-cm 
depth was higher in nonpuddled soil. 

Percolation rate and saturated hydraulic con
ductivity (K). Puddling decreased percolation rate 
and K, in UE2 by about 70 to 80% (Table 4), but 
had negligible effect in M 17a. Depth to water table 

Table 1. Some chemical properties of soils used to study 
percolation rates in lowland rice production. 1983. 

Soil property Sandy loam Loam Clay loam 

pH (1:1, wt/vol H2 0) 7.0 5.6 6.2 
EC (mmho) 0.20 0.26 0.94PR(md

(1:1, wt/vol H2 0) 
CEC (meq/100 g soil) 17 24 27 
OM %) 1.0 3.4 1.3 

Total N %) 0.05 0.26 0.11 
Olsen's P (ppm) 3 13 22 
Exchangeable K 0.1 1.2 1.2 

(meq/100 g soil) 
Available Zn (ppm) 0.8 1.0 1.4 
Total Fe %) 3.5 6.4 6.3 
Total Mn %) 0.6 0.4 1.2 

Redox potential (mV) 

80 

sal PR (mm/d)
 

60 Clay loam 0-a 0
 
0---o 20
0am 0 

4 80
 

40
 

20 

%\ 

o--------
.0% 

2 0--

-0 -.. 

-40 1 

I 2 3 4 5 6 7 8 9 
WT 

ol percolation rale Wfect 0-(m'RI on tle redox potential ofsoik at 

depth. I.RI greenliouc experiment. 1983. 

was less in M 7a than in UE2 throughout the 
growing period. 

Oxidaton-reduction potential. Puddling de
creased soil redox potential at both locations (Fig. 
4).The effect of puddling on Eh value at 10-cm soil 

Soil depth (cm) 

Air 

,w................................................
 

-

15 - 0 O s 

80 A, A 

0800h 1430h 
1 I I I I 

0 26 27 28 29 30 31 
Temperature (C) 

2. Effect of percolation rate (1PR)tin maximum and ilninimlii teni
perature profile, in a loam soil. IRRI greenhomuse experiment, 1983. IV' 
= irrigation water. 
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Table 2. Effect of percolation rates (PR) on grain yield and yield components of rice. 1983. 

PR Yield/ Plant Panicles Panicle Grain (no./ Panicle 100-grain Unfilled Grain
(mm/d) Ig/pot) ht (no./plant) length panicle) mass spikelets(cm) (cm) straw(g) mass (g) ske ratio 

Clay loam 
0 92 99 24
22 108 
 2.2 2.4 14 1.20
5 70 95 
 18 23 103 2.0 2.4 16 1.10

10 81 05 
 20 24 110 2.5 2.4 13 1.20
15 73 18
97 24 104 2.2 2,4 13 1.00
20 77 102 18 25 107 
 2.3 2.5 15 1.10
 ns ns ns ns ns n ns ns ns 

Sandy loam
 
0 42 90 11 23 
 87 2.1 2.5 15 1.20
5 44 87 23
10 76 
 2.2 2.5 17 1.30
20 50 90 
 12 22 81 2.1 2.5 12 1.41
15 43 88 
 11 22 78 2.0 2.4 14 1.30
10 38 9
88 23 
 84 2.1 2.5 14 1.10
 

ns ns ns ns ns ns ns ns ns 
Loam 

0 54 84 
 16 22 76 1.8 2.5 11 1.00
20 65 87 19 
 23 94 2.0 2.4 12 1.00

40 73 87 20 
 22 88 1.9 2.4 14 1.10
80 '32 89 16 92
23 2.1 
 2.4 13 1.10
 ns ns ns ns ns ns ns ns ns 

depth was greater at UE2 than at M 17a. Eli values Depth0hl cml -- Puded 

at JO-cndepth were similar (varying betwcen 0)and 
-20 mV) in puddled soils at both locations. - Puddled 

Soil-temperature profiles. In block M I7a, the - - Nonpuddled 
minimum (at 0800 h)and maximum (at 1430 h) soil 
temperatures were hardly affected by puddling at 20 
any soil depth (Fig. 5), though puddling did 
decrease the diurnal temperature amplitudes, as it 30 
did at UE2. In block UE2, temperatures of irriga
tion water and soil were higher in nonpuddled soil. 40 
The maximum average temperature of nonpuddled 
soil down to 30-cm depth was ,bout 1.4' C higher 50 _ 
than that of puddled soil. At UE2. differences M17a 
between maximum and minimum temperature in 60, 
the top 10 cm was 2.4°C in puddled and 3.4°C in o , 
nonpuddled soil. At M I7a the differences were 
2.0' C for puddled and 2.6 ° C for nonpuddled soil. .o 
The diurnal fluctuations at both locations did not 
penetrate below 30-cm soil depth. 20 t 

Table 3. Changes in bulk density of puddled (P) and non- 30 
puddled (NP) soils. IRRI, 1983. 

Bulk density (g/cc) 40 -

Depth M17a UE2 
DT1cm 600DT IlDT 60 DT UE2 

P NP P NP P NP P NP 60 

0-10 0.53 0.83 0.67 0.89 0.81 1.16 1.18 1.21 0 0.4 0.8
7 DT 

12 16 0 0.4 0.8
60 DT 

12 1.6 
10-20 0.68 
20-30 1.02 

0.91 
1.00 

0.99 
1.04 

1.02 
1.04 

1.09 
1.27 

1.23 
1.29 

1.34 
1.33 

1.39 
1.38 

Soil penetration resistance 
(MPa) 

3.FEflcctof puddling on soil pcnctration rcsislrin e. I RI. 1983WS. 
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Table 4. Mean (±SD) values of percolation rate, saturated hydraulic conductivity (Ks), and water-table depth in M17a and 
UE2.a IRRI, 1983. 

Percolation rate (mmld) 
Location 

P NP 

M17a 1.8 ± 0.5 2.2 t 0.5 
UE2 2.2 ± 0.7 8.5 ± 1.9 

a = puddled, NP = nonpuddled. 

Nutrient losses from 'eaching. Irrespective of 
puddling treatment, soil solution concentrations of 
NOr, NH.,+, K, and Zn at 30-cm depth decreased 
with time; those of Mn and Fe increased; and P 

Redox potental (mV) 
240 

200 
Depth 
Puddled 

0.5cm 
S 

10cm 
V M17a 

Nonpuddled 0 V 

160 

120

80

4o

-40C I I l 
240 

200 	 UE225-


160b 

120 

80

40 

0 

0 14 28 	 42 FS 70 
DT 

4. Effect of puddling on soil iedox potential. IRRI, 1943WS. 

Ks (mm/d) 
Water-table depth (cm) 

P NP 

2.0 t 0.9 2.4 ± 1.9 22.7 ± 1.2 
3.2 ± 0.9 15.3 ± 3.1 44.2 ± 2.8 

remained almost the same (Fig. 6). Solution con
centrations of Mn and Fe mere alway!, higher in 
puddled soils, and those of NO., always lower in 
puddled 'han in nonpuddled soils. Concentrations 
in puddled soils of NH. I, P. and Zn were either 
higher than or comparable to those in nonpuddled 
soils. 

Nutrient uptake by plants. Puddling significantly 
increased nutrient uptake (Table 5) largely because 
of higher total DM production in puddled soil. For 

some elements (especially Mn and Zn) higher 
nutrient uptake in puddled soil was associated with 
increased nutrient concentration in grain and straw 
(rable 6, 7). 

Sot depth (cm) 
Air 

Water 

10 { * 

1L o 0800h 

1 * 1430 h 

2°0-
M'7o 

-

--
Puddted 
Nonpuddled 

Air -

Water 	 -

5
p P. 

15 ~y 

25- UE2 ' 

24 26 28 30 32 34Temperature (*C) 
5.Maxiniun and inlnirltn tellnpcrInile prolilr's itsatlcctcdby puddling, 

IRRI. 1983 \VS. 

36 



- -

--

SOIL AND CROP MANAGEMENT 319 

Concentratlon (ppm) Block MIo Block UE 2 
20 

NO-N 
1.0 

.... ... ...

0 1 I I I .........
 

2o0 
 ........ .. 

",, __~~NH4-N+N;N.'._
 
0
 

104 

It-
1 

.. ..Pudled
 
2 0 -Nonpuddled
 

20L 
40 

-dded20 A-opude 

25-

45o
 

T 
201- - .. .......
0 OI - I I I I f I i I I i I i I I i I I I I 

50--- ---

o I I I I I I I 

2oK.. ........- "-
 -10 -- -------

01 

-LI0 01 I I /""- I I I I I I I1 

21 35 49 63 77 7 21 35 49 63 77
 
6. IEffect (l puddling on the sMil-solution conccntrations of plant nulrienls. 

DT 
IRRI, 19 3. W.S. 



320 IRRI ANNUAL RPI'OR I FOR 1983 

Table 5. Effect of puddling on the nutrient uptake of rice. Yield and yield components. The crop stand in 
IRRI, 1983. nonpuddled soil of UE2 was poor because of 

higher soil bulk density and higher soil strength at 
Treatmen Total nutrient uptake (kg/ha) 

N P K Fe Mn Zn transplanting time. This reduced plant height and 
M 17a yield. 

Puddled 130 27 186 10 4.8 0.6 Yield 
22 157 8 4.0 0.4 Yield was significantly higher in puddled than in 

Nonpuddled 114 
LSD 15" 3"" 25" ns 0.6* 0.1'" nonpuddled soil (Table 8), because of more grain 

UE2 per panicle and higher panicle mass. 

Soil physical properties in the maximum-yield
Nonpuddled 74 15 138 5 2.3 0.2 

LSD 20"" 6"* 36*" ns 1.5" o.*1" experiment sites (blocks N13 and UB2). Diurnal 

Table 6. Nutrient uptake by rice grains as affected by puddling. IRRI, 1983. 

Nutrient uptake by grain 

Treatment N P K Fe Mn Zn 

% kg/ha % kg/ha % kg/ha ppm kg/ha ppm kg/ha ppm kg/ha 

M 17a 
Puddled 1.4 80 0.32 18.6 0.3 16.0 184 1.1 91 0.5 30 0.18 

Nonpuddled 
LSD 

1.3 
ns 

62 
9" 

0.33 
ns 

16.0 
2.2" 

0.3 
ns 

14.4 
ns 

180 
ns 

0.9 
ns 

68 
12" 

0.3 
0.1"" 

32 
ns 

0.16 
ns 

UE2 
Puddled 1.2 66 0.34 18.6 0.3 17.2 207 1.2 79 0.4 31.4 0.17 
Nonpuddled 

LSD 
1.2 
ns 

42 
14" 

0.31 
[ns 

11.1 
4.8" 

0.3 
ns 

11.2 
4.1" 

218 
ns 

0.8 
0.3" 

52 
24" 

0.2 
0.1" 

29.6 
1.7 

0.11 
0.03" 

Table 7.Nutrient uptake by rice straw as affected by puddling. IRRi, 1983. 

Nutrient uptake by straw 

Treatment N P K Fe Mn Zn 

% kg/ha % kg/ha % kg/ha ppm kg/ha ppm kg/ha ppm kg/ha 

M17a 
Puddled 0.8 51 0.12 8.0 2.6 170 1291 8.8 649 4.3 56 0.4
 
Nonpuddled 0.9 52 0.09 5.6 2.5 142 1234 7.2 634 3.7 42 0.2
 

ns ns ns ns 11." 0.1."
LSD ns ns 0.02 1.6"* ns 25 " 

UE2 
Puddled 0.6 44 0.09 6,3 2.7 192 782 5.6 654 4.6 34 0.24
 
Nonpuddled 0,6 32 0.08 4,0 2.3 126 678 3.9 369 2.1 21 0.12
 

LSD ns 10. ns 1.8" 0.3' 34" ns ns 68" 1.4" 6"" 0.05"* 

Table 8. Effect of puddling on grain yield and yield components of IR36a . IRRI, 1983. 

Tetet GriGrain PlantPln P Panicle Panicle G Unfilled 100-grainPR PailsGan 
mass(no./panicle) spikelets

(mm/d) yield ht (no./m) 
%) (g)
t/ha) (cm) (cm) (g) 

M 17a 
P 1.8 5.9 94 431 20 2.7 105 8 2.4 
NP 2.2 4.9 90 392 20 2.0 90 8 2.4 

LSD - 0.6 °" ns ns ns 0.5" 13* ns ns 

UE2 
P 2.2 5.5 79 436 20 2.6 104 9 2.4 
NP 8.5 3.6 68 456 20 1.9 85 11 2.3 

LSD - 0.8" 7" ns ns 0.6 16" ns ns 

aPR = percolation rate, P = puddled, NP = nonpuddled. 



temperature fluctuations in puddled soils ofblocks 
Nl3 and UB2 did not penetrate below 20 cm (Fig. 
7). Minimum and maximum temperatures of 
irrigation water and soil were slightly higher in WS 
than in DS but never exceeded 35' C, which is a 
critical upper limit of soil temperature for rice 
growth. 

Data on soil bulk density and soil strength I mo 
after transplanting are reported in Table 9. Soil 
strength of the 10-30 cm layer in UB2 was about 2.5 
times higher than that of N13. A hardpan at this 
shallow depth might influence yield. 

Percolation rates were about I mm/d in N13 
and 3 mm/d in UB2. Saturated hydraulic con-
ductivity profiles, measured in situ using piezo-
metric soil water pressures and vertical percolation 
rates are shown in Figure 8. 

Soildepth (cm) 
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0A 
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30 

40 0 .. mp. 
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*;B/xk~*"SAl 
3 

___T _ 
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LW / //i". ,:!!.;~, 

0 ,20 
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50 

. 14.1..
..t
100 cku~, 
0 22 24 26 28 30 32 34 36 0 24 26 28 30 32 34 

1983 DS !983 WS 
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Temperature (OC) 
7. 1cmperaturc prohiles o puddlcd %oils.IRRI. 1983)Sand WS.IH.= 
irngation %,atcr. 
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Table 9. Bulk density (Db),maximum soil strength (SS), 
and volumetric moisture content (v of puddled soils. 
1983. 

N13 UB2
 
Depth
 
(cm) Ob SS v Ob SS(g/cc) (M Pa W (g/cc) MPa) (W 

0-10 0,51 negligible 63 0.53 negligible 69 
10-20 0.63 0.2 62 0.81 5 6420-30 1.09 0.7 59 1.15 17 56 
30-40 0.99 1.3 59 1.19 23 55 
40.50 0.93 2.3 60 1.10 28 57 
50-60 0.92 3.1 63 1.07 31 58 

RESTRUctURING OF PUDI)IED SOIL FOR 
RAINFED MAIZE 
AgriculturalEngineering,Multiple Cropping,
 
and Soil Chemistr./ Phrsics Departments
 

Physical changes caused by puddling may also 
affect an upland crop that follows rice in a rainfed 
lowland cropping sequence. The upland crop takes 
its water from soil moisture remaining after rice 
harvest supplemented by DS rainfall. But the 
puddled soil may have an amorphous structure, 
with few large pores, and may also have a com
pacted layer at 25- to 40-cm depth. As the soil dries, 
its shear strength, measured by a cone penetro

can exceed 2 MPa (Fig. 9). At this strength,
 

deptth (cm) 

#VB2 

10 --

30

40 

50 

600 I 2 3 4 
Saturated hydraulic conductivity (Ks,rm/d) 

H.Saturated hydraulic cond ucthlyit p'ofile me.'aurcd in witu in a 
puddled rice field. IRRI. It83 ,Satl WS. 
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9. Resistancc(slheJrstretigtlitocojiepeletroinicteratdifferentdcpthsin 
plot F12 at RII, June 1983. 

root elongation of maize and other crops is 
impeded. Moreover, the so;! below the compacted 
layer may be depleted ofO.,In such soil structures, 
roots have difficulty in penetrating deeply and in 
absorbing water. 

Strip tillage is one way of restructuring these 
puddled soils. A single subsoiler tine breaks into 
thecompacted zoneand disturbs the soil to 35 or40 
cm de.*h along parallel strips 40 or 50 cm apart. 
The strips are then planted with maize seeds or 
some other crop for which individual plants are 
sufficiently large to provide a closed canopy when 
grown at these row spacings. 'Ihis method, using 
appropriate technology, would require low power 
(draft) and energy, could achieve a rapid turn-
around at high soil moisture, and would not waste 
water needed for repuddling for the next rice crop 
during the oncoming WS. 

During 1983 DS at IRRI, the strip tillage 
method was evaluated by comparing soil physical 
and plant variables among plots with strip tillage, 
no tillage, and conventional tillage (moldboard 

Table 10. Soil physical properties on plot F12 at IRRI, 
1983. 

Depth Organic C 
(Cm) %) 

Bulk Clay 
density(tm3 ) % 

Silt 
( 

Sand 
() 

Texture 

0-10 1.4 0.96 
0-10 1.4.96 

41 
1 

40 
40 

19 
19 

Silty C 
Sltyclay 

10-20 1.1 1.05 36 39 25 Clay loam 
20-30 1.0 1.06 40 39 21 Clay loam 
30-40 0.9 1.00 39 38 23 Clay loam 
40-50 0.7 0.98 41 34 25 Clay 

Table 11. Effect of tillage treatment on turnaround time, 
volumetric sail-water content (0-10 cr-) at planting, and 
germination and emergence of maize plants. Plot F12, 
IRRI, 1983 DS. 

Turn- Volumetric Germi- Emer-
Tillage around water nationa gencea 

time (d) content %) (%) (%) 

None 
Conventional 

1 
2/V 

53±2 
54 ± 3 

84±2 
66 ± 7 

79±2 
62 ± 7 

Strip 4 51 ± 2 52 ± 8 49 ± 8 

aFor seeds sown at 6-cm depth. 

plowing fb two harrowings). The soil - Typic 

Tropaquept - had a uniform texture to 50-cm 
depth (Table 10), although there was a slight 
variation in dry bulk density. Preliminary trials of 
strip tillage machinery showed that a specially
designed tine pulled by a 4 kW (6 hp) hand tmctor 
could achieve acceptable soil disturbance to 30-cm 
depth. Traction was barely adequate at the high 
soil moisture immediately after rice harvest, For 
the experiment, a 27 kW (37 lip) tractor pulled a 
single subsoiler tine for strip tillage. Using this 
system, turnaround time (the interval between 
simulated draining of the puddled field and plant
ing of the succeeding crop) was 4 d, compared to 
I d for untilled plots. During this time, the soil 
dried slightly at seed depth (Table I1). Strip tillage 
restructured the soil to 35-cm depth, substantially 
increased total porosity of the 0-30 cm layer, but 
created a very cloddy tilth. The clods were much 
larger than the maize seeds (variety IPB I) that were 
dibbled into the strip-tilled soil, and the moldboard
plowed and the untilled plots. 

Because of the cloddy tilth and slight drying of 
the surface soil, germination and emergence rates 
were less on the strip-tilled plots than on the zero
tilled or conventionally tilled plots (Table II). 
However, two seeds were planted in each hill, and 
sufficient plants emerged in each plot to permit 
meaningful evaluation of the crop responses to 
tillage. Moreover, a supplementary experiment 

showed that if the cloddy tilth was mildly com
pacted, germination and emergence were equal to 
those on the untilled plots. The major plant 

response to tillage (Fig. 10) was deeper and more 
prolific rooting on the strip-tilled plots, reflecting 
increased porosity of the 0-30 cm layer. Roots at 
depth in the strip-tilled plots extended more widely 
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10. Ma i.c rIIS o tt n Imutilled pit II , t i oldbt rd-pho d p lot i. and a strip-tilled plot I I RR1. 1983. 

along the tillage line than across the line. This Cohesion (MPa) 

demonstrated the effectiveness of strip 4further 
tillage in promoting root growth below the com
pacted layer. Aboveground plant growth showed 3,,' 

no significant response to tillage treatment (Table 
12). Tillage did not affect nutrient uptake. Strip- 2 / 
tilled plots had shorter plants because of the 2-3 d - ----
longer turnaround time for those plots- their plants 
were 2-3 d younger at the time of height measure
ment. Plant height did not respond to deeper 0 I I 

rooting on the strip-tilled plots because the water Friction coeffioent ton Friction ongle 0 

table was shallow. The experimental site was next 8 F 60 

to a flooded field, and despite 1.0-m-deep intercep- L6 

tion ditches, the water table was within 0.6 in of the 
soil surface in many places. Therefore, plants on 14 - 55 

strip-tilled plots did not need the deeper rooting 
prom oted by sillage. s2 as me-sured-by---. 

Physical measurements showed that. for the 1030 cm soil layer, soil shear strength as measured by 1.0 J a	 45 

a cone penetrometer was much less in tilled strips 	 Volumetric water corent 
06than in untilled or conventionally tilled soil. At the 

existing soil bulk densities. penetrometer shear 

Table 12. Effect of tillage treatment on mean height of ... 
maize plants on 1 May 1983. Plot F12, IRRI farm. 04 

Tillage Days from sowing Plant hta (cm) 	 ( -

None 26 44.8 ± 0.9 0 i 2 3 4 5 6 7 8 
Conventional 24 .A 46.4 ± 2.4 Wk from tillage 
Strip 23 42.7 i 1.3 II. (C hl.ie'tt. itctitt coiticiit and il tt en II-,:tdepth onttttit ati 

a 1lt 1-12. I i I tal i. J,, ciitcd tI tttck, iticT tillIgC \%,%cI tillage
Av of plantings at 2,, and 6-cnt depth. 	 it tinlii.%anlt n, ii l tc-2 ' I P& 1983 
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strength was greater than 2 MPa (the limiting 
strength for maize root penetration) at volumetric 
water contents less than about 0.45. Shear strength 
was measured also by shear vane; both penetro-
meter and vane measures of strength relate to the 
ability of a root or a tillage implement to displace 
soil particles. Values for confined shear strength, 
when fitted to a simplified Mohr-Coulomb model, 
estimated cohesion C and friction angle 0,plotted 
in Figure II against wk since tillage. At 10-cm soil 
depth, averaged overall tillage treatments, Cand 0 
were affected more by soil water content than by 
tillage. The values for 0 exceed 45'. This suggests 
that even for a soil that has been puddled for many 
years, the soil geometry is too complex for a valid 
Mohr-Coulomb analysis. 

After the maize crop, the soil needed repuddling 
for a succeeding WS rice crop. The water infiltra-
tion rate Aas measured to determine whether 

Table 13. Effect of tillage treatment on end-of-season par
colation of impounded water. Plot F12, I RRI, 1983 DS. 

Percolation ratea 
Tillage (cm/h) 
None 2.2 ± 0.4 
Conventional 1.8 ±0.4 

Strip 2.2 ±0.4 
aAfter allowing for 0.1 cm/h evaporation. 

deliberate disruption by strip tillage of the com
pacted layer would allow land preparation water to 
percolate wastefully. Percolation rate was no more 
rapid on the strip-tilled than on the other plots 
(Table 13). Because of the deep cracking from the 
very dry April and May of 1983, all plots had rates 
as high as 20 mm/h. Nonetheless, all plots allowed 
repuddling and supported satisfactory rice crops in 
the ensuing WS. 
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RICE-WEATHER S'IUDIIS 

Multiple Cropping Departnwnt 
The geographical distribution ofricegrowingareas 

shows rice is cultivated in diverse climatic condi-
tions. Under full irrigation when water is not a 
constraint and with minimal biological stresses, 
rice yield depends primarily on atmospheric factors 
such as air temperature and total solar radiation. 
The full impact of different radiation and tempera-
ture regimes on rice yields is not completely 
understood because detailed rice-weather studies 
have beep confined to a few locations. These areas 
represent a narrow range of weather variability and 
actual measurements of weather variables, parti-
cularly total radiation, are limited. 

Rice-weather studies are a special IRTI P project 
condu(ted in close cooperation with the World 
Meteorological Organization. IRTIP irrigated 
nurseries promote a better understanding of 
varietal behavior in response to climatic differences. 
Climatic records from a large number of IRTIP 
sites were used in selecting 22 locations in 16 rice 
growing countries. The sites were chosen because 
of their specific radiation and temperature com
binations during the particularly sensitive 30-d 
period after flowering. For the selected locations, 
Figure 1 shows the various temperature and 
radiation regimes after flowering when nurseiiLs 
are transplanted according to predetermined dates, 

Initially, the project compared several instru-
ments for monitoring total incident solar radiation: 

* RIMCO electronic integrating pyranometer, 
model R/EIP, 

* 	Medos pyranometer 81/EP07 with digital 
integrator 62/MDI-100, 

* 	Multipurpose pyranometer-integrator set 
616B (Science Associates), 

* Kipp Solarimeter with Cimel integrator 
CE261, 

* Gunn-Bellani solar radiation integrator, and 
* Li-200 SB pyranometer with Li-510 B inte-
grator. 

After 3 mo at the lowland agrometeorological 
station at IRRI, the self-contained RIMCO pyra-
nometer was chosen as the standard monitoring 
instrument. It is weather-proof under humid 
tropical conditions, does not need frequent calibra-
tion, does not need a reliable source ofelectricity or 
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daltertloeriigat the following IRT I nurseryhlcalions. I..h,.vdebpur, 
Bangladesh; 2.Yelin. .Burmta;3.Nanjing. China; 4.I'alnira. Colombia: 
5.Sakha. Egypt: 6. IIvderabad. India; 7.Pattambi. India; 8.Coimbatore,
India; 9.Kapurthala. India; I0.Cuttack. IhdiI:;II.Ilogor, Indoncsia; 

12. Sukanmandi. Indonesia; 13. Ahero. Kenva: 14. Sucon, Korea; 
I5.Nilhang. Korea; 16.I'arwa nipur. Nepal; 17. Ihadan, Nigeria:
18.I)kri, Pakitan; 19. los Ilahos.Philippines: 21. Parantha. Sri 
lanka: 21.Pingtung. laiwan. China; 22. Sanpatong. IThailand. 

frequent change of batteries, and uses very simple 
recording operations. The Gunn-Bellani solar 
radiation integrator was chosen as a backup 
instrument. It is also self-contained, is relatively 
inexpensive, and needs no mechanical or electronic 
parts to drive the system. 

All sites received these two radiation monitoring 
devices. In addition, maximum and minimum 
thermometers, and dry and wet bulb thermometers 
were replaced at some locations where needed. 

At a number of locations, new standard agro
meteorological stations were constructed and 
meteorological observers were trained on the spot. 
By mid-1983, most agrom,:teoroogical stations 
were operational. The first International Rice 
Weather Yield Nurseries (IRWYN) were trans
planted in .July. All 22 sites received seed material 
from 9 of the best IRWYN entries from the 
Philippines (IRRI), Sri Lanka, and Taiwan 
(China). National program coordinators include 
one of their best local selections as the tenth entry. 

In 1983, 26 IRWYN trials were completed and 
another 52 are planned for 1984. 



HEADING SYNCH RONIZA'TION IN 1R50, 11R36, AND 
IR42 

Plant Phisiologiy Departnent 

The heading pattern in 100 hills of IR50,1R36, and 

IR42 was evaluated in 1983 DS and WS. The 
plants received 150 kg N/ha and were 20 X 20 cm 
apart. 

Dry season. IR50 and IR36 were seeded on the 
same date and then transplanted when both had 
developed five leaves. Heading date was noted 
when 50% of the panicles in a hill were exserted. 
IR50 and IR36 reached maximum heading 7 to Hd 
from initial panicle appearance and headed comp
letelv in 13 to 14 d. High rates of panicle exsertion 
were 2 to 3 d before or after maximum heading 
period. 

Wet season. IR50, 1IR36, and 1IR42 were seeded 
at different times but transplanted after develop-
ment of the fifth leaf. 1IR36 was seeded twice: 2 and 
3 d earlier than IR50. IR42 was sown 25 d ahead of 
IR50 and also on the same date as IR50. 

Season hardly affected duration, peak period, 
and spread of high heading peicentage (Table I). 

CALCIUM PEROXII)E AS OXYGEN SUI'I.IER 

Plant Phl'siologv De'partment 

Calcium peroxide-seed ratio and seeding rate. 
Field experiments in 1982 showed that at 50 kg 
seeds/ha, reducing the CaO.,-seed ratio from the 
recommended rate of 1:1 (by weight) to 0.3:1 did 
not affect grain yield. A field test in 1983 compared 

Table 1. Heading pattern of IR36, IRfO, and IR42 seeded 
at different dates. IRRI, 1983. 

Duration Spread of 

Variety 
Seeding

date 
of

heading 
Peakperiod high

heading 

(d) (d) percentage 
(d)

S1into 
IR50 22 Dec 13 7 5 

12 Jul 13 8 4 

IR36 22 Dec 14 8 6 
9 Jul 16 7 4 

10 Jul 16 8 4 
IR42 17 Jun 16 11 5 

12 Jul12eJu 13134 668 44buted 

Mean 14.4 7.8 4,6 
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Groin yieldt/ha) 
6 
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Calcium peroxide-seed ratio(bywt)
 

2. Effect of various thicknesses of CaO, coating on grain yield. IRRI, 
1983 DS.Control was uncoated pregerminaled sieds. 

performance of broadcast 50 kg seeds/ ha and 20 

kg seeds/ha with various CaO,-seed ratios. Dif
ferences in seedling stand with various CaO.,-seed 
ratios were insignificant. 

Yields of CaO.,-coated seeds broadcast in shal
low water were comparable to traditional broad
cast pregerminated seeds ina drained field (Fig. 2). 
Yields were highest in 0.5:1 plots but yield dif
ferences between CaO.,-seed ratios and between 
seeding rates were insignificant. With broadcast 
seeding at 20 kg/ ha in flooded fields, the CaO.,
seed ratio can be reduced to 0.3: 1.Yield isexpected 
to compare favorably with yield of plants receiving 
the recommended ratio of 1:1. 

Seeding method, seeding rate, and nitrogen. 
Traditional direct-seeded crops of 80 to 120 kg seeds/ha lodge early ifapplied N ishigh A 2-row
 

manual seeder places CaO,,-coated seeds 10 mm 
the mud, deeper than by broadcasting them on 

puddled soil. 
Row seeding and broadcasting of CaO.,-coated 

seeds were compared at 30 and 50 kg seeds:' ha and 
0 to 150 kg N/ha during 1983 )S. With a 2-row 
paddy seeder, seeds were more uniformly distri

"
 at 30 kg seeds: ha and the plants did not 
lodge. Row-seeded and broadcast crfps with high 
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N completely lodged 4 d beforehiarvest. Differences 
in yield between seeding rates at the same N were 
insignificant. Increase in yield with N was slightly 
higher at lower seeding rate. Compared to the 
traditional seeding rate of 80 to 120 kg seeds/ ha, 
30 kg seeds/ ha is low but yield was still adequate. 
With uniform seed distribution (by paddy seeder) 
at low seeding rate, yield may be improved further 

in direct-sown and transplanted rice by increasing 
N application. High percentage of seedling emer
gence from submerged soil with CaO,-coated seeds 
makes that possible. Suppression of early weed 
growth by field submergence and the convenience 
in weeding straight-row planting are an added 
advantage. 
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Yield Wha)RICE YIELI) CONSIRAINI S 
AgriculturalEconomics and Agronon.r8 Ds 

inputs IrrigatedanriAgrnos -Formers'g Fih ~lDepariments 

6 - H
National average rice yields in the tropics are below 

practical and potential levels. IRRI research aims 35er.:z 
to identify factors which prevent higher on-farm Insec 

yields and determine whether such constraints can cWntrel 

be economically removed. IRRI collaborates with 

national programs conducting similar on-farm 

research in eastern India and Pakistan. rnFarms (no.): 6 
Yield gap:2C./hoPast constraints research at IRRI focused on 

oMore recently, emphasisirrigated environments. 

has shifted to rainfed, specifically shallow rainfed 8 Ws
 

Rainfedenvironments, which account for about one-quarter 

of the world's rice lands. Two Philippine rainfed 

sites were studied: in Tarlac, Central Luzon, 

farmers grow one rice crop each year; and in 

Camarines Sur, Bicol, two rainfed rice crops are 
....... /....
grown each year. Irrigated sites in Camarines Sur 

and Tarlac were used mainly for DS experiments 

and for comparison with rainfed sites. 
Forms (no); 12 

Yield gap: 1.8t/ta•ONSI RAINISMANAGEIiv[, Ci' 

Agronom.v Department0 
I. Av lidds %vithlarniers' iii high inputs and relatie contributions of 

lertili/cr, %ced control. and insect cintril iivard iinprovenent of rice
rainfed and irrigatedRice yield constraints on yields un irrigated and rinfed flirs in Iarlac. Philippnes. 1983 DS and 

farms. Tarlacirrigatedsites.DS experiments on six ws. 

irrigated farms in 3 areas in the Philippines, 1983. 
Table 1. Input levels in yield-constraints experiments on 

Insect controlbWeed controla
Fertilizer (kg/ha)SitesInput levelWater regime (no.) N P, O K,2 M C F G 

Tarlac, 1983 DS 

Irrigated 
Irrigated 

Farmers' 
High 

6 
6 

49 
87 

0 
30 

0 
30 

0 
1.0 

0.3 
1.0 

1.8 
3.0 

0 
2.0 

Old irrigated area 
Old irrigated area 
New irrigated area 
New irrigated area 
Flord-prone area 
Fl,,ud-prone area 

Poorly irrigated 
Poorly irrigated 
Adequately irrigated 
Adequately irrigated 

Farmers' 
High 
Farmers' 
High 
Farmers' 
High 

Farmers' 
High 
Farmers' 
High 

CamarinesSur (Libmanan site), 1983 DS 

10 26 9 6 

10 84 30 30 

8 39 6 0 

8 87 30 30 

8 20 2 0 

8 87 30 30 

Camarines Sur (San Fernando site), 1983 DS 

9 38 8 2 

9 77 30 30 

4 22 4 4 

4 87 30 30 

0.3 
1.0 
0.1 
1.0 
0.1 
1.0 

0.4 
1.0 
0.5 
1.0 

0.5 
1.0 
0.8 
1.0 
0.6 
1.0 

1.3 
1.0 
1.0 
1.0 

1.5 
3.1 
1.8 
3.8 
1.9 
3.9 

2.0 
3.2 
2.3 
3.3 

0 
2.0 
0 
2.0 
0 
2.0 

0 
1.7 
0 
2.0 

Old irrigated area 
Old irrigated area 
New irrigated area 
New irrigated area 
Flood-prone area 
Flood-prone area 

Farmers' 
High 
Farmers' 
High 
Farmers' 
High 

Camarines Sur (Libmanan site), 1983 WS 

9 23 8 5 

9 60 30 30 

9 15 5 2 

9 60 30 30 

2 0 0 0 

2 60 30 30 

0.1 
1.0 
0.1 
1.0 
0.5 
1.0 

0.6 
1.0 
0.7 
1.0 
1.0 
1.0 

1.8 
3.3 
1.7 
3.1 
0.5 
3.0 

0 
2.0 
0 
2.0 
0 
2.0 

(C) herbicide applications, bAv no. ofa Av no. of mechanical (M) weeding, either by HW or by rotary weeder, and chemical 

water. 
sprays (azodrin, gusathion, etc.) or of granular (G) applications (furadan, diazinon, etc.) to paddy

foliar (F) 

http:Agronon.r8
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Table 2. Yields at farmers' and increasing N levels from experiments on irrigated farms in 3 areas in the Philippines, 1983 
DS. 

a 

Yied (t/ha)
Sites 

(no.) Farmers' Zero N 58 kgiN/ha 87 kgj Niha 116 kg N/ha 
Province 


level
 

Tarlac 6 2.1 h 2.7 I) 3.8 a 4.1 a 4.1 a
 
Camarines Sur
 

Libmanan (old area) 10 
 3.2 c 3.5 c 4.4 1) 4.9 ab 5.0 a
Libmanan (new area) 8 3.5 c 4.1 b 4.8 a 5.0 a 5.0 a
Libmanan (flood-prone; 8 4.0 d 4.7 c 5.0 bc 5.5 ab 5.6 a
San Fernando (adequately iriqated) 4 4.7 1) 4.2 b 5.9 a 5.9 a a6.2
San Fernando (poorly inriqaterl) 9 2.7 ab 2.4 1 3.0 a 3.0 a 2.9 a 

aSeparation of means in a row by Duncan's multiple range test at the 5% level. 

farmers' fields determined the yield gap between similarand were significantly higher than the yields
farmers' inputs and high inputs, the relative con- without applied N (Table 2). Plots without added
tributions of fertilizer, weed control, and insect N and farmers' N level produced similar yields,
control to the yield gap; and evaluated the yield suggesting an inefficient method and timing of N 
response to applied P and K and increasing N application by farmers. 
levels. Farmers' N applications averaged 49 kg/ha Application of NPK at the rate of 87-30-30 
(Table I). Insect control consisted of two foliar kg/ha produced yields significantly higher than the 
sprays but weed control was negligible. High yields without N. Yields without P or K were 
fertilizer application accounted for 35%, of the reduced but the differences were not significant
2.0 t/Iha yield gap in DS (Fig. 1).Improved insect (Table 3).

control contributed 40% and weed 
 control ac- Tarlac rainfi,'I sites. WS experiments were con
counted for 25%. Grain yields with researchers' ducted on 12 rainfed farms --6 each in high and
 
split-applied PU at 58, 87, and 116 kg N'ha were 
 low elevation areas. Farmers in high-elevation 

Table 3. Yield response to N, P, and K applications on rainfed and irrigated farms in 3 areas in the Philippines, 1983. 

a

Yield ha)
Province Water regime 	 Sites 


ino.) NPK 
 PK NK NP 

DSTarlac Irrigated 	 6 4.1 a 3.0 b 3.7 ab 3.8 ab
 
Camarines Sur
 

Libmanan Old irrigated area 10 
 4.9 a 3.5 c 4.0 b 4.6 a
Libmanan New irrigated area 8 5.0 a 4.1 b 4.8 a 4.6 a
Libmanan Flood-prone irrigated area 8 5.5 a 4.7 b 5.2 ab 5.3 a
San Fernando Poorly irrigated 9 3.0 a 2.4 b 2.9 ab 2.9 ab
San Fernando Adequately irrigated 4 5.9 a 4.2 b 6.1 a 6.2 a 

Tarlac Low elevation, rainfed 	
WS 

5 3.7 a 3.0 b 3.4 ab 3.6 ab

Tarlac High elevation, rainfed 5 
 4.7 a 4.2 a 4.5 a 4.7 a 
Camarines 	Sur
 

Libmanan Low elevation, rainfed 3 3.5 a 3.3 a 3.0 a 3.5 a

Libmanan Old irrigated area 5 4.9 a 
 4.3 c 4.4 bc 4.7 ab
Libmanan New irrigated area 6 4.6 a 4.1 b 4.0 b 4.4 a
Libmanan Flood-prone irrigated area 2 3.6 a 3.1 b 3.3 b 3.2 	 b
San Fernando Low elevation, rainfed 6 4.4 a 5.1 a 14 a 4.6 a
San Fernando Intermediate, rainfed 8 4.7 a 4.8 a 4.6 a 4.6 a

San Fernando High elpvation, rainfed 	 6 4.4 a 4.2 ab 4.5 ai 4.5 a 

a 
Separation of means in a row by Duncan's multiple range test at the 5% level. Fertilizer levels: DS -87 kg N/ha, 30 kg

P2 , /ha, and 30 kg K, O/ha; WS - 60 kg N/ha, 30 kg P2 0 /ha and 30 kg K2 O/ha. 
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Table 4. Input levels in yield-constraints experiments on rainfed farms in 3 areas in the Philippines, 1983 WS. 

Weed controla Insect controlb
Landscape Input Si tes ___________Fertilizer (kg/ha) 

position level (no.) N P2 0, K, 0 M C F G 

Tarlac 
20 6 5 0 0.4 2.1 0.1Low elevation Farmers' 11 

30 1.0 1.0 3.0 2.0Low elevation High 11 60 30 
High elevation Farmers' 11 19 12 4 0 0.4 1.8 0.1 

High elevation High 11 60 30 30 1.0 1.0 3.0 2.0 

Camarines Sur (Libmanan site) 
Low elevation Farmers' 4 0 0 0 0.5 0.2 3.0 0 

Low elevation High 4 60 	 30 30 0.8 1.2 3.5 2.0 
21 21 0 0 3.0 0High elevation Farmers' 1 21 

High elevation High 1 60 30 30 1.0 1.0 3.0 2.0 

Camarines Sur (San Fernando site) 
1.7 1.5 2.6 0Low elevation Farmers' 7 16 2 2 

3.7 2.0Low elevation High 7 47 30 30 0.4 1.0 
1.9 0Intermediate Farmers' 11 20 1 1 0.8 1.4 

11 60 30 30 0.3 1.1 3.6 2.0Intermediate High 

1 0 0 0.8 0.9 2.6 0
High elevation Farmers' 13 

30 0.7 1.1 3.5 1.9High elevation High 13 60 30 

aAv no. of mechanical (M) weeding, either by HW or by rotary weeder, and chemical (C) herbicide applications.bAv no. of 

foliar (F) sprays (azodrin, gusathion, etc.) or of granular (G) applications (furadan, diazinon, etc.) to paddy water. 

areas applied 19 kg N/ha (Table 4). Their in-
secticide applications averaged two foliar sprays, 
and weed control was negligible. Low-elevation 
farmers used similar amounts of inputs, 

In high-elevation areas, yields from farmers' 
inputs averaged 2.8 t/ha and those from high 
inputs averaged 4.5 t/ ha, producing a yield gap of 
1.7 t/ha. In low-elevation areas, high inputs in-
creased grain yields by 1.9 t/ha over farmers' 
inputs. On both high and low elevation farms, high 
levels of fertilizer and insect control contributed 
significantly to the yield gap. Acioss all farms, 
improved insect control accounted for 47% of the 
1.8 t/ ha yield gap and high fertilizer levels, 42%. 
Improved weed control contributed 11% (Fig. I). 

Farmers' variety (mostly IR56) and test variety 
IR58 produced similar yields irrespective of land-
scape position or input level (Table 5). Zn (ZnSO) 
application did not increase grain yield in either 
landscape position (Table 6). 

In a separate experiment, no P and no K 
treatments produced yields similar to those in the 
NPK treatments in both low and high elevation 
areas (Table 3). The absence of fertilizer N reduced 
grain yield significantly in low-elevation farms but 
not in high-elevation farms. 

Camarines Sur (Libmanan) irrigatedsites. DS 
experiments were conducted on 26 irrigated farms: 
10 in the old area and 8 each in the new and 
flood-prone areas. Farmers' fertilizer levels were 
low (Table 1)and insect control consisted of two 
applications of foliar sprays. Farmers controlled 
weeds primarily with postemergence herbicides. 

Across all sites, high input yields averaged 5.1 
t/ha, significantly higher by 1.6 t/ha than the 
average yield with farmers' inputs. High fertilizer 
levels accounted for 70% of this gap; insect control 
contributed 18%; and weed control, 12% (Fig. 2). 
Yields responded significantly to 58 kg N/ha as 
researchers' split-applied PU in the old and new 
irrigated areas, but not in the flood-prone area 
(Table 2). Applying 87 kg N/ha gave no further 
yield resionse at both old and new irrigated areas. 
Farmers' yields in the three irrigated areas were 
similar to or significantly lower than those from 
plots without applied N, suggesting poor N use 
efficiency. 

Application of complete fertilizer at the rate of 
87 kg N, 30 kg P205, and 30 kg K20/ ha in all areas 
produced significantly higher yields than the yields 
with no applied N. Plots without added P had 
lower yields, but the reduction was significant only 
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Table 5. Yield performance of farmers' varietiesa compared to test variety lR58 at farmers' and high levels of inputs on 
rainfed and irrigated farms in 3 areas in the Philippines, 1983 WS. 

Grain yield (t/ha) 

Province Landscape Sites Input
 
position (no.) level Test
Farmers' Difference 

variety variety 

Rainfed 
Tarlac Low elevation 6 Farmers' 2.8 2.4 -0.4 n s 

Tarlac Low elevation 6 High 4.7 4.5 -0. 2 ns 
Tarlac High elevation 6 Farmers' 2.8 2.5 -0.3 n s 

Tarlac High elevation 6 High 4.5 4.2 -0.3 n s 

Camarines Sur 
Libmanan Low elevation 2 Farmers' 3.4 2.8 -0.6* 
Libmanan Low elevation 2 High 4.3 3.1 -1.1' 
San Fernando Low elevation 4 Farmers' 5.1 4.8 -0.3 n s 

San Fernando Low elevation 4 High 5.2 5.6 0.4n s 

San Fernando Intermediate 6 Farmers' 4.7 3.4 -1.3" 
San Fernando Intermediate 6 High 4.4 4.3 -0.1ns 
San Fernando High elevation 8 Farm,.rs' 4.4 3.3 -1.10 
San Fernando High elevation 8 High 5.0 4.9 -0.1 ns 

Irrigated 
Camarines Sur 

Libmanan Old area 4 Farmers' 3.2 3.1 -0.1 ns 
Libmanan Old area 4 Hig. n s 4.3 4.3 o 
Libmanan New area 3 Farmers' 2.7 2.9 0 .2 ns 
Libmanan New area 3 High 4.3 4.3 0

n s 

aDominant farmers' varieties: Tarlac - IR56 for both elevations; Libmanan - IR56 for rainfed sites, IR36 for old irrigated 
area, and IR50 for new irrigated area; San Fernando - IR52, IR36, and IR56 for low, intermediate, and high elevations. 

in the old irrigated area (Table 3). Only two of eight determined. In the rainfed area, 12 trials - 7at low 
sites in the new irrigated area and one ofeight sites elevation and 5 at high elevation - were con
in the flood-prone showed significant response to ducted. One trial at high elevation was lost because 
added P. K application was unnecessary in the test of severe water shortage. 
sites. Farmers at the lower landscape did not apply 

CamarinesSur(Lihmanan) rainfedsites. During fertilizer but controlled weeds by hand weeding or 
WS, the yield gap in rainfed and irrigated areas was herbicide application. One farmer at the upper 

Table 6. Yields with and without Zn applications on rainfed and irrigated farms in 3 areas in the Philippines, 1983 WS. 

Province Landscape Sites Without Zn With Zn a Difference 
position (no.) Yield {tlha) 

Rain fed 
Tarlac Low elevation 11 4.2 4.1 -0.1 n s 

n s Tarlac High elevation 11 4.6 4.4 -0.2 
Camarines Sur 

Libmanan Low elevation 5 3.7 3.8 0 .1 ns 
Libmanan High elevation 1 5.3 5.3 0 ns
 
San Fernando Low elevation 7 
 4.8 4.7 -0.1
 
San Fernando Intermediate elevation 11 4.7 5.0 0.2
 
San Fernando High elevation 13 4.7 4.8 0.1 

Irriga ted 
Camarines Sur 

Libmanan Old area 9 4.7 4.6 -0.1 ns 
Libmanan New area 9 4.5 4.5 0 ns 
Libmanan Flood-prone area 2 3.6 3.7 0.1ns 

aAs ZnSO 4 at 10-30 kg/ha, basal B&I. 

http:Farm,.rs
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Yie /h) 

Forer ''puts ,Srigated 

Highinputs 
6 -

70 

12 

Forims(no) 26 

0 Yieldgap: 16t/o 

8 


WS Roinfed 

In two low elevation trials, the test variety (IR58) 
produced significantly lower yields than the 
farmers' variety (IR56) at both farmers' and high 
input levels (Table 5) mainly because of rat damage. 
Application of 20 kg ZnSO.1/ha did not sig

nificantly increase grain yield (Table 6) even thoughthe test soils were deficient in Zn. 

In a separate experiment, yields from NPK at 60 
kg N/ha. 30 kg P205 /ha, and 30 kg K,,O/ha were 
similar to those from 13K, NK, and NP combina

tions (Table 3). Low yields and absence of treat
ment differences were mostly caused by drought 
stress.
 

Camarines Sur(Lihmanan) irrigated sites. In the 
irrigated sites, nine trials each were conducted in 

.: i:ilithe old and new irrigated and flood-prone areas in 
lnioct 25% 

4 0 Wood 

control 

0 
8 

-t/ 

FForms(no ):3 

Yieldgap: 1o/h 

WSIrrigated 

6-
46% 

p N::':"::: 
0,rm no).7 

Yieldgop1.3,/ho 
0 

contritutioins 
fertilizer, weed control, and inect control toward improement ofrie 
yields on irrigated 

2. Av yields with farmers' and high inputs and relativ 

Dand rainfed farms in libmanan, Camarinc, Stir,rl, 
Philippines, 19183DS and WVS. 

landscape applied 21 kg each of N, P-.,1, and 
K2 0/ha but did not control weeds. Insecticide 
applications averaged three foliar sprays in both 
areas (Table 4). 

Farmers'inputs at the lower landscape averaged 
3.4 t/ha and high inputs, 4.3 t/ha. At high 
elevation, high input yields increased significantly 
by 1.3 t/ ha over farmers' inputs. The average yield 
gap in rainfed areas was 1.0 t/ha with improved 
insect control accounting for 50% and fertilizerand 
weed control each contributing 25% (Fig. 2). 

WS. In the flood-prone area, seven trials were lost 

because of flooding caused by two strong typhoons. 
Farmers' levels of fertilizer, weed control, and 
insect control, particularly inflood-prone areas, 
were low compared to researchers' levels (Table I). 

Farmers' yields (1.9 to 5.2 tiha) averaged 3.2 
ha. High input yields varied from 2.3 to 6.0 t/ ha, 

f"eraging 4.4. The yield gap from 20 irrigated 
farms was 1.2 t/ ha. Contributions of fertilizer and 

weed and insect control to the yield gap were 

determined only from four farms in the old 
irrigated area and three in the new. Yields averaged 
average yieid with high inputs in either landscape 

%was4.3 t/ ha. Yields with both farmers' and high
inputs were low because three trials (two at 

flowering stage and one at ripening stage) were 
severely damaged by a typhoon. Across all farms. 
the average yield gap was 1.3 , ha. High fertilizer 
levels accounted for 46"i of the gap; improved
insect control. 3 and weed control 23
isc oto,3";adwe oto,2% 
(Fig. 2). 

Dominant farmer varieties were IR36 (old irri
gated area) and IR50 (new irrigated area). Both 
produced yields similar to those of IR58 (test 
variety) (Table 5). Application of Zn as ZnSO1 
(20-30 kg/ha) gave no positive yield response in the 
test areas ('Fable 6) even though available Zn 
contents oftest soils were below the l.0 ppm critical 
level. 

In a separate experiment, results from I i trials in 
the old and new irrigated areas showed that yield 
response to complete fertilizer application (60-30
30) was comparable to those from the NP treat
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ments (Table 3). In both areas, plots that did not (Table 2). Plots without fertilizer N produced
receive N and P had significantly reduced yields. In yields similar to those with farmers' N rate,
the flood-prone areas, a typhoon damaged both suggesting poor effficiency with farmers' method
trials at ripening stage, resulting in .substantialyield and timing of application. Yield responses to
losses at various fertilizer combinations, different fertilizer combinations are shown in

CaniarinesSur (Sant Fernando) irrigated siies. Table 3. Application of P and K without added NDS experiments were conducted on 13 irrigated decreased yields significantly by 0.6 t/ ha in poorly
farms, 9 of which had severe water shortage. irrigated sites and by 1.7 t/ha in adequately
Farmers applied relatively low N levels: 22 kg/ ha irrigated sites. Removal of either P or K did not
in adequately irrigated sites and 38 kg! ha in poorly reduce the yields significantly.
irrigated sites (Table I). P and K applications in Camarines Sur (San ternando) rainf/id slie.
both areas were minimal. Farmers' levels of weed During WS, the magnitude of the yield gap wasand insect control with foliar insecticides were determined from 31 rainfed trials 7 at low
similar to those at high level, elevation, II at intermediate elevation, and 13 at

Yiel'2s from farmers' inputs averaged 2.2 t, ha in high elevation (Table 4). Yields from farmers'
poorly irrigated sites and 4.5 t: ha in adequately inputs averaged 4.7 t ha at low elevation, 0.1 t" ha
irrigated sites. In poorly irrigated sites, improved lower than those from high inputs; 4.5 t/ha at
weed control contributed 46% of the 0.8 t,: ha yield intermediate elevation with 0.3 t ha yield gap: and 
gap; high fertilization, 36%; and insect control. 4.0 t ha at high elevation with a 0.7 t' ha yield gap.
18%. In adequately irrigated sites, fertilizer appli- The yield gap at high elevation was large because
cation accounted for 1.2 t/ha of the 1.4 t rha gap most farmers did not apply fertilizer. The con
while improved insect and weed control had tributions of fertilizer, and insect and weed control
negative effects. Across all sites, high inputs in- were determined from four trials at low elevation,
creased the yield by 1.0 t, ha over farmers'inputs. six at intermediate, and eight at high. At the low
Of this gap, high fertilization accounted for 67%; and intermediate positions, yields with farmers'
improved weed control, 22%; and insect control, inputs and high inputs were comparable. Lodging
11% (Fig. 3). was the main problem in plots that received high

In both areas, yields responded significantly to rates of fertilizer, causing substantial yield losses at
58 kg N/ha. However, increasing the rate to either high inputs. At high elevation, high inputs in
87 or 116 kg N/ha did not ;ncrease yields further creased yield by 0.6 t/ha over farmers' inputs. Of 

this yield gap, high fertilization accounted for 0.3 
t/ha while improved insect and weed control 

Yield (/ha) contributed nothing.

8 -Fame',nputs 
 Farmers in two landscape positions grew mostly 

High inputs early-maturing IR36 at intermediate elevation andIR56 at high elevation. At low elevation, the 
6 -dominant variety was 1R52. Compared to test 

Fertilizer variety IR58, farmers' varieties at the intermediateand high elevations produced significantly higher
4 - yields but only under farmers' level of inputs. At 

low elevation, farmers' and test varieties produced 
comparable yields (Table 5). Basal incorporation 

. of 10 kg ZnSO.I/ha did not increase grain yields in
all test areas (Table 6). 

Yield 1.0t/ha Response to fertilizer combinations was evalugap ated in a separate experiment. Table 3 shows no 

o - - significant increase from complete fertilizer (60 kg
3. Av yields with farmers' and high inputs and relative contributions of N/ha, 30 kg P20 5/ha, and 30 kg K,,O/ha) overfertilier, weed control, and insect control toward improvement of riceyields Ottirrigated farms in San Fernando. Camarines Sir. Philippines. PK, NK, and NP combinations irrespective of1983 1)S. landscape position. 
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SOCIOECONOMIC CONSTRAINTS 

lgriculturalEconomics Department 

The economics contribution to IRRI's constraints 
program provides an economic evaluation of on-
farm trials and analyzes farming systems used in 
constraints research. 

Profitability (f researchers' technology. Con-
straints experiments described in the previous 
section showed that on-farm yields could be raised 
by 1-2 t/ha by following researchers' input levels 
and management practices. Economic analysis 
investigated the same data from Tarlac and Ilicol 
to see whether researchers' technology would be 
profitable, given farmer-effective prices prevailing 
in the areas. 

Incremental benefits and costs of the proposed 
technology are given in Table 7. Researchers' 
practices were not profitable in rainfed Camarines 

Table 7. Economic performance of anticipated high level 

combinations of 3 inputs and farmers' level of those 
inputs in constraints experiments in farmers' fields, 
Philippines, 1983. 

Increase or decreasea 
,waterregime Sites /ha) over farmers' 

(no.) from high 

Output Input Profit 
value cost 

DS 
Libmanan, Camarines Sur 

Irrigated (new)b 8 134 129 5 
Irrigated (old) 10 155 134 21 
Irrigated (flood-prone) 9 135 138 -3 

San Fernando, Camarines Sur 
Irrigatedc 	 13 91 135 -44 

Tarlac, Tarlac 
Irrigated 6 198 142 56 

ws 
Libmanan, Camarines Sur 

Irrigated (new) 3 170 146 24 
Irrigated (old) 4 112 127 -15 
Rainfed (plain) 3 88 115 -27 

San Fernando, Camarines Sur 
Rainfed (plateau) 8 61 130 -69 
Rainfed (plain) 6 -30 115 -145 
Rainfed (bottomland)d 4 8 128 -120 

Tarlac, Tarlac 
Rainfed (plateau) 6 231 125 106 
Rainfed (plain) 6 254 125 129 

aAt P14 to$1.bOne site had zero yield due to rat damage, 

CTwo sites had zero yield due to drought. dTwo sites had 

zero yield due to floods, 

Sur. And in irrigated areas, profit remained 
unchanged with increased output barely compen
sating for additional expenditures. In contrast, 
researchers' technology was profitable in both 
irrigated and rainfed Tarlac sites, with incremental 
profits ranging from $56 to $129/ ha. 

Profitability of different inputs comprising the 
technology package is presented in Table 8. The 
incremental benefit-cost ratios (B:C) of all three 
practices (fertilizer, insect, and weed control) 
exceeded I at Tarlac. In Camarines Sur, B:Cs were 
greater than I only for fertilizer in DS and for weed 
control in irrigated areas in WS. A frequently 
applied general rule is chat B:C should exceed 2 to 
make technology change attractive to low-resource 
farmers. This would impiy that high input levels 
proposed by researchers would not be sufficiently 
profitable for farmers in Camarines Sur. The only 
exception would be fertilizer in DS in nonflood

prone areas of irrigated Camarines Sur. Similar 

results were obtained in irrigated areas of Tarlac. 
In rainfed Tarlac, B:Cs for both fertilizer and weed 
control exceeded 2 in WS. 

Researchers were able to raise farmers' yields by 

1-2 t/ha. Economic analysis, however, showed 
that, with the exception of rainfed Tarlac, the 
proposed technology was not sufficiently profitable 
to induce adoption by low-resource farmers. 

Technical efficiency. Technical efficiency is a 
measure of a farm's ability to produce maximum 

output for a given set of inputs and production 
technology. If the causes of farm technical effi
ciency are understood, research and extension can 

focus on improving technology of less efficient 
farmers. Farm-specific estimates of technical 

efficiency of some of the same Bicol rainfed rice 
farmers were derived through a stochastic translog 

frontier production functions model. 
Production frontier model. The empirically 

estimated production frontier was 

4 
In Y = a,, + h, In X, 	 (i) 

4 4 
+ 	 h,,InXlnX,+u+v 

'= I I 

where Y is yield per farm; X, is d of preharvest 
labor; X2 is pesticide cost; X, is d of land 
preparation; X4 is the rice area in ha; v is a 
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Table 8. Economic performance of anticipated high levels of 3 inputs and farmers' current practices in yield-constraints ex
periments in farmers' fields, Philippines, 1983 DS and WS. 

Increase or decrease over farmers' level 

Location, water regime SitesIn o.) Fertilizera Insect controlb Weed controlc 

Farmers Profitd B:C Farmers Profitd B:C Farmers Prfitd B:C 
(kg/ha) (S/ha) (S/ha) (S/ha) (S/ha) (S/ha) 

DS 
Libmanan, Camarines Sur 

Irrigated (new) 
Irrigated (old) 
Irrigated (flood-prone) 

8 
10 
9 

52 
29 
32 

24 
17 
20 

0 
20 
0 

40 
69 
39 

1.8 
2.2 
1.6 

9 
6 
7 

-39 
-40 
-43 

0.3 
0.4 
0.3 

3.4 
3.2 
3.0 

2 
-5 
-5 

1.1 
0.7 
0.7 

San Fernando, Canvirines Sur 
Irrigated 13 49 19 14 15 1.2 3 -50 0.2 1.5 -4 0.8 

Tarlac, Tarlac 
Irrigated 6 58 0 0 37 1.7 3 2 1.0 0.5 8 1.4 

WS 
Libmanan, Camari ies Sur 

Irrigated (new) 3 0 0 0 41 1.3 5 -20 0.7 7 5Irrigated (old) 4 27 0 -11 0.8 7 
1.2 

-19 0.7 6 8 1.4Irrigated (flood-prone) 3 7 0 0 -14 0.7 14 -29 0.6 9 9 1.6 

Sari Fernando, Camarines Sur 
Rainfed (plateau) 8 2 0 0 7 101.1 -40 neg 3 -18 negRainfed (plain) 6 20 0 0 -42 neg 6 -48 0.2 5 -38
Rainfed (bottomlands) 4 3 0 0 -70 

neg 
neg 7 -35 0.4 2 -23 neg 

Tarlac, Tarlac 
Rainfed (plateau) 6 12 8 0 59 2.5 4 28 1.4 0 22 2.8Rainfed (plain) 6 10 7 6 53 2.4 4 16 1.2 0 42 4.4 

a Researchers' fertilizer at 87-30-30 kg in and 60-30-30 kg in level inDS WS; farmers' N + P05+ K2 0. bResearchers' 
insect control costs S62/ha in Camarines Sur, $78/ha in Tarlac. CResearchers' weed control costs S17/ha in Camarines Sur,
$13/ha in Tarlac. dAt rough rice price of $107/t in Camarines Sur and $156/t in Tarlac. 

normally distributed error term N(0, I), and u is a while the mean and variance of technical efficiency 
farm-specific error term which follows a half are 
normal distribution. 

Table 9 shows the maximum likelihood estimate ( )=
(MLE) of equation I for the Bicol rainfed rice 
farms. The variance ratio parameter (-/) is corn- and 
paratively large, given that it lies in the interval 
(0,1) and differs significantly from zero. This 1f4d,) T (7r-2) (4)
implies that about 82% of the difference between 
observed output and maximum technological pro- The mean level of technical efficiency of sampled
duction frontier output is attributed to differences farmers was 50% with a variance of 14%. 
in farmers' levels of technical efficiency and not to Farm-specific technical efficiencies across all
unintentional random variability, sampled farms ranged from 0.4 to 0.9 (Table 10).

Farm-specic technical Jficiencv. The technical Less than 20% of the samples obtained output
efficiency of the ith farm relative to the stochastic within 20% of maximum technological output
production frontier is derived as the ratio of estimated by the frontier. 
observed to expected Y, that is, Factors related to technical e/icienc'. Farm

specific factors were examined, to identify those 
C" = Yi//, ,"' (2) associated with between-farm differences in tech
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Table 9. MLE and OLS estimates of stochastic translog 
production frontier for sample farmers.a IRRI, 1983. 

Estimates 

Parameter Maximum Ordinary 

likelihood least 
estimate squares 


4.4438 3.5621 
(1.0213) (1.2100) 

Q 0.2601 0.2552 
(0.0803) (0.8560) 

Q 0.1203 0.1163
(0.0401) (0.0523) 

a 3 U.3931 0.4025 
(0.1233) (0.1425) 

U4 -0.4362 -0.4402 
(0.2018) (0.2201) 

Pt1 0.1565 0.1472 
(0.0702) (6.0811) 

oi2 -0.1223 -0.1303 
(0.0562) (0.0621) 

01 3 0.0935 0.1026 
(0.0622) (0.0693) 

1 4 -0.4201 -0.4021 
(0.1983) (0.2006) 
-0.0030 -0.0039 
(0.0121) (0.0158) 

03 3 0.0876 0.0821 
(0.0321) (0.0363) 

022 

0.1235 0.1189 
(0.0337) (0.0421) 

014 


-0.0086
(33 -0.0093
(0.0041) (0.0053) 

034 0.0582 0.0602 
(0.0339) (0.0382) 

044 0.0682 0.0713 
(0.0248) (0.0318) 

Log likelihood 
function -21.8316 -78.2103 
02 0.4818 0.2512 
O 0.3927 u
 

' 0.8151 
(0.1825) 

aFigures in parentheses are asymptotic standard errors. 

Table 10. Frequency distribution of farm-specific tech-
nical efficiency for sample farmers. IRRI, 1983. 

Efficiency Farms Percentage 
levels (no.) 

0.35-0.40 8 10 
0.41 -0.45 12 15 
0.46 -0.50 18 23 
0.51 -0.55 5 6 
0.56 - 0.60 3 4 
0.61 -0.65 5 6 
0.66 - 0.70 6 8 
0.71 -0.75 5 6 
0.76 -0.80 3 4 
0.81 -0.85 8 10 
0.86 - 0.91 6 8 

Total 79 100 

nical efficiency (Table II). Method of crop estab
lishment. fertilizer application, experience in farm
ing, and extension contact were associated with 
higher levels of technical efficiency. Farmers' age 
and years of formal schooling were not. 

Risk and fertilizer use. Crop response to N varies 
yearly because of random changes inweather, 

pests, and diseases. It is widely believed that this 
variability in yields makes farmers unwilling to 
apply input levels which would maximize expected 
profit. This issue is particularly pertinent in rainfed 
Bicol since 82% of sample farmers do not fertilize 
their rice crops. Researchers examined whether 

risk seemed to be an important determinant of 
fertilizer use by these farmers. 

Modeling prothction risk. A crop production 

model was developed for the Bicol site (Fig. 4). One 
component was a stochastic production function 
model estimated from on-farm constraints trials 

(Table 12) and another was a rainfall and water 
balance simulation model. Combined, these pro
vided means and yield distribution for each N rate. 

The risk neutral optimal N rate was 51 kg N/ha 
in the first season and 44 kg N/ha in the second. 
Results of this analysis demonstrated that as N 
rates increased, the variance of profit increased at 
an increasing rate. This trend was greater in the 
second season when the incidence of moisture
 

stress was higher (Fig. 5). 

Table 11. Ordinary least squares estimates of the deter
minants of variation in technical efficiency across sample 
farms. IRRI, 1983. 

Marginal 
Variable Units Estimates R2 

Intercept 0.3282 
(0.1346) 

Crop establishment Dummy 0, 1 0.2023 0.15
(transplanting = 1, (0.0562) 
direct seeding = 0) 

Fertilizer application Dummy 0, 1 0.1031 0.12 
(applied = 1, (0.0318) 
not applied = 0) 

Age Yr 0.0004 0.02 
(0.0013) 

Education Yr of schooling 0.0056 0.01 
(0.0135) 

Experience Yr of farming 0.0037 0.07 
(0.0013) 

Extension contact No.of visits 0.0245 0.13 
(0.0138) 

R = 0.4582 

aFigures in parentheses are standard errors of estimates. 

http:0.35-0.40
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ON-FARM EXPERIMENTS SIMULATED RAINFALL1 
FARM SURVEY DATA DISTRIBUTIONI 1 I 

Crop response denends on N rate BALANCEWATER 
insect and weed managerment,stress 
incidence, N * st.ess interaction MODEL 

EstiatedProbability 
crop distribution 

responseof stress days 
modelgenerated 

YIEL=F(NN 2,Cost, WCost, 
Slress, N*Stress 

Yield and PROFIT
 

DISTRIBUTION
 

4. Yield and profit function distributions were estimated from a response factor relating yield to N rate, managed factors, and moisture stress. rhc incidence
of moisture stress over time w-ascstimat d through a water balance simulation model. IRRI. 1983. 

Risk attitudes and N rates. A constant partial Table 12. Generalized least squares estimates of quadratic 
risk averse utility function was used to approximate production function: 668 observations, Camarines Sur,
 
the farmer's utility function and optimal N rates Bicol, Philippines, 1980-81, 1981-82.
 

applied by moderately risk-averse farmers. 
The Coefficient Standard Significance
model predicted that risk-averse farmers (partial Variable estimate levelerror 
risk aversion coefficient of 0.8) would apply 49 kg
N/ha in the first season and 41 kg/ ha in the second. INTERCEPT 2230.76 158.36 0.01 
This is 4% and 7% less and implies a 20 and 35 NITRO 31.08 5.17 0.01 

N2kg/ha decrease in yields from the risk neutral N -0.12 0.08 0.14 
rate. These results, consistent with others in the ICOST 0.54 0.16 0.01 
Philippines, imply that risk aversion may not be a WCOST 1.53 0.43 0.01 
predominant factor in the low level of fertilizer use -28.64 3.43 0.01SS -28.64 4.43 0.01 
in the nonflood-prone sites of Bicol. NSS -0.33 0.12 0.01 

Bicol farmers are poor and seek to maximize DV1 -669.69 91.38 0.01 
returns from scarce household capital using all 
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Variance of profit (thousond) production and between agricultural and non
900 agricultural enterprises. 

Technology adoption. Adoption of MVs is 
800 2d season 	 virtually complete in irrigated parts of Asia but is 

minimal in deepwater and upland areas where 
short-duration varieties are poorly adapted. In 

700-	 other areas, as in vast tracts of the Gangetic Plains 
in India, adoption of MV rices is partial. Factors 
associated with the adoption of MV rices and 

600- fertilizer use in a Tarai site of Eastern Nepal in 1979 
were examined. 

Multivariate tnodel /)r variet.v ath)ption. Based 
500- on the established procedures for multivariate 

probit analysis, equations for examining the factors 
influencing adoption are4001s 	 seso 

a ),X + cN' + d.. + 11N, (5) 

300-	 and 

(6)
200 

where ! is an index reflecting the combined effect of 
0 20 40 60 so I the X factors which prevent or promote adoption.100


2 rate (kg/ha) 	 -: I (adoption) iflexceeds a threshold value; Y= 

5. As N rates increase, the sariance (ifprofit incretases at an increasig 	 0 (non-adoption) if I falls below the threshold 
rate. This occurred more in the %cond ,cason when the prohability of value.
 
drought stress at the Bicol rainfed site %,ashigher. IRRI. 1983. Factors included in the variety adoption model
 

are listed in 'Fable 13. The first five variables are
interval scale while the last two are dummy 

capital investments open to them. Studies are W5%ofvariables. The model correcth , predicted 
continuing to examine the impact of internal and b 
external capital rationing, at the household level, adopters and nonadopters of MVs. Tenure status, 

extension contact, credit, and the percentage ofriceon the allocation of household funds in rice 
area irrigated were significantly associated with the 
adoption of MVs, but farm size and the operator's 

Tale 13. Probit regression coefficients for determinants education were not. 
of MV adoption in eastern Yarai, Nepal, 1979. The predicted probabilities of MV adoption for 
Variable Coefficient Standard ssymptotic farms with selected characteristics are listed in 

error t-values Table 14. The probability of MV adoption is85% 
Constant -3.0336 0.5712 -5.3113 for an owner-cultivator with access to credit. 
Farm size -0.0248 0.0277 0.8958 
Education 0.0073 0.0388 0.1876 However, without irrigation, the farmer is unlikely 
Extension contact 0.0256 0.0143 1.7912 (probability drops to 13%) to adopt MVs. The 
% rice area irrigated 0.0215 0.0039 5.5214 probability of adoption of an average owner-
Adult family labor 0.0893 0.0197 0.9743 
Tenure status 0.9785 0.4973 1.9676 operator with irrigation but without credit is 69%. 
Credit 0.5260 0.2763 1.9038 But the adoption probability falls to 5% for an 

° ' ° -2 times log 1.!1.1 owner without irrigation or credit. There is a 
likelihood ratio 

X' distribution 7 reasonable likelihood (50%) that tenants with 
degrees of freedom irrigation and credit would grow MVs. However, 

% of cases predicted 85.3% tenants without irrigation - which tends to be the 
correctly ____________________________________ case in practice -- are unlikely (2%) to grow MVs. 
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Table 14. Predicted probability of MV adoption for an 
average farmer, eastern Tarai, Nepal, 1979. 

Predicted probability 

Owner Tenant 

With Without With Without 
credit credit credit credit 

Irrigated 0.85 0.69 0.52 0.31 

Nonirrigated 0.13 0.05 0.02 0.00 

Table 15. Tobit regression coefficients for determinants 
of adoption and quantity 3f fertilizer use on rice, eastern 
Tarai, Nepal, 1979. 

Variable Coetficient Standard Asymptotic 
error t-values 

Constant 562.1116 127.4116 4.4117
 
Education 5.1965 6.5165 1.2578 

Extension contact 6.6440 1.4900 4.4590 

Fertilizer trans- -52.9731 31.2243 1.6965 


portation cost
 
Credit 145.2624 49.0145 2.9636
 
Rice area 5.4160 9.7821 0.5536 

% rice area irrigated 0.7385 1.0365 0.7125 
Variety 265.9312 77.7802 3.4190 
Adult family labor 16.2985 14.5696 1.1186 
Sigma (a) 174.5531 2.6446 66.0025 

°
 -2 times log of 133 .. 
likelihnod 

X'distribution 8 
degrees of freedom 

% of cases 89.8% 
predicted correctly 

Table 16. Predicted probabilities of adoption and expected 
197 9 .a 

MV 

Ad(option and use of/if'riilizer. The coefficients 
for the Tobit model used to investigate factors 

associated with the adoption and quantity of 
fertilizer use in rice production are reported in 
'Fable 15. The model, significant at the 1%level, 

correctly predicted 90"'i of adopters and non
adopters. 

Extension contact, fertilizer transportation cost, 
access to credit, and adoption of MVs were 
significantly associated with fertilizer adoption and 
quantity used. The probability of an owner
operator growing M Vs on an irrigated parcel, with 
access to credit and with zero fertilizer trans
portation cost, is 651. The expected quantity of 

inorganic fertilizer applied (mainly AS)is 58 kgha 
(Table 16). The probability of applying fertilizer 
drops to 34% and use rate declines to 20 kg ha(less
than half a bag) for a farmer without access to 

credit. There isless than a50'i chance that farmers 
will grow MVs in rainfed conditions, and less than 
a 10%- chance that growers of local varieties would 
apply fertilizer. 

INS 111 t lIONAI. AND l1OI.ICY-RII.A IEI) 
CONSTRAINTS 

Agricultural Economics Department 

IRRI collaborates with the International Food 
Policy Research Institute (IFPRI) and the Inter
national Fertilizer Development Center (IFDC) to 

study institutional and policy-related constraints to 
increased rice supplies in Asia. A collaborative 
project between these centers and ASEAN member 

amount of fertilizer use by rice growers, eastern Tarai, Nepal, 

Local varieties 

With credit Without credit With credit Without credit 

Prob kg/ha Prob kg/ha Prob kg/ha Prob kg/ha 

Irrigatedb 
Near fertilizer source .66 58 .34 20 .14 3 .03 -c 
Far fertilizer source .47 33 .18 9 .05 _c .01 -c 

Nonirrigatedb 
Near fertilizer source .49 36 .20 10 .06 -c .01 _c 
Far fertilizer source .31 18 .09 _c .02 _c d _c 

aprob = probability. bFarm located close (no fertilizer transport cost) and far from fertilizer source (Rs 1.87/50-kg bag). 

CCalculated fertilizer use rate near zero. dProbability of less than .01%. 
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countries Indonesia, Malaysia, the Philippines, 
and Thailand has been established. Major research 
areas of the Rice Policies in Southeast Asia Project 
are irrigation, trade and reserve stocks, fertilizer 
consumption, and an integrative model. The re-
search is conducted by collaborators in each 
country. Staffs of the three centers provide tech-
nical assistance and coordination. 

A second IRRI-IFPRI research project is the 
Asian Development Bank (ADB)-funded project 

Assessment of Food Demand/Supply Prospects 
and Related Strategies for Developing Member 
Countries of the ADB. This study analyzes food 
demand and supply prospects of 21 ADB devel
oping member countries between the years 1990 
and 2000. A major component of this project isthe 
assessment of rice production and irrigation devel
opment strategies for the Philippines. The project 
is expected to be completed by the third quarter of 
1984. 
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The impact of new rice technology on rice produc-
tion, income, income distribution, employment, 
and social welfare is analyzed so that biochemical 
and mechanical technology can be designed to 
meet the needs of the rice sector. Studies are at 
macro and micro levels. They consider the impact 
of economic policies, sociopolitical institutions, 
distribution of control of resources, and the 
physical environment on the consequences of any 
new technology. 

IMPACT OF PRODUCTIVITY GROWTH IN ASIA 

Growth rate of rice production in South and 
Southeast Asia rose moderately from 2.4% to 3% 
after the introduction of MVs in 1966. Tech-
nological changes in rice production through the 
adoption of MVs, greater fertilizer use, and 
expanded irrigation 

* increased the growth rate of rice production 
above the population rate on relatively less 
land,

* helped achieve self-sufficiency in many riceimhelpornacoie su 
ncy iTable 
importing countries, and 

* reduced real price of rice. 
Source of output growth. Rice production and 

population grew at about the same rate in the 1950s 
and 1960s, but after 1966, rice production increased 
more rapidly (Fig. I). Yield increases also outpaced 
area expansion by the end of the 1960s. Expanding 
crop area was responsible forabout 60% of growth 
before 1965 (Table I). Between 1965 and 1980, 
68% of the increase in rice production was caused 
by yield improvements and only 32% by expansion 
of crop area. MVs and fertilizer each accounted for 
about 22% while irrigation accounted for 25% of 
increased production. 

By 1980, 40% of the ricearea had been planted to 
MVs while fertilizer use per ha rose fourfold. 
Irrigated area increased at a lesser rate, but 
irrigation raised the productivity of MVs and 
fertilizer. The contribution of MVs tends to be 
understated since greater fertilizer use and in
creasing irrigation investments were induced partly 
because they could produce more when used with 
MVs. And as MVs with shorter growth duration 
began to be bred in the late 1970s, part of the area 
effect may be caused by the increased possibility of 
planting a second crop in rainfed conditions. 
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1. Contribution of area and yield increasing factors 
to rice production growth in selected countries of Asia, 
1954-81. 

Contribution (%)of factors 
1954-66 to 1964-66 to 1979-81 
1964.68 

A Area Yield 

Area Yield MV Fertilizer Irrigation 

BurmaBangladesh 6339 3761 950 35/ 1923 3720 
India 81 19 14 23 31 32 

Indonesia 34 66 37 23 20 20 
Philippines 
SriLanka 
Thailand 

68 
56 
68 

32 
44 
32 

19 
31 
63 

26 
23 
13 

31 
21 
10 

24 
25 
14 

Av of 58 42 32 21 22 25 
above 

REGIONAL COMPARATIVE ADVANTAGE AND 
SEL-SUFFICIENCY
 

In Thailand and Bangladesh, area expansion con
tinued to be the major source of output growth. 
Adoption rates of MVs are lower in traditional 
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exporting countries -Thailand, Burma, Nepal -- Table 2. Adoption of MVs, extent of irrigation, andand in Bangladesh where a low percentage of the trends in self-sufficiency ratio among traditional Asianrice area isirrigated (Fig. 2). In those countries, rice importers and exporters. 
iscultivated in large deltaic areas where the cost of %of area (In Self-sufficiency
developing effective water control systems ishigh. 1980) with ratioa 
Traditional importing countries -- India, Indo- MVs Irrigation 196466 1979-81nesia, Malaysia, Philippines, and Sri Lanka
where irrigation costs are relatively cheaper have Traditional importers
had a higher adoption rate of M Vs. Because early India 46 42 98 101M Vs were more suited to irrigation and because of Indonesia 60 81C 95 93the strong national drive for self-sufficiency in Malaysia 58c44 66 86importing countries, MVs have lessened i the Philippines 77 47 89 103Sri Lanka 75 62 49 88advantage that traditional rice exporters have had Traditional exporters
over importers. Burma 31 18 126 110Malaysia, Sri Lanka, and 	the Philippines were Nepal 27 23c 122 102
able to substantially improve their self-sufficiency Thailand 
 9b 27 128 138
ratios by late 1970s (Table 	2). Export su.pluses of a Production bRelates to 1979.Burma and Nepal declined but those of Thailand Production + imports - exports
increased. Self-sufficiency ratios of Bangladesh, cRelates to av of 1978-80.
 
India, and Indonesia did not change significantly,
 
although that of Indonesia has improved sig
nificantly since 198 1.Comparisons of this measure Trends in real price of rice. Benefits of techof self-sufficiency, however, should not be made nological change are ultimately reflected in trendswithout reference to government policies and to in prices. The average world price of rice in real 
price. Since this crude measure is partially defined terms was If lowe th w970sOnby government policy on trade and prices, it is 	 than in the 1960s(Fig. 3). Iftheunusuallyhigh world pricesin 1973important to ask "self-sufficiency at what price?" 
 75 were excluded, the decline in average real worldpace. price was as much as 27%. 

As self-sufficiency was achieved in traditional 
Rice area planted (%) to MVs 
80 .	 

importing countries such as the Philippines andPhilippines India, the real price of rice decreased significantly.
U Tradional importers 0 Sr, Lanka More liberal import policy in recent years accele-
A Traditional exporters rated the sharp decline in real price in Indonesia 

60 even though its self-sufficiency ratio remainednIndonesia about the same. In Thailand, where rice is a major 
export, changes in export duties prevented thedomestic real price from closely following the 

India UNMalaysia decline in real world price. Substantial yieldimprovements, especially in traditional importing 
countries during the 1970s, is a major reason forSNepmal these downward price trends.anglh While lower real price 	 undoubtedly benefits20- a Bangladesh consumers, it is not clear whether rice producers 
gain as much from technical change. 

A Thailand 

CHANGES IN PHII.IPPINE RICE FARMING
 
0 20 40 
 60 80 100 	 Trends at aggregate level. Philippine rice produc

tion grew at an average rate of 4.5% between 19652. Rice area irrigated and planted ItiMVs. 198(0. and 1980, doubling total production from 2.6 to 5.1 
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3. [rends inreal price of rice inselected countries. Each point refers to 3-yr av. 

million t of milled rice. The growth in supply Changes in input use and income at farm level. 
reduced net imports, and small but growing To document the impact ofnew rice technology on 
amounts of rice have been exported since 1977. farms, surveys were conducted from 1965 to 1982 
Domestic real price of rice has declined drama- in Central Luzon and Laguna. About 100 farmers 
tically mostly because ofsupply shifts caused by the in each location were interviewed during each 
new seed-fertilizer technology, irrigation expan- survey. But since the sample farmers partially 
sion, and government-restricted exports. changed over time, only those who were included 

Yield increases have accounted for 83% of in all surveys were analyzed. Although these panel 

output growth in the past 15 yr. Yields rose by 75% farms represent only the more progressive rice 

while crop area expanded only by 12%. The larger areas, they provide unique data for analyzing 

crop area was actually increased second-crop area changes in the economic welfare of rice farmers 

because cultivated land diminished by 8%. Yields and the social profitability of rice production over 

from irrigated land increased and the proportion of time. The spread of biochemical and mechanical 

irrigated area expanded from 35% to 47%. Yield technologies, acceleration of irrigation investments, 

increases from rainfed areas also contributed sub- and institution of land reform occurred during the 

stantially to total production growth. period. Adoption rate of these technological in-

Only a small part of recent yield growth was novations depended on availability of technology, 

caused by first-time adoption of MVs; 60% of total relative factor prices, and output price. All these 

rice area was already planted to MVs in the early factors are influenced by market forces and also by 

government policies on public expenditure, credit,1970s. About one-third of yield growth came from 
trade, price, and marketing.increased fertilizer use 

The combination of short-duration pest-resistant Land reform implemented in 1972 converted 

varieties, and others more tolerant to moisture many rice farmers from sharecroppers to lease

stress and adverse soil conditions, has led to a 78% holders and a few to amortizing owners paying 

MV adoption in rainfed wetlands by 1980. Irrigated fixed rent or amortization. The proportion of 

areas have 89% adoption. Upland areas also report share-tenants in the sample declined from 75% to 

increased MV adoption. 7% in Central Luzon and from 89% to 16% in 
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Laguna. The proportion of leaseholders corres- A substantial number of farmers were already 
pondingly increased (Table 3). Only I of the 38 applying fertilizer and insecticide in both locations 
panel farms in Laguna was rainfed and irrigation and herbicides in Laguna by 1966 but at a very low 
improvements increased cropping intensity from level. By the early 1980s, close to 100% were using 
183% in 1965 to 191% in 1981. In Central Luzon, fertilizer at average rates 6 times greater than in 
about 60% of farms were irrigated. The impact of 1966. Laguna farms typically applied higher rates 
irrigation investment is shown by the shift from of fertilizer except for a decrease in 1981, atypical 
one to two irrigated crops as the proportion of of the rest of the province. Several panel farms 
second-c'opped area rose from 12% to 44%. gained external benefits from wastes from a nearby 

As expected, MV adoption on panel farms was large poultry dressing plant. As these wastes mixed 
more rapid than for the Philippine average with the flowing irrigation water, farmers in the 
(Table 4). Adoption was virtually complete by area were able to reduce the use of chemical 
1970 in Laguna and by 1979 in Central Luzon. No fertilizers. 
significant difference in adoption rate was found Starting at a lower level, the spread of insecticides 
for different farm sizes and tenure classes. MVs and use of herbicides increased even faster than 
were initially adopted at a higher rate on irrigated fertilizer use. Therefore, average application rates 
farms. rose faster. After 1975, Central Luzon farmers 

Table 3. Trends in farm size, tenure changes, and cropping intensity based on panel farmsa in 2 areas of Luzon, Philippines, 
1965-82 WS. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Farms (no.) 28 28 28 28 28 38 38 38 38 38 
Av farm size (ha) 2.4 2.52 2.53 2.07 1.92 2.31 2.27 2.25 2.48 2.28 
Tenure (% of farms) 

Share-tenants 75 50 22 3 7 89 74 35 8 16 
Leaseholders 18 39 64 79 79 11 26 60 77 70 
Owner-cultivator 7 11 14 7 11 - - - 4 8 
Mixed - - - 11 3 - - 5 11 6 

Rice cropping intensity 1%) 112 114 132 140 144 183 196 197 192 191 

aPanel farms are a subset of the sample used in the years covered by the survey. 

Table 4. Trends in adoption of MVs and use of fertilizer and agricultural chemicals of panel farms in 2 areas of Luzon, 
Philippines, 1965-82 WS. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Area (%) planted to MV 0 62 76 97 98 0 90 99 97 100 
Farms %) with fertilizer 64 75 86 96 96 66 87 97 100 95 
Fertilizer: (Pl/ha) 27 66 229 318 444 25 73 359 330 374 

(kg N/ha) 9 32 32 56 59 13 50 79 78 57 
Farms (%) with insecticides 25 61 79 96 93 39 84 92 95 92 
Insecticides expenditure (P/ha) 

(in nominal terms) 2 7 38 85 141 1 12 63 79 69 
(in 1972 pricesa) 3 8 19 26 33 2 15 31 24 18 

Farms (%) with herbicides 11 46 50 46 71 87 89 92 89 95 
Herbicide expenditure (R/ha) 

(in nominal terms) b 4 26 25 46 4 9 26 35 55 
(in 1972 pricesa) b 5 13 8 11 7 11 13 11 15 

a Deflated by wholesale price index of agricultural chemicals (1972=100) published by the Central Bank of the Philippines. 
bLess than a peso. 
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appear to be using higher rates of insecticides per 
ha. With more insect- and pest-resistant varieties 
available, Laguna farms have lowered insecticide 
use per ha. Relatively more farms inLaguna use 
herbicides, but average applications were similar in 
both locations. 

Adoption of mechanical technology for land 
preparation and threshing in Central Luzon began 
before introduction of MVs (Table 5). Large four-
wheel tractors and threshing machines are found in 
Central Luzon where farms are bigger and single 
rice cropping is more common. The use of large 
threshers facilitated landowners' control over 
division of the crop. As land reform progressed and 
irrigation increased the double-cropped area, 
threshing delays became more costly and transfer 
of big machines difficult. Central Luzon farmers 
began to thresh manually. Power tillers used by 
almost all Laguna farmers are also becoming 
popular in Central Luzon. Portable threshers 
introduced in the late 1970s found rapid acceptance 
in both locations. 

Laguna farms are more labor-intensive (Table 
6). Average labor use per ha is about 20% higher 
than in Central Luzon with the largest difference in 
weeding. Adoption of the new seed-fertilizer tech
nology generally raises labor demand for weeding, 
applying insecticide and fertilizer, and harvesting 
and threshing. But herbicide use and mechaniza
tion of land preparation and threshing tend to 
offset these increases. Total labor used per ha 
increased between 1966 and 1974 and later declined 
in both locations. After 1979 the decrease in labor 
for crop establishment was caused by the adoption 
of wet seeding by almost 20% of farms in the 
Central Luzon sample. 

The proportion of hired labor increased, parti
cularly for land preparation and crop care, 
Mechanization of land preparation involved con
tracting services of machines as well as operators. 
The greater productivity of timely weeding and 
other crop care activities with MVs apparently 
increased labor requirements beyond the supply of 
family labor. Rising family income and declining 

Table 5. Trends in mechanization rate based on panel farms in 2 areas of Luzon, Philippines, 1965-82 WS. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Farms (%) usinig power tillers 
Farms (%) using 4-wheel tractor 
Farms (%) using large threshers 
Farms (%) using portable threshers 

0 0 18 54 64 21 58 82 97 100 
7 29 32 21 11 0 0 8 3 8 

79 75 43 25 11 0 0 0 0 0 
0 0 7 21 82 0 0 0 84 100 

Table 6. Trends in labor use on panel farms in 2 areas of Luzon, Philippines, 1965-82 WS. 

Labor usea (labor d/ha) 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Land preparation 


Crop establishment 

Crop care 

Harvesting, threshing, and 

postharvest tasks 

Total 

15 10 

8) (16) 

22 23 
(76) 	 (73) 

5 11 
(19) (17) 
17 20 


(90) (77) 

59 64 
(58) (55) 

aFigures in parentheses denote percent of hired labor. 

9 8 9 20 13 10 11 10 
(27) (33) (46) (18) (39) (58) (52) (50) 
33 31 25 17 22 28 19 22 
(76) (65) (76) (58) (53) (72) (63) (61) 
13 12 8 21 20 34 34 32 

(13) 
35 

(14) 
29 

(26) 
31 

(7) 
33 

(65) 
34 

(74) 
34 

(67) 
31 

(59) 
29 

(93) (90) (90) (100) (98) (98) (91) (92) 

90 80 73 91 89 106 95 93 
(69) (63) (73) (53) (71) (80) (72) (69) 
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real wages of unskilled labor may also have rice producers (Table 8). In 1982, paddy price,
induced some substitution of hired for family deflated by the consumer price index in rural areas,
labor. was only slightly more than half that of 1966. The

Rice yieids almost doubled in both Laguna and deflated net value added per ha declined slightly by
Central Luzon between 1965 and 1982 (Table 7) the beginning of the 1980s compared to the mid
with Laguna farms having higher yields than 1960s. The farm households realincomeperha per
Central Luzon. Income derived from rice farming season, however, increased at the expense of
by farm-operators, landowners, and landless landowners because land reform transferred to theworkers depends on many other factors besides farm operators a substantial part of the returns to
increased productivity. These are mainly changes land. Because of declining farm size, Central
in relative factor use, relative price of rice to inputs Luzon farm income on a per-farm-per-season basis
and all other consumer goods, land reform, and declined slightly. However, taking into account the
demand for labor and land in the nonrice sector, increase in rice cropping intensity, average real

The proportion of rice output going to non- farm income per year rose by 25€'i in Central
agriculture rose as mechanization and use of Luzon and 30(%in Laguna in the past 15 yr.
nonfarm inputs increased. But income per ha in Superior irrigation explains the higher annual farm
paddy equivalent received by farmers and hired income in the Laguna sample.
labor from rice farming during WS rose over the The data do not allow the estimation of the
whole period. Farmers' return per ha increased by annual income of hired laborers or landless
140% in Central Luzon and 100(*j in Laguna workers. The sample farms show increasing real
between 1965 and 1982. Returns to labor and hind wages if measured in terms of kg paddy per day
increased with higheryields. Thecost of hired labor both for the average of all tasks and for trans
in paddy per ha expanded by about 18Wi, even planting (Table 9). When nominal wage was
higher than the increase in return to family farm deflated by the consumer price index, real wages
operators in Central Luzon. Income received by remained constant or even declined in the 1980s.
landowners who do not cultivate their own land The Philippine average real wage consistently
declined because of land reform. Distribution of declined during the same time. The slight decline inincome has changed from landowners to farm wage is not caused by the new seed-fertilizer 
operators and hired labor over time. technology, which actually expands labor demand. 

Rice producers consume goods and services The wage decline simply indicates that the labor
other than rice, and their welfare depends on what supply has outpaced growth in labor demand in
happens to prices of all commodities. The rapidly both the agriculture and nonagriculture sectors.
declining real rice price has significantly eroded the Thus, despite greater paddy income, the real
impressive gains in the paddy equivalent income of income of many rice producers in terms of purchas-

Table 7. Trends in yields, returns to factor earners based on panel farms in 2 areas of Luzon, Philippines, 1965 to 1982 WS. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Paddy yield (kg/ha) 1910 2559 2020 3921 4251 2326 3358 3738 3970 4362 
Returns to factor earners 
(kg/ha)

Current inputs 
Fixed capital 

143 
149 

220 
196 

366 
162 

627 
487 

781 
531 

144 
180 

317 
176 

527 
190 

684 
445 

598 
637 

Net value added 
Hired labor 
Landowner 
Farm household 

Family labor 
Operator's residual 

305 
690 
623 
199 
424 

441 
692 
1010 
338 
627 

423 
522 
547 
255 
292 

854 
520 
1433 
369 

1064 

844 
605 
1490 
295 
1195 

473 
883 
646 
356 
290 

780 
1119 
966 
275 
691 

772 
885 

1364 
227 
1137 

992 
814 

1035 
309 
726 

914 
826 

1387 
392 
955 
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Table 8. Trends in paddy price and real returns to various earners fror rice production based on panel farms in 2 areas of 
Luzon, Philippines, 1965-82 WS. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Paddy price 
P/kg in nominal terms .42 .49 1.09 1.06 1.28 .41 47 1.09 1.07 1.40 
P*/kg in real termsa .70 .65 .69 .42 .36 .72 .63 .65 .49 .42 

Net value added (P*/ha per season) 
Hired labor 214 288 294 359 304 339 489 503 489 384 
Landowner 484 452 362 219 218 632 701 576 401 347 
Farm household 437 660 380 603 537 462 605 889 510 582 

Family labor 140 221 177 155 106 254 172 148 153 165 
Operator's surplus 297 439 203 448 431 208 433 741 358 418 

Farm household income 
P*/farm per season 1049 1663 961 1248 1031 1067 1373 2000 1265 1327 
P*/farm per yrb 1175 1896 1269 1748 1485 1953 2691 3940 2428 2534 

ap,, means price deflated by consumer price index outside Manila (1972 = 100). bFarm household income per farm per 

season multiplied by the rice cropping index, 

Table 9. Trends in real wages in the Philippines, 1965-82. 

Central Luzon Laguna 

1966 1970 1974 1979 1982 1965 1970 1975 1978 1981 

Panel farms, WS 
Av wage of hired labor 

kg/labor d 8.9 12.4 6.9 16.9 15.8 9.8 12.5 9.1 14.5 14.3 
P*/labor d 6.3 8.1 4.8 7.1 5.7 7.0 7.9 5.9 7.1 6.0 

Wage of transplanting labor 
kg/labor d 5.0 6.5 4.8 9.2 9.6 7.4 10.9 7.9 10.8 11.6 
P*/labor d 3.5 4 2 3.6 3.9 3.5 5.3 6.8 5.3 4.7 

Philippine annual average wage 
P*/labor da 

5.2 4.3 4.1 4.1 n.a. 5.1 4.3 4.5 4.4 3.8 

aBased on official data from the Bureau of Agricultural Economics. 

ing power may have declined during the past 15 yr. have been above world prices. Price control, 
This is particularly true for rainfed rice farmers and import licensing, and cash subsidies have effectively 
landless workers because the panel farms came subsidized domestic manufacturers of fertilizer 
from more progressive rice growing areas where rather than farmers. Farmers' fertilizer prices were 
productivity gains were greatest. Consumers clearly 32% higher than world fertilizer prices in 1979. But 
benefit from productivity gains in terms of falling irrigation costs are almost completely subsidized 
real rice prices. by the government. Collected irrigation fees cover 

Government policies, economic incentives, and only 14% of the annualized investment and operat
social profitability. Government policy has its ing cost. 
greatest impact on producer incentives through the Except for subsidies or, itrigation investment 
prices of rice, fertilizer, and irrigation. Rice prices and operation, most government policies reduce 
in the Philippines have been about equal to world economic incentives to produce rice. Effective 
prices converted at official exchange rates. Between protection rates indicate that sector specific policies 
1977 and 1981, the government was hesitant to reduce value added in rainfed rice production by 
export the domestic surplus and therefore domestic 9% and increase value added in irrigated rice 
prices were 10% below world levels for those years. production by 9%. This raises the in' jme on 

The costs of fertilizers and agricultural chemicals irrigated farms compared to rainfed farms (Table 



CONSEQUENCES OF NEW TECHNOLOGY 351 

Table 10. Incentives and social profitability in Central The mostimportantgovernmentpolicyaffecting 
Luzon rice production, 1979.a incentives, however, is the overvaluation of the 

Rainfed Irrigated domestic currency caused by the industrial protec
farms farms tion system. This reduces returns to all rice farmers 

Effective protection rate (%)b -9 9 by about 20%. Less consumer and industrial bias in 
Domestic resource cost coefficientc 0.58 0.54 government price intervention policies would raiseprivate profitability in rice production and pro

a Production data are from the IRRI Central Luzon loop ore l cooe.ducers' a 
survey. bThis is the ratio of value added in domestic real income. 
prices to value added in world prices. It measures the When costs and returns are measured in social,
implicit tax on value added (returns to domestic factors), rather than private prices, it is clear that rice 
A positive value indicates a subsidy. CThis is the ratio of production in Central Luzon is socially profitable.
the domestic resource cost (DRC) to the shadow ex
change rate. The DRC is the ratio of the social cost of Domestic resource cost coefficients are less than 
domestic factors to value added in world prices. A value 1.0, indicating that the cost of domestic resources 
less than 1.0 indicates that the activity is socially profit- used in rice production is less than the foreign
able. exchange earned (Table 10). Results for irrigated 

production are highly sensitive to the cost of 
10). Despite the unfavorable prices induced by irrigation. The real capital cost of irrigating an 
government policy, yields and production have additional hectare has risen 10% annually during 
grown in all environments because of continuing the 1970s. Thus, continued growth in yields will be 
improvements in rice technology and irrigation needed to maintain current social profitability as 
investments, irrigation costs continue to rise. 
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PHYSICAL ENVIRONMENT AND THE GROWTH Height increment (cm)
 
AND YIELD OF RICE ON A TOPOSEQUENCE HILL 40
 

SLOPE Replication B 

Soil Chemistry/ Physics, Agronomy, Multiple 
Cropping, and Plant Pathology Departments 3 

For upland rice, plants grown at different positions 30 
on a hill slope may take up different amounts of 
groundwater and nutrients and therefore showI 
differences in growth and yield. They may also 
experience differences in soil temperature that may 20 

affect their root and seed physiology and in 
aboveground physical microclimatic conditions 
that promote diseases. 

During 1983 WS at IRRI, DSR IR36 was grown 
in 100-m-long rows, at 0.25 m row spacing, on a 
Tropudalf soil along the line of steepest incline on a 
gently sloping unterraced hillside. Crop height was 
measured wzekly from emergence to harvest at SI I I I I I I I 
every 2.0 m along the slope. At several positions, Men depth (cm)to waler table

soil moisture content to 1.4-m depth was measured 0
weekly, and soil bulk density and nutrient content 20 - x- . ... x kgN/m 2 per0-03mdepth 050

to 0.3 m were determined monthly during the crop 40 - .. o,
 
04060- Xseason. At specific toposequence positions, depth 

80- 0.35to water table, soil-water tension to 1.4 m, soil to- x *30]temperature to 0.3 m, and rice leaf wetness were o I i 1 I 1 .
 
observed daily or two or more times per day. Close 0 8 16 24 32 40 48 56 64 72 80 88 96
 

Distance (m)to the sites where depth to water table and soil-
2. Height increment during 20 Jul to 10 Aug 1983 of IR36 plants at 
various distances up a toposequence slope at IRRI. Alo shownare mean 
depth to water table and soil N content during the same period. 

Grain yield t/ha) 
4.0 

water tension were measured, soil samples were 
0 taken at 0.1-m increments to 0.5-m depth. Their 

0• saturated hydraulic conductivities were determined 
in the laboratory.3.0 - 0 o0 0 

00 

measured every 2 m along the slope, showed a 
*0dependence on distance up the hill slope (Fig. 1) 

0 that corresponded to dependence of the seasonal 
2.0 average depth to water table. At successive 2- to 

0 o0 *0 0 3-wk intervals during vegetative growth, plant 
0 0 height increments and corresponding mean depth 

0 Repication A to water table showed similar dependencies on 

1.0- 0 Replication 8 hill-slope position. However, the relationship of 
crop growth to water table depth (and by inference 
to groundwater uptake and crop water use) cannot 

OT ,I , ,, be considered causal for this toposequence. This is
0 8 16 24 32 40 48 56 64 72 80 88 because along tfiis unterraced slope, there is a 

Distance (m) 
i. Grain yield of IR36 at various distances up a toposequence slope, complex pattern of nutrient concentrations (rep-
IRRI, 1983 WS. resented in Figure 2 by the N content of the 0-0.3 m 
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soil layer). High intensity rainfall formed this 	 Leaf BIscore 
5pattern by differential leaching and by transport 


downslope of soil particles and nutrients.
 
Nutrient contents of the harvested grain and 4
 

straw showed little dependence on toposequence
 
position. However, N content of grain and straw,
 
and particularly Ca content of straw, were less at 3
 
positions lower down the toposequence. This
 
possibly indicates that those nutrients were leached
 
more strongly at the lower positions where soils 2
 

were submerged longer in late July during a rainy
 
period following a major typhoon.
 

After rainfall, water table recession rates were 
measured at 10 toposequence positions. They 
ranged from 3 to 13 cm/d, sufficiently slow for o I I I I I 
groundwater uptake to contribute appreciably to 0 8 16 24 32 40 48 56 64 72 80 88 96 

Distance Cm)crop growth and yield. Recession rate did not 4.Leaf BIscore (0v of 28 alictie%or lines) ilt various distances up a 
correlate with position on the toposequence or toposequence slope. IRRI. Aug 1983, 

with the0-1.25 m soil textural profile. For the same 
10 toposequence positions, saturated hydraulic dried to a maximum extent of-0. 1M Pa (-I bar) in 
conductivity (k,,,) ranged between 3 and 300 cm/d. its 0-0.2 m layer. In the lower 50 m, drying did not 
At all sites, k,,, in the least permeable layer muchexceeded the corresponding recession rate. This 	 proceed beyond -0.05 MPa. This dependence on 

toposequence position forsoilwater potential wassuggests that downward flow rate was strongly reflected in the values for midmorning k'q/water 
impeded below the depths sampled. potential. Figure 3 shows the relationship of LWP 

Between rainsand duringa dry period preceding (for lowland IR36 and upland ITA235 grown 
harvest, soil on the upper 30 m of the toposequence nearby along the same hill slope) to upslope 

distance for I d when water tables had receded 
LWP (MPa) below 1.0 m. The upland variety was able to 

o 	 maintain higher (less negative) potentials at all 
toposequence positions. 

BI incidence for IR36 and other varieties in
-o.4 	 creased with distance up the slope (Fig. 4); how

ever, fungicidal sprays minimized BI effect on rice 
growth and yield. Supporting measurements of 
leaf wetness showed that most leaves were wet fora 

-0.8 ITA235 upland variety 	 considerable part of nearly evevy day, regardless of 
whether it had rained that day or the night before. 
Some Bl-infective periods probably resulted from 
heavy dew rather than rain. 

In 1983 WS, average soil temperature through 
the 5 to 30 cm layer increased by 0.05 C/ 10 m of 
upslope distance. Morning (0800 h) temperatures 

CR36 lowland variety--/ were between 25 and 270 C, and afternoon (1400 h) 
values were as high as 35'C at 5-cm depth. At 

f L depths shallower than 5 cm, temperatures would 
o 	 20 40 60 80 oo have been much higher and may have approached 

Distance (m)up loposequence slope ture rice germination per
3. Effet of position along a toposequence oi midmorning I\'P of 2
 
MVs. IRRI, Aug 1983. centage is greatly reduced.
 

http:the0-1.25
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SIMULATION OF YIEI D RESPONSE OF RAINFED 
RICE 

Soil Chemistry! Phyvsics, Agronomy, and 
Multiple Cropping Departments 

In a rainfed rice-based cropping sequence, the 
many rice management options include variety, 
type of soil cultivation, transplanting date, and 
seedling age and population density. The options 
are important for the rice yield and also for the 
timing and management of preceding or succeeding 
nonrice crops. Using an IRRI-developed model 
and Los Bahios weather records, computer simula-
tions were undertaken for IR36 to predict out-
comes of some of the possible options. 

With 1980 weather records, one set of simula
tions predicted that if 1R36 had leaves that were 
slightly more erect, permitting more light penetra-
tion, it would have yielded slightly more grain that 
year. Its yield would also be insensitive, over a 
broad range, to the actual weight of seedlings 
tra~isplanted per unit ground area. 

A.other set of simulations used weather records 
for 1959 to 1978 to explore the interaction of soil 
physical properties and crop water balance as they 
affect rainfed IR36 yield. Water balances were 
calculated for each year by a cumulative com-
parison of daily rainfall, potential evaporation, and 
seepage. These balances helped determine the 

Grain yield Itho)
6.0 

5.8 - 0 

5.6 -

S 

5.4 

5.2 

I I I 
-40 -20 0 20 40 

Days earlier 15Jul Days later 
5. Computer simulations, based on 1966 WS Los Bafios weather, of 
effects on rainfed IR36 grain yield of transplanting earlier or later than 
the conventional 15 Jul. IRRI, 1983. 

Yield gain (/ha)
 
Losses because of Losses because soil-water
0.2 

I law rainfall inJuly ? diffusvityislaw? 
0 

-0.6 

-u.s 	 Transplanting : 31May
son.srol :943,,m 

0.2 	 G
 
Gains fram higher diffusty late sea
indry soil conditons 2 Lasses lessenedrain by 

0

-o.2 

-0.4 	 Transplanting: 15 Jul 
Seaso's rainfall :992 mmm 

o. 
Horizontal axis:49 combinations of 4 soil physical parameters 

6.Computer simulations, based on 1960 WS Los Bahos weather, of 

effects of soil physical properties on grain yield of rainfed 1R36. The 
length ofa vertical bar represents the departure from a standard yield of
5.54 t/ha. IRRI. 1983. 

earliest date that 100 mm of water would have
accumulated within a bunded field, which would 
be the earliest time that a Los Bahios farmer could 
transplant his WS rice. In wet years, such as 1960 
and 1966, the date could be appreciably earlier 
than the conventional 15 Jul. 

The rice growth simulation was undertaken to 
predict how much yield the farmer would gain or 
lose by such an earlier transplanting. With 1966 
weather data and a representative set of soil 
physical properties, predictions were made of 
yields that could result from transplanting up to 
40 d earlier or later than 15 Jul (Fig. 5). For early 
transplanting, a predicted yield gain would result 
from very high rainfall in May 1966 followed by
high irradiance in June. Predictions for July 
transplanting were lower because of low rainfall in 

that month. Higher yields might be expected from 
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later transplantings because of plentiful rainfall in 
Oct 1966 and high irradiance during early Novem-
ber. 

The effects of changes in soil physical properties 
were simulated using each of the 20 yr of weather 
records. These properties influence thesimulations 
through their determination of the soil's water-
holding and water-transmitting characteristics, 
which are specified in the model by four inde-
pendent soil parameters. By appropriate assign-
ment of these parameters, it is possible to inves-
tigate the effects of inherent soil properties (such as 
texture) and of manipulable properties (such as 
structure) on rice growth. Ranges for these para-
meters for rice soils were established from pub-
lished data. From within those ranges 49 realistic 
combinations of the 4 parameters were selected. 

For each combination and assuming a 15 Jul 
transplanting, WS rainfed grain yield was predicted
for 1959 to 1978. For 1960, yields were calculated 
for an early transplanting date of31 May as well as 
for the conventional 15 Jul (Fig. 6). Predictions are 
shown as departures from the 5.54 t/ ha yield 
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predicted for the 15 Jul transplanting and for a 
representative (median) set of soil physical para
meters. Yields predicted for 31 May transplanting 
were less than those for 15 Jul at all combinations 
of parameters despite the fact that the two seasons' 
rainfall totals were very similar. This probably
reflects the influence of a July dry spell that 
occurred at a sensitive physiological stage. For 
15 Jul transplanting, some of the simulated soil 
conditions led to predictions for slight yield in
creases caused by higher soil-water diffusivity at 
low soil-water content. For either transplanting 
date, changes of soil physical parameters are more 
likely to reduce than to increase yield. These 
reductions may arise because of simulations of low 
hydraulic conductivity and low soil-water diffu
sivity at low soil-water content. For any particular
combination of parameters, yield declines are 
predicted to be lower for 15 Jul transplanting than 
for 31 May. One interpretation is that late-season 
rain interacted with the low conductivities and 
diffusivities to allow a larger soil-water uptake and 
crop growth. 
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RELATIONSHIP BETWEEN ENVIRONMENT AND 

FARMERS' CROPPING SYSTEMS 


Farmers use available technology to develop crop-
ping systems based on the physical, biological, and

pin sytem baedn te pysialbioogialand 
socioeconomic conditions they face. An under-
standing of the quantitative relationships between 
environment and present cropping systems is 
needed for technology design. 

Prmanyiffesentropion tems dto b carsed
in many different environments to quantify cause-

and-effect relationships. Environmental measures 
may he treated as causative, "independent" or 
"determinant" variables. Measures of the cropping 
systems followed by farmers may be treated as the
effect, "dependent" or "descriptor" variables. 


Measuring descriptors of cropping systems. 
Descriptors are diverse with respect to principles 
expected to govern their behavior. For example, 
yield as a descriptor of a cropping system is 
responsive to measurable inputs on a plot of land, 
while crop area reflects allocative decisions of a 
farmer. Total crop production, yield times area, is 
even more complex. 

Land-indexed descriptors are commonly used, 
for example, production per ha, labor h per ha, N 
per ha, percentage of land in upland crops vs 
lowland crops, etc. 

The multiple cropping index (MCI) tells how 
many sequential crops arc produced on the land 
resource yearly. But it provides no information 
about the amount of crop output or about use of 
resources other than land. In many situations, 
land-indexed descriptors may be less appropriate 
than labor or capital-indexed descriptors. 

One way of organizing measures of cropping 
systems for technology design is to distinguish 
output-output, output-input, and input-input de-
scriptors. Input-related neasures can be subdivided 
into those related to land, labor, capital, or 
management inputs. This scheme was used in a 
1979 study ofthe environmental effect on cropping 
systems identified at 14 Philippine sites (Annual 
report for 1979). 

However, while multiple indices capture details 
of cropping systems, they are unwieldy for design. 
Identifying and designing for individual input-
output traits of a system is tedious and hinders 
development of a general strategy for technical 
intervention. Also information use is inefficient 

because relationships among descriptors are not 
considered. For example, correlation among
several descriptors would suggest that few descrip
torsitss indicators ofa wdergo
tors might be used as indicators of a wide range of 
characteristics. Succinct methods are needed to 
desriberi st e s a ner t 

reflects their operating characteristics. 
Combining information about dissimilar prod

ucts and processes is one of the less tractableproblems in developing descriptive schemes. The
MIwihmaue h ubro rp rw 

per year isaffected by the length ofcrop duration: a 
sequence of short-season crops leads to higher 
indexes than that of long season crops. Hence, themeasure's implication for resource use intensity is 
ambiguous. The measure gives land allocation but 
no indication of the volume or importance of 
output that would help in cross-sectional or inter
temporal comparisons and analysis. 

Economic valuation of crops and then summing 
is an easy way of homogenizing products for 
aggregate output measures. It is usually expressed 
in per farm or per hectare units. The measure isnot 
very satisfactory when both interregional and local 
comparisons are of interest because the prices 
appropriate for valuation at one level of aggrega
tion or location may not be appropriate at another. 
Also prices change and make continual updating of 
valuations necessary. There isalso the problem of 
choosing an appropriate set of prices; choices often 
depend on the purpose of comparisons. Finally, 
there is the theoretical inconvenience that prices 
are an aspect of the environment according to 
which farmers make choices of production pro
cesses and output kind and amount. It is incon
venient for a factor to enter both sides of the 
conceptual model, that is,as both descriptor and 
determinant. 

Resource equivalency ratios. Three related 
measures ofcropping systems were devised in 1983 
to provide a succinct but comprehensive measure 
of the system, and solve the problem of output 
heterogeneity. The measures, called resource equiv
alency ratios (RER), require little data and possess 
intrinsic meaning. They show the total output of a 
farm per unit of resource and therefore measure 
efficiency. Their computation is similar to that of 
the land equivalent ratio (LER), but on a whole 
farm basis rather than by plot, and for labor and 
capital as well as for land. 



The RER of a farm isthe number of units of a 
resource at a standard productivity required to 
equal the farm's production per unit of the resource, 
RER measures a production unit's output of 
various goods and services as the ratio of the 
quantity of a resource needed to produce those 
goods and services at a standard productivity rate, 
to the amount of the resource available to the 
production unit. The production unit may be a 
subunit of a farm, a farm, village, region, or other 
geopolitical unit, or farming system or subsystem. 
The goods and services are the various crops 
produced by the farm. 

The ratio may be computed for several cropping 
system resources, usually land, labor, and capital. 
The RER are the land equivalency ratio (LER), 
labor equivalency ratio (PER), and capital equiv-
alency ratio (KER). Quantities of resources 
"needed" and "available" may be measured as 
stock variables compared to flow variables. 

Available land measured as a "stock" would 
reflect farm size. Measured as the "flow" of land 
services, it would reflect the total planted area 
which might exceed farm size if more than one crop 
is grown per year. When the stock measure is 
taken, the resulting LER is influenced by intensity 
of land use (land idleness and multiple cropping), 
natural land qualities (fertility, drainage, etc), and 
the use of other inputs. When the flow measure is 
chosen, land use intensity does not directly affect 
LER and is more purely a productivity measure. 

Standard resource productivities used in an 
RER calculation may represent a population mean, 
technical maximum, temporal benchmark, or other 
meaningful value. RER values can then be inter-
preted as an output-to-input ratio indexed to that 
standard. It is useful if standards are chosen at a 
high level of aggregation, i.e. for a country or 
several countries. If standard land productivities 
across crops are computed as mean productivities 
from a national farm population, a 0.5 LER for a 
specific farm means the farm's total crop output 
per ha is half that of an average farm. If the 
absolute level of productivity standards are arbi-
trarily chosen (they should approximate the relative 
productivities of the resource across crops), RER 
values have no intrinsic meaning. 

To compute an RER for a farm or other 
production unit once standard resource produc-
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tivities are chosen, une needs the amount of each 
output produced and the amount available to the 
unit resource for which the analysis isconducted. If 
output ofa farm i of each productj isdenoted asy1 
and the amount of resource k available to farm i is 
xjk, then the RER for that farm in resource k 
(RERik) isgiven as 

._Y
 
F Y)A 

X,4
 

where Yjk is the standard yield of outputj per unit 
of resource k. 

The summation term in the numerator of the 
expression isthe amount of resource k required at 
standard productivity rates to produce the various 
farm output quantities. The denominator is the 
amount of resource k available to the farm. 
Slightly rearranged, the expression is as follows: 

nl I 
. ),-

X'
 

explained as the sum of the weighted outputs of a 
farm per unit of resource. The weight of each 
output isthe inverse of the standard productivity of 
resource k in each respective outputj. 

The above expression is similar to that which 
would express the monetary value of output per 
unit resource (eg, gross farm income per ha 
farmland) except that respective output prices are 
replaced by the inverse of standard resource pro
ductivities. The measures become more similar as 
correlation increases between chosen inverse pro
ductivities and output prices. One might expect a 
high inverse correlation between per ha yield and 
price at the national level, across crop species. 

Distribution of resource equivalency ratios on 
rainfed farms. To examine the RER measures of 
cropping systems, ratios were computed for 847 
Philippine rainfed rice-based farms. Villages and 
then farms were randomly chosen within a wide
spread climatic regime where monthly rainfall 
averages more than 200 mm in 5-6 mo/yr and less 
than 100 mm in 2-3 mo/yr. The stock measures of 
land, labor, and capital were used in computation. 

Distributions of each RER were negatively 
skewed (Fig. 1),with a lower bound of zero 
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Percentage freq,,ency 
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RER 
I. Frcquency distribution of RER. IRRI. 1983. 

approached as farm output approached zero (with 

a non-zero amount of inputs used), and an upper 

bound of infinity approached as the amount of a 

resource employed in production approached zero 

(with non-zero output). The PER varied least 

across farms, with 90% of values falling below 2.5, 

and 40% of observations falling in a range 0.75 to 

1.25. The LER fell below 3.2 on 90% of farms and 
between 0.75 and 1.25 on 30% of farms. On 10% of 
farms the KER was higher than 2.1% and only 16% 
of the values fell between 0.75 and 1.25. 

The frequency of combinations of RER values 
on farms was influenced by the substitution among 
resources in production, the Law of Diminishing 
Marginal Returns, and the quality of resources. 
The use of a large amount of one resource while 
holding other resources at low levels will reduce the 
RER for the intensively employed resource and 
raise the RER for the less-used resources. The 
quality of the physical environment, soil fertility or 
water-holding capacity, pest and disease incidence, 
rainfall stability, and other factors may depress or 
raise the RER for all resources uniformly. The 
frequencies of RER were examined across farms. 

RERs were classed as low, medium, or high 
depending on whether the value fell into the lower, 
middle, or upper one-third of all RER values for 

each resource. Figure 2 shows the distribution of 
combinations of RER values for 847 farms. On 47 
farms (5%), the PER and LER fell in opposite 
one-thirds of the distribution and cannot be de
picted on the triangular chart. 

represents a farm classification scheme 

that can be employed for purposes of technology 
design and policy purposes. To use the typology in 
this manner, it is necessary to understand the 
environmental factors that influence farmers' 
choices in resources that result in a farm's classi
fication. Analysis of the relationship between farm 
classes (descriptors) and environmental factors 
(determinants) is continuing in 1984. 

MULTIPLE CROPPING AND EMPLOYMENT 

Between 1975 and 1980, Iloilo farmers replaced 
local rices with early-maturing high-yielding varie
ties and switched from transplanting to direct 
seeding. Since more work was needed to harvest 
their higher yields, modern rices increased labor 
use by about 7% in rainfed areas and 15% with 

irrigation. Direct seeding lowered labor needs by 

20% so that average total employment per ha per 

crop fell by 18%. The new techniques also set in 
motion other changes that affected bigger shifts ing 

the labor force. 
Direct seeding of early-maturing varieties made 

it possible to increase the number of crops grown 

3,,30.,/, 
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2.Distribution of 847 Philippine rainfed farms by efficiency of resource 

use.IRRI, 1983. 
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Table 1. Percentage of land planted to various cropping Table 4. Average time of rice land preparation by hand 
patterns on 45 farms in Iloilo, Philippines, crop years tractor and water buffalo on 45 Iloilo farms, crop years 
1974-75 to 1980-81. 1975-76 to 1979-80. 

Cropping 1974- 1975- 1976- 1977- 197F,- 1979- 1980- Av time (h/ha) 
patterria 75 76 77 78 79 80 81 

Hand tractor Water buffalo 
R-R 5 20 38 49 45 * 38 37 Yr 
R - U 11 28 30 17 31 39 42 Rainfed Irrigated All Rainfed Irrigated All 
U - U 2 5 12 6 8 5 4 rice rice 
R 82 47 20 27 14 17 11 
U 0 0 0 1 2 1 6 1975-76 0 0 0 167 130 153 
Cropping 1.2 1.5 1.8 1.7 1.8 1.8 1.8 1976-77 0 2.1 1.2 160 103 137 
intensity 1977-78 0.1 0 0.1 128 80 104 

1978-79 5.5 2.6 4.2 124 82 105 
aR = rice, U = upland crop, - = followed by. 1979-80 7.4 7.7 7.5 99 95 97 

Table 2. Labor use for rice production on 45 Iloilo farms, 
1975-76 to 1979-80. costs. Adoption of machine threshing started in 

1977, and by 1980, no rice crops were threshed by 
Crop Labor h/farm Labor h/ha hand. Farmers also began using hand tractors 
yr Direct Trans- All Direct Trans- All (Table 4). By 1980, labor use dropped to half the 

seeded planted rice seeded planted rice 1975 level (Table 2). Average production of rough 

1975-76 415 1182 1597 513 798 691 rice per labor 11rose sharply, from 2.6 kg,/ h to 8.0 
1976-77 815 900 1715 536 708 613 kg/h (Table 5). 
1977-78 881 425 1306 430 715 493 

1978-79 1012 171 1183 407 590 426 Wagesforthedisappearingjoboftransplanting 
1979-80 740 88 828 336 505 388 fell during the technical changeover but rose for 

land preparation, harvesting, and threshing which 
had to be done quickly for multiple cropping. The 

Table 3. Wage rates imputed from hiring transactions on real agricultural wage, for all tasks combined, 
45 Iloilo farms from crop years 1975-76 to 1979-80. increased at first then declined to a level just above 

Wage rate (S/labor d) that in 1975. Higher wages were not the only 
component of increased labor costs. With labor

1975- 1976- 1977- 1978- 1979- saving techniques, jobs were completed more 
76 77 78 79 80 quickly so that the amount of work performed per 

Nominal wage rates hiring transaction fell from 61 h to I I h (Table 6). 
Land preparation 1.24 1.17 1.21 2.21 2.05 Hence, the transaction's cost pet hour of hired 
Transplanting 1.25 1.10 0.97 0.85 0.77 

0.80 0.71 0.69 labor increased.Weeding 0.59 1.10 
Harvesting 1.27 1.89 1.94 1.99 2.18 Composition of the labor force shifted only 

Consumer price 100 106 115 123 146 slightly.The proportion of work hired rose initially 
index then dropped back to the level before the technical 

Real wage rates change. In contrast, the proportion of work done 
Land preparation 1.24 1.10 1.05 1.80 1.40 by farm household heads fell from 32% in 1975 to 
Transplanting 1.25 1.04 0.84 0.69 0.53 
Weeding 0.59 1.04 0.70 0.58 0.47 28% in 1976, then rose gradually back to 36% in 
Harvesting 1.27 1.78 1.69 1.62 1.49 1980. Rice work done on the family farm by 

women and children declined steadily from 8% to 
3%7j(Table 7). Children now stay in school longer; 

per year from 1.2 in 1974 to 1.8 in 1980 (Table I). parents consider this an investment inchildren who 
Higher cropping intensity raised labor demand. will support them in old age. 
Eight percent more labor h were used in 1976 than Although M Vs and irrigation increase labor use, 
in 1975andabout21%morehiredlabor(Table2). when early-maturing varieties and direct seeding 
Wages also increased (Table 3) so farmers looked were used in Iloilo, multiple cropping increased, 
for ways in addition to direct seeding to cut labor and conditions that ultimately reduced total 
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Table 5. Rice production per labor h on 45 Iloilo farms,
1975-76 to 1979-.80. 

Rice production (kg/labor h) 

Period Planting method Variety 

Direct Trans- Modern Local 
seeded planted 

1975-76 2.6 2.5 3.1 2.2 
1976-77 4.1 2.9 4.1 2.6 
1977-78 6.0 5.72.5 2.8 
1978-79 7.6 3.7 8.0 2.9 

1979-80 8.0 1.3 8.1 1.2 


Table 6. Hired-labor hours and plot operations for which 
labor was hired. Iloilo, Philippines, 1975-76 to 1979-80. 

Period Total time Plot(h) o Time/plotoperations (no.) vratIon (h) 
-


1975.76 41,775 689 
 -J.6 
1976-77 50,626 1,487 34.0
1977-78 40,173 1,839 21.8 
1978-79 32,232 1,640 19.7 
1979-80 21,222 1,860 11.4 

employment in rice production developec. Higher 
labor productivity and greater labor requirements 
increased wage rates that in turn made mechaniza-
tion profitable. Higher incomes from improved 
yields and multiple cropping supported investment 
in machinery and higher education for children as 
they moved out of the work force. Wages of 
workers remaining in the work force are main-
tained at what it costs to do the work by machine, a 
real wage level that is higher than wages were 
before technological change. 
COST OF LOWLAND-UPLAND MODE SHIFT 

Converting land from upland to lowland and back 
between seasons costs more in land preparation 

than leaving land in the same system year-round.
Without thorough puddling for lowland rice fol

lowing an upland crop, yields may be affected. 
Similarly, upland yields may be adversely affectedif the seedbed does not have a loose, friable texture 

the season after lowland rice. Whether a farmer 
experiences higher costs for thorough land prepa

ration, or lower yield because land preparation was 
not thorough, the result is reflected in the profit
from a cropping pattern.

This feature of upland-lowland cropping systems
explains differences in the profitability of farms 

with different land resources. Some farms have 
land that can be left as lowland all year by using
irrigation during DS. Other land is sufficiently well 
drained for growing upland crops during WS. Still 
others are a combination of both. They all are 
significantly more profitable than a farm which has 
land that can only grow lowland rice in WS and a 

dryland crop during the less rainy times of the year
(Annual report for 1978).

A collaborative research project with the Na
tional Food and Agriculture Research Council of 
the Philippines studied this problem acioss a range
of cropping systems and physical environments. 
The economic performance of 63 farmers and 
experimental cropping patterns reported by Re
gional Integrated Agricultural Research System 
technicians were analyzed by regression. The total 
per-ha value of crops produced in an annual 
cropping pattern was related to the number of 
upland-lowland shifts, the number of crops grown 
without shifting model, the per-ha cost of labor 
and materials, and the sites from which data were 
taken. 

The estimated coefficients (Table 8) all had the 
expected signs, and those of most interest were 
significantly different from zero. Shifting the mode 
of production from upland to lowland or vice versa 

Table 7. Distribution of rice labor by source on 45 Iloilo farms, 1975-80. 

Period Total h/ha 
Labor (%) by family member 

Hired labor (M( Exchange labor lI 
Adult male Adult female Children 

1975-76 
1976-77 
1977-78 
1978-79 
1979-80 

641 
572 
366 
427 
322 

32 
28 
25 
32 
36 

5 
2 
2 
3 
3 

3 
3 
1 
1 
1 

58 
65 
68 
61 
57 

2 
2 
3 
4 
4 

http:1979-.80
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Table 8. Relationship of the value of crop production each crop grown per shift to upland mode, farmers1$/ha) to shifts between lowland and upland modes of earnedproduction. andaan additional $230. The $178 estimateddiinl$3.Te$7 
siae
earnings for each lowland crop grown per shift toIndependent variable 'oefficient t-statistic lowland mode was not significant.
 
No. of mode shifts 
 -186 2.13* Apart from gains from staying in a givenLowland crops per shift 178 1.29 production mode, farmers across the several loca

to lowland
Upland crops per shift 230 2.10* tions earn about a 2:1 return on the value of bothto upland labor and materials that they invest in cropLabor and power cost/ha 2.2 7.08... production, a rate quite widely realized in Philip-
Materials cost/ha 2.1 13.36"Dummy for experiment -35 0.34 pine agriculture (Research highlights for 1979). 
Constant -344 Whether a cropping pattern was grown by a farmerAdjusted R2 

94.0 or a researcher did not significantly affect returns.F statistic 70.6 The quality of resources at certain sites did affect 

returns, reflected in significant coefficients of site 
costs a farmer about $184/ha in lower production dummy variables. 
compared to tile patteris without mode shifts. For 
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INSECTS 


Entomology Department 

Insect abundance and rice cropping intensity.
Irrigation, early-maturing varieties, and direct 
seeding methods have fostered double rice cropping
in upland and lowland environments within the 
past 20 yr. The area devoted to rice has also 
expanded but not as much as double cropping.
This intensification of rice produ'tion in Asia has 
been associated with frequent inse,.t pest epidemics. 

Rice intensification factors wr.re analyzed to see 
their influence on insect abundance. Total number 
of rice crops per yr in upland (Batangas), rainfed 
lowland (Pangasinan, Iloilo, Cagayan), and irri-
gated lowland (Nueva Ecija) environments ranged
from 1.0 to 1.9. The total rice area ranged from 46 
to 94% within a I-km radius of each kerosene lighttrap, which is the effective dispersal distance of 
insect pests. 

Multiple regression analysis showed that the 
number of rice crops per yr and rice area were the 
greatest factors influencing observed insect abun-
dance. Variety, crop maturation period, and 
agrochemical usage did not improve the correla
tion for any insect species. 

CW, GLH, and YSB showed a strongercorrela-
tion with area planted to rice than did BPH 

(Fig. 1). As the rice area increased beyond 50%, thecurves flattened to show a levelling of the response 
at !he more fully planted sites. The lack of BPH 
coirelation may be caused by the insect's greater
dispersal behavior beyond the I-km limit. 

BPH showed the highest correlation with 
number ofrice crops per yr (Fig. 2). Moving from I 
to 2 crops/yr increased BPH populations 568%/ 
crop. Less responsive were CW (88%) and YSB 
(47%). The higher populations of BPH and CW 
may be explained by their shorter generation times. 
GLH correlation was not quite significant, but 
clearly showed a similar trend. 

To minimize insect pest epidemics, it is better to 
increase rice area than the number of crops per 
year. This isespecially true for areas which already 
have 50% rlanted to rice. 

Effect of rainfed lowland environment on riceinsect abundance. Light trap catches indicate 
general insect activity for an area. A propane-
powered light trap was operated in 1980-83 in the 

rice fields of Bauan village, Solana, Cagayan. 
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CROPPING SYSTEMS PROGRAM 369 

Crop yr total (In/light trap) ment. The rice area planted was calculated for the 
to Observed Yz2.1+3.29x field, not the seedbed. Farmers plant their dry 

.32 seedbeds in June or July in a "normal" year.Sa* Greater insect monitoring took place in the 
6 .1980-81 crop year when the FARMCOP suction 

"Exp"cted insect sampler was used on the DSR and TPR 
4 BPH Ecrops and seedbeds (Fig. 3). GLH and WBPH were 
2 29x more abundant on the direct seeded crop and the 

seedbeds. The prolonged crop establishment period
Crop yr total (Jn/lht trap) was caused by drought in June; some seedbeds 

were started in May; others were delayed until8 Observed Y 2.91+2,3lx July. As in 1981-82, GLH was active in August and 
7 0.02<P(005 00 September. Planthopper numbers, however, were 
6 . .low until after the prolonged floods in October and 
5 Expected November from two consecutive typhoons. WBPH 
4 and BPH numbers exploded in January, about 
3 - YSB two insect generations after the major flood period.
2 YBFARMCOP data show extremely low spider 

numbers after the typhoon. Because spiders are the 
Crop yr total (int0.5 /light trap) principal natural enemies of planthoppers, perhaps 

6 high hopper numbers were a form of resurgence
4 -. •caused by spider removal. As a result, BPH caused 

Ob--rved---Y=O.9+.13x/ - - ct hopperburn inabout 30 ha. 
2 t=2.43 Crop year 1981-82 had a highly favorable rainfall 

cw .02<P<.05 distribution and consequently higher insect num
-2 bers (Fig. 4). Rains in May and June were adequate 

for seedbed establishment and insect population
Crop yr total (In/light trap) increase in seedbeds. A dry July produced dry 

fields in August, but rains throughout August
ostimulated 

transplanting time. GLH numbers reached 1,200/ 
o a burst of activity among the hoppers at 

Y=475t5Observed trap-night but populations subsequently declined 
4 ns on the transplanted crop probably as a result of the 

GLH deep flooding from November typhoons. YSB 
1.0 1.2 1.4. 8. 12 16. 1.8 2.0 population could not increase either. 

Rice crops (no/yr) Crop year 1982-83 was characterized by early 
2. Comparison of the observed exponential (insect numbers are t'.Iral rainfall in May and the first half of June to produce
logarithms) and an expected doubling (arithmetic increase) of rice insect a wet moisture status suitable for sowing the dry
pest populations as rice cropping intensity increases from I to 2crops/yr.
Each data point isthe annual kerosene light trap catch from a location in seedbed (Fig. 5). The abnormally long dry period
the Philippines, 1983. was broken by an October typhoon, allowing land 

preparation. However, the long dry spell had 
prolonged the age of seedlings, and many seedbeds

Solana farmers grow insect-susceptible, traditional suffered from extreme drought. Insects could not 
Wag-wag varieties which tolerate the weather adequately recover when the rains came. The crop 
extremes in that rainfed drought- and flood-prone year had extremely low insect activity and ex
environment. Available rainfall, field moisture tremely low rice yields. 
status, and planting time data presented an oppor- Asian pre-Green Revolution records show BPH 
tunity to relate insect abundance to weather and and WBPH outbreaks. Removal of their natural 
cropping conditions. Field moisture status was enemies by floodithg could have been the cause. 
determined daily by the Multiple Cropping Depart- GLH population did not resurge after the flooding, 
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3. Relationship between rice area planted, rainfall, and spider predators, and the abundance ofWBPH, BPH,GLH,and YSB collected ina light trap or ina FARMCOP suction sampler. Solana, Cagayan, Philippines, 1980-81. 

perhaps indicating that natural en'mic other than was most abundant after the 1980-81 flood period.spiders are also important. Insect numbers were lower than in other sitesDuring the 1980-83 period, GLH was the most because of the direct effects of extreme droughtabundant hopper. BPH and WBPH behaved and flooding. The indirect effect of planting lesssimilarly when abundant, but WBPH was more than 50% of the rice area also reduced theirprevalent. YSB is known to tolerate flooding and numbers. 
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5. Relationship between rice area planted and rainfall, and abundance of WBPH. BPH, GLH, and YSB collected in a light trap. Solana, Cagayan, 
Philippines, 1982-83. 

Suitability of ratoon rice for insect pests. Field orded on the transplanted second crop. Green
and greenhouse trials compared ratoon to second house trials, with plants infested by hand, showed 
TPR crop for attractiveness to, nutrition, and low RWM survival and reduced body weight on 
population buildup of insect pests. Insect-suscepti- ratoon rice (Table 1). There were not enough other 
ble but RTV-resistant IR1917 was planted in all vegetative stage pests in the field trial to draw 
trials without insecticide use. Standing water was conclusions. Greenhouse trials showed ratoon rice 
maintained. to be a poor host for CW Nymphula depunctalisas 

RWM Hydrelliaphilippina did not oviposit on survival and body weight were low. Less affected 
ratoon rice in the field, but an average of 38 were GHC Rivula atimeta and green semilooper
eggs/ 100 hills and 6%damaged leaves were rec- Naranga aenescens. Developmental periods of 
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a
Table 1. Suitability of TPR and ratooned IR1917 for development of rice insect pests IRRI greenhouse, 1983. 

Developmental 
e
 

Pest Crop establishment methodb Survival c (%) periodd Insect wt

Days n mg n 
(no.) 

RWM TPR 40 24.0 31 0.98 29 
Ratoon 17 24.5 12 0.32 19 

A ns 

CW TPR 65 28.3 41 10.70 32 
Ratoon 32 29.7 27 6.87 29 

A ns 

GHC TPR 88 17.8 48 16.06 57 
Ratoon 93 17.8 45 9.68 42 

A ns ns 

Green semilooper TPR 37 14.9 36 22.57 43 
Ratoon 25 14.2 27 13A0 35 

A ns 

YSB TPR 27 32.3 12 10.32 48 
Ratoon 52 31.5 19 4.13 36 

A ns 

LF TPR 55 26.2 43 21.80 40 
Ratoon 60 25.8 51 16.06 42 

A ns ns 

BPH TPR 78 15.1 51 1.04 54 
Ratoon 82 14.9 49 0.91 30 

A ns ns * 

WBPH TPR 76 13.7 45 0.72 54 
Ratoon 70 13.7 46 3.63 42 

A ns ns ns 

GLH TPR 57 17.9 37 1.04 42 
Ratoon 62 18.4 42 0.58 37 

A ns ns * 

aAv of 6 replications, 10 insects/replication. bPlants infested 21 d after ratooning or transplanting. CFor all insects except 
RWM where mature eggs were used, first-instar larvae or nymphs were set on plants, and allowed to develop until adult

= 
hood. dOnly surviving insects were considered. n no. of insects. eLarvae or nymphs were allowed to develop for 10 d on 
plants before weighing. n = no. of insects. 

vegetative pests on ratoon and TPR did not carried over to the ratoon but did not recolonize 
significantly differ. the transplanted second crop. In the greenhouse, 

SB numbers rose dramatically at harvest, but significantly more YSB survived on a ratoon than 
when straw was removed to 15-cm stubble height, on a young transplanted crop but were smaller 
the populations were reduced by 91% on the (Table 1). Probably because of the larger diameter 
subsequent ratoon crop (Fig. 6). SB population on of stems, the ratoon appeared more suitable for SB 
the newly transplanted comparative crop was than a transplanted crop up to 40 DT. 
initially lower but built up by 45 DT to significantly LF Cnaphalocrocis medinalis was not abundant 
higher levels in the ratoon crop. YSB Scirpophaga in the main crop so its attraction to the ratoon 
incertulas was the most dominant species on the could not be determined. Survival on the ratoon, 
main crop but SSB was dominant on the ratoon however, was equal to that on a transplanted crop. 
crop (Table 2). This was surprising because YSB The larvae were smaller than normal, indicating 
larvae prefer the basal portion ofthe rice plant and that ratoon rice is less nutritious than TPR. 
SSB prefer upper stems. Hopper numbers declined gradually from the 

Although less prevalent, the pink Sesamia in- mid-reproductive stage until harvest because of 
ferens and dark-headed Chilo polychrysus SB, outward migration and predation. After harvest, 
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SB (% infested fillers) GLH (no./20 hills)
15 32 
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--- 4 Raloon20 

16 

0~-0 Main TPR crop- 12 o- Rto avsV Second TPR crop n 
0- Ratoon 4 Harvest 

0 
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12

.10

8Ratoon 
harvest 

4 

2 

0 

30 50 70 90 3 5 WBPH (no./20 hills)

DT Days after ratooning 5
 

or transplanting
6. Abundance of SB Scirpophaga incertulas and Chilo suppressalis on 4

the main transplanted crop and its ratoon compared 
 to that on a
transplanted second crop. IRRI, Aug-Dec 1982. 3 

populations of BPH Nilaparvata lugens, WBPH 2 
Sogatellafurcifera,and GLH Nephotettix virescens 
slowly built up in both the ratoon and transplanted
second crop. No species showed a preference for 0
either method of crop establishment (Fig. 7). 30 50 70 90 15 35 55 
Greenhouse studies confirmed that there was no orDays aferalooningapparent difference in food quality between ratoon 7.Abundance of GLH Nephotettix virescens BPH Nilaparvata Iugeus,
and TPR for hoppers. The only exception was and WBPH Sogatellafircifera on the main transplanted crop and itsratoon compared to that on atransplanted second crop. IRRI, Aug-Decreduced body weight for BPH in the ratoon. 1982. 

Table 2. Abundance of 4 SB species on a ratoon and aa TPR second crop. IRRI, Aug-Dec 1982. 

Main TPRb RatoonC Second TPR cropc
SB species Larvae + pupae Species Larvae + pupae Species Larvae + pupae Species 

(no./10 hills) composition (no./10 hills) composition (no./10 hills) composition 

(W) (%) (%) 
Yellow 23 55 1.2 34 0.5 67Striped 15 36 2.0 55 0.2 33Pink 2 5 0.1 3 0 0Dark-headed 2 5 0.3 8 0 0 

Total 42 3.6 0.7 
aAv of 4 replications. bSampled the day before harvest; 100-hill sample size. CSampled 15, 22, and 43 d after ratooning or 
transplanting the second crop; 100-hill sample size. 
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Principal natural enemies of hoppers (the hunt- Symptomless infection may have occurred late in 
ing and space-web spiders and the ripple bug) were the main crop. Virus-resistant varieties are an 
highly abundant on the main crop. Significantly important consideration when ratooning. 
more of them were carried over to the less disturbed Chemical insect control on irrigated transplanted 
ratoon than to the transplanted second crop rice. The yield loss method was used to develop an 
(Fig. 8). The predator-to-prey ratio was 6.7 in the insecticide recommendation for an irrigated site in 
main crop, 6.3 in the transplanted second crop, and Santa Maria, Laguna. IR42 was transplanted in 
20.1 in the ratoon. This illustrates the benefit of trials on farmers' fields for the 1982 WS. The 
sustaining predator numbers by not plowing a vegetative stage was attacked by RWM, which 
field. caused 97% infested leaves at 30 DT in the 

RTV (4% infected hills) and YD (14% infected untreated check. YSB, which attacked the crop in 
hills) virus diseases were prevalent in ratoon but the late reproductive stage, caused 3.6% white
did not occur in the transplanted second crop. heads. Despite the 2 insect pest problems, yields 

were not significantly different between the com
plete control (4.40 t/ ha) and untreated check (4.28

Huntng spiders (no/20 hills-	 t/ha), averaged over 6 fields. The fact that high 

o-- Main TPR crop RWM infestations did not cause yield loss was 
Voo- Secod TPR crop substantiated by trials at IRRI which showed that 

80 	 . RotOOn yield loss caused by RWM occurs only if other 
pests attack at the same time. RWM was the only 

60 vegetative stage pest in Santa Maria. 
Harvest a Rtoon Studies elsewhere found that whitehead infesta

40 	 . harvest 

,, ,tion of 3.6% should significantly decrease yield; 
20. 	 however, that did not happen. Rcsultss ,uggest that 

I a strong interaction between the environment and 
Space-web sp4ders (no /20 hills) insect pests' damage capability prevented yield 
120 reduction in Santa Maria. 

1oo_ Trials in 1983 DS again did not show yield loss 
8o -/ from insect pests cn IR46. The complete control 

did not significantly outyield the untreated check 
6(5.69 	 vs 5.26 t/ ha) and no pests reached economic 

threshold values.40 
The average daily catches from two kerosene 

20 light traps in farmers' fields showed a significant 

. ",, decline in insect pest abundance from 1982 WS to 
Ripple bug (no./20 hills) 1983 DS (Fig. 9). The decline, particularly of 
120 leafhoppers and planthoppers, is attributed to low 

1oo 	 rainfall after Oct 1982 and the synchronous plant
ing of the 1983 DS crop. There was no change in 
area planted. Despite the prolonged drought, there 

60 was sufficient irrigation water for high yields. 
Results show that insecticide use for rice is 

uneconomical in Santa Maria. This experiment 
20 demonstrated the value of performing on-site field 

trials to develop insect control recommendations 
30 50 70 90 15 35 55 rather than relying on economic threshold values 

DT Days after ratooning 
or transplantrng derived elsewhere. 

8. Abundance of predators Ihunting spiier I.,, I,i,inuhili. Maize insects. Hybrid maize Pioneer 6181 also1 

space-web spider Calltri,h loIr,,ima. and ripple bug tI . ,r ha 
l was severely drought stricken in KoronadaI in 1983atrolitleula) on the main tra nspla nted crop and its ratooI coimpareit 

that on a transplanted second crop. IRRI. Aug-Dec 19K2. DS. Insecticide trials showed no stand loss from 
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ants or other soil pests. Two unidentified species of 
thrips removed leaf tissue from seedlings up to the 
5-leaf stage, but oriental maize borer Ostrinia 

furnacaliv was the key pest on this crop. Detasseling 
4 of every 6 rows before pollen shed, however, 
reduced the number of entrance and exit holes per 
stem from 2.3 to 1.6. An average of three larvae per 
tassel were removed from detasseled plants. 

Seed treatments for maize seedling maggot. 
Maize seedling maggot Aiherigona or'zae is an 
upland pest which causes deadhearts in rice, maize, 
and sorghum seedlings. Infestations recur yearly 
during specific months. Insecticides provide the 
only control. Economic thresholds cannot be used 
as a guide to insecticide application. By the time 
deadheart symptoms are noticed, irreversible 
damage has been done. Site experience is the best 
guide to the need to control maize seedling maggot. 

Foliar sprays provide a poor control and require 
repeated applications. Granules are good but 
expensive. Insecticide-treated seeds are more effi-
cient and cost less. 

Field trials at the peak of infestation in Batangas 
showed excellent control with carbofuran and 
CGA73102 on all crops (Table 3). Other effective 
chemicals were carbosulfan, thiodicarb, and ben-
diocarb. 

Soybean insects. Orba soybean, planted after 
lowland irrigated rice in Koronadal, South Cota-
bato, during 1983 DS, was severely affected by 
drought and no harvest was taken. Insecticide 
trials, however, showed that soil insects did not 
reduce plant stand. 

Major aboveground pests were thrips Thrips 
pahni, bean fly Melanagromfrza sojae, cutworm 
Spodoptera litura, aphid Aph'is ghcines, and lima 


S• aCarbosulfan 
bean pod borer Etiella zinckenella. Thrips and 
bean fly were primarily responsible for stunted 
growth (54 cm when damaged by insects vs 74 cm 
when protected from insects). But the most serious 
pest Etiella damaged 50-60% of green pods and 
was not controlled by 3 deltamethrin sprays 
25-45 DE. 

Chemical control on mungbean. The insect 
control practice of two preflowering and two 
postflowering sprays, developed for Pangasinan 
farmers, has not been readilyadopted. Farmersare 
hesitant toapply the preflowering insecticide sprays 
on a young crop before damage is visible. By the 
time they see the damage, however, significant 

yield loss has occurred. Bendiocarb seed treatment 
was tested as a means of early protection. Bendio
carb performed as well as the recommended 
monocrotophos foliar sprays against flea beetle, 
bean fly, and thrips but not against aphid (Table 4). 
The monocrotophos sprays prevented aphid build
up but bendiocarb was no better than the untreated 
control. Neither the two monocrotophos sprays 
nor the bendiocarb seed treatment performed as 
well as the complete control of three monocro
tophos sprays at double dosage. Therefore, the 
search will continue for more effective seed treat
ment compounds. 

During the postflowering period, farmers were 
not achieving adequate control of Heliothis pod 
borer because they were underdosing. The newly 
developed synthetic pyrethroid compounds which 
are effective at 40 g ai/ha were recommended. 

Table 3. Maize seedling maggot Atherigona oryzae control 
with seed treatments on upland UPRi5 rice, DMR2 maize, 
and Cosor 3 sorghum~a Tanauan, Batangas, Philippines, 
Aug-Oct 1983. 

Chemicalb Deadheartscd Foliagede 

%) dry wt (g/4.8 m) 
Rice 

CGA73102 40 D 2 a 405 a 
Carbofuran 35 ST 2 a 341 ab 
Isofenphos 40
Carbosulfan 25 ST 

9 a
4 a 

337 ab
322 ab 

UC54229-S 96 ST 6 a 250 ab 
Thiodicarb 375 34 EC 17 a 233 b 
Bendiocarb 50 WP
Untreated 

11 a
46 b 

186 b
53 c 

Maize 

Carbofuran 35 ST 3 a 329 a 
Thiodicarb 375 34 EC 7 a 323 a 
CGA73103 40 D 9 a 209 a 

25 ST 22 a 206 a 
Methiocarb 50 WP 33 a 190 a 
Bendiocarb 50 WP 8 a 187 a 
Untreated 46 b 48 b 

Carbofuran 35 STCGA7310240D 

Sorghum 
3 a
10ab 1354 a

1345a 

Carbosulfan 25 ST 14 b 1329 a 
Bendiocarb 50 WP 14 b 1192 ab 
Thiodicarb 375 34 EC
Untreated 

7 ab 
29 c 

887 b 
399 c 

aAv of 4 replications for each trial per crop. bAt 8 g ai/kg 
seed with 25% gum arabic sticker. Seeding rate/ha was 
100 kg for rice, 15 kg for maize, and 14 kg for sorghum. 

= =
ST seed treatment, D dust. CAt 14 DE for rice and 
maize, average of 7, 14 and 28 DE for sorghum. d5-m2plots. eAboveground foliage harvested 36 DE; crop suf

fe;.d dught stress. 
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Table 4. Evaluation of seed treatment and low-volume spray technologies for mungbean. Manaoag, Pangasinan,Philippines, 
a.
Dec 1982-Feb 1983

Flea beetleb Thripsc 

(feeding (no./plant) 
holes/plant) 21 DE 

16 DE 

Complete control: preflowering 

1.3a 5.0ab 

1.4a 5.2ab 

3.9 de 5.4 ab 

4.7 e 8.8 b 

Bean flyd Aphide Heliothisf 

(% infested infestation 
plants) (grade) 
21 DE 25 DE 

0.5 kg ai monocrotophos EC/ha 2, 9, 16 DE;postflowering 
EC/ha25,35,45 DE 

23ab 1.0a 

No postflowering protection 
22a 1.0a 

No preflowering protection 
38 bc 3.3 c 

Untreated 
49 c 2.7 bc 

(no./35 Yieldg 
plants) (t/ha) 
55 DE 

- 0.03 kg ai deltamethrin 

0 a 1.31 a 

5.5 c 0.66 bc 

0.5 ab 0.84 bc 

1.0a 0.51 

Standard recommendation: preflowering - 0.25 kg ai monocrotophos EC/ha 2, 12 DE;postflowering - 0.04 kg ai 
cypermethrin EC/ha 30,40 DE, by knapsack sprayer 

3.3 cd 4.2 a 38 abc 1.0 a 0 a 0.86 b 

Preflowering: seed treatment - 4 g ai bendiocarb WP/kg seed, postflowering - 0.04 kg ai cypermethrin EC/ha 30,40 DE, 
by knapsack sprayer 

2.6 bc 6.6 ab 46 c 1.8ab 0.5 ab 0.89 b 

Pre flowering - 0.25 kg ai monocrotophos EC/ha 2, 12 DE;postflowering- cypermethrin EC30,40 DE, 
by Electrodyn sprayer 

3.5 cde 4.8 ab 33 abc 1.0 a 0 a 0.91 b 

Preflowering: seed treatment - 4 g ai bendiocarb WP/kg seed; postflowering - cypermethrin
 
EC 30, 40 DE, by Electrodyn sprayer
 

2.0 ab 5.4 ab 35 abe 2.7 bc 0 a 0.69 bc 

aAv of 6 fields (replications). Chemicals were bendiocarb 50 WP, monocrotophos, deltamethrin, cypermethrin. bMedythia 

suturalis: 35-plant sample. cThrips palmi: 35-plant sample. dOphiomyia phaseoli: 35-plant sample. eAphis craccivora: 35
= = = 
plant sample. 1-9 scale: 1 no aphids, 3 adults only, 5 = small colony, 7 = many distinct colonies, 9 many colonies 

running together. fHeliothisarmigera: 35-plant sample. gFrom 30-m2 crop-cut. 

Helio,.iscontrol was as good with cypermethrin as 
with deltamethrin in the complete control. Using 
controlled-droplet applicators such as the electro- 
static Electrodyn sprayer saves labor compared to 
the knapsack sprayer. 

DISEASES 

Plant Paihology Department 

Disease surveys in wetland rice-based cropping 
systems. In Solana, Cagayan, leaf BI caused by 
Pvriculariaoryzae Cav.was prevalent during the 
1983 rice-growing season. 1R52 suffered more than 
IR36. However, some lR36 fields weredisease-free 
despite Echinochloa sp. infection in them. One 
seedbed, planted to local variety Wagwag-aga, was 
also infected with BI; mean incidence was 74% and 
severity 3.7 on a leaf basis. 

IR52 was free from ShB [Thanatephoruscucu-
meris (Frank) Donk]. IR36 had higher ShB in-
fection (<50% incidence and 3.7 severity). 

As in previous years, BS (Hehninthosporium 
oryzae van Breda de Haan) occurred in IR36 
(severity of 2) and Wagwag-aga (severity of 5). 
IR46 was free from infection. 

Chemical disease control. Panicle discoloration 
associated with unfilled grains was severe on IR36 
established as DSR in Solana in 1980. Discolored 

grains have been observed since then, but incidence 
was low. An experiment in Solana determined the 
effectiveness of benomyl (applied at two growth 
stages) on grain discoloration. Data about other 
diseases such as leaf BI, BS, and ShB were also 
gathered.
 

The first benomyl spray at PI significantly 
reduced leaf BI incidence (Table 5). Benomyl did 
not provide significant ShB control and was 
ineffective on BS. The severity of the three diseases 
was unaffected by the treatment. Neck BI, ShR, 
and grain discoloration incidence was low and 
treatment effects could not be determined (Table 
5). Grain yield data were inconsistent. 

c 

http:Helio,.is
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Table 5. Occurrence and severity of diseases on dry-seeded IR36 with and without benomyl In drought- and submergence. 
prone environment. Solana, Cagayan, Philippines, 1983. 

Occurrence and severitya 

Treat- BI Neck BIb BS ShB ShRb Grain Yield 
ment (%) (%) discolorationb (t/ha)

incidence Severity Incidence Severity Incidence Severity (%) 
(%) (%) 

Spray at 0.7 2.0 3.8 86.2 
PI
 
Spray at 1.7 1.0 1.9 86.6 
heading 
stage
Spray at 0 0 2.2 80.7 
PI and 
heading
No spray 0 0 5.5 76.7 
check 

a Recorded at 14 d after second application of the chemical. 

Soil-borne diseases in upland crops after rice. 
Previous studies showed that rice straw compost 
used for four successive growing seasons increased 
incidence of soil-borne diseases of cowpea. In the 
present study, incorporated cowpea stubbles were 
compared with rice stubbles to determine their 
effects on cowpea soil-borne diseases. Since earlier 
studies showed greater disease occurrence in fields 
with zero tillage, the influence of tillage was also 
investigated. The present study showed root in-
fection or damping-off occurred earlier than ex-
pected although the incidence was lower than 
shoot and Fusariaminfection. Fusarium infection 
was significantly lower in zero-tillage plots than in 
those with high tillage. The baiting method deter
mined soil-borne pathogens and showed Fusariumspp. predominant regardless of stubble treatment. 

This method produced higher counts of Fusarium 
among all treatments. Soil moisture and pH 
appeared unaffected by the treatments. High and 
zero tillage differed significantly in stand count and 
grain yield depending on stubble management
(Table 6). The plant count just before harvest was 
significantly lower in stubble plots at high tillage. 
Consequently, zero-tillage plots had significantly 
higher plant count and grain yield. 

Integrated disease management. Surveys at out-
reach sites of the IRRI Cropping Systems Program 
showed several diseases. Cultural and chemical 
control methods for cropping systems have beendeveloped and evaluated. The study tried to in-

(M) 

1.9 57.0 2.6 9.5 3.3 2.8 

1.7 60.0 2.3 13.4 4.7 3.2 

2.0 55.0 2.5 10.6 6.4 2.9 

1.6 58.0 2.6 10.7 3.6 3.1 

Severity is on a scale of 0-9. bRecorded at time of harvest. 

tegrate control methods to develop a disease 
management scheme suitable for cropping systems. 
For lowland rice as the first crop, all plants 
remained healthy up to 14 d after which diseased 
plants were sprayed at 30 DT with benomyl at 
i g/ litre of H2 0 as a protectant. At all observation 
periods, plants that received single application at 
booting stage had lower infection than those 
sprayed at 30 DT but the difference was insig
nificant (Fig. 10, 11). As expected, two sprayings 
offered better control than one. The effect on ShB 
of stubbles combined with fungicide was erratic. 
With stubble alone, disease incidence slightly in
creased at all observation periods. 

Table 6. Influence of Fusarium sp. on stand count andgrain yield of cowpea in relation to tillage levels and straw 
incorporation. IRRI, 1983. 

merT tDa Tillage ifference 
High Zero 

Stand count
With rice stubble 24 99 75*
With cowpea stubble 24 87 63"* 

Without stubble 44 91 47"* 

Mean 31 92 61 "" 

Grain yield (g/7.5 m) 
With rice stubble 31.4 220.3 188.9 
With cowpea stubble 37.4 148.9 111.5**
Without stubble 60.7 132.2 71.5 ** 

Meane43.2Ma 167.1 123.9d 



T I - stubble alone
TI-=stbb ao30 
T3- untreated 
T4-stubbletbenomylat30DTT5- stubble+i (rnancozeb +Ibenornyl)
 

ofbootingstage 

T6 -(mancozebt benornyl) at bootingstage
T7-stubble+ benomyl at 30 DT + 

(mancozeb +benomyl) at booting stoetage
T8 -benoy at 30 DT+ 

o b otinstagey 

- 100(Table 

60 

Z. 40 -taken 

0 1 2 3 
2 35 (atharvest) 

?,,,a2 5 14,7,1A4-
ai 'WEEDS
 

" <1,07 8 

l cEffect 

10. Incidence of ShB as affected by stubble and fungicide at 4 
observations. Lot 8131,IRRI, 1983. 

Trichoderma sp. for treating seed in upland 
fields and effect on soil-borne diseases. After 
cowpea seeds were treated with Trichodermahar-
zianum and sown in upland plots, rhizosphere soil 

TI -stubble alone 
T2-benomyl at 30 DT 
T3-u.Iheated 
T4-stubble + benomyl at 30 DT 
T5-stubble +(mancozeb +benomyl) 

otbooting stage

T6-(mancozeb t benornyl) at booting stage

T7 -stubble + benomyl at 30 DT +
 

(mancozeb+benomyl)lbootingslage 

T8-benonyl at 30 DT' 


(mancozeb+ benomyl)
 

6 

_>,4
 

0 35 (atharvest) 

3. 5-4,, '14-pk.,,iT., 

5 6Pa'r. 7 7 Nip so 

II. SeverityofShBasaffectedbystubbleand fungici~eat4observations. 
Lot 831, IRRI, 1983. 
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samples shoved little increase in the fungus pop
ulations. T.harzianumpersisted for 2 wk in dry soil 

and 4 wk in wet soil. Aspergilli, Fusaria, and 
Penicilli were predominant in the soil. No sig
nificant differences were observed inthe emergence 
percentage of the seedlings,disease incidence,plant
stand and height, and grain yield. 

Plots sown with rice seeds treated with Tricho
derma spp. did not show any trend 0-2 WAS 

7). Penicillium sp. I and Aspergillus niger 
increased regardless of the presence of Tricho
derma. Seedling emergence and ShB incidence 

at 10 and 15 WAS did not differ significantly 
among the treatments. ShB severity differed at 10 
WAS when it was significantly lower in the check. 

WE D 

Agronony Department 

of tillage, fertilizer, and weed control 
methods on weed growth. Since 1979, a long-term
trial has examined the effects of tillage, N level, and 
weed control treatments on crop yield and weed 
growth. The study continued in 1983 to determine 
the residual effect of these treatments on the 
composition of the weed flora and crop yield. 

Transplantedrice. The different tillage, weeding, 
and fertilizer treatments were applied to 12 suc
cessive crops of TPR. No weeding was done in any 
of the plots in the 13th crop. 

The relative dry weight of Echinochloa spp.
increased while that of Monochoria vaginalis 

aTable 7. Population of Trichoderma spp. in the rice rhi

zosphere with fungicide-treatedb or untreated seeds. 
IRRI, 1983. 

Counts of colony-forming unitsc of 
Trichoderma (hundreds/g soil) 

PCN B Untreated 

0 2wk 4wk 0 2wk 4wk 

T. aureoviride 0 3.0 0 20.0 1.0 0 
T. hamatum 0 1.0 0 0 0 0 
T. harzianum 19.0 18.0 6.0 11.0 9.0 8.0 

koningii 0 0 2.0 0 1.0 2.0 
Trichoderma sp. 3.0 1.0 0 3.0 5.0 0 

aNo. of Trichoderma spp. were determined by dilution 
plate technique on modified gallic acid medium. bpCNB 
applied at the rate of 1.4 g ai/kg seed. CEach figure repre
sents means from soil samples in plots with 4 replications. 
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Table 8. Total weed weight and relative dry weights of different weed species as affected by tillaga level and N level. IRRI, 
1983 WS. 

Weed species Minimum tillage 

0 kg N/ha 60 kg N/ha 

Echinochloa spp. 26.3 47.4 
Monochoria vaginalis 48.4 8.1 
Paspalum distichum 20.3 37.9 
Cyperus difformis 5.0 6.5 
Scirpus supinus 0.1 0.1 

97.4 278.3 

decreased at both tillage levels. The relative dry 
weight of Paspahm distichum decreased under 
conventional tillage (one plowing fb three har-
rowings at weekly intervals). No trend was obscrved 
when minimum tillage (I plowing fb I harrowing 
I wk later) was used for land preparation (Table 8). 
Total weed weight increased as N level increased in 
the conventional tillage plots. In the minimum 
tillage plots, it increased up to 60 kg N/ha. 

Different weed control treatments had a sig-
nificant residual effect on total weed weight 45 DT 
(Table 9). In the minimum tillage plot, total weed 
weights were significantly lower in plots that were 
manually weeded and those that were treated with 
2,4-D and butachlor. In conventional tillage plots, 
all those previously treated, except those treated 

Table 9. Residual effect of weed control treatments ap
plied to the previous 12 crops on total weed weight 45 
DT.IRRI, 1983 WS. 

Previous weed Total weed weight (g/m2 ) 

control treatment Minimum Conventional 

tillage tillage 

Rotary weeding 107.3 a 71.8 a 
15 DT fb HW 
30 DT 

2,4-D (0.8 kg/ha) 141.5 ab 136.1 bc 
2 DT 

Thiobencarb - 159.4 bc 85.9 ab 
2,4-D (1.0 
0.5 kg/ha) 2 DT 

Butachlor (1.0 kg/ha) 143.1 ab 93.9 a 
2 DT 

Butachlor (1.0 kg/ha) 167.7 bc 98.9 ab 
2 DT fb 2,4-D 
(0.5 kg/ha) 30 DT 

No weeding 203.3 c 195.0 c 

Relative dry weight )%) 

Conventional tillage 

120 kg N/ha 0 kg N/ha 60 kg N/ha 120 kg N/ha 

81.6 39.0 67.8 91.3 
2.0 42.3 17.5 6.0 

14.5 15.4 9.1 2.5 
1.9 3.3 5.6 0.2 
0 0 0 0 

Total weed weight (q/m 2 ) 
237. -.4.2 78.2 452.7 

with 2,4-D, had significantly lower weed weights 
than unweeded plots. Weed weights were higher in 
previous minimum tillage plots than in those that 
had conventional tillage. 

Weed control treatments applied to previous 
crops affected grain yield (Table 10). At both tillage 
levels, yields were significantly higher in plots that 
were previously manually weeded than in those 
with no previous weeding. The unweeded plot 
yielded 61% lower than the manually weeded plot 
when minimum tillage was used and 41% lower 
with conventional tillage. The average yield of 
plots previously prepared by minimum tillage was 
1.1 t/ ha, and that of plots that received conven
tional tillage was 1.6 t/ ha. 

Yields at the highest level of applied N were 
lower than those at the other le-,els becau.,o of the
luxuriant growth of Echinochiloa spp. 

Table 10. Effect of tillage level and previowtI weed control 
treatments on grain yield of transplanted 1R36. IRRI,
1983 WS. 

Previous weed Yield (t/ha) 

control treatment Minimum Conventional 
tillage tillage 

Rotary weeding 15 DT 1.7 a 2.1 a 
fb HW 30 DT 

2,4-0 (0.8 kg/ha) 2 DT 0.9 b 1.3 b 
Thiobencarb - 2,4-D (1.0 1.2 ab 1.8 ab 

- 0.5 kg/ha) 2 DT 
Butachlor (1.0 kg/ha) 1.1 b 1.7 ab 

2 DT 
Butachlor (1.0 kg/ha) 1.0 b 1.6 ab 

2 DT fb 2,4-D (0.5 
kg/ha) 30 DT 

No weeding 0.6 b 1.2 b 



Dry-seeded lowland rice. Residual effects of 
previous treatments were examined in the fifth 
crop of lowland DSR. Because of intense weed 
growth, each plot was split. Half was weeded once 
12 DE, and the other half was weeded 12 and 
35 DE. 

Time of land preparation affected composition 
of the weed flora. Based on weed weight, Melochia 
concatenata comprised 66.9% and Echinochloa 
colona 32.6% whet land was prepared during DS. 
When land was prepared at the start of WS, the 
reverse was true; M. concatenata accounted for 
32.7% of the weed flora and E. colona accounted 
for 63.7%. The level of applied N had little effect on 
total weed weight or the composition of the weed 
flora. 

Previous weed control treatments affected weed 
weights 12 DE (Table 11). In the plot kept weed 
free by tillage during DS, all previous weed control 
treatments except butachior at 2 kg ai/ ha reduced 
weed weights compared to tke unweeded check. In 
the plots prepared at the start of WS, only 
butachlor at 2 kg ai/ ha and butachlor fb propanil 
failed to reduce weed weights significantly com-
pared to the untreated check. 

Total weed weights averaged 56% higher in plots 
prepared at the onset of WS. The time required to 
weed these plots at 12 DE was 46% greater than 
that required to weed plots kept weed free by tillage 
during DS. Time required for weeding all plots that 
received a previous weed control treatment (except 
those treated with butachlor) was significantly less 
than the time required to weed. previously un-
weeded plots. 

Average grain yields were higher in plots pre-
viously kept weed free by tillage during DS (2.8 
t/ ha) than in those prepared at the onset of WS (2.2 
t/ha). Plots weeded once yielded less than those 
weeded twice (2.1 t/ha vs 2.8 t/ha). The level of 
applied N did not significantly affect yield. 

Different land preparation methods in dry-
seeded lowland rice. An experiment in two fields 
determined the effect of degree of tillage on weed 
flora. Land preparation consisted of I plowing in 
March plus I rototilling I DBS, I ploing in 
March plus 3 rototillings at 2-wk intervals, stale-
seedbed technique using shallow rototilling to kill 
weeds, stale seedbed using paraquat to kill the 
weeds, and zero tillage. 
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Table 11. Residual effect of weed control treatments ap.
plied to previous crops on total weed weight 12 DE of 
dry-seeded lowland rice. IRRI, 1983 WS. 

Previous weedcontrol Time ofapicto Weed weight (g/m 2 ) 

treatment Weed free Prepared 

during DS at start 

of WS 

Weeded twice 14 + 35 DE 32.8 a 75.5 a 
Butachlor (2.0 PE 67.0 b 104.1 abc 

kg/ha) 
Btutachlor (2.0

kg/ha) fb 
PE fb 30 DE 30.4 a 92,8 ab 

HW 
Buta'hlor (2.0kg/ha)+ 7 DE 27.5 a 97.5 ab 

propanil (3.0 
kg/ha) 

Butachlor (2.0 PE fb 7DE 35.9 a 128.2 bc 

kg/ha) fb 

kg/ha) 
No weeding - 93.8 b 154.7 c 

In the first field, weed weights 2 wk after crop 
emergence were significantly higher in zero tillage 
plots than with other land preparation methods. 
Weed flora also differed between tillage techniques 
(Table 12). Major weed species in the zero tillage 
plots were Alysicarpus vaginalis and a Paspalum 
sp. A. vaginalis was not present in any of the other 
fields but the Paspaluri sp. was present in all other 
fields except those plowed once and rototilled 
once. A Digitariasp. was extremely important in 
plowed plots and it was an important weed in the 
stale-seedbed plots treated with paraquat. 

lpomoeatrilobawas the major weed in the stale
seedbed plots where a harrow was used for the final 
land preparation, and it was important in plots that 
were plowed. Cyperus iria,which occurs in wetter 
conditions, was present in the stale-seedbed plots 
which received their final land preparation 2 wk 
later than other plots. 

In the other field, weed weights were higher in 
zero tillage than in the other plots. The weed flora, 
which was very different from that of the first field, 
also varied depending on the method of land 
preparation (Table 13). Panicumrepens, the major 
weed, and Echinochloaproceracomprised more 
than 85% of the weed flora (based on weed weight) 
in the zero tillage plots. They were essentially 
absent from the other plots. E. colona was the 
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Table 12. Effect of land preparation method on total weed weight and relative dry weight In the unweeded plots 2 WE. 
First field, IRRI, 1q83 WS. 

Zero tillage 1 plowing + 1 plowing + 
Weed species (glyphosate, 1.5kg al/ha) kg el/ha) 1 rototilling 3 rototillings 

Digitaria sp. 0 54.9 
Cyperus rotundus 1.5 0 
lpomoea triloba 3.3 34.4 
Paspalum sp. 19.4 0 
Cyperus ir/a 0 0.3 
Alysicarpus vaginalis 53.5 0 
Othersa 22.3 (4) 10.4 (6) 

175.2 b 29.7 a 

aNumber of species indicated in parentheses. 

major weed in all the other land preparation 
methods. I. trilobawas again important in the plots 
that were plowed during DS, indicating the neces-
sity of DS land preparation to break dormancy. 
Cyperus rotundus was important in the stale-
seedbed plots treated with paraquat and plots that 
received one plowing and one rototilling. Con-
melina diffusa was also important in the stale-
seedbed plots treated with paraquat. 

There was little difference in the time required to 
hand weed plots with the different land preparation 
methods at 2 and 5 WE. In the first field, 
significantly less time was required to hand weed 
stale-seedbed plots that were sprayed with para-
quat than those that were plowed because of the 

Relative dry weight (%) 
67.2 
0 

23.7 
0.1 
0.3 
0 
8.7 (8) 

Total weed weight (g/m') 
41.3 a 

Stale-seedbed 

HrowarqtHarrow Paraquat 

(0.75 kg al/ha) 

8.9 19.0 
2.3 8.9 

50.2 2.0 
17.4 19.4 
9.6 16.5
 
0 0
 

11.6 (9) 34.2 (9) 

42.5 a 15.0 a 

difficulty of removing Digitaria sp. In the second 
field, differences for the land preparation methods 
were not significant. 

In both fields, no yield was obtained from the 
herbicide-treated plots because mixtures of buta
chlor, thiobencarb, and pendimethalin with pro
panil applied 7 DE failed to give sustained weed 
control. Only plots that were HW twice produced 
yields. Yields were low because of BI damage. In 
the first field, there was no significant difference in 
yield (av was 1.0 t/ ha) among the land preparation 
methods. 

In the second field, the stale-seedbed plots 
sprayed with paraquat yielded significantly higher 
than those that received one plowing plus one 

Table 13. Effect of land preparation method on total wood weight and relative dry weight in unweeded plots 2 WE and 
grain yield in the hand-weeded plots. Second field, IRRI, 1983 WS. 

Zero tillage 1 plowing + 1 plowing + 
Weed species (glyphosate, 1.5 1 rototilling 3 rototillings 

kg ai/ha) 

Echinochloa colona 3.8 47.7 
lpomoea triloba 0 13.2 
Cyperus rotundus 0.7 19.9 
Commelina diffusa 0.5 3.5 
Eriochloaprocera 11.8 0 
Panicumr pens 74.1 0 
Othersa 9.1 (5) 15.7 (9) 

240.3 	 c 83.5 ab 

0 c 0.9 b 

aNumber of species indicated In parentheses. 

Relative dry weight (%) 
60.4 
14.1 
8.0 
1.2 
1.4 
0.5 

14.4 (6) 

Total weed weight (g/m2 J 
110.1 bc 

Grain yield (t/ha) 
1.4ab 

Stale-seedbed 
Harrow Paraquat 

(0.75 kg al/ha) 

76.9 35.5 
0.8 3.9 
0.5 32.4 
0.3 18.8
 
0 0
 
0.9 0 

20.6 (6) 9.4 (6) 

84.9 ab 38.0 a 

1.5ab 1.8a 
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Table 14. Effect of land preparation method on relative dry weight, weed density, weed weight, and time required for 
weeding 14 DE. IRRI, 1983 WS. 

Plowing (Feb) + 
Weed species 1 rototilling 

1 DBS 

Cyperus rotundus 3.7 
Digitariasp. 4.6 
Ipomoea triloba 10.2 
Calopogonium mucunoides 2.7 
Rottboellia exaltata 75.6 
Othersa 3.2 (3) 

66.1 a 

178 a 

689 b 


Number of species indicated in parentheses. 

rototilling (Table 13). No yield was obtained from 
the zero tillage plot because of poor crop estab-
lishment and severe weed competition. 

Effect of time and degree of tillage on weed 
control in up~and rice. Fourteen DE, weed density 
and weed biomass were not affected by land 
preparation method. However, composition of the 
weed flora and the time required for weeding 
were affected (Table 14). Differences in the time 
required for weeding were attributed to changes in 
the weed flora. C.rotundus, which is difficult to 
remove by hand, predominated in those plots 
where all land preparation was done I DBS. 
Rottboelliaexaltata dominated in plots where land 
preparation began in DS. 

Weed control from herbicides was inferior to 
that fiom HV, but superior to the untreated check. 
Yields reflected the degree ofweed control achieved, 
Regardless of land preparation method, yields 
were highest with 2 HWs: 1.8 t/h. averaged acioss 
land preparation methods. Yields from herbicide 
treatments were significantly lowei 0.5 t/ ha aver-
aged across land preparation methods and herbi-
cide treatments. No grain yield was obtained from 
untreated check plots, 

Mungbean. A rainfed trial at IRRI in late WS 
1982 and early DS 1983 studied the effect of 
different N levels on yield and weed growth. 

The major weed in the experimental area was R. 
exaltata. Weed growth and yield were unaffected 

Plowing + 1 Plowing (Feb) + Plowing + 3 
rototilling 3 rototillings rototillings 

1 DBS (Mar, May, Jun) 1 DBS 

Relative dry weight (%) 
60.2 0.4 76.7 

1.1 6.2 4.3 
1.4 12.0 0.4 
1.0 10.2 2.2 

36.0 67.9 15.2 
0.3 (3) 3.3 (3) 1.2 (2) 

Total weed weight (g/m' )
72.2 a 48.3 a 84.8 a 

Weed density (no./m2 
) 

182 a 123 a 199 a 

Weeding time (h/ha) 
936 c 514 a 950 c
 

by applied N ranging from 0 to 40 kg/ha at 3 
weeding levels (weeded once 9 DE, weeded twice 9 
and 18 DE, and no weeding). Weed weights 
decreased significantly as level of weeding in
creased. Yields from the twice-weeded plots were 
significantly higher than those from the plots that 
were not weeded. 

Control of Cyperus rolundus.Several herbicides 
or herbicide combinations, potential preplant treat
ments, were applied to actively growing C. rotundus 
in an uncropped field to determine their effective
ness. Six weeks after weed emergence (2-4 wk after 
treatment with herbicides), plots were sampled to 
determine the effect of herbicide application. Im
mediately afterwards, each plot was rototilled. 
Three weeks later, the weeds were sampled agaa Lo 
determine the residual effects of the herbicide 
treatments. 

At 6 wk after weed emergence, all herbicides 
except paraquat gave good to excellent control of 
C.rotundus (Table 15). Applying glyphosate at 4 
wk after weed emergence was more effective than 
applying it at 2 wk. The sequential treatments of 
2,4-D fb 2,4-D and bentazon fb 2,4-D were as 
effective in their initial control of C.rotundus as 
glyphosate applied at 4 wk. 

Glyphosate had better residual effect on C. 
rotundus when it was applied at 4 wk after weed 
emergence. SC 0224 worked better when it was 
applied at 1.5 kg ai/ ha. Bentazon fb 2,4-D was still 
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Table 15. Effect of herbicide treatments on density of Cyperus rotundus and other weed species. IRRI, 1983 WS. 

Rate Time of 
Treatment (kg ai/ha) application 

(WE) 

Glyphosate 1.5 4 
Glyphosate 1.5 2 
SC 0224 1.0 2 
SC 0224 1.5 2 
2,4-D fb 2,4-D 0.75 fb 0.75 2 fb4 
Bentazon fb 2,4-D 2.0 fb 0.75 2 fb 4 
Paraquat 0.5 2 
Untreated - 

aWeeks after rototilling. 

as effective as glyphosate applied at 4 wk after weed 
emergence but some loss of control was observed 
with 2,4-D fb 2,4-D. 

Six weeks after weed emergence, species other 
than C. rotundus, particularly grasses, were reduced 
by all herbicide treatments except sequential ap-
plications. Following rototilling, broadleaf weeds 
and grasses built up in all plots except the untreated 
check and those treated with paraquat. The compe-
titive orallelopathic effect of C.rotundusprevented 
the buildup of the other weed species in these plots, 

As expected, paraquat when applied at 2 wk 
after weed emergence gave excellent top kill, but 
the weed quickly re-established itself from under-
ground tubers. 

Butachlor degradaion. Butachlor disappearance 
from both upland (silty clay loam) and dry-seeded 
lowland (loam) soils at IRRI after application at 
2 kg ai/ha in July 1982 was very rapid and 
followed the same trend. One hour after herbicide 
application, 8.60-10.15 ppm butachlor was detected 
in the top 10 cm of soil (Fig. 12). One week after 
application only 2.15-3.05 ppm was detected. At 
21 DAT, only about I ppm could be detected. 
Thereafter, the amount of butachlor detected 
gradually declined until 84 DAT when it dis-
appeared. This explains why the weed control 
effect of herbicides such as butachlor is short-lived 
in DSR at IRRI. 

Management and control of Scirpus maritimus. 
Field experiments begun in 1974 DS continued 
through 1982. During DS, yields of herbicide-
treated and rotary-weeded plots were similar and 
statistically higher than the yield of the untreated 
check (Table 16). The heavy population of S. 

Weed density (no./m 2 )
 
Cyperus rotundus Other species
 

6WE 3 WRa 6WE 3 WRa 

2 a 20 a 4 a 98 b 
40 b 54 cd 10abc 72 b 
58 b 76 d 8ab 62 b 
34 b 38 abc 12 ab 108 b 
24 ab 42 bcd 42 cd 112 b 
23 ab 24 ab 60 d 308 c 

508 c 470 e 2 a 32 a 
694 c 648 e 32 bcd 18 a 

maritinus resulted in low grain yield of the 
untreated check. 

In a cropping pattern where maize was inter
cropped with soybean, weeds did not greatly affect 
maize and soybean yields in the untreated check. 

In a cropping pattern where maize was planted 
alone, the yield differences between treatments 
were not significant. Maize competed with weeds 
even in the untreated check. 

In the continuous TPR pattern during WS, the 
rotary-weeded plots had higher yields than either 
the herbicide-treated or the untreated plots (Table 
17). Herbicide-treated plots had higher yields than 
the untreated. 

In the upland crop - TPR pattern, yield dif
ferences were similar to those in the continuously 
transplanted system. Without weeding, however, 

Colcentralion (ppm) 

1' 

8 

iOUpli
 

6 -A Lowlandl
 

4
 

2 

---- ...... 
00 14 28 42 56 70 84 

Days of er appliotion 
12.Butachlor degradation inupland and lowland soils. IRRI, 1982. 

http:2.15-3.05
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Table 16. Effects of weeding methods and cropping pattern on crop yield and population density of Scirpus maritimus and 
other weeds. IRRI, 1983 DS. 

Weeds (no./m 2 )
Cropping pattern and Yield/haa 
weeding treatment Broadleaf Grasses Sedges Scirpus Cyperus 

weeds maritimus rotundus 

Continuous TPR Rice (t)
Rotary weeding 4.9 a 0 64 120 84 0
Bentazon (2 kg ai/ha) 4.0 a 70 86 24 80 0 
No weeding 0.6 b 182 80 32 426 0 
Upland crop - TPR Maize + soybean 

(ears) (kg)
HW 16,500 a + 678 a 24 4 40 0 
Butachlor (1.0 kg ai/ha) 25,000 a + 592 a 36 28 0 18 0 

fb bentazon (1.0 kg 
aiiha) 

No weeding 15,000 a + 335 a 114 34 14 68 0 
Upland crop - rain fed Maize (ears) 

bunded DSR 
HW 15,000 a 30 0 24 30 0 
Butachlor (1.5 kg ai/ha) 19,500 a 30 30 0 44 0 

fb bentazon (1.0 
kg ai/ha) 

No weeding 3,500 a 92 848 132 0 
aAv of 2 replications. 

Table 17. Effects of weeding methods and cropping pattern on rice yield and population density of Scirpus maritimus and 
other weeds. IRRI, 1983 WS. 

Weeds (no./m2 )
Cropping pattern and Yielda 

weeding treatment (t/ha) Broadleaf Grasses Sedges Scirpus Cyperus 
weeds maritimus rotundus 

Continuous TPR 
Rotary weeding 4.1 a 128 14 56 42 0 
Bentazon (2 kg al/ha) 3.3 b 16 38 88 68 0 
No weeding 0.3 c 24 0 56 342 0 
Upland crop - TPR 
Rotary weeding 
Bentazon (2 kg ai/ha) 
No weeding 

3.5 
2.5 
1.5 

a 
b 

c 

60 
64 
56 

4 
12 
12 

108 
120 
148 

18 
24 

120 

0 
0 
0 

Lpland crop  rain fed 
bunded DSR 

HW 
Butachlor (1.5 kg ai/ha) 
No weeding 

3.0 a 
0 
0 

b 
b 

54 
48 
52 

4 
32 
12 

0 
38 
0 

0 
0 
0 

0 
0 
0 

aAv of 2 replications. 

upland crop - TPR had about 1.2 t/ ha more yields broadleaf Macroptiliumlathyroides, the untreated 
than the continuous TPR in the same situation, and the butachlor treatments gave no grain yields.

In the pattern of dry-seeded-rainfed bunded rice C. rotundus,another perennial weed in this pattern
following maize, yields of 3 t/ha were obtained for the last 8 yr, was now virtually absent in all 
only with HW. Because of the buildup of the plots. 
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CROPPING PATTERN TESTING IN DROUGHT- AND Mungbean. Cropping pattern tests showed that 
SUBMERGENCE-PRONE ENVIRONMENT in the first 3 yr(1980-82) flooding during May-Jun 

The rainfed rice growing environment of Solana is made mungbean a risky crop, especially in stratum 
typically drought- and submergence-prone. During II (Table 1). Losses from flooding in stratum I were 
the 4 yr that the Solana Cropping Systems Project about 50%. Yields from fields that survived floodwas in operation, annual rainfall totaled !,357, ing averaged 630 kg/ha.1,659, 1,147, and 887 mm. Weekly rainfall for In 1980,1980-83 isshown in Figure 1.In these 4 years, 58, 

1981, and 1982, farmer cooperators
planted mungbean within the recommended plant40, 48, and 55% of growing season rainfall was ing dates, but dry conditions kept them behindderived from typhoons. When typhoon centers schedule in 1983. Only 9 of 20 cropping patternpassed near Solana, rainfall was intense and fields scheduled for mungbean plantings betweenreached 257 mm/4 d in Oct 1980. A peak wind- 21 Apr and 7 May were planted because the soilspeed of 130 kph was recorded in Oct 1982. In all was dry in early WS. Seeding for thenine fields wasyears, erratic rainfall distribution within the crop- later than 7 May. Two fields that suffered severelyping year was agreater problem than total rainfall, from drought were harvested (av yield, 358 kg/ha).Submergence, caused by brief intervals of intense Plants in the remaining seven either did not emergerainfall, and drought directly affected yields and or emerged and died.
 

also influenced the timing of field operations to the 
 Performance of rice in designed cropping patdetriment of crop performance. terns. Table 2 shows mean rice yields over allcropping pattern fields (all strata, all methods of 
planting, both first and second crops) including

Rainfall (mm) those that failed. In the first 3 yr, about one-fifth of
N8 9 all rice crops failed although most crops were 
200- planted as scheduled. Analysis ofcropping pattern 
160- &Rainfallderived monitoring data from the first 3 yr showed that 
120- from typhoons 87% of the failures were caused by.submergence, 
80. usually on crops that were in the postheading stage 
40 -' when floods occurred (Fig. 2). About one-third of 

all TPR crops were delayed beyond their scheduled160"-
was the60" planting interval in these 3 yr. Drought 

120 i , • most frequent cause of delayed transplanting (Fig.
80 lO ! 3). Another was delayed first crop harvest because 

. drought prolonged field duration. As shown in 
40.
 

- Table 1. Harvested and unsuccessful mungbean crops in160 * 1980-83 and mean yields of all planted fields over all 

120 . years in Solana, Cagayan, Philippines. 

80° Fields (no.)
40 ;: ' : ;' :Year Crop status

40 *:Year crop=Stratum I Stratum II 

0'F" 
*-1980 Harvested 3 1100 *1Failed 10 7
 

10 
 1981 Harvested 11 6
 
80 * 
 Failed 5 3 

401 - . * 1982 Harvesthd 6 4
 
20' * Failed 5 6
 

' : ,; i ;e,' 1983 Harvested 2
 
A416 10 20 22 24 26 28 3032 34 36 3B 4042 44 46 48 50 52 Failed 7 -

Wk no. Mean yields over all 272 130 
I. Weekly rainfall at the Solana Cropping Systems Project site in planted fields (kg/ha) 
Cagayan. Philippines. 1980-83. 
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Table 2. Mean yields of all planted rire crops and number of harvested crops. Solana, Cagayan, Philippines, 1980-83. 

Stratum IYear 

1980 	 Mean yield (t/ha) 0.9 
Planted fields (no.) 28 
Harvested (no.) 19 

1981 	 Mean yield ft/ha) 3.1 
Planted f'elds (no.) 15 
Harvested (no.) 15 

1982 	 Mean yield (t/ha) 1.2 
Planted fields (no.) 17 
Harvested (no.) 14 

1983 	 Mean yield ft/ha) 0.7 
Planted fields (no.) 21 
Harvested (no.) 15 

aIn 1983, no testing was conducted in stratum Ill. 

Figures 4, 5, and 6, sufficient water in strata I and 
11, to permit puddling for transplanting, became 
reliably available only in September or October. 
For crops scheduled to be planted earlier, extended 
drought made it necessary to transplant old seed-

F 

Stratum 
20%/ 1 D %0/ 

(12) (1) 

0 8s-/o-

F Floods 
D = Drought 
O=Other causes 

F% 
Percentage of fields 

not harvested (16 

D300/2%20%/ 	 -- jo-. 

or
Stratum I Stratum III Means 
totals 

0.9 1.5 1.1 
26 22 76 
16 17 52 
2.4 2.7 2.7 
R9 1I" 59 
26 14 55 

1.6 1.6 1.5 
25 17 59 
22 12 	 48 
0.8 -a 0.7 

18 - 39 
13 - 9 

lings on many fields, which usually decreased 
yields. In crop year 1983-84, all cropping patterns 
had a traditional photoperiod-sensitive variety 
scheduled for transplanting in early October before 
expected flooding. Traditional varieties were to be 

F 63%/3w 
Stratum 

42%/ 1 D_ 700/% 

(10) 	 (7) 

0 _3M3/% 

F= Floods
 
D= Drought
 
O=Other causes
 

Percentage of fieldsFwhere transplanting 
1was delayed 

3103% I 7/ 

h. silunilll..1,Summal;ry ul"ii scs o~l trilnlplaniilig titlin,5 Sont~~~.. 

Philippines. 19X0-8t2. Numbers in parentheses ari. uhs.rs.ait uri iil Crg~raan. l'hilippi lies. 19h;0-X2. Ohtcr3' . I149tranll ed. eld. iitie 
2. Sumnmaryulcausesuffricc crup tailres. hy stratum. Solaita.(.Caga.itl. 

each 
heses it l iss,.,uhser~cd. Ntlnmhers inlpaw ii2 al' h .sli rn'linlcalt.class. 
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Soil moisture status (°/o)
 

Stratum I 
 [ Dry 3 Wet 0 Standing water
 

100 U Moist [ Saturated
 

80 

60 

40 

20p 

0% 
100 Stratum II
 

I
1001 n 
80I
 

60 I
 

40 K.

20 

Week no. 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 I 3 5May Jun AugJul Sep Oct Nov Dec
rh 'itresatu, oIl
4. S0oi1 cropping p 1lcinli.lds, hx ,iiinil. Sol;inai tigIP Ii.ltllinipinc 

Jon 
,.1 ) -81NturhciIII hjjrj ndinc ,aicrinip iadi i.iz ig , 


cc itiniet,"
i 

Soil moisture status (%)
 

Stratum 1 
 [ Dry (B Wet 5 Standing water
 
10 Moist [ Saturated
 

80

60 

40 

20•
 

r 
0
 

100

80 

60 

40 N 

20 
0 

, 

Weekno. 15 17 19 21 23 25 27 29 31 33 35 37"39 41 43 45 47 49 51 1 3 5 7Apr May JulJun Aug Sep Oct Nov DecRainfall 0 0580 336331771 972618421 035128136690612134067372798302140645 Jan Feb
4 0 I 2 2 0 I I 0 0 2 

(mm) 
5.Soil moistuit: status o1 cropping patiernli
cld,. hy stratini. Solana. (igaan. t'hiilippiic,, 1911-82. \uihici, inopcii hais indicatc tianding %llii i
ccntinietres. 
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0/0 of the fotal no. of fields 

Stratum I [ Dry [ Wet 0l Standing water 

i Moist [ Saturated00 

80 

60
 

40 

0 

Stratum TT 

20 

40
 

20....ni 
Cciii IiI IICI 

15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 1 3 5 7
 
Rainfall Apr 
 May Jun Jul Aug Sep Oct Nuv Dec Jon Feb

(ram) 21 16 391 1 110 1671590 0 024 B13 14 
 610133 2416 4169 1619 19 112 15107 8122 4645 33 15,916 0 735 0O0 0 0 

6. soil nhl"istuot allI, s ol cloppirpg patternl licids, h% ,tralum. Solanal. (Cagalnl. I'lhilplne'. I982-N3. N tlnhe.is in ofrtvl hirs itdleh:l. standing %kate' inl 

used: th.eir yields are insensitive to seedling age, and (before TPR in stratum II) and between 21 Jul and
they are tall and late flowering and avoid flooding 15 Aug (after mungbean in stratum 1). 1R36
damage better than MVs. 

was 
planted in stratum I and IR46 in stratum II at the

In 1983, water never became reliably available rate of 100 kg seed/ha. Twenty-seven DSR fields
for transplanting in either stratum I or Ii (Fig. 7). were planted ahead or within the specified planting
Because of severe drought, only 12 of41 fields were dates, but all had to be reseeded because rainfall
transplanted. The early end of WS severely dam- was sparse. Only 19 plantings were harvested.
aged crops and only I was harvested, yielding 804 Yields averaged 1.4 t'ha (Table 4) with 1R46 
kg/ha. yielding slightly more than 1R36, and stratum I 

To cope with erratic Solana rainfall, dry seeding slightly than stratum 11. Low DSR yieldsmore 
was tested as an alternative planting method. It were attributed to severe moisture stress prevalent
enabled farmers to seed without depending on in 1983 (Fig. 7). Most fields in both strata were in
puddling and to use high-yielding, photoperiod- the dry or moist soil moisture class throughout the
insensitive varieties to avoid the risk of trans- normal WS. Because fields were never submerged,
planting old seedlings, severe weed problems also contributed to lower 

In the first 3 yr, DSR was tested in strata Iand 11 yields. 
by 34 farmer-cooperators. The crop failed in 30% 
of the cases (Table 3). Flooding caused half of the 
failures. Drought and weeds caused low yields, but RATOI IO)-SENSTIVE RICE 
the crops were harvested earlier than traditional 
rices and were generally higher yielding. Most farmers resist replacing low yielding tradi-

In 1983, 31 cropping pattern fields were sched- tional rice varieties with MVs because of the
uled for dry seeding between 15 May and 7 Jul difficulty in synchronizing optimum seedling age 

http:tlnhe.is
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0/0 of the total no.of fields 

12 Dry [ Wet D Standing water 

Stratum I E Moist ES Saturated 

100 

80 

60 

40 

I 
20 

43 

Stratum 1 
.100 

80 

60 

40

20 

U0 

22 29 6 13 2027 310 17 24 1 8 15 22295 12 1926 2 9 162330 7 14 21 284 11 1825 2 9 16 23 31 7 14 21 

Apr May Jun Jul Aug Sep Oct Nov Dec Jan 
Rainfall 0 00 0 45221 3 022180654 3 6,32728423 8 174786 763 61 0 7 3113 0 0 20 40 0 

(mm) 
IX'n tictifield%,hy straitdoli. Solaoia. Cagayavo. Ilhilippmus. 1983-84. N mnhci in hat,~lidin tanding w'atcr in7. Soil moisture status olcropping pattern 

( illtinlette;. 

Table 3. Planted and harvested DSR crops, frequency of Table 4. Yields of harvested DSR crop by variety and 

drought and flooding, and mean yields at Solana, Cagayan, stratum. Solana, Cagayan, Philippines, 1983-84. 
Philippines, 1980-83. 

Yield 
a 
(tha) 

1980 1981 1982 1983 Variety 

DSR planted (no.) 16 6 12 27 Stratum I Stratum II Average 

Harvested (no.) 11 6 7 19 
Frequency %) of IR36 1.6 (7) 0.8(2) 1.4 

Drought 25 0 42 100 IR52 1.3 (2) 1.3 (5) 1.3 
Flooding 75 0 42 0 IR36 - 1.7 (3) 1.7 

Mean yield (t/ha) 1.0 3.3 0.7 1.0 
excluding flood- Av 1.5 1.3 1.4 
and herbicide
destroyed fields aFigures in parentheses indicate no. of observations. 
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Relative yield 	 Frequency (/) 

500 Traditional varieties 
1.l 0 Vs 

t.0 -%40 1.0 

0.9 	 0 
30-' 

0.8 	 StratumI 

0.7 	 20;
I I I I I 1 1 _ - . !-.- _ 

30 40 50 60 70 80 90 100 110 120 

Seedling 	 10age

grain %ield ofinodcrn and traditional i ici '(expilcs 'e
8. Relatike 	 It~iel 

and transplanting. Seedlings of traditional variety 10 

Wagwag fino growv tall and fast and provide the , 

plant with better tolerance to flooding even at early o " , _ _-_-. .... 
growth stages. Furthermore, seedlings of tradi- 2°-T --,o, ........... 
tional varieties can be held for 4 mo in seedbeds F[l tr~~l ---] 
untiliesal 	 moisture for trans1 -.o..& r 
planting. In Solana, the age of traditional variety X [ 
seedlings transplanted by farmers ranged from 30 0 	 ,..... r- -

9 9 39 49 59 a 64 79 e9 ;, 0o9 2t29to25d. Mean seedlingageswcre92d in1 980andi 04 94 	 4

63 d in 1981. Within cropping pattern test fields, 	 Days 

ages of MVs ranged from 13 to 58 d. Although v. l-requ~cnc} ,,tinlcgapldl ha.ccrr tiiltplo\\lrgand riarrlplriiiilg iii 
yields from young MVV seedlings were generally crIoppi,,g h} ,tratur. t'rga. an. I'hilipprc,,.pd(112,,, iId. S;oldar.
high, yields from old seedlings were seldom high. 

Figure 8 summarizes results from three experi
ments in Solana in which seedling age as a factor, variety in Figure 8 was insensitive to seedling age, a 
Yields from 40- to 120-d seedlings of traditional very high proportion of its DM (67d, 70%) was in 

varieties did not differ appreciably. Table 5 shows, vegetative plant parts. Analysis of field moisture 
however, that while the yield of the traditional data from across the 3 strata showed that seedlings 

less than 30 d od would be successfully trans

planted only 35% of the time. The greatest success 
Table 5. Effect of seedling age on grain yield, productive rate (60%) would be in stratum Ill and the least in 

a
tillers, total DM yield, and HI of Wagwag fino. Solana, stratum [(17%). Data showed that farmers can and 
Cagayan, Philippines, 1982-83. do plow and transplant fields within a single day. 

Seedling Grain Productive Total DM This practice is prevalent in stratum I where 
age yield tillers (no.! yield (g/ HI standing water is least reliable (Fig. 9).
(d) 	 (t/ha) hill) hill) Farmers face the double hazard of postheading 

submergence and an inability to schedule field 
40 2.8 11 49 ab 0.31 	 operations that would allow transplanting of 
80 2.7 11 51 ab 0.33 photopeiiod-insensitive MV seedlings when they 

100 2.6 12 41 b 0.30 are at the optimum age. Therefore, it appears 
120 2.9 12 47 ab 0.30 rational for them to rely heavily on photoperiod

aMsensitive 	 varieties in Solana and other areas withMeans over 3 plant population levels and 3 replications, similar physical environments. 



397 

Cropping systems program 

Selecting and testing varieties for rice-based cropping 
patterns 

Rice FarmingSystems Program 

UPLAND CROPS BEFORE RICE 398 
Mungbean 398
 
Cowea 398
 
Bush sitao 398
 
Soybean 398
 
Maize 398
 

UPLAND CROPS AF-TER RICE 399 
Mungbean 399 
Cowpea 400 
Bush sitao 400 
Soybean 401
 
Peanut 401
 
Maize 402
 
Sorghum 402
 
Sweet potato 402
 
Chickpea 402
 



398 IRRI ANNUAL REPORT FOR 1983 

IRRI tests upland crops to identify varieties that fit 
well before and after rice crops. Those tested were 
mungbean, cowpea, bush sitao, soybean, peanut, 
maize, sorghum, and sweet potato. In 1983, a trial 
on pigeonpea was also initiated. Test varieties 
come from the collaborativebreedingand screening 
programs of IRRI and the Institute of Plant 
Breeding (IPB), national programs, and interna-
tional centers and institutes responsible for those 
crops. Promising selections are turned over to 
IRRI for multiplication, distribution, and testing 
in the ARFSN and Philippine cropping systems 
sites. 

In 1982-83, Philippine test sites at Los Baiios and 
Solana, Cagayan, were directly managed by IRRI 
personnel. Those at the Regional Integrated Agri-
cultural Research System (RIARS) stations man-
aged by the Philippine Ministry of Agriculture 
were in Isabela, Nueva Ecija, Pangasinan, Ilocos 
Sur, and Iloilo, and cropping systems research sites 
in Capiz, Bukidnon, Davao del Sur, and Agusan 
del Sur. Trials in the last three stations were 
destroyed by drought. 

UPLAND CROPS BEFORE RICE 

Mungbean. Sixteen new mungbean selections from 
IPB were grown before rainfed wetland rice at 
IRRI. Ten varieties were also evaluated at Maligaya 
Rice Research and Training Center (MRRTC) in 
Nueva Ecija and in Vigan, llocos Sur. Data on the 
promising varieties are in Table I. 

Yields were low because a typhoon destroyed the 
first flush of flowers during flowering and pod 
formation. Maturity was also delayed. Pag-asa was 
the earliest to mature and had the shortest plants 
(53 cm high). Pods per plant, number of seeds per 
pod, and 1,000-seed weight differed significantly, 
among selections. Pag-asa 2, a yellow-seeded vari-
ety, produced the most number of pods per plant 
(10) but had the lowest 1,000-seed weight (35 g) 
while IPB M79-13-70 had the heaviest (53 g). 

At MRRTC, too much rain duringthe flowering 
and harvesting stages caused low yields. Yields in 
Vigan were relatively high. 

CoVipea. As a crop before rice, 13 cowpea 
varietieswereevaluatedatlRRlforgreenpod,dry 
bean, and fodder yield. Nine varieties were also 

tested in Vigan. At IRRI, TVx 4262-014D was the 
highest yielder of green pods (4.20 t/ ha) (Table 1). 
Dry bean yield ranged from 0.25 to 0.75 t/ ha with 
TVx 3236-01G yielding highest. The typhoon also 
caused low yields in this trial. For fodder produc
tion, TVu 3629 was the outstanding entry, out
yielding all other varieties with 15.6 t of fodder/ ha 
after 2 primings of dry pods. The other promising 
varieties were TVx 4262-014D and TIVx 4577-02D. 
Plant height ranged from 40 to 51 cm with CP4-2
3-1 the shortest and TVx 4577-02D the tallest. 

In Vigan, CP-2-3-1 had the highest dry bean 
yield. 

Bush sitao. Eight improved bush sitao varieties 
were also evaluated for planting before rice at 
IRRI, MRRTC, and Vigan during 1983 WS. The 
IRRI trial was discarded because of poor plant 
stand caused by the typhoon. Most plants, already 
in thkc flowering and pod formation stages, were 
also attacked by Fusarium stem and root rot after 
the typhoon. At MRRTC, BSI (6-14 RX AS)was 
the top yielder of green pods (Table I). BSI, which 
matures in 67 d, has whitish green fleshy pods 
highly preferred by consumers. 

In Vigan, BS:3, UPL BS 4, and BS, were the 

highest yielders. 
Soybean. Five soyben varieties from AVRDC, 

IPB, and other ARFSN countries were tested at 
IR RI for adaptability before rice cultivation. U PL 
SY-2 yielded highest (Table I). G2261 was earliest 
to mature (82 d). Plant height ranged from 68 cm 
(1682-1343-1-10) to 122 cm (UIL SY-2). Soybean 
can be grown before rice if it is intended for green 
pod or vegetable soybean. Farmers will find it 
unacceptable for growing for dry beans before rice 
because of poor seed quality (rotten seeds and 
purple staip disease on grains). 

Maize. Seven glutinous and eight sweet and 
supersweet maize varieties were evaluated for 
planting before rice at IRRI. Among the glutinous 
types, two varieties significantly outyielded Maca
puno, the local check variety. Glutinous Syn. #41 
and Los Baiios Lagkitan were the highest yielders 
of marketable ears (Table 1). Macapuno yielded 
only 2.24 t/ ha, but was the earliest to mature (67 d). 
Other varieties were harvested 72 d after planting. 
Sweet and supersweet maize varieties did not 
significantly differ in ear yield. Bxj Comp. #1 



CROPPING SYSTEMS PROGRAM 399 

Table 1. Yield and d to maturity of upland crop varieties found promising for planting before rica, 1983 cropping season. 

Yield (t/ha) Mtrt 
Crop Location Variety Maturity 

Green Grain Fodder (d) 

pod 

Mungbean IRRI IPB M79-13-60 0.83 68 
IPB M79-13-70 0.82 69 
IPB M79-17-79 0.75 69 

MRRTC CES 2G-4 (Pag-asa 3) 0.44 o5 
CES 2N-4 0.40 63 

Vigan, Ilocos Sur 
CES 2F-1 (Pag-asa 2) 
CES IF-5 

0.39 
1.36 

66 
63 

Cowpea IRRI 
CES 1D-21 (Pag-asa 1), CES 
TVx-4262-014D 

U-1 
4.20 

1.28 
0.29 10.0 

63 
82 

TVx-4577-02D 3.60 0.35 12.5 85 
TVx-3236-01G 3.60 0.75 14.0 85 
TVu-3629 2.70 0.32 15.6 84 

Vigan, Ilocos Sur CP-2-3-1 2.19 63 
All Season 1.94 C2 
CP-4-2-3-1 1.5J 62 

Bush sitao MRRTC BS1 (6-14R X AS) 4.01 67 
LBBS #1 3.60 62 
EG BS2 3.50 60 

Vigan, Ilocos Sur L'PL BS4 2.10 60 
BS3 (6-14R X AS) 2.00 61 
BS1 (6-14R X AS) 1.80 60 

Soybean IRRI UPL SY-2 1.53 89 
1682-1343-1-10 1.26 92 
G2261 1.23 82 

Maize (green) IRRI Glut. Syn. #41 3.6 5 a 71 
Los Balios Lagkitan 3.65a 70 
Bxj Comp. 11 (Supersweet) 3.5 7a 71 
SW DMR Comp. Popn 31 B 3.42a 

70 

aMarketeole ears. 

(supersweet) had the highest yield of marketable CES 2F-I the shortest (67 cm). Most varieties 
ears (3.57 t/ha), and Sweet Compesite t I yielded exhibited moderate resis:ance to Cercospora leaf 
lowest (2.21 t/ ha). Maturity ranged from 71 to spot but CES 2G-4 (lPag-asa 3) was most resistant. 
76 d, but most varieties were harvested at 72 d. Under high tillage, the highestyield was obtained 

in Capiz from CES IF-5 (Table 3). The farmers' 
variety ranked 5th with 1.7 trha. Other varieties 

UPLAND CROPS AFTER RICE also yielded more than 1.5 t/ ha which is attributed 
partly to good rainfall distribution during growth 

Mungbean. Eleven mungbean varieties were tested duration of the crop. 
after lowland rice under zero tillage at IRRI, and At Sara, yields ranged from 1.36 to 1.65 t/ha 
12, including the farmers' variety, were tested with Pag-asa I as the top yielder followed by 
under high tillage at MRRTC, Nueva Ecija; CES 55 (1.64) and Aa (1.60 t/ha). In Jamindan, 
Ilagan, Isabela; San Jacinto, Pangasinan; Jamin- Pag-asa 3 (CES 2G-4) ranked 5th with 1.56 t/ha 
dan, Capiz; and KABSAKA, Sara, Iloilo. and Pag-asa 2 (CES 2F-l) 8th at 1.51 t/ha. The 

At IRRI, yields ranged from 1.07 to 1.59 t/ha. farmers' variety yielded lowest (1.36 t/ha). Matur-
CES IF-5 was the highest yielder (Table 2), and ity ranged from 63 d with Pag-asa I to 72 d 
MG 50-10A(G) yielded lowest. Days to maturity (farmers' variety). 
ranged from 60 to 63 d, with CES IT-2 the latest. In lagan, Pag-asa I was also the highest yielder 
CES U-I plants were tallest (87 cm) and those of (Table 3) and the farmers' variety ranked second 
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T3ble 2. Yield of promising varieties of upland crops eval-
uated for planting after rice under zero tillage at IRRI, 
1983 cropping season. 


Crop Variety 
Yield
(t/ha) 

Maturity
(d) 

Mungbean CES 1F-5 1.59 60 
CES 3N-1 1.48 62 
Pag-asa 2 1.43 62 
Pag-asa 3 1.38 61 

Cowpeaa EG #2 7.28 64 
All Season 6.10 64 
TVx-289-4G 5.62 65 
TVx-7-5H 3.18 73 

Bush sitaoa BS1 (6-14R X AS) 9.80 62 

BS3 (6-14R X AS) 
BS4 (MP X 21) 

9.00 
7.20 

61 
58 

Peanut Kidang, CES 101 2.00 100,101 
UPL PN-2 1.98 102 
F334-33 1.98 100 

Soybean 50106-4-7 1.80 90 
Guntur 1.60 89 
uPL SY-2 1.50 90 
Lokon 1.42 90 

Field maize Eary DMR Comp. 2 2.00 96 
Poza Rica 7931 2.00 99 
Pirsabak 7930 1.90 98 
Tocumen 7931 1.90 98 

Sorghum CS 226 4.71 102 
CS 110 3.51 100 
CS 292 3.18 98 

Sweet potatob Minesuya 15.90 110 
Tinipay 14.50 108 
BNAS 51 14.10 105 
Minuras 11.63 110 

aGreen pods. bMarketable tubers. 

with 0.54 t/ ha. Low yields were caused by powdery 
mildew. In San Jacinto, CES IT-2 yielded highest 
(1.28 t/ha); the farmers' variety ranked fourth with 
1.14 t/ha. At MRRTC, Pag-asa I ranked 5th with 
1.26 t/ha. 

Cowpea. Ten varieties were evaluated for plant-
ing after rice under zero tillage at IR RI and Solana, 
and six varieties under high tillage in Ilagan, San 
Jacinto, MRRTC, and Sara. At IRRI, ooth green 
pod and dry bean yield were measured (Table 2); in 
Solana, only green pod yield was taken. In Ilagan, 
drybeanand fodder yield were taken while in Sara, 
San Jacinto, and MRRTC, only grain yield was 
measured. 

There were no significant differences in dry bean 
:"ield among entries at IRRI. TVx 7-5H and 1Vx 
289-4G were the highest yielders with 1.20 t/ha. 
laturity ranged from 64 to 73 d with All Season 

and EG #2 the earliest to mature. Plant height 
ranged from 55 to 68 cm, with TVx 1850-01E the 

shortest. In Solana, CP 4-2-3-1 (3.65 t/ ha) and 
CP 2-3-1 (3.3 t/ha)had the highest green pod yield. 
Both varieties are determinate in growth habit and 
early maturing (53 d).

Under high tillage (Table 3), he highest grain 

yield was obtained in llagan, with Vita 4 producing 
2.64 t/ha. TVx 1836-19 (7.80 t/ha), TVx 66-2H 
(7.61), and TVx 2939-OlD (7.10) had the highest 

fodder yields and also the longest growth duration 
(82 d). In San Jacinto, EG #2 matured earliest 
(78 d). In Sara, the promising All Season and V59

41 matured in 68 to 70 d.
 
Under upland conditions, two international 

trials ofcowpea varieties Were conducted at IRRI 

during the 1982-83 DS (Table 4). One trial was
 
composed of 10 white-seeded varieties and the 
other had 16 brown-seeded varieties. Among the 

white-seeded varieties', TVu 3629 had the highest 
dry bean yield with 1.5 t/ha. Fodder yield after 3 
primings of dry pods was highest in TVx 4659-03E 

(19.25 t/ ha). Matui~y ranged from 63 to 08 d with 
V59-41, 	 the local check, maturing earliest. 

In the brown-seeded group. TVx 3381-02F 

yielded 1.77 t/ha and Vita 7,1.73 t,,ha. Both 
significantly outyielded all other entries. The lowest 
yielder was TVx 1836-013J (0.90 t!ha). Fodder 

production also differed significantly among varie
ties with the highest yield from TVx 2724-01 F 
(13.6 t/ ha). Maturity ranged from 67 to 72 d with 

TVx 133-i 6-D2 the carliest to mature. 
Bush sitao. Ten varieties were tested under zero 

tillage at IRRI and under high t .,age in Ilagan, 
MR RTC, Cabatuan, and Sara. 

At IRRI, BS, (6-14R X AS) and BS: (6-14R X 
AS) significantly outyielded six other entries 
(Table 2). The lowest yielder was UP1. BS1 (4.20 
tiha). 

There were no significant differences in dry bean 
yield among varieties. However, BS7 (LBBS #1 X 
Col) 4-1-1-2 yielded highest (1.07 t/ ha) followed by 
EG BS #2, BS:j, and BS, (0.09 t/ha). In Ilagan, 
UPL BS4 was the top yielder of dry beans (2.13 
t/ha)(Table 3). BS, and BS: had the highest fodder 
yield after three primings ofdry pods. At M R RTC, 
BS, was also the best yielder of green pods (Table 
3). TI-. lowest yielder was UPL BS., (1.67 t/ha). In 
Cabatuan, the highest dry bean yield was obtained 
with BS, (MP X 21) (1.71 t/ha), BS, (1.69), and 
BS: (1.64). In Sara, top yielders of dry beans were 
EG BS., (0.50 t/ha), BS, (0.49), and BS: (0.48). 
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Table 3. Yield of promising varieties of uplaid crops evaluated for planting after rice under high tillage, at 6 sites in the 
Philippines, 1983 cropping season. 

Ilagan, Isabela MRRTC, Nueva Ecija San Jacinto Vigan, Ilocos Sur Sara, IloiloJamindan, Capiz
Crop Pangasinan

Variety Yield Variety Yield Variety Yield Variety Yield Variety Yield 
(t/ha) (t/ha) Variety Yield (t/ha) It/ha) (t/ha) 

(t/ha) 

Mungbean Pag-asa 1 0.63 CES 55 1.55 CES 1T-2 1.28 Pag-asa 1 1.65 CES 1F-5 2.4 
CES IF-5 0.48 CES 1F-5 1.'0 CES 2F-1 1.21 1.64CES 55 CES IF-2 2.2 

CES 3N-1 1.29 CES 2N-4 1.17 Aa 1.60 CES U-1 2.0 
Pag-asa 3 1.7Cowpea Vita 4 2.64 TVx 7-5H 2.18 EG ;2 1.00 All Season 1.67


TVx 7-5H 2.06 Vita 4 1.97 TVx 66-2H 0.98 V5941 1.61
 
EG 32 2.03 TVx 1836- 1.85 TVx 2939- 0.91
 

19E 09D
 
Bush sitaoa UPL BS4 2.13 BS1 (6-14R X 3.25 
 BS4 (MP 1.71 

AS) X 21)
BS1 (6-14R 2.06 LBBS 1 2.50 BS1 (6- 1.69 

X AS) 14R x 
AS 

9S3 (6-14R 1.87 EG BS2 , HS3 2.40 
X AS)
 

Peanut CES 101 1.97 
 CES 2-25 0.90 
UPL PN 2 1.85 
 CES 101 0.73
 
Kidang 1.74 F334-33 0.69 

Soybean 7207-1 2.64 30050-2-77 3.08 
50106-4-7 2.63 
 7207-1 2.78
 
11-4 2.00 50106-4-7 2.86
 
UPLSY-2 1.81 
 UPL SY-2 2.43

Sorghum CS 182 6.40 CS 253 2.06 CS 110 2.98 CS 110 5.2 
CS 110 5.67 CS268 1.93 CS 116 2.65 CS 116 4.3
 
UPL SG-5 5.20 CS 110, UPL 1.86 IS2940 1.76 IS2940 3.9
 

SG-5
 
UPL SG-5 1.17 UPL SG-5 3.6
 

a reen pod yield. 

Table 4. Yield of promising varieties of upland crops eval. Low yields were caused by limited moisture during
uated under upland, high tillage condition. IRRI, 1982-83 growth.
DS. Soybean. In 1982-83 DS, 10 soybean varieties 

Yield It/ha) Maturity were tested under zero tillage at IRRI and under
Crop, variety (d) high tillage in Ilagan and Vigan. At IRRI, 50J06-

Grain Fodd-r 4-7 (1.8 t/ ha) was the outstanding entry (Table 2). 

G 2261, the earliest maturing variety(82 d) with theCowpa Ibrown-seed1d) shortest plant height (50 cm) yielded 1.4 t,'ha. 

Vit:, 7 1.73 12.5 69 At llagan and Vigan. highest vielders were 7207-1
 
TVx 4678-03E 1.68 12.4 72 (2.64 t/ha) and 30050-2-77 (3.08 t/ha). Other
TVx 2724-01F 1.05 13.6 72 results are shown in Table 3. Line 30050-2-17 

Cowpea (white-seeded) produced the highest number of pods per plant (64)
TVu 3629 1.50 7.42 66 and had the shortest plants (32 cm). Three applicaTVx-3671-7C-02D 1.36 11.71 64 tions of irrigation water contributed to the high
TVx-32 36-01G 1.35 6.54 68 
TVx-4659-03E 1.31 19.25 66 yields. 

Chickpea Peanut. Yield trials of 10 peanut varieties were 
CCC 38 0- 107 conducted under zero tillage at IRRI and under 
UCCL 78055 0.60 - 107 high tillage in Ilagan and Vigan.
ICCL 81018 0.48  107 Entries at the IRRI test did not significantly 

differ in bean yield and maturity (Table 2). UPL 
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PN-2, the variety used in cropping pattern testing, 

ranked 5th (l.89 t/ ha). The lowest yield came from 
M 10 (1.55 t/ha). 

Results further proved the suitability ofgrowing 
peanut after rice. In the last 3 testing seasons at 

IRRI, peanut yielded more than 2 t. However, 
sufficient moisture is necessary particularly during 

the flowering stage to enable pegs to enter the soil. 

Harvesting is !aborious because of hard soil. 
Under high tillage in Ilagan, the farmers' variety 

yielded highest (2.08 t shelled beans/ ha) but 

matured latest (112 d). Other varieties were har-
vested at 108 d. CES 2-25 yielded highest in Vigan 
(Table 3). 

Maize. Ten early-maturing field maize varieties 
from IPB, CIMMYT, Thailand, and Indonesia 
were planted after lowland rice with zero tillage at 

IRRI during the 1982-83 DS (Table 2). 
Maturity ranged from 95 to 101 d. Ranjuna, 

TFE 139, and Early DMR Composites I and 2 

matured the earliest (95 d) and they also had the 
shortest plants (176 cm). Most varieties showed 
moderate resistance to maize borer with KUC #2 

F, as the most resistant. 
Sorghum. Ten sorghum varieties were tested 

under zero tillage at IRRI and I I under high tillage 
in Ilagan, Vigan, San Jacinto, and MRRTC (Table 

3). CS 226 (4.71 t/ha), CS 110 (3.51 t/ha), and 

CS 292 (3.18 t/ha) were the most promising 
entries. UPL-SG-5, used in cropping pattern test
ing, ranked 10th with 2.36 t/ha. The earliest to 

mature was CS 268 (97 d). Plant height ranged 
from 125 to 169 cm with CS 226, the tallest. 

In Ilagan, all varieties yielded more than 4 t/ ha. 

High yields were caused by a very favorable 
environment and 638 mm of evenly distributed 
rainfall, especially during the reproductive 
stage. 

In Vigan, most varieties also yielded more than 
3 t/ ha (Table 3). The top yielders in Vigan were 

also the top yielders in San Jacinto. 
Sweet potato. Of the 10 sweet potato varieties 

evaluated under zero tillage at IRRI, 7 outyielded 
BNAS 51, the local check variety (Table 2). 

Minesuya had the highest vine yield of 32 t/ha, 
followed by (Japan X US2)-5 (29.8) and Tinipay 
(29.1). 

Chickpea. An international trial of semishort
duration chickpea varieties was conducted under 
upland conditions during the 1982-83 DS. But 

because of poor plant stand caused by collar rot 

disease, yield data were collected for only a few 
varieties. Seven that survived the disease matured 
in 107 d (Table 4). 
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COMPARATIVE ABILITIES OF UPLAND CROPS TO 
TOLERATE TEMPORARY WATERLOGGING AND TO 
EXTRACT AND UTILIZE SOIL WATER 

Potential upland crops for sequential planting with 

lowland rice must often tolerate temporary water-

logging during the seedling stage and be able to 

utilize soil water during DS. In 1983, a small 

number of crops were compared under two 

environmental conditions. 
Tolerance of four upland crops to controlled 

testedwaterlogging. A preliminary experiment 

crops for tolerance to different degrees of soil 

waterlogging in a minimal amount of space. A pit 
(4.8 m long, 3.4 m wide, and 1.0 m deep) was dug

a4.8bloxg,3.4with2% se, grdet wasp d 
and a box with 25% slope gradient was placed 
inside. The box, constructed of 2-cm plywood, was 
3.8 m long, 2.4 m wide, and 0.4 m deep at the lowest 
point and I m deep at the highest. It was filled with 
a soil-sand mixture. This design permitted 0.5 m 
cleacance on each side of the box so that watercould be added to the pit from an irrigation
hydrant. Before planting, the pit was filled with 
water, which saturated the soil in the box, and then 
drained through a 10-cm pipe outlet, 

dainedtrouhainingeedsomapipeoutlet or.been 

along the gradient (i.e., hilJs 1-3, hills 4-6, etc.). 
Root weight and length were determined after 
removing the soil from the box and carefully 

washing the roots. 

Because trial I plants were markedly impaired 

by flooding and stands were not optimally uniform, 

only percent survival was measured. Sorghum was 

superior in both trials, with all plants surviving 

flooding. Even those nearly submerged at the lower 

portion were moderately vigorous at the end of the 
trials. 

Maize ranked next, followed by cowpea and 

mungbean. Plants at the flooded end of the 
gradient did not survive. All species survived the 
3-d initial submersion followed by draining.

Trial 2 had 	the same crop ranking for percent 

survival, but values were much higher fo the two 
legumes. Cowpea had 56% survival for trial I and 
87% for trial2, while mungbean had 43% and 82%. 
Sorghum had higher values for shoot length andweight at the lower flooded portion than at the 
upper dry part (Table I). Although root length was 
erratic, the lower set of hills had the lowest root 
weight. Stress from insufficient water could have 

a factor for better growthAfter draining, seed s of m aize (D M R 2), sorghump o t 	 at the uppern .T i w a cl r y ob e v d n m iz sh t 
(hybrid Goldfinger), mungbean (CES55), and 
cowpea (Vita 3) were sown in hills (3 seeds, hill) 
3 cm below the soil surface. Each crop was planted 
in 2 rows 30 cm apart and oriented along the 
gradient, at 20 cm between hills. At 5 DE, plants 
were thinned to I/ hill. 

The pit for trial I was flooded to the I-m level 14 
DAS so that all hills were submerged. This level 
was maintained until the third day, at which time 
waterwasdrained to the0.4-0.5 m level. Hills in the 
lower portion of the gradient were subjected to 
severe waterlogging which grac aally changed to a 
normal condition at the upper portion. No addi-
tional water was supplied to plants in the upper 
portion and by 23 DE when the experiment 
terminated, those plants were slightly drought 
stressed. 

Trial 2 was modified by reflooding the pit 21 
DAS for 5 d since species differences were not as 
apparent as in the first trial. The water level was the

inthe lower portion
same but hills in the upper part 
were sprinkle-irrigated to alleviate drought stress. 
Plants were harvested 35 DE. 

Shoot length and dry weight were determined 
and expressed as means from 3 consecutive hills 

portion. This was clearly observed in maize shoot 

Table 1.Shoot and root length and weight of 4 crops sub

jected to controlled waterlogging in trial 2. IRRI, 1983 
DS. 

Shoot Shoot Root Root 

Crop Hillsa length wt length wt 

(cm) (9) (cm) (g) 

Sorghum 	 1-3 55 1.2 12 0.24 

4-6 62 1.6 14 0.27 
7-9 78 1.9 15 0.27 

10-12 78 1.9 17 0.27 
13-15 75 1.7 12 0.20 

Maize 	 1-3 62 3.0 17 0.41 
4-6 69 2.5 18 0.36 
7-9 68 2.9 19 0.46 

10-12 66 2.3 14 0.52 

13-15 63 1.9 15 0.31 

Cowpea 1-3 32 2.7 17 0.274-6 36 2.9 19 0.29 
7-9 32 2.9 19 0.30 

10.12 32 1.7 13 0.19 
13-15 40 1.2 11 0.13 

Mungbean 1-3 23 1.7 13 014 
4-6 25 1.5 15 0.14 

7-9 28 1.9 19 0.19 

10-12 20 0.7 11 0.10 
13-15 16 90.3 0.11 

a 1-3 is highest in the gradient, 13-15 is lowest. 



CROPPING SYSIEMS PROGRAM 405 

Table 2. Agronomic details on 10 upland crops. IRRI, depletion patterns and yields of 10 upland crop
1983 DS. species planted after rice. Crops were compared for 

Plant Row Fertilizer their abilities to exploit soil water as the water table 
Species Variety population width NPK receded. 

(no./ha) (cm) (kg/ha) Land was disk plowed and then rotary hoed. 
Maize IPB1 64,000 60 100-40-40 Crops were planted in 4 replications in a ran-
Sorghum Cosor 3 105,000 60 1004040 domized complete block c:esign (RCBD) on 2 Dec
Pearl millet ICMS7703 110,000 60 1004040 1982 and irrigated with 15 mm of water to aid 
Wheat Trigo I a 30 1004040 emergence. No further water was applied. Fifteen 
Sweet W99 55,000 60 1004040 
potato DAS, plants were thinned to appropriate plant

Mungbean CES-11D 300,000 30 04040 densities (Table 2) and given adequate crop protec-
Cowpea All Season 300,000 30 04040 tion measures. Data on row widths and fertilizer 
Soybean UPLSY-2 300,000 30 04040
 
Peanut Kidang 200,000 30 040-40 rates are included.
 
Pigeonpea ICPL-147 200,000 30 0-40-40 During the second week of l)ecember, 94 mm of 
aSeeded at 120 kg seed/ha, 	 rain replenished the soil profile. During the next 

6 wk, another 81 mm fell, between 13 and 
24 mm/wk. Less than 13 mm fell during the 

height, but not so noticeable in shoot dry weight. remainder of the trial.
 
Waterlogging stress was evident for maize. 
 A neutron moisture meter determined soil water 

Flooding reduced shoot dry weight of legumes content with one access tube installed in each plot. 
more than that of cereals. Cowpea was more At 7-to 10-d intervals, measurements were madeat 
tolerant of flooding than mungbean. Root lengths 25, 40, 55, 70, 85, 100, and 115 cm depths. A 
and weights were also markedly reduced at the pressure chamber determined IWIP using the 
lower level. youngest fully expanded leaf between 1300 and 

This system for testing the ability of crops or 1400 h at 40 and 50 DAS. Canopy temperature was 
varieties to withstand varying degrees of water- measured using a hand infrared thermometer on 
logging provides a gradient from extreme water- the 4 replications between 1300 and 1400 h at 40, 
logging stress to no stress. It allows time and 50, and 61 DAS. 
duration of flooding to be accurately controlled. LWP, canopy temperatures, and total and 
An enlarged version will be evaluated in 1984 when economic yields are given in Table 3. Yields were 
cowpea and mungbean tolerance will be examined, determined at maturity.

Water depletion patterns and performance of 10 Soils showed markedly different patterns of 
upland crop species following rainfed lowland rice. water depletion, or total evapotranspiration and 
An experiment was designed to compare water drainage loss (Fig. I). Depletion was highest under 

Table 3. LWP and canopy-air temperature differential of 10 crop species. IRRI, 1983 DS. 

Canopy-air tem- Yield (t/ha)Plant water potential (-bars) perature differential 
Crop Total Economic 

40 DAS 50 DAS 40 50 DM yielda 

DAS DAS 

Maize 7.0 c 10.7 c -0.2 1.7 6.12 2.63
Sorghum 10.7 b 14.5 b 0 -0.6 6.11 2.69
Pearl millet 11.8 b 13.8 b 0 4.0 4.88 1.95
Wheat 14.5 a 16.5 a 0.2 4.6 2.14 0.75
Sweet potato 5.5 d 3.0 f -1.1 -0.4 5.55 2.94
Mungbean 5.5 d 6.5 d 0 2.9 1.62 0.68 
Soybean 4.4 de 6.3 d -1.9 5.9 1.87 0.72
Cowpea 3.3 ef 6.3 d -1.3 0.9 2.80 1.12
Peanut 2.3 f 3.7 f -2.7 0.6 2.33 1.14 
Pigeonpea 4.2 de 4.8 e -2.2 2.3 	 3.00 1.73 

aAt 14% moisture content. 
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sweet potato and lowest with mungbean (Table 4). 
linear relationship with total water. Yields from the 

from watcr depletionafter29 

above this line.
Among cereals, water use efficiency (kg grain/mm 

for wheat;water)computed to 4 .9 g/ m2 per mm ; tha t o f C3 crops, from 2 .0 to 

andn lowest 
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depths greater than 115 cm. Therefore, their high 
efficiencies are probably a result of underestimation 
of water depletion. 

Grain legumes and sweet potato usually main-
tained higher LWP than the cereals. At 40 DAS, 
peanut, pigeonpea, soybean, cowpea, and sweet 
potato had cooler canopy temperatures than 
mungbean and cereals. At 50 DAS, canopy 
temperatures of sweet potato, sorghum, peanut, 
and cowpea were within 10 of ambient air 
temperature but those of pearl millet, wheat, and 
soybean had risen 40 or higher. 

RESPONSE OF COWPEA ANtD MUNGBEAN 

VARIETIES TO MOISFURE GRADIENTS 

In rainfed areas, mungbean and cowpea are often 
grown after the monsoon with erratic and rapidly 
diminishing rainfall and residual soil moisture. The 
crops encounter varying degrees of moisture stress, 
particularly during reproductive stages. 

Two experiments, one on mungbean and the 
other on cowpea, were conducted during DS to 
examine varieties for yield performance along a 
moisture gradient. A line source sprinkler system 
imposed gradients by applying decreasing quan-
tities of water at increasing distances from the 
sprinkler line. 

Mungbean. Ten mungbean varieties were 
planted on a fully recharged soil profile 10 Jan 
1983. The wettest regime (1)was closest to the 
sprinkler line and the driest (6) was farthest. The 

Seed yield (kg/ha) 
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:1485+301---- 1941+2 58X 
2 

or093" r 2 'O95O8 

8OO C.;' 4.a7-2 3-5^7+240,Y 
r2094 " 

600-'1~ 

4S00y 

200 1578+218,V 
535.9+589
 

0y 

0 d 00 200 300 

CROPPING SYSTEMS PROGRAM 407 

experimental field was irrigated (15 mm) after 
planting to ensure uniform crop emergence. The 
crop was overseeded and thinned to about 300,000 
plants/ha at 12 DE. Pests and diseases were 
adequately controlled. 

Line source irrigation treatments were started 15 
DE and were repeated at different intervals there
after. Applied water equalled 0.6 pan evaporation. 
Soil moisture status at 20, 40, 80, and 100 cm was 
determined before and after each irrigation, usinga 
neutron scatteringdevice in aluminum access tubes 
installed in each moisture regime in 2 replications. 
Root length density in the wettest and driest 
regimes was determined at 59 DE with a soil core
sampling technique. Leaf area was measured with 

an automatic leaf area meter at 51 DE. 
Across the moisture gradient, EGMG 174-3 and 

M350 yielded rtiore than the other varieties (Fig. 3). 
M350 yielded more at the wet end and EGMG 
174-3 yielded more at the dry end of the gradient. 
CESI D-21, a commonly grown variety, yielded 
poorly at the dry end but responded favorably to 
irrigation. 

LAI of all varieties decreased sharply with 
increased water stress (Table 5). LWP decreased 
and canopy temperatdre increased for all genotypes 
as the crops progressed into the growing season. 
EGNIG 174-3, M350, and MG50-10A had higher 
LWP than the other varieties (Table 5). 

Root densities were measured at 59 DE (Fig. 4). 
In the dry regime (R6), the top yielders M350 and 
EGMG 174-3 had higher densities in the 40-80 cm 
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Table 5. LAI at DE and LWP on 23 Feb and 10 Mar of 10 selected mungbean varieties under nonstress (R1) and stress (R6) 
conditions. IRRI, 1983 DS. 

LWP (-

Variety LAI Reduction 14 Feb 10 Mar

R6
R 1 

R1 R1R 6 R 6 

MG50-10A (G) 1.12 bcd 0.28 75 1.83 b 3.77 c 2.33 b 3.50 1 
CES 2G4 1.51 ab 0.23 85 1.87 b 4.67 abc 2.60 b 5.83 ab 
CES J-2Y 1.43 ab 0.23 84 1.67 b 4,67 abc 3.17 a 6.13 a 
EGMG174-3 1.53 a 0.37 76 2.07 b 5.60 a 2.57 b 3.50 f 
CES IF-5 0.78 d 0.21 73 1.80 b 5.00 ab 2.17 b 5.50 abc 
CES IT-2 1.45 ab 0.35 76 1.70 b 4.47 bc 2.53 b 4.87 cde
 
M350 1.15abcd 0.24 79 1.83 b 3.90 c 2.27 b 5.17 bcd
 
CES-55 1.55 a 0.44 72 2.50 a 3.93 c 2.17 b 4.27 e 
CES 3N-1 1.23 abc 0.24 80 2.60 a 4.53 bc 2.67 ab 4.50 de 
CES 1D-21 0.97 ed 0.19 80 1.93 b 4.17 bc 2.27 b 3.17 1 

Root length density (cm/cm 3) 

0 0.2 0.6 10 0 0.2 0.6 10 002 06 10 002 06 1.0 0 0.2 0.6 1.0 
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S40
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80 
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301 

MG50-1OA (G) CES55 M350 CESIF-5 EGMGrM-3 

4. Root length denmity 4toInimngbean wtiufitles 5 ouil depths at the dry end (iR() ol[he inowtitre gradient. IRRI. 1983.5) )D at45 

soil layer which may be responsible for their higher 
seed yields and better LWP. 

Cowpea. Ten cowpea varieties (including three 
bush sitao subspecies) were planted on a fully 
recharged soil profile on 15 Jan 1983. Experimental 
methods were similar to those for the mungbean 
er:periment. 

Vita 4 yielded highest at both ends of the 
moisture gradient. Bush sitao varieties did not 
exhibit clear responses to increasing levels of 
applied water as did the grain-type cowpeas. In the 
wet area, EGBS2 produced lowest yield followed 
by LBBSI (Fig. 5). 

The cumulative LWP (sum of measurements 
made on 21 Feb, 2 Mar, 23 Mar 1983) correlated 
with seed yield; varieties with high LWP yielded 
higher. Varieties differed in quantities of moisture 

extracted. Vita 4, TVx2949-01D, and TVx1836
19E extracted the most soil water at the dry end of 
the gradient. 

MAIZE MANAGEMENT 

Experiments investigated varietal responses, espe
cially those of commercial hybrids and high quality 
protein maize, to plant densities and applied N. 
WS and DS effects on N efficiency were also 
compared as were maize and sorghum responses 
in DS. 

Responses of maize hybrids and open-pollinated 
varieties to increasing plant densities. A field 
experiment evaluated the response of 3 maize 
hybrids (Pioneer 6181 and SMC hybrid 201 and 
203) and 2 open-pollinated varieties (IPB-I and 
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Yield (t/ho) 
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DMR-I) to 4 plant densities: 50.000, 75,000, Responses of a maize hybrid and an open
100,000, and 125,000 plants/ha. Three replications pollinated variety to nitrogen and plant density. All 
of a split-plot design (plant density in main plots factorial combinations of 4 N levels(0, 75, 150, and 
and varieties in subplots) were planted on 8 Nov 300 kg' ha), 3 plant densities (53,000, 64,000, and 
1982. Fertilizer N at 150 kg: ha A~as applied: one- 80,000 plants/ ha), and 2 maize varieties (IPB-I and 
third basal, one-third 30 DAS, and one-third at hybrid Pioneer 6181) were planted in an RCBD 
tasseling. Adequate plant protection measures with 4 replications on 15 Nov 1982. One-third of 
were taken. the N was applied at planting, one-third 30 DE, 

Open-pollinated varieties yielded significantly and one-third at tasseling. Crop protection meas
lower than hybrids (Fig. 6). Hybrids did not differ ures were adequate. 
significantly. Increasing plant density from 50,000 The hybrid was significantly superior to the 
to 125,000 plants; ha did not increase yield open-pollinated varietyas N level and plant density 
significantly, and the interaction between variety increased (Table 6). It yielded highest at 80,000 
and density was not significant. plant,:ha and 150 kg N/ ha. 

Grain yield (/ho) 	 Table 6. Performance of 2 maize varieties at 3 plant 
60 	 populations and 4 N levels. IRRI, 1983 DS. 

50 a0 	 N levels Yield It/ha) 

0 	 (kg/ha) 53,000 64,000 80,00040 	 b b plants/ha plants/ha plants/ha 

30 	 :--IBP-1 

____ 0 2.5 i 2.0 i 2.2 i 
2.0 - 75 4.2 h 4.6 fgh 5.0 efgh 

-:150 4.6 fgh 5.4 cdefg 5.0 efgh
7::::::300 4.5 gh 5.2 def 5.5 cde 

10::: 7Pioneer 6181 

-:0 
 2.4 i 2.4 i 2.5 
0 	 ....... 75 4.9 efgh 5.2 defg 6.2 abc


Pioneer 6181SMC201 SMC203 IP8- DMR-I 150 5.2 defg 5.5 cde 6.8 a
 
6. I'crfornmanccio 3 hyhrid and 2upen-pdllintcd mina %ari.tic,II I)S. 300 5.5 cde 6.0 bcd 6.6 ab 
Mean, thor 3 plant demitie, and 3 ieplica nn lI. 19,3.,IRRI 
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Performance ofClIMMYT quality protein maize 
varieties. An experiment, started on 20 Mar 1983, 
compared the performance of 10 quality protein 
maize varieties at 75 (moderate) and 150 (high) kg 
N/ha rates during DS. Four replications of an 
RCBD were planted on an upland field. N fertilizer 
was split-applied: one-third at planting and two-
thirds at 25 DE. The crop was well irrigated and 
adequately protected from pests. 

Five varieties [Ferke (I) 7940, Guanacaste 7940, 
Poza Rica 8140, Los Bafios 8140, and Across 8140] 
responded to additional 75 kg N/ha, but they were 
also the lowest yielding at 75 kg N/ha. Grain yields, 
percent protein, and lysine yields are presented in 
Table 7. 

Yields were moderate, especially when compared 
to tht 7 t/ ha or more frequently obtained with 150 
kg N/ ha applied to locally adapted hybrids. How-
ever, this experiment was planted more than 60 d 
later than ideal. Therefore, mean maximum and 
minimum temperatures over the growing period 
were higher (34.5 and 23.2°C) than expected. 
Growth durations were shorter (90-95 d) possibly 
because of warmer weather, 

Maize response to fertilizer. Two experiments 
(WS and DS) were conducted to determine maize 
(IPB-l) responses to inorganic N, P, and K 
fertilizers. There were 4 replications of an RCBD 
on a field in which the surface soil contained 1.33% 
organic C, 0.14% total N, 34 ppm available P 
(Olsen method), and 0.93 meq exchangeable K/kg. 

Table 7. Grain yields, protein percentages, and lysine 
yields from 10 CIMMYT quality protein maize varieties.a 
IRRI, 1983 DS. 

Grain yield t/haPrn Lysine 
Varietyain yield rotein yield 

75 kg 150 kg (kg/ha) 
N/ha N/ha 

Tuxpeno 4.93 a 4.73 a 8.4 16.8 
Tuxpeno Caribe 4.45 abc 4.85 a 9.2 14.4 
La Posta 4.78 abc 5.09 a 9.0 15.5 
Mezcla Tropical 4.91 ab 4.52 a 8.8 15.9 

Blanca 
Amariilo Dentado 4.57 abcd 4.35 a 9.2 13.5 
Ferke (1) 7940 4.19 bcd 4.47 a 9.5 16.9 
Guanacaste 7940 4.12 cd 4.61 a 9.5 16.9 
Poza Rica 8140 4.06 cd 4.54 a 9.4 16.1 
Los Bahos 8140 3.94 d 4.49 a 9.7 14.3 
Across 8140 4.27 abcd 4.85 a 9.2 13.5 

aMeans over 2 N fertilizer levels and 4 replications for 

protein and lysine yields, 

The WS experiment was planted on 20 Jun 1982 
and the DS on 15 Nov 1982. N was at 0, 50, and 100 
kg/ha; Pat0, 13, mai: 26 kg/ha; and K at 0and 50 
kg/ha. Crop protection measures were adequate in 
both seasons 

As expected on high P and K soils, neither P nor 
K affected maize yields in either season. In both 
seasons, linear N effects were significant. Mean 
yields from 0,50, and 100 kg N/ha over 3 P levels 
were 1.39, 2.37, and 2.81 t/ha in WS, and 1.75, 
2.74, and 4.03 in DS. N efficiency was higher in DS. 

Maize and sorghum responses to fertilizer man
agement. Experiments compared the responses of 
maize (lPB-I) and sorghum (SG5) to NPK and P 
placement methods. In both seasons, four replica
tions of an RCBD were planted on well-prepared 
land. Crops were planted on 75-cm rows at 
densities of 56,000 plants/ ha for maize and 200,000 
for sorghum. Maize was planted on 18 Nov 1982 
and sorghum on 10 Dec 1982. 

P and K did not significantly affect yields of 
either crop. Mean sorghum yields v,'- . ., ) t/ ha at 
60 kg N/ ha, 4.6 t/ ha at 30kg N/ha, a. 2.91/ ha in 
the absence of N.The corresponding maize yields 
were 4.5,4.0, and 3.2 t/ ha. The mean efficiency for 
sorghum was 35 kg grain/ kg N; for maize it was 22. 

SORGHUM MANAGEMENT 

As a crop to follow rice in monsoon areas, 
sorghum has much'to offer. It grows well under 
tropical conditions, istolerant of drought, and not 

as susceptible to occasional flooding as other 
annual food crops. Experiments determined the 
influence of planting date and applied N on the 

performance of sorghum main and ratoon crops, 
examined cultural techniques which would improve 
stand establishment reliability, and compared the 
performance of tall and dwarf varieties inter

cropped with soybean. 
N level and planting date effects on sorghum

main and ratoon crop. To compare the N response 

of two sorghum varieties (Cosor 5 and Hybrid 67A 
X CS 174 which has Cosor 5 as the male parent) 
under contrasting weather conditions, treatments 

were planted on 31 Aug, 7 Oct, and 29 Dec 1982, 
and 3 Feb 1983. Three N rates (0, 60, 120 kg N/ha) 
were applied to the main crop. Three replications 
ofasplit-split-plot design with plantingdatesasthe 

main plot factor, N r.ite as the subplot factor, and 
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variety as the subsubr'.. ,*.,:or were seeded and and 4) shallow (2.5 cm) furrows opened by dragthinned to a plant deilsity of 200,000 plants/ ha. stick followed by hand seeding. In a fifth treatmentOne-third of the N was applied at planting and the (conventional), land was plowed and rototilled,remainder before interrow cultivation. Crop pro- Iand seeds were furrow-planted. For treatmentstection measures were adequate. The experiment and 2, seed was soaked in tap water for 24 h,was irrigated as needed at 
to prevent drought stress, which time the radicle started to emerge. The RIPAt harvest, the stalk of the main crop was cut at the was calibrated to plant 4.5 kg' ha. In treatment 4,third node aboveground. the drag stick was attached to the fram,- ofa powerAnalysis of variance showed that only the main tiller. The convenlonal treatment was subsequentlyeffects ofplantingdateand N level influenced main thinned to 200,000 plants/ ha because of its muchcrop grain yield. Highest yields from all N rates higher emergence percentage. All plots were topwere obtained from the 29 Dec planting (Table 8). dressed with 50 kg N'ha as broadcast urea 30

Efficiency from the first N increment (0-60 kg
N/ha) averaged 20 kg grain/ kg N applied. 

DAS. 
From The highest percentage of planted seeds emergedthe second increment, efficiency was only 4 kg when the soil was tilled after lowland rice harvestgrain/kg N. (Table 9). Seeding rates of 9 kg, ha were obviouslyRatoons of the third and the fourth plantings too high in the tilled treatment for optimum standsweredamaged bya severe typhoon on 15Jul 1983. (150,000 to 200,000 plants/ha), but producedMany effects and interactions were significant, but adequate stands in the no-till treatments. Broadcastmost were of minoragronomic importance. Ratoon seeding at twice the normal rate did not appear toyields from the August planting were higher than increase plant density.from the October planting. Although N responses The RIP established good stands, showing that ain the main crop did not influence ratoon yields, 4.5 kgi ha seeding rate was satisfactory for obtainthc efficiency of N applied directly to the ratoon ing 200,000 plants/ha and 50% emergence. Dragwas low: average of 13 kg grain/ kg N from the first stick seeding was also effective. Data suggest that a60-kg increment and 8 kg grain,,kg N for the seedingrate ofkg/haisatorabovemaximumfor

second, growing sorghum after lowland rice in DS onEstablishment of sorghum after lowland rice. residual soil moisture. Although the emergenceThree experiments compared alternative tillage rate was only 36%, the resultant 296,000 plants/ haand planting methods for establishing Cosor 5 stand was probably too high, and seeding ratesorghum after puddled lowland rice. should have been lower.Five methods of sorghum seeding were tested Yields from conventional tillage plots werefollowing harvest of lowland rice. The experiment significantly better than from other treatments 
was planted in four completely randomized blocks. (Table 9). Drag stick planting tended to be betterFour planting methods were applied on untilled than the RIP but not significantly. In this experirice stubble: I) broadcast presprouted seed at ment, broadcasting presprouted seed did not appear
9 kg/ha, 2) broadcast presprouted seed at 18 to be a satisfactory method for postrice sorghum
kg/ha, 3) rolling injection planter (RiP) on stubble, 
 culture. Conventional and drag stick methods 

Table 8. Grain yields at 3 N levels of sorghum main crop Table 9. Emergence and grain yield of sorghum plantedplanted on 4 dates. IRRI, 1982-83. after lowland rice by 5 seeding methods. IRRI, 1983 DS. 

Grain yielda (t/ha)
level Emergence Plant YieldTreatment

1982 Eme e population /ha)1983 (thousand/ha)(kg/ha) -____________ 

Aug Oct Dec Feb Broadcast (9 kg/ha) 24 cd 200 b 0.5 c 
Broadcast (18 kg/ha) 150 1.98 b 1.63 b 2.39 b 1.71 c 

d 250 b 0.8 bcRIP (4.5 kg/ha) 50 b60 3.43 a 2.88 a 3.59 a 2.60 b 
206 b 0.8 bc

Drag stick (9 kg/ha) 36 bc 296120 b 1.2 b3.75 a 2.70 a 3.85 a 3.19 a Conventional (9 kg/ha) 72 a 600 a 1.8 a 

aMeans over 2 varieties and 3 replications. aThinned to 200,000 plants/ha. 
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produced better yields than RIP, but their power 

requirementsare greater. The RIPwaseffective for 

establishing sorghum in lowland paddy soils, and 
tillage aided establishment. 

Another experiment tested the RIP as an 

implement for placing sorghum seed into tilled and 
untilled soil after rice in a lowland field. The effect 

of rice straw mulching (at a rate sufficient to cover 

the soil surface) was also determined. The RIP was 

used to seed sorghum in hills 15 cm apart (3-4 

seeds/hill) on 50-cm rows, using split-plot design 

with four replications. Tillage treatments (plowing 

and rototilling vs no tillage) were in the main plots, 

and mulch treatments (with vs without) in the 

subplots. Urer. at 50 kg N/ha was broadcast on 

each plot. 
Tillage significantly increased yields (Table 10). 

Plant densities were not recorded, but low yields 

from the untilled treatments were caused by in

adequate stands. A 2-d delay between seeding this 

and the previous experiment allowed the soil to dry 

excessively in the untilled plots and resulted in poor 

emergence. Yields were reduced compared to those 

fromsimilartreatmentsinthepreviousexperiment. 
Mulch produced yields similar to those cited in 

Table 9. 
Mean yields were higher from tilled plots, but 

was much less when mulch wasthe difference 
applied. Moisture conservation caused by reduced 

evaporation was probably the primary influence, 

Cooler soil temperatures under mulch may have 

also benefited root growth in the extreme heat 

of DS. 
The original RIP had no way to cover the seeds 

after they were placed in the soil and seed-soil 

contact was not adequate to obtain satisfactory 

stands. 

tilled 
10. Grain yield of sorghum planted by RIP on 

Table 
paddy soil, with and without rice 

or untilled lowland 
straw mulch.a IRRI, 1983. 

Tillage Grain yield (kg/hal 

treatment With No Mean 

mulch mulch 

1433 a
With tillage 1560 1306 

628 bNo tillage 880 376 
Mean 1220 a 841 b 

aSeparation of means in a row or in a column by Duncan's 

test at the 5% level.multiple range 

Table 11. Plants established with or without tillage, using 

an RIP with or without adisk covering device, at 5 soil 

moisture levels. IRRI, 1983 WS. 

Plants (no./2-m row) 

Day Tillage No tillage 

Surface W;tl Without Surface With Without 

soil disk disk soil disk disk 

moisture moisture 

1 
2 
3 

29.4 
28.4 
27.0 

26 
31 
15 

22 
23 
13 

30.0 
29.0 
28.1 

6 
14 
6 

10 
6 
6 

4 
5 

25.7 
24.7 

17 
9 

10 
6 

27.0 
26.1 

2 
0 

2 
0 

Mean 19.6 14.8 6.0 4.8 

Overall means of treatments 

With disk 12.8 Tillage 17.2 

Without disk 9.3 No tillage 5.4 

The Department of Agricultural Engineering 

constructed a covering device consisting of an 8-cm 

disk attached directly behind the seeding wheel to 

move soil into the hole after the seed was in place. 
and untilledThe device was tested for tilled 

conditions in four replications of a split-split-plot 

design. To initiate the experiment, the field was 

flooded for I d and drained. Starting 2 d after 

drying, sorghum was planted on each of 5 con

secutive d in 4 replications for each treatment. Soil 

samples to 10 cm were taken every other day to 

determine moisture content which was plotted to 

estimate values by interpolation for days not 

sampled. Six days after the last planting, plant 

densities were determined. 
Table II shows that although a significant 

advaqitage was obtained by using the covering disk 

in zither tilled or nontilled soil, the advantage was 

more pronounced in tilled soil. All factors (tillage, 
covering, and days of drying) significantly in

e an ing, an t des Th ig 

fluenced plant density. The tillage and covering 

factors also interacted significantly with days of 
in plant 

couen 

drying, effectively altering the trends 
densities as the soil dried. 

Day 2 (3 d after draining) was the most desirable 

moisture level for obtaining stands with the RIP. 

The soil was wet on day I and posed a problem for 

this implement. Soil dry down was approximately 
linear (Table II), being about 1%/d for both tilled 
and untilled conditions. Although the difference of 

10 cm moisture content between day I and day 2 



was only 1%, the important point is that the drier 
surface allowed the machine to work more effi-
ciently. Poor stands in the last 2 planting days were 
caused by lack of moisture in the top 3 to 4 cm 
where the seed is placed. 

The experiment demonstrated that the covering
device gave a significant advantage in obtaining 
stands of sorghum planted in lowland rice soils 
after harvest, that the RIP works better in tilled 
fields regardless of the covering disk, and that soil 
moisture is critical. Very little delay in planting 
could be tolerated even N,,th the disk attachment, 

Intercropping normal and dwarf sorghum varie-
ties with soybean. To determine ifa d warf sorghum 
would compete less than a tall variety with 
intercropped soybean, an experiment with two 
factors (sorghum varieties and Nlevels) was started 
on 7 Dec 1982. Sorghum varieties differed primarily 
in height genes. Intercropped sorghum was planted 
in 150-cm rows, with 2 intervening 50-cm rows of 
soybean. Monocropped sorghum (100,000 plants, 
ha) in 75-cm rows and monocropped soybean in 
50-cm rows were grown for comparative purposes. 
For both species, within-row plant densities were 
constant in the monocropped and intercropped 
plots. One-half of the fertilizer treatments (30 and 
90 kg N/ha) was applied at planting; the remainder 
was broadcast before interrow cultivation. Tall 
sorghum matured in I 16 d, dwarf sorghum in 107 
d, and soybean in 81 d. 

The sorghum varieties differed in mean yields 
and in response to applied N (Fig. 7). The tall 

Grain yield (t/ha) 
5 

30 kgN/ho 
___90 kg N/ha

4 90,al/Igated 

3 

- -warf~ I

2 

____December 

0 
Monocrop Intercrop Monocrop Infercrop

7. Grain yitldsiiitall ai 1 
tf,,,.,ghtin ,mio.... n......P 
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variety was higher yielding as monocrop and 
intercrop. It did not respond to the extra 60 kg 
N/ha. When the dwarf sorghum was intercropped, 
its yields were not as depressed as those of the 
intercropped tall variety, neither were they any 
higher. 

Neither sorghum height nor N fertilizer rate 
influenced intercropped soybean yields. When 
planted under short daylengths, soybean yielded 
low. Monocropped yields were 0.48 t/ha and 
intercropped yields (0.25 t, ha) were less than two
thirds of the monocropped, showing that competi
tion with sorghum depressed yields. 

Wlt.\lIE-


Wheat can be grown after lowland rice, but 
because it is not a crop common to the warmer 
monsoon climates, its performance and cultural 
requirements need examination. 

Sensitivity of five wheat varieties to early dry 
season planting dates. Spring wheat varieties are 
sensitive to excess moisture and high nighttime 
temperatures. Therefore, planting should be 
delayed to avoid heavy late WS rainfall but not so 
much that grain filling is forced into a period of 
rising nighttime temperatures. 

To examine adaptation to post-WS cultivation, 
five varieties (UPIW-l, INIA66,ANZA, C220-5, 
and C169-6) were planted on I, 15, and 29 Dec 
1982 and 12 and 26 .ian 1983. To compare 
treatments, 4 replications ofa split-plot design were 
seeded at 125 kg ha on a well-prepared field. On 
each planting date, 80 kg N ha was incorporated 
and main plots (planting dates) were lightly irri

to establish the crop. Two additional 
irrigations prevented drought stress. The experi
ment was adequately protected against diseases. 

Statistical analysis showed that planting dates, 

varieties, and their interaction contributed to grain
yield variation. C220-5 and UPI.W-l wer.. better 
adapted than other varieties when planted early in 

(Fig. 8). C169-6 was the best adapted to 
delayed plantings. Yields from all varieties were 
low when planting was delayed until 26 Jan. Late 
.January plantings forced grain-filling periods into 
April. when night temperatures exceeded 23' C. 

Delayed planting significantly decreased plant
height and 1,000-grain weight (Table 12). The 
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Grain yield (t/ha) 

UPLW-1 C220-5 C69-6 ANZA 1I/A 66N 

8. Mean wheal yield for 5 planting dates. IRRI. 1983 i)S. 

highest number of grains per spikelet was in the 29 
Dec planting. Although planting date did not 
significantly affect the number of spikelets per 
square metre, data show early and late plantings 
decreased spikelet numbers. Results indicate that 
three varieties are moderately well-adapted to early 
post-WS plantinigs but the favorable planting 
period is less than 1mo. 

Influence of irrigation timing on wheat yields. 
On 3 Dec 1982, an experiment compared wheat 
(UPLW-l) responses to seven flush irrigation 
times: crown root initiation (CR1); CR1 and 
booting; CRI and milk; CRI, booting, and milk; 
bootings; milk; and tillering. One plot in each of the 
four replications of an RCBD was maintained as 
an unirrigated control. The crop was seeded at 100 
kg/ha on a well-prepared field with basal applica-
tion of 80 kg N/ha. 

Table 12. Mean plant height and yield components of 
wheat from 5 sowing dates. IRRI, 1983 DS. 

PntSpikelets Grains (no.? 1,000-grain
2Date 	 height (no.Ira ) spikelet) weight 

(cm) (g) 

3 Dec80
nBooting 

468 a 2 d 0 

15 Dec 86 a 480a 29 c 3 
29 Dec 85a 488a 31a 29 b 
12Jan 77a 500a 30 b 28 b 
26Jan 61 b 464a 26 e 25 c 

CV (a) %13 14 44CV 

Yields differed significantly (Table 13). No single 
irrigation application effectively increased yield. 
However, yield from the application at booting 
was significantly greater than unirrigated treat
ments. Highest yields were obtained from CR1 + 
booting applications and CR1 + booting + milk. 
Application at booting either singly or.combined 
was most effective for increasing yields. 

PGOPAMNGMN 

Production of early-maturing pigeonpea varieties 
developed by ICRISAT is a possible addition to 
the rice-based cropping systems. Pigeonpea is 
drought tolerant, and should perform well in DS 
after rice harvest. 

Pigeonpea main crop and ratoon performance. 
Twenty pigeonpea varieties maturing in 90 to 120 d 

Table 13. Grain yield of wheat UPLW-1 as affected by 
time of irrigation. I RRI, Dec 1982-Mar 1983. 

Time of irrigation 	 Grain yield (t/ha) 

Control (rainfed) 1.7 d 
CR1 1.5 bcd 
Tillering 1.7 bcd1.8abe 

Milk 1.7 bed 
CR1 + booting 1.9 ab 
CRl+milk 1.6 cd 
CR1l+booting+rmilk 2.0 a 

% 	 9 
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were planted on 3 Dec 1982 in an RCBD replicated 
twice. ICPL.-6, 142, 151,and 189 yielded morethan 
2.5 t/ha in ! 10 d (Fig. 9). Ratoon yields were 
measured after the varieties were pruned at the 
lowest pod-bearing node. UPS 120 produced the 
highest ratoon yield followed by ICPL-4 and 6. 
Early-maturing varieties demonstrated that pigeon
pea can make effective use of land after rice 
harvest. 

Responses to plant density. An experiment 
examined the effect of plant density of the yield of 
an early-maturing variety (ICPL-147) in rainfed 

fields. By varying plant density within the row, 5 
plant densities (0.1, 0.2, 0.4, 0.6, and 0.8 million 
plants/ha) were compared in 30-cm rows. Three 
replications of an RCBD were planted on 4 Dec 
1982. The highest main crop yield was at 400,000 
plants/ha (Fig. 10). The combined main crop and 
ratoon yield was also highest at this density. Soil 
water was probably a yield limiting factor at higher 
plant densities. 

1leC.-4 5ICPL-147 91CPL-151 131CPL-6 171CP -189 
2 ICt.-267 6 C-322 10TCF 6-1-1 14ICPL-150 18ICPL-270
3UPS-120 7 ICPL-316 IIICPL-103 15CPL-13 19C-1 
4 ICPL-268 8 CPL-81 121CPL-142 16CPL-287 20QPL-27 

, 2 of ,atoon (first to secondDuroatio hvest 
71 184 

i:: 
S6 

9 2 

1 

04 2 

50 @.0 
6 
91 

5 7 15 is 19 

0 0---i- _ 

7 
I 

010 a 0019jo 

24 140l 01$ 
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*1 

Ir. 


0"I I I 
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Time from planting to harvest (d) 

9. Relationship of seed yieldand duration of 20 varieties of pigeonpea. 
IRRI. 1983. Varieties within the rectangles appear promising. 

Yeld t/ha) 
4 

3 - -..---...Total 

2 / 
,rstcrop 

1 

/

0 0.1 0.2 0.4 0.6 08 

Plant denity tmillion/1) 
10. Effectoflplantdcnsityon rainfedpigeoinpta((ICPI.-47)yild. IRRI. 

1983. 

NITROGEN RESPONSES IN RICE - RICE CROPPING 
SEQUENCES
 

Two successive rice crops were grown between 13 
Feb and 3 Sep 1983. The chemical and physical 

descriptions of the experimental field are presented
in Table 14. As first crop, IR36 was broadcast at 
120 kg seeds/ ha and fertilized with 4 N rates (0, 60, 

120, and 180 kg N/ha), replicated in 24 blocks ofan 
RCBD. At 10 d after the first crop harvest, the 
second crop was transplanted using 24-d-old IR36 
seedlings. Each replication of the first experiment 
became the main plot of the second experiment
and received one of the 6 N levels (0, 35, 70, 105,140, and 175 kg N/ha). Each main plot treatment 

was replicated four times in a split-plot design. 

Table 14. Surface soil chemical and physical charac
teristics of the experimental site. IRRI, 1983. 

Attribute Valuea 

pH (1:1) 6.4 
Organic C %) 1.03 
Total N (%) 0.112 
Exchangeable K (meq/100 g) 1.33 
CEC (meq/100 g) 34.1 
Olsen P (ppm) 12.0 
Particle size %) 

Clay 43 
Silt 38
Sand 19 

aMean of 8 samples,
 

10 
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Grain yield was determined by harvesting a 2-X 
3-rrn sampling area from each plot. N uptake also 
was determined. 

Analysis of variance showed that N rates sig-
nificantly increased grain yield. N response of the 
first crop was highly linear (93% of the N sum of the 
squares), suggesting that the highest N rate did not 
pioduce the plateau yield (Fig. II). The efficiency 
of the first increment of applied N was 24.7 kg 
grain/ kg N and dropped to about 13 kg grain,' kg N 

at the 180-kg rate. 
N responseofthesecondcropwasalmostlinear. 

No residual N effect from the first crop was 

detected. Interaction between the current and 

previous N application was also absent. Unfer-
tilized plots produced about 3.2 t yield! ha. The 

efficiency of the first increment of N applied was 
cc.pdratively low (15.6 kg grain/!kg N). 

To investigate the low N efficiency and the 
absence of residual responses, data were analyzed 
to distinguish between inefficiency from low 
apparent N recovery and poor utilization following 
normal recovery. For the first crop. the curve 
relating N uptake and yield was a quadratic 
function which was forced to pass through the 
origin (Fig. 12). The initial portion ofthe curve was 
straight, indicating that each unit of N uptake was 
converted to grain with about equal efficiency.The 
initial slope was 70 kg grain/kg N, an uptake of 
about 80 kg N/ha. With higher uptake, the 
linearity diminished and other growth limiting 
factors began to reduce N utilization. 

Yield (kg/ha) 

Fs Soct, WS 

6000 

5000 

4000-

300o 

20O,, ,,0N N .~ 

1000- /305R+24748N/ 2 =3180+I6N-004130./-006 
ISeptember./ 

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

Nlevels (kg/ha) 

II. Yield If IR36 as allcted by N .nel.IR11, 1983. 

Yield t/ha) Nrate (kg/ha) 

6 0 

60 

4 

120 / 

2- 2 ,65,gpoteol N \ 
r:o70lr-02Tontlr 

:099 :570+035/,
 
I I I I I I I
 

0 40 80 
 120 0 40 0 120 
N uptake (kg/ha)

N upke N Nglhl) 
12. N uptake ( I NY)-giam wiltl andl %ratc-N uptak.: Itntions. ol [he 

ir'it cip inthe itce - rice cipping seqwencc. IRRI. 1983 S)..I NY -

t,,,,,IN Yield. I'nits %l l i e lealmnt means. All data ,tc u.ed In 

The graph (Fig. 12) shows the relationship 
between the amount of N applied and N uptake. 
T C is a tiht line over the full range 

of application, suggesting that uptake and losses 
of N from the soil were proportional to the con
centration of N in the soil solution. The uptake 
from the unfertilized plot was 57.8 kg N/ha, 
reflecting the N supplying capacity of the soil. By 
extending the regression line to the N rate axis, a 
value of 165 kg N/ha is obtained. That represents 
soil N(fertilizer equivalent)absorbed by thie unfer
tilized crop. The regression coefficient was 0.35 
which is the apparent recoery. 

Evaluation of the N uptake-grain yield function 

for the second crop (Fig. 13) shows that the initial 
slope was only 57 kg grain/kg N, lower than that 
observed on the first crop. The N-supplying car
acity of the soil, estimated by extrapolating the 
regression line to the N rate axis of the lower graph, 
was 180 kg N fertilizer equivalent/ ha. The apparent 
recovery was 39%, slightly higher than in the first 
crop. The high soil N and high uptake efficiency 
indicate that crop uptake was not the limiting 

factor in N effi, iency during the second crop. 
The growth period of the first crop was February-

May and that of the second crop was June-
Average daily irradiance was only 446 

mWh/cm'forthesecondcropand556mWh/cm 2 

for the first crop. Lower irradiance may explain 
lower N utilization efficiency. 
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Yield (f/ho) N rate (kg/ha) Table 15. Maize and rice yields as affected by N raxe and 
0 crop residue.a IRRI, 1982-83 WS and DS.I 
 _(t__ha)
Yield__ 


35 N rate Yield thal 
(kg/ha) No residue With residue Residue Means 

7z 
 returned 

Maize
251 0 1.4 1.7 1.5 1.5 cI2 60 2.6 2.9 2.9 2.8 b 

2 
irNY706+ 120 3.8 3.8 4.2 3.9 a 

y=565AY-Oi57rY 140 / 0393N2 
R2R4099 / -03 Means 2.6 a 2.8 a 2.9 a 

75 1 kWho Rice0 I 1 ..atmpoloted¢ i 0 1.2 1.1 1.3 1.2 b0 40 80 120 160 0 40 80 120 160 60 2.3 2.2 2.6 2.4aN uptake (kg/ha) 120 2.5 2.6 2.6 2.6 a 
13. N uptake INYI-grin yied and N rate-N uptake tunctions of the
 
second crop in the rice - rice cropping scquence. IjN y: total N yield. Means 2.0 a 2.0 a 2.2 a
 
IR RI. 1983 \VS. Poiiint, shi nare treaimeiit trcli1. All data \%ere used a
 
in the rcgression anal.is, aCrop residue was in a standard application of 2 t/ha. 

A crop that uses accumulated N inefficiently, as t/ ha higher than when all residues were removed. 
in the second crop, is unlikely to respond to the This suggests that some benefit may come from 
residual N from the first crop. residues but their effects were too low to be 

detected at the sensitivity levels of this experiment 
CROP RESIDUE EFFECTS IN AN UPIANI) RICE - (CV = 16%). 
MAIZE SEQUENCE 

In the second year of the rice - maize sequence, an CONTRIBUTION OF A SHI-R IRAION GREEN 
experiment examined responses to inorganic N(0, MANURE CROPTO RICE GRAIN YIEI.DS ANI) NIUHAKE 
60, and 120 kg N/ha) and crop residue applications
(all residue removed and returned in a standard N isthe fertilizer nutrient most commonly applied
application of 2 t residue/ha). Maize (IPB-l) was by Asian rice farmers. Well-adapted tropical grain
seeded on 8 Nov 1982 and harvested 28 Feb 1983. legumes accumulate large quantities of N ina 70-80 
Upland rice (UPI, Ri5) was seeded on 10 Jun 1983 d growth cycle. Rapid N accumulation, whether 
and harvested on 22 Oct 1983. Maize was over- from soil N or biological fixation, should enable a 
seeded and thinned to obtain 53,000 plants/ ha, and green manure crop incorporated after 30-40 d 
upland rice was seeded at 120 kg,/ha. Uniform growth to contribute a yield-increasing quantity of 
applications of P(17 kg,/ ha) and K (33 kg/ ha) were N to rice. If green manure is used, it will probably
incorporated at planting. Pests were adequately be grown when there islimited opportunity to grow
controlled, upland crops or rice. The 20 to 50 d transition 

N significantly increased maize and rice yield between DS and WS is such a period. This study
(Table 15). Neither residue treatment affected tried to determine N accumulation by fast-growing
yields significantly, although there was a positive tropical legumes during 20 to 45 d in late DS - early
trend. A partition of the sum of squares from N WS, the influence of selected management practices
showed a strongly linear response for maize and a on N accumulation, the apparent recovery of the 
significant quadratic effect for rice. Rice yields incorporated N, and the efficiency with which the 
from 0, 60, and 120 kg N/ ha showed a distinctly recovered N was used to produce grain.
lower N efficiency from the second 60 kg N One experiment, repeated for 3 yr(1981, 1982,
increment. When all crop residues were returned, 1983), tested green manure growth duration (20,
maize yields wcre 0.3 t/ ha higher and rice yields 0.2 30, and 40 DE) and application of' inorganic N 
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Table 16. N accumulation in mungbean at 3 ages. Experi- fertilizer. Each year, mungbean was planted on 16 
ment 1, IRRI, 1981-83. Apr and incorporated at 40 DE. Crops incor

porated at 30 and 20 DE were planted 26 Aprand 6Green manure 
growth duration 1981 1982 1983 Mean May. A clean fallow was the control (0 growth 

(d) 	 duration). Mungbean green manure plots plus 

fallowed plots were arranged in eight replicationsN accumulation (kg/ha) 
20 13 11 12 12 of an RCBD. For the rice crop, two adjacent 
30 50 41 48 47 replications in the mungbean experiment were 
40 80 75 102 86 combined as two main plots of a split-plot design 

Mean square "° replicated four times. One main plot received 80 kg4492** 4084** 8347 

cv W%) 11 4 iF N/ha in split applications. Fable 16 shows N 
accumulation in mungbean. The 3 yr averaged 

Table 17. Yields of transplanted IR36 in response to incorporation of mungbean at 3 ages and 2 inorganic N levels. Ex
periment 1, 1981-83 WS. 

Yield (t/ha) 

Green manure 
growth 

duration 
(d 0 

1981 

80 
kg N/ha 

0 

1982 

80 
kg N/ha 

0 

1983 

80 
kg N/ha 

0 

Mean 

80 
kg N/ha 

0 (fallow) 
20 

1.06 
1.33 

2.25 
2.57 

1.68 
2.08 

2.96 
3.64 

2.27 
3.60 

3.30 
4.16 

1.67 
2.34 

2.84 
3.46 

30 
40 

2.01 
2.94 

3.08 
4.26 

3.19 
4.52 

4.26 
5.67 

3.93 
4.72 

4.33 
5.44 

3.04 
4.06 

3.89 
5.12 

Source of varation 
Inorganic N (N) 
GM duration (G) 
N x G 

11.6*" 
5.9" 
0.02 ns 

Mean square 
12.8"" 
11.7"" 
0.9 ns 

3.7 
7.1" 
0.14 ns 

CVa (%) 
CVb (% 

21 
13 

1, 
11 

10 
6 

Yield (t/ha) 

163
5/ 098 1982 	 /4 

4 

0 

3

i0
 

02 
A 	 A 
Y= .00-05BIV +0.023N~ 1.72-l.69'Vp+00359N v2.88-079Nc.+009NV, 

14(016) (018) (0.001) toll) (021) (0.0021) (022) t023) F(0.002F 
1R 2-=092 =0 94 R2? 0.80R2 

I I I I Io I I I I I 
0 40 80 120 160 200 0 40 80 120 160 2000 40 80 120 160 200 

N applied (kg/ha) 

14. Yieldsas functions of applied N (inorganic and gicen manure N). Experiment I,IRRI, 1981-83 WS.Data pointsare meaf.s across4 replications. 
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only 12 kg N/ha during the first 20 DE but 39 Grainyield(kg/ha) Nopplied (kQ/ho)
 
kg/ha between 30 and 40 DE. 6000 Wiitot I N 20()+
 

Green manure duration and inorganic N appli- , N 4
Y; c20 049X 
cation did not interact in any year (Table 17). The 5000 - g 40 R093
 

mean grain response to the incorporation of a
 
40-d-old mungbean crop was 2.3 t/ ha, and the 4ooo 80
 
mean reponse to 80 kg N/ha was 1.05 t/ha. 

Based on the N response for individual years, N 00
 
from inorganic fertilizer was less efficient than that 300120
 
from green manure (Fig. 14). Regression analysis ,40
 
showed that grain yield responses to applied N 2000
 

were satisfactorily expressed by a single partial .002 33 +X,, 160+46 7X, 

regression coefficient in both the presence and looo -o10 180 
absence of inorganic N. Taking the coefficient for I 1 200 i I , 
the inorganic N dumn.y variable in Figure 14 into 0 30 60 90 120 150 0 30 60 90 120 150 
account, the mean r(::nonse was 14 kg grain; I kg N uptake (kg/ha) 

inorganic N per ha, and 26 kg grain/I kg green 15. RIlationh1ips hmtcn N vield and Napplied. and bctmcc:n grain
ild and N ild. ix pcri nent I, IR RI. 1983 \S. I)iat poi nts are icansmanure N per ha. The three model parameters ,ci,s 4 cplicatio.. 

were highly vaiable over 3 yr, suggesting that 
environmental effects, management variations, and 
perhaps soil changes were important factors in forgrowth(Table 19). At maturity, strawand grain 
determining yields. in treatments receiving inorganic N had 37% and 

The difference between extreme quantities of N 18% higher N concentration than those in treat
uptake was more than threefold (Table 18). ments without inorganic N. 
Analysis of variance showed that the main effects The regression of N uptake on applied N showed 
of green manure growth duration and inorganic N that soil N contributed 34 kg Ni ha, and apparent 
application, but not their interaction, influenced N recovery of applied N was 49%. This apparent 
accumulation. Apparent recovery was not influ- recovery may reflect residual 14 from 1981 and 1982 
enced by N source, and utilization of accumulated or N remaining in soil from the root systems of 
inorganic N was inferior (Fig. 15). N concentration, incorporated green manure plants. Future experi
total DM yields, and productive tiller counts ments will examine trends in apparent recovery. 
suggest that when inorganic N was applied, it In a second experiment, mungbean was planted 
accumulated faster than it could be effectively used on 12 May 1983 and incorporated 67 DE (following 

the second priming). Crops incorporated at 60 and 
Table 18. N uptake by rice in response to incorporation 40 DE were seeded 7 and 27 d later. On each 
of green manure at 3 ages and 2 inorganic N levels. Ex- planting date, mungbean was seeded in three plots
periment 1, IRRI, 1983 WS. per replication to form factorial combinations with 

Nuptake (kg N/ha) three inorganic N timing treatments during the rice 
Green manure growth cultivation phase. Fifty kg inorganic N/ha was 

duration (d) 0 80 kg N/ha applied to rice in three timing treatments: all B&I at 
0 (fallow) 34.4 69.9 planting; all topdressed at P1; and one-half B&I at 

20 49.2 87.8 planting followed by one-half topdressed at P1. 
30 60.2 95.9 
40 84.5 129.6 For rice cultivation, plots fallowed during inung-

Analysis of variance bean cultivation received 0, 50, 100, and 150 kg
Source df Mean square N/ha. One-half N was B&! and one-half was 

°*Inorganic N (N) 1 12016 
GM duration (G) 3 4244* topdressed at Pl. To each of 2 additional fallow 
N XG 3 40 ns plots, 50 kg N/ha was applied in single applications
CV (a) 16 (either all B&I before planting or all topdressed
CV (b) 9 ____ ___ ______ ___ ____ ___ ___ ___ at PI). 
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Table 19. Total DM yield, productive tillers, and N concentrations of rice following incorporation of green manures at 3 
ages and 2 inorganic N levels. Experiment 1, IRRI, 1983 WS. 

N concentration %) 
Green manure Total DM yield Productive 

growth (t/ha) tillers (no./m ) Most recently expanded leaf Maturity 
duration 

(d) 0 80 0 80 Max tillering 20 DAFa Straw Grain 

kg N/lia kg N/ha 0 80 0 80 0 60 0 80 

kg N/ha kg N/ha kg N/ha kg N/ha 

0 (fallow) 3.1 5.9 340 416 4.8 5.5 2.9 3.3 0.72 0.84 1.25 1.44 
20 4.1 7.2 363 449 5.1 5.6 2.9 3.5 0.68 0.87 1.23 1.47 
30 5.3 7.3 381 456 5.5 5.9 3.0 3.5 0.68 0.97 1.29 1.53 
'70 7.6 9.2 425 475 5.6 5.9 3.2 3.7 0.74 1.15 1.34 1.60 

Analysis of variance 
Source of variation Mean squares 
Inorcanic N (N) 46.2 41328"* 1,66* 1.87" 0.531 0.437" * 

Green manure 21.8 7105" 0.55" 0.17" 0.050" 0.027* 
dura ion (G) 

N X G 1.0 ns 472 ns 0.06 ns 0.004 ns 0.032' 0.001 ns 
CV (a) 12.0 2.7 4.4 4.2 12.0 6.0 
CV (b) 11.6 8.3 4.3 3.6 11.9 6.7 

aDays after flowering. 

A typhoon damaged immature pods on mung- Table 21. Rice yields after incorporation of mungbean at 
bean plants 7d before they were to be incorporated 40, 60, 67 DE and 3 inorganic N (50 kg/ha) timing treat

at 67 and 60 DE. The first priming (0.98 t/ ha) from ments. Experiment 2, IRRI, 1983 WS. 

the 67-d-old crop was taken before the typhoon, Grain yield (t/ha) 
and the second priming (0.13 t/ ha) was taken after Time of N 
the typhoon. Yield from the first priming of the application 0 40 60 67 Mean 
60-d-old crop, taken after the typhoon, was only (fallow) DE DE DE 

0.22 t/ ha. The amount of N incorporated and the 
N concentrations after the three mungbean growth All at PI 2.19 3.35 3.21 2.46 2.80 

durations are shown in Table 20. About 3 times as S at planting + 1.95 3.19 3.01 2.20 2.59 
much N was incorporated in the 40 DE mungbean at PIY2 

crop as in the 67 DE crop and twice that in the 60 All at planting 1.89 3.07 2.96 2.13 2.51 

DE crop. Mean 2.01 Z.20 3.06 2.26 2.63 

Analysis of variancea 

Source df Mean square
Table 20. N acciimulation and percent N in mungbean at Crop age (A) 33 ages before incorporation as a green manure. Experi- Fallow vs green manure 1 6.280* 
ment 2, IRRI, 1983 WS. 40 DE vs 60 and 67 DE 1 2.354"* 

60 DE vs 67 DE 1 3.850"Green manure N accumulation N concentration Time of N application (T) 2 
growth duration (d) (kg/ha) M All at PI vs all at planting 1 0.706* 

Remainder 1 0.050 
40 92.5 2.64 T X A 6 0.003 
60 53.3 1.92 Error 41 0.029 b 

67 30.9 1.48 CV = 6% 

Analysis of variance 
Source Mean square aThe treatment mean squares in this table were computed 

Growth duration 3898"" 1.38" for only 12 crop age-time of application treatment com-
CV %) 7 3 binations. bError mean square was computed

full experiment except for one missing value. 
from the 
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gen°............ ....no Analysis of variance on N taken up by rice 
T3'No +., 5revealed that uptake after incorporationC3 No gmeerr anue, 50 kq norga of the 
.i Nh 

-
. ASC2No grsenor.norue 00 kg m 40-d-old green manure was significantly higher

o,,n.,c N/h,., AS than uptake after the fallow period or incorpora-
C3 No pt e , 10 kq

N:..,.,c ,, as 
5r 

tion of either 60- or 67-d plnts. As anticipated, NT4 T6 400OF ..... u....... 50 kgNI............
N. /h. of 3 woe, uptake after incorporation of the 60-d-old crop
o ,'.1,1o Grain yield (kgA/h)T,1) 600F greenrnan-re 50 kg 5000 was numerically but not significantly greater than 
:,n.,qx- N/haI ole-i of -, / C=3l 

,1,1............... 4000 C C3 that after the 67-d-old crop. N uptake after the
 
TIC) 112 C7D Nreen m - -- 50 3 T T.9. T4.6
 

,,n" 0, .,mh o 34 0,00 -fyo
1 ,1 2000" ,/T" 5-24 +46 5X single topdressed application at PI was significantly-
(334) (351) greater than that after a single application incor

0 01000. R2
0094 porated at planting or split application. 

(kg/hayield t CI - N uptake Regressions (Fig. 16) correspond to the relationTo-C .00 ships between grain yield and N uptake, N uptake 
TT-9*.T3 50 T3. and applied N, and grain yield and applied N for 

T7-9* 
C2 T4-6 - r4-6; the split-applied inorganic N fertilizer series at 0. 

o00- C2 50, 100, and 150 kg Nha. Other data points 
c3,/ 1oJ A (means over time of N treatments) are shown for 

Napplied (kg/ha) comparison. Uptake of soil N was 45 kg N:, ha and
Y=I428+199x Yz431+041X recovery of split-applied inorganic N was 41IriR2 (291) (194)=

0 91) R13090(633) (0042)" Over the observed range, utilization ofaccumul

ated inorganic N was low. N uptake after incor16. (Grain.icll-N uptakc-N applied rclatio,lup,. l\pcrimciit 2. !RRI. poration of the 40- and 67-d-old green manures was1953 ws. I)ata p1il/t1 ar iOt.W1111/1. rcl'dic.ohiui,l 4n~- near the inorganic N regression line. But N uptake 
after incorporation of the 60-d-old crop was

Partition of the sum of squares for green manure utilized slightly more effectively as indicated by its 
growth duration and time of inorganic N applica- position above the line. The difference in efficiency
tion showed several influences on rice yields. The may have been caused byan N release pattern more 
interaction between green manuring and time of favorable than that of et(her the more N rich or N 
application was not significant. Among the herbage poor incorporated materials. 
incorporations, yields following the 40-d-old crop Rice had less N uptake after incorporation of the 
were highest. Among the inorganic N timing 60-d-old mungbean crop. However, total DM, 
treatments, application of all N at PI increased productive tiller counts, and N concentrations 
grain yield more than a single application at (Table 22) suggest that the mineralization pattern
planting or a split application (Table 21). The must have coincided more closely with the N 
response to inorganic levels (0, 50, 100, and 150 kg uptake pattern than with that of other incorporated
N/ha, 1/2 B&I at planting and 1/2 topdressed at plant materials. 
PI) was linear although deviations from linearity Efficiency of applied N reflects thejoint effect of 
were significant (Fig. 16). apparent recovery and utilization. The efficiency of 

Table 22. Rice DM yields, productive tillers, and N concentration after incorporation of green manure at 3 ages (40, 60, 67 

DE). a 
Experiment 2, IRRI, 1983 WS. 

0 (fallow) 40 DE 60 DE 67 DE CV (%) 

Total DM (t/ha) 4.62 b 6.30 a 5.10 b 5.12 b 10
Productive tillers (no/rn2

) 249 c 382 a 328 b 301 b 5 
N concentration %) in 

Flag leaf at flowering 2.84 c 3.18 a 2.83 c 2.98 b 3 
Straw at maturity 0.80 a 0.95 a 0.90 a 0.90 a 10
Grain r.: maturity 1.35 b 1.46 a 1.39 ab 1.39 ab 4 

aMeans over 3 times of inorgani.. N applications and 4 replications. Separation of means in a row by Duncan's multiple 

range test at 5% level. 

http:TT-9*.T3
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thesplit-appliedinorganicN was 19kggrain/ kg N. before transplanting and 53 inorganic N/ha was 
Although the efficiency of N from 60 DE mungbean topd ressed at PI. 
incorporation approached that of inorganic N, N As expected, mungbean DM yields and N 
efficiencies from shorter and longer mungbean accumulation were greater from the dense plant 
growth duration were lower, population but percent N was lower (Table 23). A 

In the third experiment, mungbean to be incor- significant interaction between green manure 
porated 40 DE was planted on 2 May 1983. Crops growth duration and density was detected on total 
planted 10 and 20 d later were incorporated 30 and DM yields but not on the other attributes. Although 
20 DE. On all planting dates, mungbean was more than twice as much N had accumulated in the 
overseeded in 20- and 40-cm rows and thinned for denser population by 20 DE, 10 d later the N 
densities of300,000 and 600,000 plants'/ha. During accumulation difference (on a relative basis) had 
mungbean cultivation, two plots were clean diminished sharply. Nevertheless, linear interpola
fallowed. During rice cultivation, one of the two tion between data points suggests that 100 kgN/ha 
clean fallowed plots in each replication was main- would accumulate in 35 d from 600,000 plants/ ha 
tained as an unfertilized control. On the other and in 40 d from 300,000 plants/ ha. 
fallowed plots, 27 kg inorganic N/ha was B&I Partition of the sum of squares of the factorial 

Table 23. Total DM, %N, and N accumulation of mungbean at 3 ages and at 2 plant densities (300,000 and 600,000 plants/ 
ha). Experiment 3, IRRI, 1983 WS. 

Green manure Total DM (kg/ha) N 1%) N accumulation (kg/ha) 
growth duration 

(d) 300,000 600,000 300,000 600,000 300,000 600,000 

20 435 1110 4.0 3.5 17.4 38.5 
30 2237 2725 3.1 3.0 69.3 81.8 
40 3568 4710 2.8 2.5 99.9 117.8 

Mean 2080 2845 3.3 3.0 62.2. 79.4 

Source of variation Mean squares 
Green manure density (D) 351517* 0.5* 1775"* 
Green manure duration (A) 22734383** 2.5" 13466*" 
D X S 228908** 0.1 ns 34 ns 
CV %) 5 10 12 

Table 24. E*' I on rice yield and yield attributes of N fertilization and green manure at 3 ages and 2 plant densities 
(300,000 and 600,000 plants/ha). I RRI, 1983 WS. 

Yield (t/ha) Total DM (t/ha) N uptake (kg/ha) Productive tillersGreen manure 
(n°'m )growth duration (d) 

300,000 600,000 300,000 600,000 300,000 600,000 300,000 600,000 

0 (fallow, no inorganic N) 3.44 5.9 60.1 310
 
0 (fallow, 80 kg inorganic N 4.61 8.0 86.6 455
 

/ha)
 
20 3.52 3.69 7.0 7.5 73.9 77.6 363 377 
30 3,84 4.04 6.9 8.6 78.4 89.0 353 404 
40 4.55 4.70 8.2 9.0 95.0 106.6 419 422 

A'alysis of varianc2 
Source of variance df Mean squares 

Green manure density (D) 1 0.81 ns 5.94"* 460* 2948 ns 
Green manure duration (A) 4.32" 4.04" * 1332"* 11689"* 
D X A 2 0.002 ns 0.98 ns 32 ns 2292 ns 
Fallow, with vs without inorganic N 1 2.71* 8.42" 1404"* 
CV %) 11 11 11 8 
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Table 25. Effect of N fertilization and green manure at 3 ages and 2 plant densities (300,000 and 600,000 plants/ha) on N 
concentration in the leaves, straw, and grain. IRRI, 1983 WS. 

Green manure 
growth duration (d) Leaves 

300,000 600,000 

0 (fallow, no inorganic N) 1.86 
0 (fallow, 80 kg inorganic N/ha) 1.83 

20 1.96 2.01 
30 1.97 2.01 
40 2.08 2.15 

Analysis of variance 
Source of variance df 

Green manure density (D) 1 0.02 ns 
Green manure duration (A) 2 0.05 ns 
D X A 2 0.005 ns 
Fallow, with vs without 1 0.002 ns 

inorganic N 
CV (%) 6 

treatments (three green manure growth durations 
and two plant densities) revealed that plant density 
and the interaction between growth duration did 
not influence rice yield but grain yield increased as 
green manure growth duration increased (Table 
24). Compared to 300,000 plants,'ha, 600,000 
increased the total DM yield of rice (8.4 vs 7.4 
t/ha); however, it did not significantly influence 
productive tillers/ha and N concentration in the 
flag leaf at flowering or in the straw or grain at 
harvest (Table 25). 

The regression of grain yield on applied N (Fig. 
17) showed that the yield response from added N 
was predominantly linear over the N range regard- 
less of source. However, efficiency was only 10.8 kggrain/k N .
 
grain/.kg N. 

The regression of N uptake on Nadded indicated 
that uptake was essentially linear, that apparent 
recovery was 33%, and that 63 kg N, ha was 
derived from the soil. The equation from the 
regression of grain yield on N uptake, excluding N 
taken up after application of 80 kg inorganic N,ha ,.T2 
is shown in Figure 17. Grain yield-N uptake data 
points from the 300,000 plants,/ ha density tend to 
lie above the corresponding points fron the 600.00X 
plants/ha. However, statistical analysis did not

y(2321
indicate that N from the lower density was used 
more effectively.

In a fourth experiment, cowpea and Ses/nia 

aculeata,2 leguminous crops which tolerate excess 

N concentration (%) 

Straw Grain 

300,000 600,000 300,000 600,000 

0.87 1.10 
0.86 1.25 

0.87 0.85 1.24 1.25 
0.90 0.84 1.32 1.27 
0.90 0.98 1.36 1.36 

Mean squares 
0.000004 ns 0.002 ns 
0.015 ns 0.025* 
0.010 ns 0.015 ns 
0.003 ns 0.047"* 

10 5 

soil moisture conditions better than mungbean, 
were incorporated as green manures at 21, 33, and 
45 DE.The longest duration crops were planted on 
2 Jun 1982. The 33- and 21-d-old crops were 
planted 12 and 24 d later. Green manure crops were 
grown oil the fields in which they were incorporated 
(in situ manuring) and on adjacent fields (green leaf 
manuring). One plot, Illowed during the green 

Grain yield (kg/no) 

' 6000 
N,h,,.... AS ... 

,. ......,H,, 3O00;,;, ,,,, 4000- I2 T,"', , 00.3
 

3000T.. T,,,c,o ,.............. / ,'~f.
 oo 3000 
,,N y 495+298X(431) (441) 

2000 R 
2?074 

Grain yield 5 4 C13 2 C1 N uptOke 

(ig/ho) Ti 50.T00 Iso kg/ho 

T4 50 -T4 
50
 

3C3 '00 

T6/
 

150 Y=627+033X 

Y 3363(08y applied) (473) (0042)
(207) (g/l 907 

R
2 

=063 

17. (itai icltI-N ipldkr-N ippled relitijv. I;\permcat 3.IRII. 
19F3 \VS. PlointC2. ciiric.spiiidiig to 81) kg iriiirgaic N hl. its 

cwhiuld Iriia regrc%,iins, ).itii points .rc nsacross4 rcplioni. 
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manure growth, was used as an unfertilized control, 
and a second was used as an inorganic N-fertilized 
(80 kg N/ha) control. 

Analysis of variance showed that all three 
factors (crop species, growth duration, and in situ 
vs green leaf manuring) affected Naccumulation in 
the fgreen manures (Table 26). The interaction 
between species and duration was also significant. 

The three factors affected rice yields (Table 27), 
but the influence of growth duration was greatest. 
The 80 kg N/ha application to fallow plots in-
creased yield by 600 kg above the control. 

Figure 18 shows that with increasing growth 
duration, S. acuh'ata increased yields more than 
cowpea. Figure 19 shows that the soil contributed 
54 kg N/ha and that recovery of applied N in the 
green manures was only 27%. Recovery of in-
organic N was not apparently different from 
recovery of green manure N. Utilization of 
recovered inorganic N was less efficient than that of 
recovered green manure N. 

In a fifth experiment, cowpea and Seshania 
rostrata planted on 9 Feb 1983 were flooded during 
the last 17 d of a 45-d growth duration. Flooding 
simulated potential damaging effects of early and 
heavy WS rainfall. Cowpea N accumulation was 
affected by flooding. Cowpea accumulated 36 kg 
N/ ha in the nonflooded treatment and 26 kg N/ hia 
in the flooded. Flooding had no apparent effect on1 
N accumulation of.S. rostrata which averaged only 
18 kg N/ha in the flooded and unflooded treat-

Table 26. N added by cowpea and sesbania at different 
ages. Experimont 4, IRRI, 1983 WS. 

N added (kg/ha)
Age 
(d) In situ Green manuring MeanpeMean 

Cowpea Sesbania Cowpea Sesbania 

21 
33 
45 

4.4 
22.8 
33.9 

10.1 
38.8 
78.9 

3.4 
17.8 
30.5 

6.7 
34.3 
78.1 

6.1 
28.4 
55.3 

Mean 20.3 42.6 17.2 39.7 

Source of variation 
Manuring (M) 

F-value 
8.8'' 

Green manuring crops (GMC) 482.0"* 
M X GMC 0.0 
Growth stages (GS) 781.6'' 
M X GS 0.7 
GMC X GS 149.8' * 

M X GMC X GS 0.5 
CV = 12% 

Table 27. Effect of cowpea and sesbania at different ages, 
incorporated in situ and as green leaf manure, on yield of 
rice. Experiment 4, IRRI, 1983 WS. 

Yield (t/ha) 
Age In situ Green leaf manuring 
(d) In __tu GreenleafmMean 

Cowpea Sesbania Cowpea Sesbania 
21 3.1 3.0 3.0 3.0 3.0 
33 3.5 3.7 3.3 3.5 3.5 

45 3.8 4.3 3.7 3.9 3.9 
Mean 3.5 3.7 3.3 3.5 

Without green manure
 
application
 
0 kg N/ha 3.080 kg N/ha 3.5 

Source of variation F-value 
Manuring (M) 4.8*
Green manure crops (GMC) 4.7*
 
GM X GMC 0.1
 
Growth stages (GS) 41.1'*
 
Mx GMC 0.2
 
GMC X GS 2.4
MX GMC X GS 1.0
 
0vs 80kg inorganic N/ha 8.0"
 
cv =8%
 

ments. This low value may be associated with 
limited vegetative growth during short days and 
delayed nodule development. Subsequent S. 
rostrata studies show that vegetative growth is 
more vigorous during longer days. S. rostrata did 
not begin acetylene reduction until 23 DE while 

Yield (t/ha) 

45 
D-a Cowpeo 

oSebro 

40 

35 

301j 

25_-
O0 I 

21 33 45 
Growth duration (d) 

IN. Yicld repome uif green manic crop incorporatcd at 3 ages. 
IExperiment 4, IR RI. 1953 WS. Meanas ier 2 green manure pruductun 
ielIhds and 4 replications, 
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cowpea began 8 DE. Both green manure crops 
increased rice grain yields. Yieldsafter fallowing, S. 
rostrata, and cowpea averaged 3.2, 3.6, and 4.0 
t/ha (means over 5 replications, 2 inorganic N 
levels, and 2 flooding levels on the green manures), 
Rice yield was 4.2 t/ha when cowpea was not 
flooded and 3.9 t/ha when it was flooded. 

GROWTH AND NITROGEN FIXATION BY S:'B.V/A 
SPECIES UNDER DIFFERENI FIOOI)ING 

DENSITIES 


Growing a legume its manure crop beforea green 
rice, or between rice and the following crop, could 

increase available soil N through recycling and Nfixation. The legume crop should be able to stand 
probable waterlogging at some time during growth. 

Seshaniaspecies are well known for tolerance to 
flooding and can he used as a green manure for 
rice. An experiment assessed the differences 
between N fixation abilities of two Seshaniaspecies: Seshania sesban and Sesbania rosirata. 
The latter develops stem nodules, considered an 
adaptation to waterlogged environments. 

The two species were planted insix alternating 
rows on sloping soil in a pit where flooding could 
be controlled. After a peat-based inoculant was 
placed in the open 20-cm rows, seeds were sown. S. 
rostrata stems were inoculated with a spray at 12 
and 20 DAS. 

During two artificial floodings, all plants were 
submerged. The first flooding(25 DAS) lasted I d.Water then receded until only plants at tie lower 
end ofthe slope were waterlogged for the next 14d. 
The second flooding was applied 40 I)AS and
lasted 3 d. W aterlogging was maintained at the 

lower edge of the slope for the next 7 d. plants were
harvested 50 [)AS.

For all measurements during growth and at 

harvest, the slope was divided from bottom to top
into four sections designated I to IV.

Atylenrection ofsrotd t e ndl 
Acetylene reduction of root and stem nodules
 

was determined by incubating roots or stems in 
500-mI bottles. Gas samples were analyzed by gas 
chromatography. 

Flooding reduced S. seshan population by 20% 
and S. rostrata by 10( Plant losses were deter
mined itsthe difference between counts made 
before flooding and at harvest (Table 28).

Production per plant was higher in S. seshan in 
the top two positions, but on a per-area basis, S. 

rostratawas superior. In the lover sections, produc
tion per plant and per area were higher in S. 
rostrata. S. seshan seeds showed poor germination 

Table 28. Effect of plant position on the slope on DM production at harvest. IRRI, 1983. 

Sesbania sesban Sesbania rostrata 
Area 

Total production Production/plant Total production Production/
2(g/m2 

) 	 (g) (g/m ) plant (g) 

IV (top) 506.0 t 152.5 13.5 ± 5.0 621.2 ± 242.5 8.9 ± 2.9III 	 325.4 ± 97.5 13.5 ± 6.0 320.7 ± 200.6 6.3 ± 3.4II 	 61.6 ± 61.6 3.2 ± 1.8 199.5 ± 106.2 3.4 ± 1.9
I (bottom) 35.87 2.1 ± 1.4 	 89.4 5.7 ± 3.6 
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Nodule wt (mg/plant) 
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20. Nod ule %eight (it S..w.ian(SS)and S. ro.%irata (SR)Ifter 43 d. 
IRRI. 1983. 

and expected density was not obtained, which was 
partially responsible for the yield differences. 

Slope position also affected root nodule forma-
tion and growth (Fig. 20) with S. rostrata more 
sensitive to flooding. However, stem nodules 

enabled S. rostrata to produce a greater nodule 
mass. Results also suggest that Rhizobia infection 
of the stems, which leads to nodule formation, is 
not directly linked with flooding since nodule mass 
did not increase in plants in the lower sections. 

At 30 DAS, S. sesban nodules were more active 

(Fig. 21). By 43 d, S. rostrata stem nodules wc're 

numerous and active and couid fix more NthanS. 

Acetylene reduction(nmoles/hperplant) 
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60,000- ::Stem nodules 

Root nodules 
i ctivity

50,000 L--
40,000 /AWhen 

Area IV
 
30,000 (top of the sle) T 


2A 

rea  


0
 

Uoooo 


SARA (.Lmoles/h per g) 
300 

Stem nodules 
[-' Root ndules 

200 

100
 

in,--... ... ,::
0 E-

SS SR SS SR SS SR SS SR 
I U T I 

al,"IiS) 
sod Se'UaniiJ r,,,trata 
22. Specific acetyleteredtction actisity SAR Al lS'%. anl(. 

(SiR)aler 43 d. IRRI. 1983. 
ARA Area I isat the bottom of the pit; 

SARA noduls d %%t area IV, at the top, 

sesban. Acetylene reduction by root or stem 

nodules was negligible in the two bottom sections. 

At43 DAS, specific acetylene reduction activities 

(SARA) were computed to determine how root 
and stem nodules were affected by flooding and the 
soil moisture range (Fig. 22). 

Root nodule SARA of the two species was 
similar and was affected only by plant position on 
the slope and consequent waterlogging. Stem 
nodule SARA on S. rostrata was similar in the two 
top sections. In areas I and II, the low nodule
activity was attributed to poor physiological status 

of the whole plant after the water stress. 
the acetylene reduction activity measure

ments were made, the plants were recovering from 
a 3-d flooding and a moisture gradient existed. The 
data suggest that stem nodules orecNvthed faster and 
enabledS. rostratato fix more N than S. sesban. 

In severely flood-stressed plants, N% was 

0 idepressed. Although N% of S. rostrata was always 
SS SR SS SR SS SR SS SR lower than that of S. sesban, S. rostrata N yields 

1--30DAS- 43DAS-- I--30 DAS-----43DAS-l were equivalent under good conditions and higher 
(SRu 

at 2 dates in2 areas. IRRI. 1983. under flood-stressed conditions.
21. Acetylene reduction activities of S. .Y. at (SS) and S. ro Str)Ua 
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TECHNOLOGY EVALUATION IN TWO RAINFED 
CROP PRODUCTION PROGRAMS 

Trainingand Technology' Transfer Department 

A study initiated in 1982 continued to evaluate rice 

double cropping in two important rainfed rice 

production programs in the Philippines. In Iloilo 
androuton programs do e Philippingeis p ible 
and South Cotabato, double cropping is possible 
by 

direct dry-seeding the frst rice crop at the 
beginning of WS, 

* use of preemergence herbicides, and 
A use of early-maturing varieties, 
As in 1982, 1,000 m cropping pattern produc-

tion plots were located throughout the production 
program target areas of the two provinces. Super-
imposed trials were conducted to determine the 
importance of technology components, particularly 
variety and NPK fertilizer response. At four 
locations in Iloilo and at one in South Cotabato, 

Table 1. Yield from 1000-m2 IR36 production plots at 
various locations in Iloilo Philippines, 1983. 

Yield (s/ha)Riae Landscape 

First crop Second cropa Total 

Wet Side slope 6.74 (n=6) 4.76 (n=6) 11.50 
Plain 6.39 (n=6) 4.10 (n=5)b 10.49 

Intermediate Plateau 7.84 (n=6) 4.35 (n=6) 12.19 
Plain 5.27 (n=6) 4.53 (n=6) 9.80 

Dry Plateau 5.80 (n=6) -c 5.80 
Plaind 3.79 (n=6) _c 3.79 

aHerbicide toxiciw from heavy rain and flooding after 
application reduced stands of many second crop plots.
bOne farmer withdrew from participation for the second 
crop for personal reasons. CPlanted to mungbean using the 
rolling injection planter. dAffected by a dry spell during 
weeks 32 to 37. 

researcher-managed trials studied the importance 
of N application timing at different rates and weed 
control levels. 

Cropping pstterns and crop yields. Iloilo. The 

study area was stratified according to rainfall 

pattern and landscape position which were hypo
thesized as the major influences on technology
performance. in each of three rainfall zones 
(northern-wet, central-intermediate, and southcrii 
dry), the two major landscape positions were 
identified (Table I). 

For each landscape in the rainfall zones, five to 
six cropping pattern production plots were planted 
with IR36 in farmers' fields. In the wet and 
intermediate zones, the cropping pattern was DSR 
- WSR. In the dry zones, the pattern was DSR 
mungbean (Pag-asa 3). For each 1000-M2 plot 
(except for some in the wet zone), a contiguous 
100-m 2 area of IR58 was sown on the same date 
and received the same management for compa

rative purposes. Results show the nigh potential of 
IR36 when double-cropped under rainfed condi
tions (Table I). 

The double crop yields of IR36 in the wet and 
intermediate zones during 1983 were substantially 
higher than in 1982. In the wet and intermediate 

zones, rainfall from September to December was 
26 to 99% higher during 1983 thau in 1982 and 
partially accounts for the increase (Table 2).

In the dry zone, it was again considered too risky 

to sow a second rice crop so mungbean was
established using the rolling injection planter.

g g i 
Although stand was good, subsequent heavy rains 
destroyed 9 out of I I established crops by water
logging. Surviving mungbean crops were severely 

affected by powdery mildew. 

Table 2. Comparative yields and corresponding rainfall data for 1000-m production plots, Iloilo, Philippines, 1982-83. 

Rainfall Landscape 1983 1982 

zone position Yielda Rainfall (mm) Yielda Rainfall (mm) 

It/ha) 
Apr-Dec 

Wet Side slope 11.50 1732 
Plain 10.49 1984 

Intermediate Plateau 12.19 1735 
Plain 10.80 1609 

Dry Plateau 5.80 1418 
Plain 3.79 1544 

aTotal annual rice yield from the 1000-m2 
production plot. 

(t/ha) 
Sep-Dec Apr-Dec Sep-Dec 

904 8.50 1370 628 
951 8.06 1752 477 
750 4.51 1271 474 
909 6.37 1695 722 
797 3.91 1751 415 
752 3.49 876 363 
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Table 3. Yield from 1000-m2 production plots in Norala crop of.1R56 in Norala, which was completely
and Surallah, South Cotabato, Philippines, 1983. rainfed, suffered more from BI than Norala irri-

Yield ft/ha) gsicd plots and Surallah rainfed plots. The yield 
Location First cropa Second cropb Total advantage from supplemental irrigation in Norala 

may have been more related to the creation of less
Partially irrigated favorable conditions for BI.Norala (n=6) 4.49 4.55 9.04

Surallah (n=6) 3.68 4.52 8.20 NPK fertilizer responses. Iloilo. NPK fertilizer 
Completely rain fed trials continued to be superimposed on all rice

Norala (n=6) 2.74 3.57 6.31 crops grown in the )roduction plots: 36 trials forSurallah (n=6) 3.63 4.23 7.86 the first cropand 22for thesecond. For thesecond 
aIR5 6 , blR60" crop, trials were established only in the wet and 

intermediate zones. One farmer did not participate 
fe, the second crop and another's harvest was 

South Coiabato. Based on 1982 results, the stolen. 
South Cotabato environment was stratified by In addition to standard NPK trials, treatment
location (corresponding to soil type) and avail- with Zn was added in the dry /one based on 1982 
ability of partial irrigation. A significant number of deficiency symptoms. 
area farmers obtained supplementary watcr from As in the previous yt, .r, N increased yields in all 
springs and creek diversions. locations (Ta ble 4). For both first and second crops

IR56 was planted as the first crop but was in all locations, tile 90-13-25 treatment yielded
replaced in the second crop with IR60 which has significantly higher than the0-0- treatment. But in
better BI and virus disease tolerance. Plot results 3of 6 locations, first crop yield did not significantly
from Norala showed that double-cropping with increase from increasing N from 30 to 90 kg. ha in
partial irrigation yielded 2.7 t/ha higher than two tile presence of P and K. For I of the remaining 3 
crops grown in completely rainfed conditions locations, there was no significant increase in yield
(Table 3). This difference was 1.7 tiha for the first beyond 60 kg N,' ha. For the remaining 2 dry zone 
crop and 1.0 t/ ha for the second, locations, increasing N,from 60 to 90 kg N/ha in 

In Surallah, the advantage from supplemental tile presence of 1) and K, increased yield sig
irrigation was substantially less (only (1.3 t,ha). nificantly.
One contributing factor may have been the 44('' In the second crop, I of"4 locations showed no
higher late season rains in Surallah, which may significant yield increase above 30 kg N/ha in the
have negated th.: usually positive effect of irriga- presence of P and K. The other locations showed 
tion. Another important factor wias that the first no significant yield increase beyond 60 kg N/ha. 

Table 4. Effects of 8 fertilizer treatments on IR36 yields in 3 rainfall zonesa Iloilo, Philippines, 1983, 

Yield t/ha) atRainfall Landscape Crop 
iven NPK rates (kg/ha)
 

zone 
 0-0-0 30-13- 60-13- 90-0-0 90-0- 90-13-0 90-13- 90-13
25 25 25 25 25 +Zn 

Wet Side slope First (n=6) 6.04 b 7.33 a 7.54 a - 6.98 a7.03 a 7.10a -
Second (n=6) 3.96 c 4.62 b 5.03 ab 4.68 b 5.34 a 4.91 ab 5.16 a -Plain First (n=6) 5.07 c 7.03 a 7.01 a - 5.81 b 6.27 b 6.36 ab -
Second (n=5)b 3.20 d 4.17 bc 4.81 a 4.00 c 4.49 ab 4.12 bc 4.77 a -

Intermediate Plateau First (n=6) 4.93 c 7.48 b 8.19 ab - 5,45 c 8.01 ab 8.67 a -
Second (n=5)c 3.37 d 4.45 abc 4.81 ab 4.16 c 4.27 bc 4.60 abc 4.96 a -Plain First (n=6) 4.04 b 5.13 a 5.71 a - 5.32 a 5.84 a 5.74 a -
Second (n=6) 3.34 d 3.91 c 4.48 b 4.71 ab 4.84 ab 4.99 a 4.69 ab -Dry Plateau First (n=6) 3.98 c 4.84 b 4.96 b - 5.72 a 5.85 a 5.93 a 5.70 a 

Plain First (n=6) 1.30 d 2.20 c 3.28 b - 3.16 b 3.73 ab 3.88 a 3.73 ab 

aSuperimposed trials conducted in production plots, bOne farmer (lidnot participate forthe second crop. COne trial was 
harvested and removed without data collection. 
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Based on these and 1982 results, there is little to 
gain from applying more than 60 kg N/ha to 
rainfed rice crops in most parts of Iloilo. The 
optimum response in most locations appears to be 
between 30 and 60 kg N/ha. The average yield 
from 36 no-fertilizer plots for 1983 first crop was 
4.2 t/ha; that from 35 no-fertilizer plots for 1982 
first crop was 3.4 t/ha. In Iloilo, it appears that 
well-managed fields can produce moderate to high 
yields even at low fertilizer levels. Dawog (dry zone 
plain) was an exception, producing less than 2 t/ ha 
from the zero-fertilizer plots in 1982 and 1983. 

Both first and second crops responded sig-
nificantly to P at the intermediate zone plateau 
locations, confirming 1982 findings. The P response 
in the second crop indicated an absence of sig-
nificant residual P from the first crop. 

The single rice crop grown in the plain locations 
in the dry zone also significantly responded to P. A 
similar but nonsignificant response was observed 
in 1982. 

The only significant K response was for the 
second crop at the plain and side slope locations in 
the wet zone. The response was significant with or 
without P at the plain position, but was only 
significant without P at the side slopes. The DSR 
crops in the dry zone did not respond to Zn. 

South Cotahato. Superimposed fertilizer trials 
in South Cotabato consisted of three trials (two 
replications each) on farmers' fields in each of the 
stratified areas. Production plots were classified by 
location and availability of partial irrigation 
(Table 5). 

In the 1983 first crop, there was a small but 
significant response to the range 30 to 90 kg N/ ha 
when P and K were present, except at completely 
rainfed locations in Surallah, where N depressed 
yield. IR56 was infected with neck and leaf BI, 
which became severe when N was applied. 

In Norala, IR56 showed a small but significant 
positive response to both P and K with partial 
irrigation. P and K responses were not observed in 
the rainfed locations in Norala nor at any Surallah 
locations. 

In the second crop (wet seeded), there was no 
significant response to N in the range 30 to 90 kg 
N.' ha in the presence of Pand K. There was some 
nonsignificant evidence of P and K deficiency at 
the partially irrigated locations in Norala. 

Considering the regular high incidence of BI in 
South Cotabato and the fertilizer responses 
observed, there is no advantage in applying more 
than 30 kg N.ha in either rainfed or partially 
irrigated fields. The average yield of the 12 no
fertilizer plots was 3.0 t,' ha for the 1983 first crop 
and 3.7 ti ha for the second crop. 

Timing of N application to dry seeded rice at 
different N rates and weed control levels. Dry 
seeding of rice is advocated in rainfed crop produc
tion programs in Iloilo and South Cotabato. 
Extension workers recommend N rates from 70 to 
90 kg N / ha; however, little advice has been offered 
on the optimum timing of N application. Recom
mended methods for WSR and TPR in puddled 
soils may not be relevant to dry seeded conditions. 
Farmers often delay their first fertilizer application 

Table 5. Effect of 7 fertilizer treatments on IR56 (first crop) and IR60 (second crop) yields in South Cotabato, Philip
pines, 1983.a 

Yield t/ha) at given NPK rates (kg/ha) 
Location Cropb 

0-0.0 30-13-25 60-13-25 

Norala First (n=3) 4.01 c 4.21 
Partially irrigated 

bc 4.30 bc 
Second (n=3) 3.89 b 4.40 eb 4.13 ab 

Surallah First (n=3) 3.22 c 3.83 bc 4.00 ab 
Second (n=3) 4.33 b 4.73 ab 5.03 ab 

Completely rain fed 
Norala First (n=3) 2.50 bc 2.43 c 2.50 bc 

Second (n=3) 3.23 c 3,30 bc 3,36 bc 
Surallah First (n=3) 2.42 a 2.19 ab 2.19 ab 

Second (n=3) 3.49 b 4.30 a 4.01 ab 

90-0-0 90-0-25 90-13-0 90-13-25 

-
4.22 ab 

-
5.02 ab 

4.51 b 
4.50 ab 
4.11 ab 
5.10 a 

4.46 b 
4.53 ab 
4.18 ab 
5.03 ab 

4.81 a 
4.84 a 
4.42 a 
5.21 a 

-
3.40 abc 

-
4.40 a 

2.78 abc 
3.43 abc 
2.00 b 
4.42 a 

2.89 ab 
3.61 a 
2.03 b 
4.31 a 

3.01 a 
3.53 ab 
2.20 ab 
4.53 a 

aSuperimposed trial conducted in production plots. bResults for each crop in each location represrnt average of 3 on-farm 
trials, each with 2 replications. 



to DSR until after tne first hand weeding. 
A trial was established on four farms in Iloilo 

and one in South Cotabato to compare a re-
searchers' split with farmers' split at different N and 
weed control levels. Researchers' split was 1/3 N 
basal, 	 1/3 25 DAS, and 1,3 at 40 DAS. Re-
searchers' weed control method was to apply 

Table 6. Timing of N application for DSR at sites in Iloilo 
and South Cotabato, Philippines, 1983. 

Yield (t/ha) 

(kg/ha) Timinga 

N rate 

Farmers'b Researchers'C Difference 
weed control weed control 

Cabatuan, Iloiloa 
0 - 4.5 5.0 0.5 


45 FS 
 4.9 6.0 1.1" 
RS 5.4 6.4 1.0" 

0.5 0.4 

90 	 FS 5.3 5.8 0.5" 
RS 5.4 6.7 1.3 " 

0.1 0.9". 
New Lucena, Iloilo o - 3. 4.5 1.0 

45 FS 4.4 4.4 0 

RS 5.2 4.8 -0.4 


0.8" 0.4 

90 	 FS 4.3 4.5 0.2 


RS 5.8 6.0 0.2 

1.5" 1.5" 
Miagao, Iloilo 

0 - 0.6 1.6 1.0"" 
45 	 FS 2.0 3.0 1.0" 


RS 1.7 3.2 1.5" 

-0.3 0.2 


90 FS 2.8 4.4 1.6" 

RS 
 2.1 4.4 2.3" 

-0.7 0 
Surallah, South Cotabato 

005 FS- 2.62.6 3.13.1 0.50.5 
45 	 FS 3.0 3.2 0.2 

RS 3..._5 3.83 0.3 

0.5 0.6" 
90 	 FS 3.7 3.8 0.1
 

RS 4.0 4.1 0.1 

0.3 0.3 

FS = farmers' split, RS = researchers' split. !Farmers' 
weed control = HW at 35 DAS at the Iloilo sites and 
butachlor 1 kg ai/ha fb HW at 35 DAS at Surallah. CRe. 
searchers' weed control = butachlor 2 kg ai/ha 1-3 DAS at 
all sites, 
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butachior at 2.0 kg ai, ha and to hand weed 25 
DAS. Farmers' weed control was a single hand 
weeding at 35 DAS, except at Surallah where 
farmers commonly use a red uced rate of butachlor. 

One !rial in Iloilo was abandoned because 
flooding negated all treatment effects. 

Levels of weed infcstition were high at Cabatuan 
and Miagao. moder;,c at Surallah, and low at New 
Lucena (Table 6). 

The following are initial and tentative interpreta
tions: 

I . Researchers' split appears to have a yield
advantage over farmers' delayed split at re
searchers' weed control level or at low weed 
populations. However, the r, il!fs are incon
clusive. 

2. 	 Researchers' split has little advantage over 
farmers' delayed split at farmers' weed control 
level, except with low weed populations as at 
New Lucena. 

3. 	 Researchers' weed control method produces 

substantially higher yields than farmers' weed 
control method at high weed infestation levels 
as at Cabatuan and Miag;lo. 

Further verification is necessary before wide
spread recommendation. There is a need for more 
research on methods to improve N fertilizer use 
efficiency for DSR. 

Evaluation of IR58 in Iloilo. In May 1983, the 
Philippine Seed Board approved the release of 
IR9752-71-3-2 uinder the name of IR58. Because of 
its early maturity, IR58 was compared with the 
currently recommended IR36 for rainfed lowlands 
in Iloilo. Trials on farmers' fields covered a wide 
range of rainfall, landscape, and soil conditions 
with both varieties dry-seeGed at the beginning of 
the 1983 WS. 

In 29 locations, IR58 averaged 4.6 t/ha and 
IR36 5.9 ti ha (Table 7). Double cropping is 
possible in the north and central locations, and 13 
of the 	17 cooperating farmers preferred to grow 

1R58 as a second crop despite the yield advantage
of IR36. Farmers preferred the earliness of IR58. 
Depending on location, IR58 matured 86 DE, or 
13 d earlier than IR36 for the first crop and II d 
earlier for the second crop (Table 8). 

In favorable rainfed areas (such as Iloilo), there 
is considerable potential for very early-maturing 

varieties to increase cropping intensity or stabilize 
existing cropping patterns. 
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Table 7. Yield comparison of rainfed DSR IR58 and IR36 MU.TIL.OCATION TESTING OF NITROGEN 

by location and landscape position, ;Ioilo, Philippines, PILACEMENT MACHINES 
1983 first crop. Trainingand Technohgvy Transfer. Agricultural 

Location, Farmers Yield (tlha) Engineering, and Agri7dtural Economics 
landscape (no.) Deparlments 
position IR58 IR36 Difference 

DS and WS trials during 1983 evaluated in 
Ajuy 

farmers' fields N deep placement machines dev-
Side slope 2 5.90 7.01 1.11 ns 
Plain 3 5.09 7.02 1.93 ° eloped by the Agricultural Engineering Depart-

Cabatuan ment. 
Plateau 6 6.21 7.84 1.63"* 

The first set of trials continued from 1982 WSNew Lucena 
Plain 6 3.89 5.44 1.55 * * reported in the Annual Report for 1982. Two 

Miagao 3.98 5.22 1.24 ** machines were tested: the curved spring auger forPlateau 6 

Plain 6 3.46 4.10 0.64 ns PU placement and the Rockwood plunger for 

29 4.56 5.88 1.32" USG placement. These machines were compared
Total, av 

with hand placement of USG, researchers' best 
split of PU, and farmers' split of PU at seven sites 

(Table 9). 
Table 8. Maturity of 2 WSR varieties under rainfed condi- At all sites, yields from plunger-placed USG did 
tions (second crop) at various locations. Iloilo, Philip- not differ significantly from those of hand-placed 
pines, 1983. USG. This confirmed 1982 WS results showing 

Landscape Variety Maturitya (DAS) that the plunger was as effective as hand place-Rainfall zone 
ment. 

'Net Side slope IR36 00 (n=6) 
IR58 90 (n=6) In six of seven sites, the curved spring auger had 

Plain IR36 97 (n=5) yields equivilent to those of researchers' split. At 
IR58 88 (n=5) Ajuy, however, the curved spriog auger had a 

Intermediate Plateau IR36 91 (n=6) 
IR58 86 (n=6) statistically lower yield than researchers' split. 

Plain IR36 96 (n=6) Although researchers' split outyielded farmers' 
IR58 87 (n=6) split in five of seven trials, the difference was 

aFrom seeding to harvest, significant only in Gugo, Naic, Cavite. 

Table 9. Summary of results of placement machine trials at various sites in the Philippines, 1983 DS. a 

Yield (t/ha) 

PU USGSite 

Farmers' Researchers' Curved Hand Plunger 
split split spring auger 

Luzon
 
Buguey, Cagayan 6.5 a 6.2 a 6.9 a 5.8 a 6.2 a 
Gugo, Naic, Cavite 4.2 c 4.7 ab 4.4 bc 4.8 ab 5.1 a 

Molino, Naic, Cavite 5.5 a 5.7 a 5.4 a 6.3 a 5.9 a 

Visayas 
Mina, Iloilo 4.4 b 4.2 b 4.6 ab 4.9 a 5.0 a 

Ajuy, Iloilo 3.4 ab 4.0 a 2.8 b 3.9 a 3.8 a 

Mindanao 
Koronadal, 4.8 b 5.8 ab 6.9 a 6.8 a 7.0 a 

South Cotabato 
Tantangan, 5.3 a 5.8 a 5.7 a 5.7 a 5.8 a 

South Cotabato 

aRates were approximately 58 kg N/ha. 
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Table 10. Effect of timing and placement of N fertilizer on yield at 8 Philippine sites, 1983 WS. 

Yielda (t/ha) 

Site PU USG 
Zero N 

Farmers' REsearchers' Oscillating Spring Hand e 
Plungerd Press 

d
splitb splitc plungerd auger wedged
 

Iloilo
 
Oton #1 3.3 c 4.3 
 b 5.0 ab 4.4 b 4.9 ab 5.2 a 4.6 ab 4.3 b
Oton #2 3.2 d 3.9 c 4.9 a 3.9 c 4.3 bc 4.3 bc 3.8 c 4.6 ab 

South Cotabato 
Koronadal 4.3 b 5.6 ab 6.0 a 5.6 ab 5.7 a 6.0 a 5.8 a 6.2 aNew Lambunao 3.1 b 3.8 ab 4.0 ab 3.9 ab 4.3 a 4.6 a 4.1 ab 4.8 a 

Leyte
Palo 4.8 ab 5.2 a 4.9 ab 4.9 ab 5.4 a 4.4 b 4.7 ab 4.8 abDagami 4.5 b 5.3 a 4.9 ab 5.0 a 4.9 ab 4.9 ab 5.1 a 5.2 a 

Cagayan

Amulung 3.1 b 3.7 ab 4.0 a 3.7 ab 3.2 ab 4.0 a 4.0 a 3.3 abGattaran 2.9 b 3.4 ab 3.7 a 3.6 a 3.7 a 3.7 a 4.0 a 3.8 a
 

aMeans of 3 replications. bCne-half 15 DT and the other half 5-7 DBPI. CTwo.thirds basal and one-third 5-7 DBPI. dDouble 
row type, fertilizer applied 5-7 DT.ePlaced 10-12 cm deep by hand at 5-7 DT. 

WS trials in 1983 tested two additional place-
ment machines at eight sites: the press wedge for 
USG placement and the oscillating plunger for PU 
placemcnt (Table 10). A zero-N plot was added for 
site characterization, 

Placement of USG by the Rockwood plunger or 
the press wedge was as affective as hand placement, 
except for one site where yields were significantly 
higher for hand placement than for the press 
wedge. 

At all but one site, yields with the oscillating 
plunger and spring auger were statistically equiv-
alent to researchers' split, 

Researchers' split averaged 0.3 t/ ha higher than 
farmers' split across the 8 sites, but the difference 
was significant in only one. 

In addition to the field trials, other farmer 
evaluations were undertaken during 1983 WS in 
Cagayan, Leyte, Iloilo, and South Cotabato. 
Farmers volunteered to test and evaluate machines 
on 500-M2 plots with about halfofthem testing the 

spring auger and oscillating plunger for PU place
ment, and the other half, the press wedge and the 
deep plunger for USG placement. 

Farmers said the spring auger was easier to 
operate than the oscillating plunger. The auger's 
main weakness was in metering accuracy. A more 
recent prototype has been tested and appears to 
have overcome this problem. 
Tne press wedge was regarded as clearly superior 

to the deep plunger, which farmers thought was 
very tiring and time-consuming. 

Suggested improvements have resulted in im
proved prototypes of the spring auger, oscillating 
plunger, and press wedge. These are currently 
under evaluation. 

Placement machines are now reaching a stage of 
high operational efficiency; however, Trainingand 
Technology Transfer Department research in the 
Philippines does not show that deep placement is 
consistently more advantageous than researchers' 
best split. 
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In 1975, IRRI and national programs formed the 
Asian Cropping Systems Network which enabled 
them tojointly develop rice-based cropping systems 
for major rice environments in Asia. As some 
national programs expanded to inclu.e farming 
systems, the network unanimously agreed in April 
1983 to change its name to Asian Rice Farming 
Systems Network (ARFSN). The network plans to 
generate technology by identifying more productive 
rice farming systems that are acceptable to small-
scale farmers. 

NATIONAL CROPPING AND IFARMING SYSTEMS 
PROGRAMS 

One of the network's major thrusts is to help 
national programs organize a coordinated cropping 
and farming systems program. The cropping 
systems research methodology for rice and upland 
crops was developed by IRRI and further refined 
in the network. It is being used by all participating 
countries. National programs in the Philippines, 
Indonesia, and Thailand have expanded their 
cropping systems program into farming systems 
which include livestock, fisheries, and forestry. The 
Philippines, Indonesia, Thailand, Sri Lanka, 
China, South Korea, Nepal, Malaysia, and Burma 
have organized natiorally coordinated cropping 
and farming systems programs using the organiza-
tional structure promoted by the network. 

Vietnam, Pakistan, and Bhutan plan to join the 
network. Pakistan is involved in rice - wheat 
cropping systems collaborative research and the 
Pakistan Agricultural Research Council plans to 
begin a 5-yr program on farming systems research. 
Presently IRRI is collaboriting with Vietnamese 
scientists on varietal testing of upland crops before 
and after rice. Four scientists have trained on 
cropping systems. Bhutan is collaborating on the 
rice - wheat integrated trials and one of their 
scientists attended the 1983 cropping systems train-
ing. Malaysia joined the network after a 3-yr 
absence. 

PREPRODUCTION PHASE 

After more than 3 yr of site research, national 
programs implemented the preproduction phase of 
the cropping systems research methodology. In the 

Philippines, research site and multilocation tests in 
Iloilo resulted in a provincial cropping systems 
program covering about 17,000 ha of rainfed rice in 
1982-83. At the same time, pilot production pro
grams began in South Cotabato (1,720 ha), 
Pangasinan (870 ha), and North Cotabato (454 
ha). Multilocation tests were conducted in three 
target areas in Agusan (Bukidnon) and Capiz. 

Research teams in Indonesia identified a tech
nology for two-rice-based crop systems which 
replaced the single-crop system in Barambai, South 
Kalimantan; Bantoa, South Sulawesi; and Blega, 
Madura. Production programs for hundreds of 
hectares arc now operating in sites with similar 
environments. 

Pilot production programs in Nepal have begun 
in or near the sites in Pumdi Bhumdi, Lele, Chauri, 
Jahari, Khandohari, Parsa, and Chitwan. A total 
of 6,425 ha wheat, 1,274 ha rice, 35 ha maize, and 
12 ha daincha were in the program in 1982-83. The 
Bangladesh Rice Research Institute started multi
location testing in 1982 using data from the Bhogra 
rainfed lowland site. Yield levels of the rice (MV) 

rice (MV) pattern were very encouraging in Syihet 
(483-568% better than farmers' pattern), Feni (49
107% better), ano Jamalpur (66-81% better). 

VARIETAL TESTING 

Varietal testing is conducted in collaboration with 
the Philippines Institute of Plant Breeding (IPB) 
and national programs. The IPB project on varietal 
improvement of upland crops for intensive crop
ping (mungbean, soybean, and peanut) develops 
and identifies varieties that fit the rice-based systum. 
Promising materials are sent to IRRI for multi
plication and testing in the network. 

IRRI also collaborates with CIM M YT on maize 
and with ICRISAT on sorghum. Promising varie
ties froln the CIMMYT program in Thailand are 
sent to IRRI for testing in the network. IRRI 
started to screen sorghum varieties after rice using 
117 entries from ICRISAT and IPB. 

In March 1983, IRRI and IITA began colla
borative work to identify cowpea and soybean 
varieties for rice-based farming systems. One IITA 
senior staff member has been assigned to work at 
IRRI. Cowpea varieties and elite breeding lines 
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from the IITA breeding program are evaluated for 
early maturity, fresh and grain yield and tolerance 
to excessive moisture, drought, insects, and 
diseases. 

IRRI multiplied seeds of 6 soybean varieties 
from IPB, 7 mungbean from IPB, 8 maize from 
CIMMYT and IPB, 4 sorghum from IPB, 10 
cowpea from IITA, and Ipeanut from Burma for 
inclusion in the 1984-85 testing. 

Promising varieties of mungbean, soybean, 
cowpea, peanut, maize, sorghum, and bush sitao 
were distributed in the network for testing in 
experiment stations or cropping and farming 
systens sites. 'rials were not uniform. In 1982-83, 
seeds for 50 trials before rice (16 mungbean, 8 
cowpea, 4 bush sitao, 7 soybean, 8 peanut, 2 
sorghum, and 5 maize) and for 159 trials after rice 
(27 mungbean, 18 cowpea, 17 bush sitao, 25 
soybean, 20 peanut, 20 sorghum, and 32 maize) 
were distributed. The most promising varieties, 
better than the local check or the highest yielding 
varieties foreach country, are presented in Tables I 
and 2. 

For crop year 1983-84, seeds for 107 trials before 
rice (23 mungbean, 20 cowpea, 13 bush sitao, 13 
soybean, 13 peanut, 7 sorghum, and 18 maize) and 
171 trials after rice (24 mungbean, 28 cowpea, 17 
bush sitao, 33 soybean, 22 peanut, 27 maize, 20 
sorghum) were distributed. 

FARM IMPLEMENTS FOR INTENSIVE RICE-BASED 
CROPPING SYSTEMS 
The Asian cropping systems working group colla
borated on a simple seeding experiment. The study 
evaluated the effect of the rolling injection planter 
(RIP) (designed by IITA and modified by IRRI) 
on the establishment and performance of upland 
crops grown after rice in zero and optimum tillage 
conditions. 

IRRI distributed 17 planters to 7 countries: 
Indonesia (9), Pakistan (1), Thailand (2), Bang
ladesh (2), Korea (1), Nepal (1), and Sri Lanka (1). 
In Korea, the RIP does not fit thecropping systems 
practices and the Korean seeder works better. In 
Burma, initial tests using soybean, sunflower, 
maize, and sorghum were successful in establishing 
upland crops after rice in a field recently harvested 
with a I-m reaper. RIP worked well with wheat in 
Nepal. In Indonesia, it was as good as traditional 
planting in direct seeded rice, maize, and soybean, 
with about five times the labor efficiency. At the 
Bangladesh Rice Research Institute, the RIP has 
problems establishing plants because of heavy clay 
soil. 

RICE-WHEAT COLLABORATIVE RESEARCH 
National programs involved in ARFSN, 
CI M M YT, and IR RI cooperated to develop tech-

Table 1. Crop varieties better than the check or highest yielding across locations when planted before rice during crop year
1982-83. 

Test site Mungbean Soybean Peanut Cowpea Bush sitao Sorghum Maize 

Fresh Grain 

Burma CES N-GY 30290-11-11 CES101 - CP2-3-1 Los Bahos IS8965 Early DMR Camp. 2 
F334-33 Vita 4 

Nepal None -
M-10 
None ..... 

Thailand EGMG 174-3 
M350 - Acc. 12 All Season .... 
CES55 

Indonesia 

Vietnam 

Pag-asa 1 
CES3N-1 
MB4 
None 

B3034 
B3035 
7207-1 
Clark 63 

CES2-25 

-

F334-33 

CS268 
CS110 
CS226 
CS182 

Phil. DMR Camp. #2 
IPB Var 1 
Early DMR Comp.1 
KUC #2 

Philippines IPB M79-13-60 
Arun 2 

IPB M79-13-70 
IPB M79-17-79 

UPL SY-2 - TVx 4262-014D 
T\; x 3236-01G 

- - - Glut. Syn. #41 
Los Bahos Lagkitan 
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Table 2. Crop varieties better tlan the check or highest yielding across locations when planted after rice during crop year 
1982-83. 

Cowpea 
Test site Mungbean Soybean Peanut Bush sitao Sorghum Maize 

Fresh Grain 

-All Season -Nepal .-

Thailand CES 3N-1 - F334-33 TVx 1850- TVx 7-5H - CS110 KUC =2 F1 

MG50-1OA (Y) CES101 OlE TVx 2949-
PI 118200 TVx 289- 01D 
Acc. 12 4G TVx 1850-
Kidang OlE 
CES102 

TVx 1836, BS1 (6-14R -Sri Lanka Pagasa 1 
CES 3N-1 - - - 19E X AS) 

CES IT-2 BS3 (6-14R 
x AS) 

Indonesia - - None - TVx 289- BS1 (6-14R - Thai Comp. 1 
4G X AS) Early DMR (S)C4 

M alaysia - - M 10 ... 

Vietnam CES 2F-1 None - -- IS2940 
CS182 

Bangladesh - - CES2-25 - TVx 7-5H -

UPL Pn-2 
PI118200 
M10 

nology for rice - wheat systems for different rice crop systems such as DWR -wheat - sesame, DWR 
environments. The first two projects were cropping - potato - sesame, DWR - mustard - mungbean, 

pattern testing and integrated rice - wheat trials, and DWR - mustard - sesame. Most promising 
Cropping patterntesting. Collaboration on rice - were DW R - potato - sesame and DW R - mustard 

wheat cropping pattern testing continues in Nepal. - mungbean. At an irrigated site in Salna, the team 
Bangladesh, Sri Lanka, and Korea. The cropping studied rice - rice, rice - rice - rice, and rice - rice 
system sites in Nepal are in Ratna Nagar, Pumdi - wheat cropping patterns. Although the difference 
Bhumdi, Chauris, Lele, and Saichaina. In Ratna is small, the net income of rice - rice - wheat is better 
Nagar, improved rice - wheat -upland crops crop- than that for two or three crops of rice. 
ping patterns produced higher yields and income At Milyang and lri in southern Korea, income 
than the farmers' rice - wheat cropping pattern, from rice - wheat was a little higher than that for 
Better management and new varieties further one rice crop although rice production was high. 
increased yield of the improved pattern by 50 to In Bandarawela, Sri Lanka, the wheat variety 
116% and net income by 49 to 108% over farmers' Trigo I from the Philippines was introduced 3 yr 
practice. In Chauri Jahari, the rice - wheat pattern ago for the highland wet zone. The cropping 
with improved management yielded 42% higher systems team identified an earlier-maturing rice 
than the farmers' practice and net income was 29% variety with high yield, and is now able to stabilize 
better. With improved management, the rice - a 3-crop system. The February first crop is rice; 
wheat - maize pattern at Pumdi Bhumdi produced June second crops are potato, beans, cabbage, 
105% more income than the existing farmer man- carrot, garlic, or tomato, and November third 
agement. In Saichaina, a rainfed lowland site, the crops are wheat, soybean, carrot, or radish. 
cropping system is usually one rice crop. With the International Rice - Wheat Integrated Trials. To 
introduction of an early-maturing rice variety, identify better varieties of rice and wheat which 
farmers can also grow a wheat crop. have multiple resistance to pests and diseases and 

In a deepwater rice (DWR) site at Daudkandi, will fit the rice - wheat system (rice - wheat, rice 
Bangladesh, the traditional pattern is rice - wheat - rice - wheat, rice - wheat - upland crop, and rice 

and rice - potato. Experiments investigated three - upland crop - wheat), 14 countries participated in 
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the International Rice - Wheat Integrated Trials Table 3. Yield and duration of the highest yielding wheat 

(IRWIT). 	 variety and local checks in 8 Asian countries, 1982-83. 

CIMMYT provided 14 wheat varieties from Yield Duration 

their breeding program tor 33 trials in 1982-83. The Country Varietyha) (d) 
cooperators included a ocal check (the most
popular recommended variety). 	 Koea Genaro 81 6.6 232(Ohnil) 5.8 239
 

Results of 16 trials of the IRWIT project in 8 China Ures 81 3.3 184
 

Asian countries showed that new, highly productive (Yang Mai No. 1) 2.0 187
 
Nepal Abasolo 81 3.3 110wheat 	varieties adaptive to rice - wheat cropping (Lombini) 2.9 110 

patterns are most needed. Yields ranged from 210 Bangladesh BAW28 4.9 107 

kg/ha in the Philippines to 5,400 kg/ha in Korea 	 (Balaka) 4.3 107 
Burma Abasolo 81 1.1 78with a mean yield of 2 t/ha. An analysis of the 14 	 (Monywa White) 0.5 90 

Cl M M YT varieties revealed that yields were highly Thailand Ciano 79 0.9 105 
related to the latitude at which the trial was grown 	 (Inia 66) 0.4 105 

Philippines Glennson 81 1.3 87(Fig. 	0). Trials grown within the 28-35' latitude (Trigo 1) 1.6 86 
(Korea and China) had higher yields followed by SriLanka Celaya 81 1.3 95 

-
sites within the 19o 27' latitude (Nepal and Bang-	 (Trigo 1) 1.1 115 

ladesh) and sites lower than 18' latitud (Burma, aLocal check varieties are inparentheses. 

Thailand, Philippines, Sri Lanka). Lowest mean 
yields for each group of sites were 2.35, 1.47 and 
0.47 t/ ha. The higher yields obtained in Korea and of eight early- and medium-maturing varieties 
China are expected since wheat is a temperate crop. from the IRTP international yield nurseries. Each 
Yield and number of days to maturity of the cooperator included two local checks. Nine early
highest yielding variety and corresponding local maturing sets were distributed to China, Egypt, 
checks are presented in Table 3. Bangladesh, Nepal, Korea, Bhutan, and Pakistan, 

In April 1983, the first rice trial began with one and 26 early- to medium-maturing sets to Malaysia, 
set of eight early-maturing varieties and another set Bangladesh, Thailand, Philippines, Burma, Nepal, 

Indonesia, and Sri Lanka. 
For the wheat trial in 1983-84, CIMMYT 

5.0 	 juKonea provided five varieties and national programs 
2 Mly-,Koea added five. For most tropical countries, the Philip
3 r1ngatichh. 	 pines Institute of Plant Breeding added four to five4 Chaagsho,Chino 

Bthmoitapai, 
 varieties besides the five from CIMMYT. Of 426 Khumaltor, Nepal 
4 0 	 7 Yezin, Burma40 opohi,agladesh .0,yetrials, 	 22 investigated optimum planting time 

9 Rajshoh,Banglodesh (latesowing)
10 Jaalpur,Banglaodeh 	 (about 15 Nov) and 20, late planting (about 15 
1IJoydebyur,Bangladesh (early 	 Dsowing 

12 Jaydebpu', Bangladesh (tate sowing)le )

15 IRRIPhiipptns 
 D30 4 lIsab .aPh"lppre,
 
5 Chianghii, Thailand i
 
16 6ndaoawela, Sri Lanka
 

COLLABORATIVIE RESEARCH ON .ONG-TERM
 
CROPPING PAI-ERN AND FERTII.IZER STU)IES 

20 In 1981, network scientists began to be concerned 
I 0 	 I 

120 5 	 that more intensive crop production could result in 
1.0erapid1',/ 	 loss of soil fertility and productivity. Long

0*3 2 term cropping pattern and fertilizer studies were 
16i then initiated to determine the effects on the soil

13an 
5and crop performance of continuous cropping 

01 1 20 3 40 using different crop rotations and to determine 
Latitude of IRWIT trials (IN) residual effects of fertilization and other soil 

I. Relationship between country nean yields and latitudesat v.hich the amendments on cropping pattern performance. 
first (1982-83) IRWIT trials there grown. Korea, Nepal, Indonesia, Burma, Thailand, and 
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China agreed to conduct studies on lowland 
irrigated rice; Indonesia and Nepal, on upland rice; 
and Bangladesh, Burma, and Indonesia, on rainfed 
lowland rice. At the 1982 rice conference and in the 
13th working group meeting, collaborators were 
encouraged to conduct studies based on their 
environmental conditions. Long-term cropping 
pattern studies were initiated in 12 irrigated loca-
tions, 4 rainfed, and I upland. In cooperation with 
INSFFER, 18 long-term fertilizer studies were 
planned in 5 rainfed, 10 irrigated, and 12 upiand 
rice locations. 

SHARING OF RESEARCH INFORMATION 

The network facilitates exchange of research in-
formation among scientists involved in cropping 
systems. In 1983, it organized the following ac-
tivities: 

1. Cropping Systems Working Group meeting, 
25-29 Oct 1983, China 

2. 	 International Rice Research Conference, 18
22 Apr 1983, IRRI (Cropping Systems Net
work) 

3. Crop Livestock Research Workshop, 25-28 
Apr 1983, IRRI 

4. 	 Upland Crops Varietal Improvement Moni
toring Tour, 14-21 Feb 1983 

5. 	Multilocation Testing and Pilot Production 
Monitoring Tour, 13-24 Nov 1983. 

The working group meeting in China and the 
multilocation testing and pilot production pro
grams were funded by IDRC. The monitoring tour 
had 23 participants in Bangladesh and 27 in Sri 
Lanka. The group visited sites and reviewed 
progress of the pilot production and multilocation 
testing in Indonesia, Thailand, Nepal, and the 
Philippines. 

Through national coordinators, IRRI and net
work publications on cropping and farming systems 
or related topics were distributed to scientists. 
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AXIAL-FLOW PUMP 

A dimensional analysis determined the relation-

ships of design parameters which affect the per-
formance of the IRRI axial-flow pump. Results 
showed that it ispossible to establish experirmental-
ly the relationship of dimensionless or Pi terms 

which express the capacity Q as afunction of other 
design parameters (shape of inlet approach, im-

angle or pitch, clearance between thepeller vane pellrorpith,vne ngl cearncebeteenthe 
impeller and tb,! stator casing, diffuser vane angle, 
and impeller diameter). A pump test determined 

the optimum flow condition of the pump by 
varying one Pi term at a time to establish the 
relationship between it and Q. All other variables 
were held constant. 

Preliminary results showed that the diffuser 
vane angle affected Q. Other parameters (inlet 
guide vanes, pitch, and clearance between the 
impeller and stator casing) affected both Q and the 
brake horsepower (bhp) requirement of the pump. 
Achange in thediffuservane angle from 500 to 600 
did not significantly affect pump performance. But 
a tremendous loss in Q and a drop in efficiency 
resulted from a straight or 90P vane angle although 
change in the bhp requirement was minimal, 
Pumps with inlet guide vanes yielded a higher Q 
and required less power at peak efficiency. At the 
same head at peak efficiency, Q increased at a 
greater rate as pitch increased from 150 to 250, but 
the rate decreased at pitch greater than 250. The 
bhp requirement increased as pitch increased. The 
maximum increase in efficiency was observed at 
250 pitch. At ideal conditions, the clearance be-
tween the impeller and statorcasing should havean 
inverse effect on efficiency. Preliminary results 
showed the optimum clearance to be 4 mm. A 
smaller clearance was less efficient because the 
impeller blade rubbed the stator casing when the 
long impeller shaft vibrated because of the rubber 
bushing supports at the middle portion and the hub 
of the diffuser vanes. Q decreased more than power 
when the clearance increased beyond 4 mm, re-
sulting in less efficiency. At 10 mm clearance, loss 
in efficiency was significant. 

Engineers compared the performance of the 
two-stage and the single-stage axial-flow pumps. 
After testing a two-stage unit, they determined the 
effects of the inlet guide vanes and the distance 
between stages. 

At best efficiency point, the capacity of both 
pumps is5,400 litres/ min at 1,800 rpm. At the samecapacity, the head increased from 2.05 mto 4.75 m 
or 132% while thc bhp requirement increased from 
4.22 kwto8.70kwor 106b. Thegreater percentage 
increase in Q than in bhp resulted from a slightly 

higher peak efficiency of the two-stage pump. The 
same observations were made at 1,500 rpm.Research on the pump iscontinuing to deter-Rsac ntepm scniun odtrmine the effect of shape of the inlet approach and 
the ime ecr size. 

pe 

IPT5 POWER TIL.LER 

Since the 3- to 5-hp tiller was released to manu
facturers in 1982, few design changes have been 
made and no serious complaints have been received 
from farmers or manufacturers. The design is 
simple, has few moving parts, and requires little 
maintenance. 

The handlebar has been modified to make it 
more rigid. The new design helps counteract the 
added weight of the reaper header when the unit is 
used for harvesting. The pivot point, which pro
vides adjustment for the handle height, was moved 
farther away from the mounting bracket. This 
reduced the bending movement acting on the'pivot, 
which frequently loosened the friction joint in the 
previous design. The friction joint was replaced 
with a notched slot to lock the handle at different 
height positions. To adjust the height, the locking 
bolt is loosened by hand until the handle can be 
raised or lowered to the desired height. The 
mounting bracket, welded on top of the trans
mission casing, was changed to a pair of larger, 
thicker plates. A pair of vertical supports were 
bolted on two points of the mounting bracket 
where the handlebar was welded. The height 
difference of these vertical supports provides the 
necessary angle for the handlebar to clear the 
engine when it is mounted at the rear for a reaper 
header to be attached for harvesting. The design 
continues to use pipes for handlebars and the 
handle since pipes are cheaper and simple to work 
with. Figure I shows the improved handlebar of 
the PT5 power tiller. 

THE 6-ROW TRANSPLANTER 

Farmer feedback and field results on the 5-row 
manual transplanter guided development oi the 
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Handle pivot 

,. Vertical support 

, 


Locking bolt 

I. Mlified handle for PT5. IRRI, 1983. 

6-row manual rice seedling transplanter. The new 
design focused on increased field capacity, better 
operator comfort, and ease of manufacturing, 

The 6-row transplanter increased field capacity 
forseedlingtransplantingand reduced the number 
of floating hills since transplanted seedlings will not 
fall at the operator's feet (Fig. 2). The seedling tray 
length was increased by 25%, which correspond-
ingly reduced frequency of loading. A turnbuckle 
was used to adjust the position of the roller chain 
links at the end of the tray travel, which reduced the 
number of repetitive strokes at both ends. Two 
long, narrow wooden skids were used instead of the 
single wide skid of the 5-row design. This substan
tially reduced the weight of the machine and 
lessened the drag. Rubber grips were placed on the 
handle for operator comfort. 

To make it easier to get parts and build the 
machine, specially in the rural areas, a bicycle free 
wheel was used for indexing the tray mechanism. 
The tray drive can be started with aseedling pusher 
link. A straight seedling tray replaced the 5-row 
curved tray. The rear support used the transplanter 
rear frame to guide its lateral movement. The 

./bracket
 

transplanter drive mechanism was bolted as one 
unit to the skid, unlike the 5-row model which has 
some sub-assemblies independently bolted to the 
skid. A new pivot arm and picker assembly 
replaced i!,e tension springs in the cam and the 
picker holder since the old tension springs easily 
lost resilience after 2 wk of operation. The new 
6-row transplanter uses a different free wheel 

-

'o, " 

..
:.',...
 
"
 

2. Ihe-tim transplantci, lIHI. I93. 
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sprocket to vary the tray displacement at different Table 1. Comparison of the IRRI 5- and 6-row trans.
 
seedling densities. To make iteasier for farmers to planters. 1983.
 
adopt the new transplanter, the farmer's wet-bed 5row 
 6-row 
method of seedling preparation was modified 
(Fig. 3). Instead of using wooden frames as in the Weight 25 kg 19 kg

Field capacitya 0.2 ha/d 0.37 ha/dold IRRI method, an ordinary, sharp-edged bolo is Mobility Can be carried by Can be carried by
used to cut seedling mats. 2people 1 person

Table I summarizes comparative data on the Average pulling 12 kg 10 kg
force5-and 6-row transplanters. The new 6-row trans- Maintenance More wearing parts Less wearing 

planter was introduced in Libmanan, Camarines parts 
Sur, and performed satisfactorily even on heavy Manufacture Hard Easier 

Tray displace- Fixed Variableand sticky clay soil. The new design was also ment per stroke 
demonstrated in other parts of Luzon and Min
danao. Data obtained from the records of the Philippine Packing

Corporation Rice Garden Project in Musuan, Bukidnon, 
Philippines. 

MACHINES FOR UPLAND CROPS 

Planting shoe. The planting shoe is a sandal-type the back. A pair of sharp, pointed steel blades serve 
foot gear designed to plant seeds of maize, sor- as the heel and are located directly beneath the 
ghum, mungbean, and other upland crops on hopper(Fig. 4). One oftheblades is fixed while the 
untilled soil while a person is walking. The planting other is hinged and welded to an opener lever,
shoe could also be used to plant seeds in a national which extends down toward the toe. When the 
reforestation project. operator's foot is lowered into the soil, the lever is 

The device has a wooden sole, shaped to fit an pushed up toward the sole. The hinged blade then 
average adult foot, with a seed hopper attached at moves away from the fixed blade, and a spring 

12-t c .8 . ' 

13-to 25-d-old s ecotn 

I/.. , . " , I .. _ , . FI .- '1f 

12 -1 8 m 

07-10m 

DEPTH OF CUT-

DEPTH 

•'" , 

3i I, 

3. Modificd wet-bed seedling preparation. IRRI, 1981. 4. A protoispe planfing shoe. IRRI. 1983. 



loaded toggle link, attached to the lever, moves a 
seed metering plate at the base of the hopper. 

To operate the planting shoe, the user simply 
walks by pressing iis heel first so that the digging 
blades penetrate the soil. As the foot moves down, 
the opener lever is pushed against the ground 
which causes the hinged blade to open a hole in the 
soil. The lever simultaneously moves the metering 
plate which discharges seeds into the hole. The user 
can cover the planted seed with a stick while 
planting the next row. 

The first prototype performed well during initial 
tests with maize seed on uncultivated soil. How-
ever. the test was short and no attempt was made to 
cover the planted seed. An identical unit was made 
so that a planting shoe can be worn on each foot. 

Metal lithao with seeder. The lithao isan animal-
drawn native implement, similar to the animal-
drawn comb harrow, commonly used by upland 
farmers in Batangas and Laguna. The lithao has 
wide wooden pegs, spread apart, and tapering to 
sharp points. It is used to open furrows on dry 
cultivated soil for broadcast planting. 

A metal lithao was designed and built (Fig. 5). 
\n individual seeding mechanism was added so 
hat seeding can be done simultaneously (6 rows at 

20 cm apart) when each furrow is opened. Each 
metering unit has a seed hopper and a grooved 
roller which rotates and discharges seed into a tube 
directly below the hopper. The metering rollers are 
mounted on a common shaft driven by a ground 
wheel controlled by a bicycle chain. The ground 
wheel (in froutt of the furrowers) doubles as a gauge 

S 

5. A metal lithao with seeder. IRRI, 1983. 
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wheel to. regulate plant depth. The rigid steel pipe 
seed tubes guide the metered seeds into the furrows 
and form part of the frame that securely holds the 
furrower points. 

When the lithao was tested in the field, the 
metered seeds were placzd at the bottom of the 
furrows and immediately covered by the displaced 
soil as it fell back into the furrows. The present 
design is lighter than the wooden lithao. Only one 
operator is needed compared to two for the native 
implement. More field tests are planned with the 
metal lithao to determine its effectiveress in estab
lishing the crop and uniformity and deizsity of the 
seeding. 

Modified rolling injection planter. Farn. ac
ceptance of the rolling injection planter (RIP) was 
still hampered by a number of design drawbacks. 
The machine could not be used when the soil was 
sticky orwet since mudcloggedthediggingblades. 
Planting closer between hills is not possible unless 
the wheel diameter is considerably reduced. But a 
small-diameter wheel was difficult to push when 
tested on the IITA unit brought to IRRI for 
evaluation. The RIP was heavy. Since the weight 
was concerLrated at the periphery of thewheel, the 
center of gravity was high; more effort was needed 
to keep it in correct operating p, ition. 

A machine that works quite differently from the 
existing RIP was developed. The new concept has 
a wheel with fixed digging blades that can be 
spaced closer. Seeds discharged by the metering 
system fall on the receiving pockets located at the 
periphery of the wheel. Each pocket has a spring
loaded shutter, opened by a trigger, enabling seeds 
to fall into the trench made by the rotating digging 
blade. Since there were only fixed blades, a 
stationary scraper was easily attached to wipe off 
dirt sticking to the blades. 

A prototype was tested using the metering unit, 
presswheel, and handle of the existing RIP (Fig. 6). 
Results from initial tests were encouraging. The 
prototype is substantially lighter and more stable 
to operate than the existing RIP. More field tests 
are planned to evaluate its overall performance. 

THE MODIFIED I-M REAPER 

After testing the l-mn reaper in Bukidnon for about1,000 h, equivalent to 4 yr of use, the unit was 

modified. 
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6. The modified rolling injection planter. IRRI, 19H3. 

Most changes concerned material specifications 
to improve durability of some parts. The upper and 
lower hitch brackets of the main frame were made 
from boxed angle iron to withstand vibration and 
impact of the header assembly during reaping and 
transportation. The gathering header was modified 
by the addition of a diagonal brace welded from the 
header point to the curved pipe and starwheel 
mounting bracket. Thicker sheet metal was used 
for the gathering header shield, the gather cover, 
and the front of the header. The starwheels, made 
from PVC materials, had their inner radii reduced. 
To eliminate the interlocking of the knife and the 
ledger plate, a knife guide was added to the guard 
assembly, mounted on the right part of the header. 
The knife bar was made from carbon steel. Knives 
and the knife bar brackets were secured to the knife 
assembly with flat head rivets instead of socket 
button head high-tension bolts. 

The main dri,- shaft was also modified by 
reducing its diameter from 22 to 19 mm on both 
ends. More spacers were added to the shaft and 
crankplate hub during mounting. Self-aligning ball 
bearings were used in the pitman link rod assembly, 
increasing the bearings' service life. The chain-
tightening pulley was redesigned for positive chain 
drive. Thicker material was used on the implement 
hitch frame bracket for reaper mounting to the 
power tiller. The modified reaper is now 25% 
heavier because of changes in material specifica-
tions. 

The modified unit was mounted on one of the 
commercial power tiller prototypes made by co-
operating manufacturers. IRRI tests showed good 

results. Applied research and durability tests in 
Central Luzon showed that, except for occasional 
clogging of the header point by heavy dry-laf 
accumulation, the reaper performed satisfactorily. 
After the machine had worked for 53 Ii, its field 
capacity increased by about 0.32 ha/h. The 
modified reaper was also field tested in Bicol. 

Testing will continue in farmers' fields. Some 
material specifications were already finalized and 
redesigned parts were incorporated in the produc
tion drawings of the reaper. 

IMPROVED "H6 PORTABLE AXIAL-FLOW 

THRESHER 

After a series of tests, the IRRI-designed TH6 
portable axial-flow thresher was modified by 
adding a two-sectional threshing concave. The first 
half, near the feed side, was made of rasp bars. 
They were positioned to have a varying clearance 
between the threshing cylinder pegteeth and the 
rasp bars. The second half was made of round bar 
grill similar to that in the existing TH6 design. 

Tests of the improved concave design showed a 
higher threshing efficiency and less broken straw. 
After testing, the clearance between the pegs and 
plate of the straw paddle was reduced to increase 
straw throwing capacity. A gusset was added to the 
straw paddle which was placed at an angle along 
the direction of the threshing cylinder rotation. The 
height of the last louver was increased to eliminate 
frequent straw clogging at the discharge outlet. 

The 2 redesigned centrifugal blowers were moved 
upward by 5 cm. The inner side plates of the two 
blower spouts were curved inward to improve the 
uniformity of air distribution at the discharge 
spout. The grain chute at the feed side was inclined 
340 ,starting fromtheconcaveandextendingtothe 
upper tip of the blower discharge spout. 

Performance and durability tests at IR RI and in 
Bicol showed that the improved TH6 had a higher 
capacity. The two centrifugal blowers performed 
efficiently, resulting in higher grain purity aru less 
broken straw and leaves. 

To reduce weight and inprove portability, a 
second prototype thresher of the improved TH6 
was developed. It can be easily taken apa,'t and 
assembled into two major parts, each ore light 
enough for two peop!e to carry to the threshing 
area. One major section of the unit includes the 
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threshing cylinder, concave, cover, and feeding firewood, which are fed manually through antray. This section can be easily connected to the access door. Heat from the steel wall of the
second group of parts during threshing. The cylindrical combustion chamber is transferred by
second section consists of the lower frame, two conduction to a waterjacket. Water temperature in
centrifugal blowers, and the engine with its base the jacket iscontrolled by a simple thermomechan
mounting frame. The second and lower assembly, ical draft regulator. A water pump, driven by a
with the blowers and set of pulleys for the drive 1/2 hp motor, circulates hot water from the jacket
system, can be used for separate grain cleaning, to the heated dryer plates which serve as the floor 

Durability tests of thL Fecond prototype will be The plates were made from 16 gauge, 1220 X 2240
conducted at the Maligaya Research Station in mm iron and welded in a sandwich-like structure 
Mufioz, Nueva Ecija. separated by 6-mm flat bars to provide a gap for 

the flow of 90'C water.
 
HEATED FLOOR DRYER 
 About 40 mm of paddy was placed on the heated

floor and mixed or raked as in the traditional SD
The heated floor dryer (HFD), a relatively in- method (Fig. 8). Results showed that 
expensive and simple technology for comple- * drying time increased in direct proportion to
menting sun-drying (SD), was developed, built, the thickness of the paddy layer foi the range
and tested. The HFD was built under a shed and tested (20 to 60 mm);
installed adjacent to the existing SD floor. During 0 drying time was reduced by increasing fre
cloudy and rainy periods, rice could easily be quency of mixing or raking;
moved from the SD floor to the HPFD. 0 the drying process appears tohesatisfactory in 

The main function of the HFD is to predry the 66 to 99% RH;
paddy by reducing the MC of newly harvested 0 grain breakage was less than that in the
grains to about 18% (wet bulb). At this MC, grain traditional SD method;
 
can be safely stored for several days until fair 
 0 although the dryer was maintained at Q0°c,
weather allows SD to the desired MC. no parboiling effect was observed; and


The basic components of the H FD are shown in 
 0 the HFD was also suitable for drying wet

Figure 7. The furnace, a Passat HO-45, uses fuels 
 paddy from the initial MC to 14% (wet bulb),
such as rice straw, rice hulls, corncobs, and in a single run even without SD. 

// 

I Furnace " ." .. ' C2 

32 Exponsion lankChimney 

4 Electric motor5 Water pump / 
6 Drying plates 


7 Wood supporl 

8 Dryer shed "7 

7. Schematic dra%,ing (if hieaed Iloor dryer. IRRI. 1983. 
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Svegetables, that did not permit compressive forces 
,A 


-
a 


8. Mixing of paddy on the heated floor dryer. IRRI. 

THE WAREHOUSE DRYER 

The warehouse dryer development in 1983 focused 
on improving system efficiency and selection and 
testing of alternative low-cost construction mate-
rials. 

Soil brick furnace. Soil bricks, which were made 
from paddy soil and 4% rice hull ash (by weight), 
were used to construct the center-tube furnace. The 
bricks have an average compressive strength of 
50 kg/cm2 and a coefficient of thermal expansion 
of 4.8 X 10-7 /°C. These properties were satis-
factory in durability and burning efficiency. 

The furnace can generate temperatures of 800 to 
1,0000 C when fueled with rice hulls, corncobs, and 
coconut husks. Other materials such as sawdust, 
cornstalk, and rice straw also burned fairly well. 
The furnace can also be adapted to other purposes. 

Soil-straw wall. Soil-straw blocks were used to 
construct the wall of the warehouse. Mechanical 
tests conducted on the blocks showed a compres
sive strength of 3.7 t and a bending strength of 
1.6 t/ 15- X 15-cm area. Heat transfer through the 
wall was minimal at 1.19 kcal/ m2 per' C. The wall 
can be coated with a cement-lime-soap-water 
mixture for water proofing. Heat utilization effi
ciency with soil-straw walls increased because of 
reduced heat losses. 

Material holding chamber. Drying bins in the 
chamber were mainly vertical trays with adjustable 
side louvers to hold a variety of grains. Test results 
showed that the drying rate, using the vertical 
trays, was about twice as fast as that of floor drying 
of the same capacity. Horizontal drying trays were 
also adapted for materials, such as fish and 

during curing. Strip hangers to hold tobacco, 
abaca, etc. were also used during drying. Spaces 
around the warehouse could be used for drying and 
storing sacks. 

Vortex wind machine. The vortex wind machine 
was modified by changing the shape of the vane. 
The new model has the tail of the vane curved 
outward from the center of the vortex tower 
(Fig. 9). This design allows the wind entering the 
system to move in a streamlined path along the side 
of 'ietower wall, creating a more distinct and 
efficient low pressure zone at the center. Two 
prototypes, a single-blade vane and an airfoiled 
vane, were built. The single-blade vane is satis
factory for wind velocities lower than 5 m/s, while 
the airfoiled vane is good for wind velocities greater 
than 5 m/s. The modified vortex wind machine 
eliminates the use of the conical venturi structure. 

Drying experiments on paddy, maize, coconut, 
and fish showed satisfactory results. The drying 
rate isgreatly affected by prevailing winds, affecting 
critical temperature and airflow rate (Fig. 10). 
Drying time may vary from 6 to 14 h,depending on 
weather conditions. 

Cost analysis showed that the dryer can dry I t of 
paddy from 25% initial MC to 14% MC for about 
$1at the foreign exchange rate of:PI4.00 to US$1, 
with a benefit-cost ratio of 1.8 and a payback 
period of 2.04 yr. 

DEVELOPMENTS IN DEEP PLACEMENT 
FERTILIZER APPLICATORS 

PU is the most popular fertilizer material for rice 
production in Asia. Over the last decade many 

9.The vortex wind machine. IRRI, 1983. 
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deep placement applicators have been developed
for PU in Japan, China, and at IRRI.Theirerratic 
performance led to the belief that PU isnot suitable 
for deep placement. Consequently, urea briquets 
and USG were developed. During 1983, the Agri-
cultural Engineering Department concentrated on 
developing deep placement applicators for PU. 

In 1982, the department reviewed the develop-
ment of deep placement applicators throughout 
the world to better understand the problems. A set 
of criteria for technical and commercial accept-
ability of applicators was developed. Laboratory 
experiments during 1983 showed that conventional 
fertilizer placement methods result in largea 
transfer of N to floodwater. The three major 
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applicator components (fertilizer metering, con
veying, and furrow closing mechanisms) needed 
improvement. 

Twenty new deep placement applicator concepts 
were proposed, and six were selected for intensive 
design and development efforts. Three new appli
cators were developed and showed good perform
ance during 1983 WS. These applicators, two for 

and one for USG, were designed to minimize 
the transfer of N to floodwater. 

Mechanics of nitrogen transfer to floodwater. 

Fertilizer use efficiencies on upland farms are 50 to 
60% while those in lowland areas are 30 to 50%. 
The reasons for this wide difference have not been 
well understood. Pakistan experiments reported a
60%', recovery of applied N by rice when fertilizer 
incorporation in drI soil was followed by flooding.
i i 
Since fertilizer use efficiency in upland conditions 
isquite high, perhaps low efficiency in lowlands is 
caused by the presence of water during fertilizer 
application. 

In 1983, two laboiatory studies in the Agricul
tural Engineering Department evaluated four dif
ferent avenues (Fig. 11) of N transfer to floodwater 
during deep placement of fertilizer in flooded soils. 
PU was used in the first study as it was considered 
most susceptible to N transfer to floodwater 
because of its small granule size. Later experiments 
used both PU and USG. 

Results showed that deep placement of PU in 
flooded open furrows followed by closing was not a 
suitable approach since most fertilizer was trans
ferred to floodwater (Fig. 12). About 43-75% of N 
transfer to floodwater during deep placement was 
from dissolution of' PU during transit from the 
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water surface to the furrow bottom. Up to 20% of 
the transfer came from upward movement of 
fertilizer granules or solution to the floodwater 
during furrow closing. These two mechanisms were 
so significant that sometimes N transfer was almost 
as much as that of broadcast application. Transfer 
from poorly sealed furrows or diffusion through 
puddled soils was relatively small. 

Experiments with fertilizer embedded at 2.5 cm
and 5-cm depths in Maahas clay (Fig. 13) indicated 
that placement at 3- to 5-cm depth minimized 
fertilizer transfer to floodwater. For improved 
fertilizer use efficiency, maintaining an adequate 
soil barrier between fertilizer and floodwater seems 
more important than deeper placement. 

These studies showed that minimizing fertilizer
water contact during all three phases of fertilizer 
placement (transit, placement, and covering) and 
maintaining an adequate soil barrier between 
floodwater and fertilizer could be an effective 
approach for developing deep placement fertilizer 
applicators lur flooded paddies. Three new appli
cators that were developed have demonstrated 
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consistent performance during the 1983 WS: 
auger applicator for PU (Fig. 14), 

e Oscillating plunger applicator for PU (Fig. 
and 

* Press wedge applicator for USG (Fig. 16). 
Comparative performance of applicators. During

the design and development phase, machines un

dergo repeated design improvements and evalua

tion. In the past, the performance of deep place
ment applicators was evaluated at IRRI through 
yield experiments that required a 5- to 6-mo cycle 
between design improvement and its evaluation. 
This seriously hampered the development process. 
The urea and ammonium N concentration in 
floodwater, after fertilizer application, is usually 
related to volatilization loss. Therefore, floodwater 

, 

14. Spring auger applicator or I'll. IRRI, 1983. 
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Table 2. Effect on IR58 yields of N applied with different 
manual and machine placement techniques. IRRI, 1983 
WS.
 

Water depth (cm) 
Urea Application N during basal Yield 

source method applied fertilizer (t/ha) 
(kg N/ha) application 

- 2.9 cNo fertilizer -

N 
PU Band placement 56 4.6 4.7 ab 

by spring auger 
PU Band placement 58 4.8 5.1 a 

by oscillating 
plunger 

USG Point placement 58 4.9 4.4 ab 
by deep plunger 

Point placement 46 5.1 4.3 b 
15. 	 S),cilli g a c1USG by press wedge 

USG Point placement 58 5.3 4.6 ab 
by hand 

PU Researchers' split 58 5.0 4.2 b 
PU Farmers' split 58 5.0 4.3 b 

during 1983 WS (Table 2) in cooperation with the 

following groups: 
9 the Agronomy Department at the IRRI Farm 

and at the Maligava Rice Research and 
Training Center Station, 

• the Training and Technology Fransfer Depart
ments at various research stations and farmers' 
fields in the Philippines, and 

9 nine progressive farmers in their fields in 
%kedgcapplicator IorIJS(;. 	 Laguna Province.16.Press 	 IRRI. 1983. 

The two PU machines performed better than 

N level was used to evaluate machine performance. both manual and machine placement of USG 

This technique was successfully used for preli- (Table 2). The performance of all three machines 

minary evaluation of applicator improvements, was comparable to or better than researchers' and 

and it helped accelerate the applicator development farmers' splits. 
Results of farmer trials conducted by the IRRIprocess at IRRI. 

The three machines can be manufactured and Training and Technology Transfer Department in 

sold in most developing countries for about $40 to Cagayan are given in Table 3. The trials were 
2

$60. They were extensively tested and improved 	 conducted on 500-iM plots. Yields ranged from 

Table 3. Effect on IR36 yields of N applied with 4 deep placement machines in farmers' field trials, Cagayan, Philippines, 

1983 WS. 
N Yield N Yield N Yield N Yield N Yield Mean 

(kg/ha) (t/ha) (kg/ha) It/ha) (kg/ha) (t/ha) (kg/ha) (t/ha) (kg/ha) (t/ha) 

Farmer 5Farmer 1 Farmer 2 Farmer 3 Farmer 4 
PU 

4.33 109 4.48 89 4.60 86 4.17 	 101 5.42 4.60 aSpring auger 108 
82 4.56 74 5.65 4.75 aOscillating plunger 59 4.85 85 4.33 68 4.34 

Farmer 6 Farmer 7 Farmer 8 Farmer 9 Farmer 10 
USG 

Press wedge 52 4.15 57 4.51 54 5.44 58 4.60 57 5.50 4.84 a 
66 4.09 69 5.12 73 5.54 65 5.78 5.03 aDeep plunger 71 4.64 

7.9CV 1%) 
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4.17 to 5.78 t/ ha. Trials at very high fertilizer rates The Agricultural Engineering Department con
usually did not produce as great an increase in yield ducted nine farmer trials (Table 4, 5). They showed 
as those at lower fertilizer rates. This suggests that that a single application by any of the three
deep placement may be more effective for in- machines increased fertilizer use efficiency as comcreasing fertilizer use efficiency at low fertilizer pared to the farmers' traditional practice of split
levels rather than at excessively high levels, application. Since deep placement requires less 

Table 4. Deep pi.'.ement fertilizer trialsa in farmers' fields. Calamba and Calauan, Laguna, Philippines, 1983 WS. 
Farmer 	 Fertilizer Projected Fertilizer efficiencydno. n. 	 Variety Application methodlb yieldc
 

Material Rate 
ye
(t/ha) kg paddy 
 % change(kg N/ha) /kg N over control 

1 Sinandomeng (MV) Farmer practice PU 90 4.87 54.11 
(no machine - control) 
Spring auger PU 47 4.42 94.04 + 73.79Oscillating plunger PU 48 3.95 68.10 + 25.85
Press wedge USG 48 3.82 79.58 + 47.072 Sinandomeng (MV) Farmer practice PU 78 4.98 63.85 
(no machine control) 
Spring auger PU 55 5.03 91.45 + 43.22 
Oscillating plunger PU 58 5.17 89.14 + 39.61Press wedge USG 48 5.03 109.79 + 64.123 Sinandomeng (MV) Farmer practice PU 78 6.87 88.08 
(no machine - control)
Spring auger PU 42 5.46 130 + 47.59
Oscillating plunger PU 41 5.01 122.20 + 38.74
Press wedge USG 42 5.01 119.28 + 35.424 IR42 Farmer practice PU 78 4.76 -61.02 
(no machine - control)


C4 Spring auger PU 52 
 3.42 65.77 + 7.98IR42 Oscillating plunger PU 39 4.42 113.33 + 85.73IR42 Press wedge USG 41 4.30 104.88 + 71.885 IR42 Farmer practice PU 80 4.28 53.5 
(no machine -control)
Spring auger PU 66 4.92 75.54 + 39.33
Oscillating plunger PU 58 4.03 69.48 + 29.87
Press wedge USG 45 4.06 90.22 + 68.646 IR42 Farmer practice PU 78 4.66 59.74 
(no machine -control)
Spring auger PU 47 4.27 91.06 + 52.43 
Oscillating plunger PU 50 4.20 84.00 + 40.61Press wedge USG 44 4.38 99.54 + 66.627 IR42 Farmer practice PU 67 5.47 81.64 
(no machine - control) 
Spring auger PU 40 5.19 129.75 + 58.93 
Oscillating plunger PU 53 5.03 94.91 + 16.25Press wedge USG 51 4.58 89.80 + 10.008 IR42 Farmer practice PU 78 5.74 73.59 
(no machine -control) 
Spring auger PU 40 5.25 131.25 + 78.35
Oscillating plunger. PU 46 5.21 113.26 + 53.91Press wedge USG 47 5.37 114.26 + 55.269 IR42 Farmer practice PU 68 5.71 69.26 
(no machine -control) 
Spring auger PU 45 4.58 101.78 + 46.95
Oscillating plunger PU 47 5.53 117.66 + 69.88
Press wedge USG 48 4.74 98.75 + 42.58 

aEach farmer applied his own traditional cultural practices on all 4 treatments. bwith machine applications, all fertilizerwas applied a; a single dose at 10 to 18 DT. Farmer practice varied but generally included 2 to 3 split broadcast applica-tions.CBased on 4 sampling sites (projected value at 14% MC). dFor lack of better methods of assessment, fertilizer efficien
cies at different fertilizer rates were compared. 
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fertilizer for comparable yields, lower fertilizer Table 5. Increases in fertilizer use efficienciesa with deep 
rates were used at the nine Laguna farm locations, placement applicators on 9 cooperating farms in Laguna, 
The machines had these average increases in Philippines, 1983WS. 

efficiency: Increase (%I over farmer split broadcast practice 

* spring auger applicator for PU, 49.8%;
 
* oscillating plunger applicator for PU, 44.49%, 
 Farmer Spring auger Oscillating Press wedgeapplicator plunger applicator applicator 

and no. for PU for PU for USG 
* press wedge applicator for USG, 51.29%. 47 0 7b 
By the end of 1984 DS, the machines will have 2 43.22 39.61 64.12
 

been sufficiently tested and improved under dif- 3 47.59 38.74 35.42
 
ferent soil and water conditions and ready for 4 7.98c 85.73 71.88
5 39.33d 29.87 d 68.64

limited commercial release in the Phili~pines. 6 52.43 d 40.61d 66.62 d
 

A number of strategic steps led Lo the quick 7 5 9 .9 3d 16.25 10.00
 
development of the deep placemert applicators. 8 78.35 53.91 55.26
 

9 46.95 69.88 42.58They are the precise definition of the deep place- Av increase 49.82 44.49 51.29
ment applicator problem, prioritization of the 
technical and market criteria for applicators, better aDue to lack of better methods for comparative assess

ment, efficiencies at different fertilizer rates wereunderstanding of N transfer to floodwater during compared, bplots were affected by SB infestation. cC4 variety 

deep placement, separate improvement of indivi- was used with this machine only and the crop lodged. 
dual applicator components in the laboratory, dDeep-placed plots recovered from field submergence 2-3d during a typhoon.
shortening of the applicator evaluation process 

through floodwater N measurement, and develop
ment of a large number of applicator concepts Seedling raising experiment. The I RRI manual 
which led to the designs of the three promising transplanter uses mat-type seedlings, but present
machines. methods of raising them are more costly than 

traditional methods. An experiment in progress is 
TESTING AND EVALUATION testing different methods of seedling preparation to 

reduce costs, simplify the procedure, and still 
Machines developed by the design section are provide seedlings that can be used by the IRRI 
tested before release to manufacturers by the transplanter. 
Industrial Extension Section. Tests are also con- Fertilizer applicators. The three most promising
ducted on equipment submitted by outside agencies fertilizer applicators are being tested to determine 
and on research projects. the force required to operate them and to determine 

In 1983 the following tests were conducted. operating defects. During 1984 DS (Jan to Mar),
Test of HMC-urgent urea injector. An injector applied nonreplicated trials in farmers' fields 

developed in the Netherlands injected PU into mud will be conducted in Laguna in cooperation with 
by hydraulic air pressure. It was effective and the design group. 
simple to operate but, being a one-row machine, is Reaper. The reaper has been successfully re
uneconomical compared with traditional methods designed and tested for 110 h to overcome oper
of applying fertilizer. ating difficulties. 

Blower tests. Tests were conducted on blower Improved TH6. The portable thresher, the TH6, 
fans made by local manufacturers for existing crop has been redesigned and tested, with latest results 
dryers. The fans are of poor quality and need indicating reduced losses and improved threshing 
improvement. efficiency. 

Comparative tests of standardmoldboard plows Other test activities. Other activities in 1983 
and disk plows. The sale of disk plows has been consisted of the following: 
increasing. Tests compared a two-disk plow with a 0 development of a new drawbar dynamometer 
single moldboard. Future tests will concentrate on for field-testing implements, 
the double moldboard. Both the moldboard and o comparative performance testing of gasoline 
disk plows have a place in agriculture, engines, 
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" construction ofanelectricdynamometertobe 
used in the test program, 

" assistance in the strip tillage experiment con-
ducted by the Soil Chemistry/ Physics Depart-
ment, 

" performance testing of a planoccntric speed 
reducer for power tillers, and 

" development of a testing method for measuring 
human energy expenditure. 

INDUSTRIAL EXTENSION 

Industrial Extension projects are active in the 
Philippines, Indonesia, Thailand, Burma, and 
Egypt. A 1983 project initiated in India is at Tamil 
Nadu University, Coimbatore. 

1.hilippines. The 1.0-m reaper has Leen built by 

30 manufacturers, and about 500 units were sold 
during 1982-83. The Ministry of Agriculture-IRRI 
staff are working together with manufacturers to 
overcome several deficiencies of the reaper. 

In response to government interest in increasing 
upland crops production, the program has devel-
oped and tested an animal-drawn seeder and 
fertilizer applicator. On-farm testing will be ini-
tiated in 1984. 

The improved transplanter was first introduced 
in Libmanan, Camarines Sur, where the desired 

(ropping pattern is hampered by transplanting 
delays. Farmers are being trained to operate the 

transplanter, and the Economics Section is evalua
ting the machine in comparison with hand trans

planting. 
Indonesia. In West Sumatra, 450 threshers were 

produced by 14 manufacturers. Exports to other 

provinces have started. 
Power tillers are used extensively in the Luwu 

district where a number of 4-wheel tractors have 

failed because of lack of service parts. 
Axial-flow pumps are becoming popular in 

South Kalimantan where 3 manufacturers have 
produced 60 pumps. 

Thailand. Although there is some interest in 
reapers, axial-flow pumps, and dryers, the principal 
IR RI-designed equipment produced in Thailand is 
the axial-flow thresher. About 40.000 units have 
been produced since they were introduced in 1970. 
Presently, 29 manufacturers are producing axial

flow threshers. 
Increased efforts are directed to the northeast 

farming areas where mechanization is needed. 
Burma. The most extensive mechanization has 

been in transplanting. The Agricultural Machinery 
Department staff has built more than 7,000 trans

planters for farmers. 
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Associated training programs 
IRRI's educational and training programs are RESEARCH-ORIENTEI)TRAINING PROGRAMS 

designed to help developing countries create a 

nucleus of well-trained and highly motivated Research-oriented training programs are of three 

scientists working on rice and rice-based cropping types: the postdoctoral and senior research fellow-

IRRI con- ship, degree (MS and Ph D), and nondegree. Insystems programs. During the year, 
1983, 258 fellows and research scholars particitinued its commitment to provide high quality 

research-oriented and instruction-related training pated in the programs (Table 1). Table 2 shows the 

country distribution of the postdoctoral fellows.to scientists working in national rice programs. 

Table 1. IRRI scholars and fellows who participated in research-oriented and nondegree training programs at IRRI, 1983. 

Research-oriented Nondegree training 

Country 
Post- Ph D MS NDaINSFFER GEU RPTP URTC IWMT IPM CSTP Ag. AEC Total 

Econ.doctoral 
II 

4 1 4 62Philippines 9 	 7 12 2 4 - 2 4 5 3 5 
6 1 5 - -	 2 54Bangladesh 3 10 23 1 - 1 2 	 1 

- 2 2 2 - 2 52China 11 	 1 16 7 5 4 - 
5 2 2 4 1 3 2 48-India 22 	 2 1 1 2 1 

6 2 3 1 6 2 2 2 41
2
SriLanka 1 	 1 13 - 
3 2 2 2 4 - 2 2 38Thailand 1 	 7 5 3 3 2 

2 	 26Indonesia 1 - 3 2 2 2 - 3 2 2 4 3 

- - 1 2 - - 2 1 2 3 21
Burma - - 8 2 

1 3 - - - - 1 1 - -- 18
South Korea 3 	 9 

3 7 - .- - 1 1 1 1 16Pakistan 2 
Nepal 1 1 7- - 1 - 1 	 - 1 12 

- - 1 1 12Vietnam 1 - - 4 3 - 1 	 1 - 

- - - -	 7Japan 3 1 1 2 - - - 

- - - - 5Germany - 4 - 1 - - - - 

1 1 - - 1 - 5Malaysia - - - - - 1 	 1 
2 - - - - -- 4-Nigeria -	 1 - - 1 

United Kingdom 1 - - 3 - - - - - - 4 
- - - 4United States - 1 1 2 - - 

- - - - - - -1 3Bhutan - - - 1 

Egypt 1 1 - - - 1 - - - - - 3 
--Mexi o - - 2 . .. 	 1 - - - 3 

-...
Srnegal - - - 2 - - 1 - 3 
- - - 2Brazil - - 1 . - 

- - - 2Colombia -	 1 1 - - 

- - - - 2-
- - - 1 - 2 

Cuba - --

Madagascar - - 
- - - - 2Peru - 1 1 - 

- - -1
Belgium -	 1 
11 .. - - - -. 

- 1 - .- .. - -.. 1
Chile - -

Ecuador -

France 1 
 - -1	 .-

1Gambia - - 1 - .. . . . .	 . 
1 -. 1 

Jamaica .- - - -1 -. 1 
Liberia . - - -1 

Iraq 	 - - - 

- -. 1 
. . 1Netherlands - - 1 . .. .	 . . . 

-	 .- . 1- 1Senegal - -. 


Solomon Islands - - 1- 1
- 1. 
Sudan - - - 1 1 

Total 61 52 107 38 19 14 20 28 21 17 33 16 18 19 463 

aNondegree. 
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Table 2. Distribution of IRRI postdoctoral fellows by 

country, 1983. 

Visiting Senior Postdoctoral
 

Country research research research 
 Total 
fellows fellows fellows 

India - 0 13 22China 7  4 11
Philippines - 4 5 9 
Bangladesh _ 1 2 3Japan 3 3 
South Korea - 3 3
Pakistan - 1 1 2 
Egypt - 1 1France 
 - 1 1
Indonesia 

1 1
Nepal - 1 - 1 
SriLanka 
 - 1 - 1Thailand - - 1 1
United Kingdom -1
Vietnam-Viena -1 11 11 

Total 7 17 37 61 


Among the degree candidates, 35 graduated
from the University of the Philippines at Los 
Baiios, 2 from Cornell University, and I each from 
Ohio State University, Colorado State University, 
Utah State University, Missouri State University,
University of Reading, Kyoto University, Justus 
Liebig Univcrsitat Giessen, Universitat Hamburg, 
the Post-Graduate Institute of Agriculture in SriLanka, Universiti Pertanian Malaysia, and Ateneo 
de Manila University. 

INSTRUCTION-REIATED TRAINING 

In 1983, the Upland Rice Training Course was 
instituted to provide training on the principles of 
i ce production in rainfed uplands. It involves 
exposure to crop ecology and physiology; man-
agement principles of problem soils; crop man-
agement and protection of upland rice including
weed control, soil and water conservation, harvest-
ing, mechanization, pest management, and varietal 
improvement. Of these, BI resistance, drought, and 
problem soils are emphasized. 

In addition, nine regular nondegree courses were 
offered: 

Course Date qffi'red
International Network on Soil 10 Jan-29 Apr 

Fertility and Fertilizer 


Evaluation for Rice (INSIFFER)

Genetic Evaluation and Utilization (GEU) I Feb-21 May 

Rice Production Training Program (R PITP) 7 Mar-29.1ul 

Upland Rice Training Coursc (URTC) 23 May-I I Sep 
Irrigation Water Management 8 Aug-16 Sep

Training (IWMT) 

Integrated Pest Management (IPM) 15 Aug-25 Nov
Cropping Systems [raining 26 Sep 1983-

Program (CSTP) 3 Feb 1984 

Agroecononic Research Methodology 17 Oct-9 Dec 
Training Course (Agricultural 
Economics) 

Agricultural Engineering Course (AEC) 26 Jul-I 2 Aug 
28 Nov-I 6 DecRice Production Training Program (2-wk) 24 .lan4 Feb 
7-18 Feb 
3) May-10 Jun 

18-19 Aug 

7-18 Nov 

Table I shows the distribution by course andcountry of the 2(5 participants. The number 
excludes 176 trainees who participated in the 2-wk 
Rice Production Courses; 82 of those were also 
participants in the other regular courses. 

ESABLISHMENTOF [lIE [RAINING AND
 
[ECHNOLOGYTRANSFER 
 DEPARTMENT 

The responsibilities of the Rice Production Train
ing and Research Department were expanded to 
include coordination of instruction-related trainingcourses, preparation of training materials, and 
applied research activities. Under this arrangement,
departments continue to be responsible for offering
the courses, developing curricula, and providing
technical expertise including research projects and 
overall supervision. The new Training and Tech
nology Transfer Department (T1TD) coordinates 
and provides assistance in developing course
 
schedules, selecting candidates, logistical support,

methods, instructional resource 
development, 
course standardization, evaluation, and research 
feedback mechanisms associated with the learning 
process. 

IRRI ACA1)EMIC COUNCIL 

The iRRI Academic Council was created on I I
May 1983 to
 

compare IRRI training programs with theirinitial objectives, existing training facilities, 



and the needs of national research and devel-
opment. programs; 

" review policies regarding existing and proposed 
training manuals and audiovisual modules; 

" review courses that can be transferred to 
national programs and suggest procedures for 
assisting national programs in their training 
courses; 

* recommend steps for promoting coperation 
in graduate and postgraduate training pro-
grams between IRR I and leading agricultural 
or other universities in rice-growing countries; 
and 

,%	recommend measures that can maintain 
relevance and excellence in IRRI's training 
programs. 

The council members are the director general 
(chairman), the director of research and training 
(member-secretary), scientist directors, heads of 
research and global research services departments, 
two senior outreach scientists, the dean of the UP 
College of Agriculture, a nominee of the rector of 
the United Nations University, the president of the 
Association of Asian Agricultural Universities, 
the director general of the Southeast Asian 
Regional Center for Graduate Study and Research 
in Agriculture, a nominee of the president of the 
Asian Development Bank, the resident representa-
tive of the United Nations Development Pro-
gramme in Manila, and five other members 
nominated by the director general for their in-
dividual achievements in the field of agricultural 
education and training. 

mittees with the following functions: 

Cotntitteefipr Futnctions 

Visiting Scientist, o Reviews and develops procedures 
Pastdoctoral and for invitingand selecting candidates 
Senior Research for positions of visiting scientists, 
Fellowship Progam andselniorand postdoctoral research 

flle s amade 
for selection priority: and 

a Selects the candidates for those posi-

MS and Ph 1) Reviews the capacity of IRRI de-
Research Fellowsh'p partments to accept MS and Ph 1) 
Program 	 degree candidates, and pre- and 

post-masteral nondegree research 
fellows over a 3-yr period; 
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0 Reviews the needs of national re
search programs fordegree training 
invarious fields: 

• Establishes guidelines for selecting 
candidates and 

* Selects candidates. 
Nondegree Training 0 	 I)evelopsannual schedules of train

ing prograns arid the distribution of 
country participation; 

0 Reviews progress of tite training 
programs: 

0 Coordinates implementatioln of 
course material production; 

• Reviews resource requirements of 

courses, and plans field trips arid 
invitations for outside lecturers:and 

• Reviews collaborative arrange
ments with national programs. 

Scholars' Welfare 0 Helps promote social and cultural 
and Cultural activities that complement the aca-
Programs demic and research activities of the 

scholars and fellows: and 

0 Identifies problems affecting the 
wellare and well-being of scholars;and fellows arid recommends ap

propriate action to the 	 director 

general. 
The Academic Council met on 2 Aug 1983 and 

the other committees met several times during the 
year. 

COI.LABORATION WITII UNIVERSIrIES ON MS 
AND I'll 1) PROGRAMS 
Because of the increasing need for MS and Ph D 

training for rice scientists in many countries, IRRIhas continued to develop collaborative arrange
ments for graduate programs with universities 
around the world. Usually, students complete MS 
course requirements in their respective countries 
but come to IRRI to conduct their thesis research. 
For those working for the Ph D, arrangements are 

for them to complete course work at univer
sities in developed or developing countries whichhave a broader selection of courses; however, thesis
research is done at IRRI under the guidance of 
IRRI scientists. In certain cases, thesis research isdone at IRRI's outreach sites in the Philippines or 
in the student's hoe country to take advantage of 

the problems existing in those areas. The universi
ties with which this program has been finalized are 
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Cairo University, Egypt; Institut Pertanian Bogor, 
Indonesia; Universiti Pertanian Malaysia; UPLB, 
Central Luzon State University, Philippines; Post
graduate Institute of Agriculture, Sri Lanka; 
Kasetsart University, Asian Institute of Tech-nology, Thailand; and Cornell University, USA. 

noloy, hailnd;andCornll nivrsit, UA ' 
Similar agreements are in progress with sevenother universities, 

SPECIAL TRAINING PROGRAM FOR SENIOR 
RESEARCH ADMINISTRATORS 

IRRI organized a I-mo (13 Jan-19 Feb 1983) study 
tour for 6 senior officials of the Agency for 
Agricultural Research and Development (AARD) 
of Indonesia to observe research management 
practices at IRRI and the Philippines, Taiwa't, 
Malaysia, and India. A l-wk (7-11 Mar 1983) rice 
production course was organized for senior officials 
of USAID in Thailand, Indonesia, Philippines, 
Burma, Sri Lanka, and India. It included an 
intensive orientation in rice production and oppor-
tunity for the participants to spend additional time 
with scientists and departments in their respective 
fields. 

IRRI ALUMNI VIEWS OFTRAINING PROGRAMS 

IRRI alumni and their supervisors were surveyed 
to obtain information on their current job respons-
ibilities, post-IRRI training, academic and pro-
fessional advancement, and their views on the 
relevance of IRR! training programs. The survey 
provided valuable information which has been 
summarized and published as IRRI's Trainingand 
ProfessionalAdvancement Programs. 

TRAINING MANUAL 

A training manual was published and distributed 
to assist scholars and fellows. It describes terms 

and condif'ons of scholarships and fellowships and 
contains general orientation material about IRRI. 

ENGLISH COURSE 

The English courses were continued to assist 
scholars improve their language proficiency. Two 
advanced scientific writing courses had 35 par-
ticipants. 

A beginners' course (Oct 1983-Mar 1984) for 
spouses ofscholars and fellows had 27 participants. 

SCHOLARS AND FELLOWS 

The following sections list scholars and fellowsTefloigscin itshlr n elw 
who completed work in 1983. Their countries and 
w h o et wr inc1983. Te cutrisaresearch projects are included. An asterisk (*)
indicates completion of the MS; two asterisks (**), 
completion of the Ph D. Absence of the symbol 
indicates that the work is in progress.

Another section lists the trainingcourses offered 

and their participants. 

RESEARCH SCHOLARS 

Agricultural Economics 
Mohammed Akhtar. Pakistan. Evaluating the 

impact of risk preferences on N-fertilizer in 
rice production. 

Gaspar Bimbao.* Philippines. The economics of 
dry season irrigation management scheme: a 
case study of Central Luzon, Philippines. 

Georgina Bordado.* Philippines. Analysis of the 
factors affecting the adoption of rice threshers 
in Laguna, Philippines. 

J. A. T. P. Gunawardena.* Sri Lanka. Fertilizer 
demand and output supply elasticities for 
paddy in Sri Lanka.

Sarit K. Mohapatra.* India. Farm systems research 
on livestock enterprises to support rice-based 
cropping systems. 

Roxane Nacario.* Philippines. Measuring income 
distribution in changing village economies. 

Basilia Regalado.* Philippines. The distributional 
impacts of food policies on human nutrition in 
the less developed countries: the case of the 

Philippines. 
P. A. Samaratunga. Sri Lanka. An aggregate

economic aiialysis of the effects of the policy
onoric producio and dis o n in Si 

Lanka. 

Agricultural Engineering 
Eulito Bautista.* Philippines. Common metering 

mechanism for drilled, forestry grade, and 
supergranular urea applicators. 

Yusuf Maamun.* Indonesia. The impact of the rice 
intensification loans on land productivity, 
input use, and income distribution: the West 
Java case, Indonesia. 
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Blanquita Reyes.* Philippines. The economic Chawevan Vutiyano. Thailand. Management of 
impact of mechanical land preparation on rice the rice germplasm bank. 
farmers in Nueva Ecija under conditions of Yong Bao Pan.* China. Electrophoreticanalysis of 
weather uncertainty, genetic relationship among aus, bulu, and 

Yusuf Saefuddin.* Indonesia. The domestic re- upland groups of rice. 
source cost of mechanization in West Java, 
Indonesia. Irrigation Water Management 

Felipe Santos.* Philippines. Performance of fur- Leticia Pua.* Philippines. Impact of informal 
row closers, deep placement fertilizer appli- training activities on farmers working with the 
cators. Libmanan Cabusao Pump Irrigation System. 

Mya Thein.* Burma. Influences of bedsoil upon Abdus Sattar.* Bangladesh. A comprehensive 
use ofsoil-bearing seedling in the IR RI manual study to improve water utilization in Thakur
transplanter. gaon tube well irrigation system. 

Agronomy Multiple Cropping 
Nanda Senanayake.* Sri Lanka. External phos- Akkas Uddin Ahmed.* Bangladesh. Agroecono

phorus requirement of wetland rice (Orr:a mic evaluation ofselected rainfed lowland rice 
sativa L.) based on phosphorus-sorption iso- cultivation practices in Cagayan Province, 
therms. Philippines. 

Nenita Seno. Philippines. Meteorological meas- Kevin Bronsor,.* USA. The effect of flooding on 
urements, soil fertility, and varietal selection the nitrogen contributions of a grass and two 
for rainfed lowland rice. legume green manures to transplanted lowland 

rice. 
Chemistry M. A. H. Khan.* Bangladesh. Performance of 
Md. Aslam Sagar. Pakistan. The physico-chemical maize (Zea mars L.) - soybean (Glycine max 

characteristics of scented fine and coarse L.)intercropsasinflucncedbyvarietypopula-
Pakistani rice varieties. tion density, and canopy adjustment. 

S. L. Shrestha.* Nepal. The effect of varietal type, 
Communication and Publications plant population, and canopy adjustment of 
Quazi Mohammad Abu Daud Ibrahim. Bang- corn yields and agronomical characters in 

ladesh. Graphics training, corn and soybean intercrop. 

Sylvia Sunarno.* Indonesia. An assessment of the 

effectiveness of AARD publications among Plant Breeding
subject matter specialists in Indonesia. Wu Chun Fa.* China. Genetics of resistance to 

whitebacked planthopper in some rice varie-
Entomology 

ties.Lanka. P'sistance ofLionel Nugaliyadde.* Sri 
Oryza spp. to rice thrips Stenchaetothrils Anwarul Islam.* Bangladesh. Effect of hetero
bifortntv., zygosity on grain and nutritional quality of 

Ze ya. Burma. Rodent control research. rice (OrYza saliva L.). 
Le Thi Loan. Vietnam. Grain quality analysis of 

breeding lines.International Rice Germplasm Center 
Alphonso Faye. Senegal. Management of rice Nguyen Thi Bay. Vietnam. Grain quality analysis 

genetic resources and computerized data pro- of breeding lines. 

cessing of research results. S. Ponnuthurai.* Sri Lanka. Comparative studies 
Ranjani Peiris.* Sri Lanka. Comparative studies on growth and grain yield of some F, rice 

of aus, bulu, and upland rices with emphasis hybrids and parents. 
on root characteristics and water uptake in I. B. Sutaryo. Indonesia. Principles and practices 
research and drought resistance, of hybrid rice research. 
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Plant Pathology 
Lu 	 Shi-Hua.* China. Toxin production by Cer-

cospora orv'zae and its effect on rice plants. 
Myo Khin. Burma. Screening for disease resistance 

and identification of races, strains, and patho
types of different rice pathogens. 

Amara Parejarearn.* Thailand. Identifying resis
tance of rice cultivars to ragged stunt virus and 
its vector Nilaparvata hlgens (Stal). 

Md. Montezar Rahman.* Bangladesh. Resistance 
mechanism of eight rice varieties to tungro 
virus complex and its vector Nephotettix 
virescens. 

Plant Physiology
Sang Hyeon Nam. Korea. Seed derived callus 

culture and anther culture. 
Esther Maria Arcia Ramirez. Cuba. Nitrosemethul 

urea-induced mutation on various plant traits, 
Gopinath Sahu. India. Studies on cold tolerance, 

dormancy, and shading. 

Rice Farming Systems 
Thein Han.* Burma. Studies on the varietal per-

formance of selected peanut cultivars under 
different cultural managements, following 
rainfed lowland rice. 

Soil 	Chemistry/Physics
Mushidul Kabir.* Bangladesh. Effect of zinc 

treatment and soil drying on the growth and 
yield of wetland rice on eight soils. 

Rojarae Netsanip. Thailand. Trace element analysis
of soils and soil solution. 

Soil Microbiology 
Lin Chang.* China. Effect of inoculation on N2

fixing bacteria in flooded soil-rice system. 

Tran Quang Thuyet. Vietnam. Physiology of 


azolla. 

Statistics 
Maloy Kumar D. Amin. Bangladesh. Research 

methodology and statistical analysis for rice 
field experiments, 

Manat Pithuncharurnlap.* Thailand. The use of 
principal component regression in fitting a 
production function with multicollinearity. 

Training and Technology Transfer 
Wangdi Wangdi. Bhutan. Adaptive research on 

rice-based cropping systems. 

RESEARCH FEIlOWS 

Agricultural Economics 
Chung Moo Nam.** Korea. Cost functions with 

respect to farm size in paddy rice and paddy 
ren- a ystems in Th Korea 

Narendra Rustagi.** India. The determination of 
crop insurance premiums in India. 

Agronomy 
SayeedmnAhmad.**nsvrlrc Bangladesh. ilutvrOsmotic adjustment in several rice cultivars neunder field 

conditions. 
Michael Dingkuhn.** Germany. Role of abscisi., 

acid and solute accumulation in water stressed 
rices. 

H. F. K. Schnier.** Germany. NH.1" dynamics in 

wetland rice soils. 
Rashid Ahmad Shad.** Pakistan. Techniques to 

improve land preparation practices, methods 
of crop establishment, and fertilizer nitrogen 
efficiency in wetland rice (Orvza sativa L.): 

Chemistry 
Young Bae Kim. Korea. Studies on physicochem

ical properties of Korean milled rices. 

Communication and Publications 
Somasekharappa Gowdar.** India. Training needs

of information services in agricultural research 

and 	educational organizations in Asia: a 9
country survey. 

International Rice Germplasm Center 
Songkran Chitrakon. Thailand. Management of 

the rice germplasm bank. 

Irrigation Water Management 
Carlos Garces.** Colombia. Irrigation system 

evaluation criteria: an analysis of performance 
indices. 

Leonardo Lucero.** Philippines. A new systems 
management technique using crop growth 
curve. 
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Nenita Tapay..** Philippines. Comparison of POST)OCTORAI. SENIOR RESEARCH EI.I.OWS
 
management and performance characteristics
 
of national and communal irrigation. Agricultural Economics
 

Alfredo Valera.** Philippines. Comparison of Choudhury S. Ahammed. Bangladesh. Employ
management and performance of three in- ment and output implications of farm mech
tensities of irrigation system management. anization in developing countries: an input

output framework of analysis.
 
Multiple Cropping
 
Md. Abdur Rahman.** Bangladesh. An evapo- Entomology


transpiration model-derived index to account Fahmy El Dakroury Abdallah. Egypt. Varietal 
for the effects of weather, management, and resistance and chemical control ofstemborers. 
soil factors on rainfed lowland rice yields. Shamsul Alam. Bangladesh. Varietal resistance to 

insects. 
Plant Breeding Fernando A. Carifio. Philippines. Sampling and 
Jiang Zhi Long. China. Multiplication of male insecticide management for rice hoppers and 

sterile lines and production of F, rice hybrid their predators. 
seed. N. Panda. India. Tolerance as a component in the 

Yuan 	Long Pin. China. Hybrid rice. resistance of rice varieties to the brown plant
hopper. 

Plant Pathology 
Young Hee Lee.** Korea. Activities of toxins International Rice Testing Program

produced by GiI'errellafitjikuroi on rice plant: Tomas Masaio. Philippines. Management of 
varietal resistance screening techniques and International Rice Testing Program nurseris. 
mechanism of resistance to the fungus. 

Plant Physiology 	 Multiple Cropping 
Romeo C. Bruce. Philippines. l.andform in the ricePhilippe Koole.** Belgium. Use of calcium per- growing areas of the Cagayan Rice Basin. 

oxide for better crop establishment. Ram Kumar Pandey. India. I) l)rought response
Yoshiaki Shimada. Japan. Physiological mech- ofgrain legumes under irrigated gradients and 

anisms of varietal tolerance for iron toxicity. 2) Effect of leguminous green manuring on 
JohnThompson. United Kingdom. Riceprotoplast crop yields in rice-based cropping sstems. 

for plant regeneration and genetic manipula
tion. Plant Breeding 

Soil Chemistry/Physics Bambang Suprihatno. Indonesia. I) Effect of 
Ursula Martin. Germany. Organic matter decom- gibberellic acid (GA:) on panicle exsertion of 

position in flooded soils, some cms lines: and 2) Effect of flag leaf 
Muhammad Rashid.** Pakistan. Response of rice clipping on outcrossing of some cms lines. 

to five levels of salinity sodicity, zinc, and 
copper in a wetland soils. Plant Pathology 

Delfin Lapis. Philippines. I) Rate of infection 
Soil Microbiology (horizontal and vertical) of sheath blight on 
Yao Hui-quin. China. Ecology of N,-fixing bac- different rice cultivars; 2) Effect of plant age on 

teria in root-zone of wetland rice. symptom development of brown spot of rice
and 3) Integrated control of rice blast under 

Training upland conditions. 
Violet Valdez. Philippines. I) Preparation of IRRI Eun Jong Lee. Korea. Shifting races of Pyricularia 

Alumni Book; and 2) Post-training survey of or.zae Cav. 
IRRI training alumni. V. Mariappan. India. Studies on rice tungro virus 

A. S. Vivekanandan.** Sri Lanka. diseases. 
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Plant Physiology 
Moo Sang Lim. Korea. Analysis of data on cold 

tolerance experiments in South Korea. 
Mohammed S. Rahman. Bangladesh. Physiology 

of spikelet number and grain size in rice 
varieties. 

M. Ogawa. Japan. Rice callus culture for increasing 
salt tolerance. 

Statistics 
Mariano B.de Ramos. Philippines. 1)Determina-

tion of the most suitable normalizing data 
transformation for data from entomological 
and weed control experiments; and 2) An 
empirical study on the accuracy of the Jacknife 
statistics in comparing two variances. 

INTERNATIONAL NETWORK ON SOIL FERTILITY 
AND FERTILIZER EVALUATION FOR RICE 
(INSFFER) 

(10 	 Jan-29 Apr) 

China (5) 
Chen Wan Hua, assistant researcher, Soil and 

Fertilizer Research Institute, Chinese Aca-
demy of Agricultural Sciences, Beijing 

Li Hua Xing, research assistant, Guangdong 
Academy of Agricultural Sciences, Guang-
zhou 

Luo Xiao Yan, assistant researcher, Zhejiang 
Academy of Agricultural Sciences, Hangzhou 

Mi Jun Fu, assistant researcher, Soil and Fertilizer 
Institute, Academy of Sichuan Agricultural 
Sciences, Chengdu, Sichuan 

Zhang Ming Chu, assistant researcher, Soil and 
Fertilizer Institute, Academy of Agricultural 
Science of Hubei Province 

India (2) 
R. 	 M. Basavana Gowd, assistant agricultural 

officer, Department of Agriculture, Bang-
alore-l, Karnataka 

Shivahari 	 B. Kute, chief, Agricultural Services, 
314-B Fertilizernagar Baroda, Gujarat 

Indonesia (2) 
Dedeh Hudaya Arief, head, Soil Microbiology 

Laboratory, Faculty of Agriculture, Padjad-
jaran University, Bandung 

Azizar Abdullah, agricultural researcher, Suka
rami Research Institute for Food Crops, 
Padang 

Philippines (4) 
Gibson M. Aguilar, senior soil technologist, 

Ministry of Agriculture, Davao City 
Perlita N. Bruto, junior soil technologist, Soil 

Service Section, Ministry of Agriculture,
Dagupan City 

Redemcion B.Grifal, supervising soil technologist, 
Bureau of Soils, Manila 

Imelda E. Santos, supervising soil technologist, 
Bureau of Soils, Ministry of Agriculture, 
Alabang 

Thailand (3)
 
Chaiyan Satien, agricultural officer, Kuan Gut
 

Rice Research Center, Phattalung 

Somnak Luangsirorat, agronomist 5, Ratchaburi 
Rice Experiment Station, Department of 
Agriculture, Ratchaburi 

Songchai Watanapayupkul, agricultural re
searcher, Soil Science Division, Department 
of Agriculture, Bangkok 

Vietnam (3) 
Nguyen Dinh Kiem, department head, Institute for 

Soils and Fertilizers, Hanoi 
Tran Thi Tam, researcher, Institute for Soils and 

Fertilizers, Hanoi 
rTilizers, Hao 

Tran Than Vinh, teacher of agrochemistry, Agri
cultural College, Habac 

GENETIC EVALUATION AND UTILIZATION (GEU) 

(I Feb-,21 May) 

Bangladesh (1) 
A. K. M. Anwarul Haque, scientific officer in 

cereal chemistry, Rice Technology Division, 
Bangladesh Rice Rese&ch Institute, Joy
debpur, Dhaka 

China (4) 
Huang He-qing, research assistant in genetics, 

Hunan Rice Research Institute, Changsha, 
Hunan 



ASSOCIATED TRAINING PROGRAMS 463 

Luo Lin, research assistant in plant breeding, RICE PRODUCTION TRAINING PROGRAM
 
Guangdong Rice Research Institute, Shipai, (7 Mar-29 Jul)

Guangzhou City, Guangdong
 

'an Yuan, research assistant in plant breeding, Bangladesh (2)
Grain Crops Institute, Hubei Academy of A. B.M. Saiful Islam, scientific officer, Bangladesh
Agricultural Sciences, Wuhan Rice Research Institute, Joydebpur, Dhaka

Wang Zhi-ming, research assistant in plant breed- Abul Kashem, deputy director, Agricultural Ex
ing, Jiangsu Academy of Agricultural tension, Ministry of Agriculture, Dhaka 
Sciences, Nanjing 

Burma (I)
 
Egypt (I) 
 Khin Soe, deputy township manager, Agriculture
Abdelhamid I. Zahir, assistant researcher in plant Corporation, Rangoon
 

breeding, Essirw Agricultural Research Sta
tion, Essirw, Gammaliya, Dakahliy India (1)
 

Sudhindra Acharyya Chaudhuri, training asso-
Indonesia (2) ciate, Agricultural Extension, Swami Bud-
Mugiono P. Suwarno, staff member in plant dhananda; chairman, Ramkrishna Ashram 

breeding, Center for the Application of Krishi Vigyan Kendra, Nimpith, 24-Parganas,

Isotopes and Radiation, BATAN, P.O. Box West Bengal
 
2, KBY. Lama, Jakarta, Selatan.
Yanfirwan Yanuar, research assistant in plant Jamaica (I)
pathology, uarairesearch 
 isttinpathology, Sukarami ot Owen Windell Gilpin, land reform officer, MinistryResearch Institute for of Agriculture, St. James Land Authority,
Food Crops, Padang, West SumatraCahrnHlMotgByCatherine Hall, Montego Bay 

Liberia (I) Malaysia (1)Wilfried E. Godderis, instructor in weed science, Khalid B. Saad, senior assistant research officer,
West Africa Rice Development Association, MARDI, Serdang, Selangor 
Monrovia 

Nigeria (1)Madagascar (1) Julius Nwachukwu Arinze, training officer, c/oRaharinirina Jeanine, officer in charge of the Rice General Manager, World Bank Project,
Program, Plant Breeding Department, Ministry of Food Production, Enugu
Department de Recherches Agronomiques, 
Antananarivo-M /Car Antananarivo Philippines (2)
 

Imelda C. Atabay, research assistant, Maligaya
Sri Lanka (2) Rice Research and Training Center, Maligaya,
S. Arumugam, agricultural experimental officer, Mufioz, Nueva Ecija

Rice Research Station, Paranthan Dante V. Fidel, agronomist 1,Bureau of PlantJ. M.P. Jayasundara, experiment officer, Regional Industry, San Andres, Manila
 
Agricultural Research Station, Bandarawela
 

Solomon Is. (1)
Thailo.d (2) Adah Taro, research assistant (varietal coordi-Boonrat Jongdee, research assistant in plant breed- nator), Brewers Solomon Agriculture, Ltd.,

ing, Ubol Rice Experimental Station, Ubol- P.O. Box 5,Honiara 
rachathanee 

Panatda Bhekasut, research assistant in plant Sri Lanka (6)
breeding, Prajinburi Rice Experiment Station, Attanayake M. K.Banda, technician, University ofBang Sang, Prajinburi Peradeniya, Peradeniya 
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M. 	 K. B. Dissanayake, agriculture instructor, 
Department of Agriculture, Peradeniya 

Adikari M. Seneviratne, research assistant, 
Department of Agriculture, Peradeniya 

Wellawatta M. Ubeysena, farm manager, 
Department of Agriculture, Peradeniya 

Winal J. Walgampaya, agriculture instructor, 
Department of Agriculture, Peradeniya 

Wijayaratna 	B. Yatiwella, agriculture instructor, 
Department of Agriculture, Peradeniya 

Thailand (3) 
Sarinna Charopasratana, agriculture technician, 

Koksamrong Rice Experiment Station, 
Amphur Koksamrong, Lopburi 

Padejpong Chantaro, subject matter specialist 6 
(head, Field Crops Section), Southern Re-
gional Agricultural Extension Office, 
Songkhla 

Chongkol Kunnalaca, subject matter specialist 5, 
Regional Office of Agricultural Extension, 
Khon Kaen 

Vietnam (1) 
Tran Huu Du, researcher, Central Seed Agency, 

Hanoi 

UPILAND RICE [RAINING COURSE 

(23 May-I I Sep) 

Bangladesh (1) 
Ashutosh Barai, scientific officer, Bangladesh Rice 

Research Institute, Joydebpur, Dhaka 

Brazil (I) 
Octavio B.de Almeida, researcher(IAC), Research 

and Breeder Rice, Agronomic Institute, SAo 
Paulo 

Burma (2) 
Kyaw Way, township manager, 753 Bogyoke 

Road, MinbaingTwante, Rangoon 
Aung Kyi Thein, deputy township manager, 

Loikaw, Kayah State 

India (5) 
V. 	S. Chauhan, scientist 1,V. P. K. A. S. Almora, 

Uttar Pradesh 

S. 	 K. Gupta, scientist S-2, ICAR Research Corn
plex, Tripura Centre, Lebucherra-799210, 
Agartala 

G. N. Mishra, scientist S-I, Central Rainfed Rice 
Research Station, P.O. Box 48, Hazaribagh, 
Bihar 

N. 	C. B. Raychudhuri, assistant botanist, Rice 
Research Station, P.O. and Dist. Bankura, 
West Bengal 

M. 	P. Singh, senior rice breeder, Birsa Agricultural 
University, P.O. Kanke Dist., Ranchi, Bihar 

Indonesia (3) 
Ardan Ahmadin, head of Phytopathology Divi

sion, Bandar Buat, P.O. Box 34, Padang
 
Len Bahri, junior agronomist, Balittan Sukarami,
 

P.O. Box 34, Padang, West Sumatra 
Agusli 	 Taher, program leader of Upland Rice, 

Sukarami Research Institute, Padang, West 
Sumatra 

Iraq (I) 
Adnan Humed Abd. Al Naby, research assistant, 

Najaf, Muthena Street 

Malaysia (I) 
Raja A. S. bin Raja Sulaiman, senior research 

assistant, 1673 .Jalan Pengkalan, Machang, 
Sungai, Dua, Butterworth 

Mexico (1) 
Eduardo Ayon Ramos, research assistant, 

CAECOT, Apartado Postal 429, Veracruz, 
Ver 

Nepal (I) 
K. L. Shrestha, assistant agronomist, Agronomy 

Division, Programme Cropping Section, P. 
Chaimphair 

Nigeria (2) 
Olutayo A. Fademi, research officer, National 

Cereals Research Institute, Rice Research 
Programme, PMB 5042, Moor Plantation, 
Ibadan 

J.K. Kehinde, senior research officer, National 
Cereals Research Institute, Rice Research 
Programme, PMB 5042, Moor Plantation, 
Ibadan 
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Nazrul Islam, scientific officer (agriculturalMd.Philippines (4) 
engineer), SO Agr. Engineering Division,

Cresenci6 Aquino, agronomist 111, Bureau of 
Bangladesh Rice Research Institute, Joydeb-

Plant Industry, San Andres, Manila 
pur, DhakaShirley Duhaylungsod, production technician, 

Md. Nurul Alam Akhand, senior scientific officer,
Ministry of Agriculture. Pagadian City, Zam-

Bangladesh Agricultural Research Council,
boanga del Sur 

New Airport Road, Farmgate, Dhaka 
Sofio Iligan, agronomist I, Bureau of Plant 

Khair, assistant professor, Department of 
Industry, San Andres, Manila Abul 

Irrigation Water Management, BAU, Mymen-
Charlie Mangogtong, area supervisor, Ministry of 

del singhAgriculture, Pagadian City, Zamboanga 

Sur 
India (2) 
Krishna Murari, Water Technology Centre, Indian

Sri Lanka (2) 

Godakanda Jinadasa, experimental officer, Paddy Agricultural Research Institute, New Delhi
 

Ram K,mar Rajput, project coordinator, Central 
Research Station, Ambalantota 

Soil Salinity Research Institute, Karnal-
R. M. Ranaweera Banda, experimental officer, 

Agricultural Research Station, Maha Illup- 13200 , Haryana
 

pallama
 
1ndone- a (2) 
Irwan Amin, construction supervisor, Bureau of 

Sudan(1) 
Maintenance, Sub-Directorate O&M, Jati-

Mohammed Abd. El Mohrnoud Sheikh, agricul-

tural engineer, Ministry of Agriculture, Irriga- luhur 
lis Syamsiah, staff member, Water Management

tion Engineering Affair Administration, 
Section, Agronomy Department, Sukamandi

Khartoum 
Research Institute for Food Crops, Jin. Raya 

No. 9, Sukamandi-Subang, West Java
Thailand (2) 

Wicharn Witayasiri, agricultural technician IV,
 

Malaysia (1)
Phrae Rice Research Center, Phrae 

Vitoon Rattana, agricultural technician V, Lai Cho Sim, executive engineer, Drainage and 

Samoeng Upland Rice Station, Chaing Mai Irrigation Department, Jln. Badruddin, 

Kuching 

Vietnam (1) 
Nguyen Huu Hong, lecturer, Agricultural Institute, Philippines (5) 

Wilfredo C. Papaya, soil technologist, National 
#3 Bacthai 

Irrigation Administration Regional Office No. 

5, Naga City 
William P. Ragodon, engineer A, National Irriga-

IRRIGATION WATER MANAGEMENT TRAINING 
tion Administration, Regional Office No. 5,

COURSE 
Naga City(8 Aug-16 Sep) 

1.Marcelo, engineer B, NIA-AMRIS,ArmandoBangladesh (6) 
Tambubong, San Rafael, Bulacan 

Md. Abdul Baten, executive engineer, Water Dev-
engineer B, NIA-UPRIIS,G. K. Project, Javier B. Ramos,elopment Division (West), 

CLSU, Muhoz, Nueva Ecija
Kushtia 

Proceso T. Domingo, engineer B, NIA-UPRIIS,
Md. Abdul Matin Bhuiyan, sub-divisional en-


Cabanatuan City
gineer, Water Development Division, G. K. 

Project, Kushtia 
Abdus Salam, executive engineer, Bangladesh Sri Lanka (3) 

Boyagoda, agriculture officer, Soil Con-
Water Development Board, Chuadanga, G. H. A. 

servation Division, Peradeniya
K. Project 
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M. 	A. Ariyasinghe, lecturer, Sri Lanka School ofAgriculture, Pelwehera, Dambulla 
Ramanayake Pathirannahelage-Mahindapala, 

agricultural officer, Department of Agricul-
ture, Farm Mechanization Training Centre,
Anuradhapura 

Thailaid (2) 

Kuerpan Neanchaleay. irrigation engineer, Royal 


Irrigation Department, Samsen Road, Bang
kok 

Songyos Sirisuvanna, irrigation engineer, Royal
Irrigation Department, Samsen Road, Bang-
kok 

INTEGRATED PEST MANAGEMENT COURSE

(15 Aug-25 Nov) 


Bangladesh (1) 
Md. Daud Mia, senior scientific officer, BARI,

Regional Agricultural Research Station,
Jamalpur, Dhaka 

China (2) 
Ma Miao Xian, research assistau' Shanghai

Academy of Agricultural Sciences, Shanghai
Wang Zhi-Yong, research assistant, Institute of 

Plant Protection, Guangdong Academy
Agricultural Sciences, Guangzhou 

of 

India (2) 
N. V. Krishnaiah, scientist, AICRIP, R'Nagar, 

Hyderabad 500030, Andhra Pradesh 
S. Uthamasamy, associate professor of entomol

ogy, Department of Entomology, Tamil NaduRice Research Institute, Aduthurai 612101,
Tamil Nadu 

Indonesia (2) 
Mahrita Willis Azidin, Banjarmasin i'-search 

Institute for Food Crops, Jalan Sutoyos, No. 
1143 A, P.O. Box I, Bajarmasin 

Cahyaniati, Directorate of Food Crop Protection,Jl. Ragunan-Pasarminggu, P.O. Box 36, 
Jakarta Selatan 

Korea, South (I)
Hen-Je Cho, Entomology Department, Institute of

Agricultural Sciences, Office of Rural Devel-
opment, Suweon 170 

Malaysia (1)
Abdul Razak Nik Yahaya, Crop Protection Unit,

Pusat Pertanian, Lundang, Kota Bharu, 
Kelantan 

Nepal (1) 
Dilip Chandra Paudel, assistant plant pathologist,HMG Department of Agriculture, NWDP 

Bhairahawa Agricultural Farm, Rupandehi 

Pakistan (I)
Saleem Khan, weed scientist, Pakistan Agricultural

Research Council, Pest Management Project,
F. Station, Nisatta Road, Mardan, NWFP 

Philippines (3)
Leonardo Salazar Dirige, provincial surveillance 

officer, Ministry of Agriculture, PagadianCity, Zamboanga del Sur 
Priscilla Cudal Jover, plant pathologist, Betinan 

Rice Research Station, Ministry of Agricul
ture, Zamboanga del Sur Development Pro
ject, Zamboanga del SurEmma Mituda, plant entomologist, Multiple
Cropping System Project Program, Zam
boanga del Sur Development Project, Ministry
of Agriculture, Pagadian City 

Sri 	Lanka (1) 
M. S. B. W. T. M. Bandara Menike Tennakoon,experimental officer, Entomology Division,

Central Agricultural Research Institute, Gan
noruwa, Peradeniva 

Thailand (2)
Somboon Tongsakul, entomologist, Pesticide 

Application Research Section, Entomology 
and 	Zoology Division, Department of Agriculture, Bangkhen, Bangkok


Orawan Wuthijindaroj, zoologist, 
 Plant Protec
tion Service Division, Department of Agricul
tural Extension, Bangkok 

CROPPING SYSTEMS [RAINING PROGRAM 
(26 Sep-3 Feb) 

Bangladesh (5)

Mukhlesur Rahman Ahmed, 
 scientific officer,

Bangladesh Rice Research Institute, Joydeb
pur, Dhaka 
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Md. Hazrat Ali, assistant extension officer, Bang-
ladesh Water Development Board, Dhaka 

Md. Usman Ghani, extension officer, Deep Tube 
Well Project, Bangladesh Water Development 
Board, Thakurgaon, Dinajpur

A. 	 B. M. Nurul Imam, scientific office-r, Bang-
ladesh Agricultural Research Institute, Dhaka 

Md. 	Badirul Islam, scientific officer, Bangladesh 
Agricultural Research Institute, Dhaka 

Bhutan (I) 
Pirthiman Pradhan, in-charge, Center for Agri-

cultural Research and Development, Wang-
diphodrang 

Burma (2) 
Kyaw Sein, inspector, Agricultural Research Insti-

tute, Yezin, Pyinmana 
Mauk Nyunt, deputy township manager, Agricul-

ture Corporation, Amarapura Township,
Mandalay 

China (2) 
Lu Zheng Qing, assistant scientist, Shanghai

Academy of Agricultural Sciences, Shanghai
Jin Qing Zhu, assistant scientist, Agricultural 

Academy of Zhejiang, langchow 

India (4) 
Rajib Lochan Nayak, research agronomist, Bidhan 

Ch. Kirshi Viswa-vidyalaya Agriculture
Faculty, Kalyani, Nadia, West Bengal PIN 
741235 

Abdul Rafey, associate professor, Department of 
Agronomy, Birsa Agricultural University, 
Kanke, Ranchi-6, Bihar 

Mohinder Singh Sidhu, assistant agronomist, 
Department of Agronomy, Punjab Agricul-
tural University, Ludhiana, Punjab

K. K. Subbiah, professor of agronomy, Tamil 
Nadu Agricultural University, Coimbatore,
Tamil Nadu 

Indonesia (2) 
Gunardi, assistant agrometeorologist, Directorate 

of Food Crop Protection, P.O. Box 36, Pasar 
Minggu, Jakarta Selatan 

Haryanto Hardiwikarta, research staff, Centre for 
the Application of Isotopes and Radiation, 
Pasar Jumat, P.O. Box 10, Kebayoran Lama, 
Jakarta Selatan 

ASSOCIATED TRAINING PROGRAMS 

Korea, Souith (1) 
Si Chool Noh, extension worker, Nou Poong Pak, 

Jeonbuk Provincial Office of Rural Develop
ment 

Pakistan (1) 
Nazir Ahmad Sidhu, assistant agronomist, Ayub

Agricultural Research Institute, Faisalabad 

Philippines (5) 
Adelaida L. Aguinaldo, senior economic re

searcher, Regional Integrated Agricultural 
Research System, Ministry of Agriculture,
Region XII, Amas, Kidapawan, North Cota
bato 

Marlene C. Cubero, core staff, Regional Integrated
Agricultural Research System, Ministry of 
Agriculture, Region VII, Bohol Experiment 
Station, Ubay, Bohol 

Flora D. Gagni, core staff, socioeconomics, 
Regional Integrated Agricultural ResearchSystem, Ministry of Agriculture, Region 1,
Bacnotan, La Union 

Danilo C. Rodriguez, researcher-agronomist I, 
Zamboanga del Sur Development Project, 
Ministry of Agriculture, Pagadian City 

Artemio P. Sagun, farm management technician 
II,Ministryof Agriculture, Region IV,Bansud, 
Oriental Mindoro 

Sri Lanka (6)
 
W. 	 D. Atukorala, experimental officer, Depart

ment of Agriculture, Rahangala, Boralanda 
G. 	D. S. W. Gamini, research assistant, Regional

Agricultural Research Station, Bombuwella, 
Kalutara South 

A. M. H. Pathma Piyasena, subject matter officer,
Agricultural Segment Office, Vidyala Marata, 
Kuliyapitiya 

Saravanamuttu Sinnathurai, agricultural officer, 

District Training Center, Department of Agri
culture, Kilinochchi 

Nallathamby Sivayogarajah, experimental officer, 
Regional Research Centre, Department of 
Agriculture, Karadiyan-Aru 

P. G. Thurairatnam, agricultural instructor, Agri
cultural Research Station, Department of 
Agriculture, Murunkan 
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Thailand (4) 
Husachai Pramote, subject matter specialist, 

Provincial Agricultural Extension Office, 
Buriram 

Manat Leechawengwongs, agriculturist 5, Farming 
Systems Research Institute, Department of 
Agriculture, Bangkhen, Bangkok 

Pannee Poramarapornkard, agriculturist 5, 
Farming Systems Research Institute, 
Department of Agriculture, Bangkhen, 
Bangkok 

Yongyut Suvanarerk, subject matter specialist, 
Southern Regional Agricultural Extension 
Office, Songkla Province 

AGROECONOMIC RESEARCH METFIODOLOGY 

TRAINING COURSE 


(17 Oct-9 Dec) 

Burma (1) 
Soe 	Pe, junior planning officer, Agriculture Cor-

poration, 72/74 Shwedagon, Pagoda Road, 
Rangoon 

China (2) 
Zhang Linxiu, assistant researcher, Chinese 

Academy of Agricultural Sciences, 30 Bai Shi 
Qiao Lu, Beijing 

Tian Weiming, assistant researcher, Chinese 
Academy of Agricultural Sciences, 30 Bai Shi 
Qiao Lu, Beijing 

Indi'a (1) 
Benudhar Bhuyan, reader in agricultural econo-

mics, Department of Agricultural Economics, 
Orissa University of Agriculture and Tech-
nology, Bhubaneswar 

Indonesia (4) 
Yanti Rina Darsani, researcher in agroeconomics, 

Banjarmasin Research Institute for Food 
Crops, Jl. Mayjen Sutoyo S, No. 1134 A, 
Banjarmasin 

Maria Theresia Anitawati Kusuma, researcher, 
Center for Agroeconomic Research, 20 Juanda 
Str, Bogor 

Supadi, researcher, Agroeconomic Department, 
Bogor Research Institute for Food Crops, 
Climanggu, Kecil 2, Bogor 

Eddy M. Yusnardi, researcher, Agroeconomic 
Department, SARIF, P.O. Box 34, Padang, 
West Sumatra 

Nepal (I) 
Prem Lal Chitrakar, senior agriculture officer, 

Regional Agricultural Directorate, Central 
Development Region, Kathmandu 

Pakistan (I) 
Maqbool Hussain Sial, scientific officer, Pakistan 

Agricultural Research Council, P.O. Box 1031, 
Islamabad 

Philippines (4)
 
Benjamin D. Cariaga, agricultural economist, Bago


Oshiro Soil Research Station, Ministry of 

Agriculture, Davao City 
Joselito 0. Garcia, core staff, socioeconomics, 

Regional Integrated Agricultural Research 
System, Ministry of Agriculture, Ilagan 
Experiment Station, Ilagan, Isabela 

Maria Teresa M. Javier, senior project planning 

specialist/ research supervisor, Bicol River 
Basin Development Program, San Jose, Pili, 
Camarines Sur 

Bienvenido M. Reyes, Jr., statistician III, Bicol 
River Basin Development Program, San Jose, 
Pili, Camarines Sur 

Sri Lanka (2) 

Herath Mudiyanselage Dissanayake, economic 
assistant, Agriculture Research Station, Maha 
Illuppallama 

Gamage Don Siripala, economic assistant, Agri
culture Research Station, Maha Illuppallama 

AGRICULTURAL ENGINEERING COURSE 

(25 Jul-12 Aug) 

Burma (2) 
Sann Maung, head of branch(Repair), Agricultural 

Mechanization Department, No. 1, Base 
Workshop, Rangoon 

Than Tun, head of branch (Repair), Agricultural 
Mechanization Department, No. 2, Base 
Workshop, Kyaukse 
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India (3) Herath M. Tilakaratna, mechanical engineer, FarmPrabhakar Datt, scientist, Farm Machinery and Mechanization Research Centre, Maha Illup-
Power, Central Institute of Agricultural En- pallama 
gineering, G. T. B. Complex, T. T. Nagar,
 
Bhopal 
 Thailand (2)

Surender Kumar Makhija, area manager, Messrs. Chalermsak Bamrungthai, administrati'e staff,
Premier Irrigation Equipment, Ltd., 26 Lim Chieng Seng Part., Ltd., 92-94 Sawan-
Shamla Road, Bhopal withee Road, Amphur Muang, Nakornsawan

Sudhanwa Chandra Patra, scientist S-I, Engineer- Winit Chinsuwan, assistant professor and depart
ing Division, Centra; Rice Research Institute, ment head, Department of Agricultural En-
Cuttack gin,:ering, Faculty of Engineering, Khon Kaen 

University, Khon Kaen 
Indonesia (3) 
Asparmin Junus, manager, Tembok Jaya Work- Vietnam (I)


shop, Sumatra, Barat 
 Dao Trong Lei, manager, Mechanical Workshop,Soetomo, Staff of Subdirectorate of Agricultural Institute of Agricultural Engineering, Hanoi 
Mechanization, Ministry of Agriculture, Pa
sarminggu, Jakarta
 

Suhardi, Mechanization Section, Agricultural AGRMCUL[URAL ENGINEERING COURSE
 
Extension Service, South Kalimantan (28 Nov-16 Dec) 

Madagascar (I) Bangladesh (2)
Rakotovaovahy R. Mahazo, agricultural engineer, Md. Maminul Huq, assistant professor, Farm

Service du Machinisme Agricole-Nanisana, Power and Machinery Department, Bang-
P.O. Box 1061, Antananarivo ladesh Agricultural University, Mymensingh 

Saifullah Md. Hossain Saif, principal scientificMalaysia (I) officer, Agricultural Engineering, Bangladesh
Muhamad Isa bin Othman, research officer, Agri- Agricultural Research Council, Dhaka
 

cultural Engineering Branch, MARDI,
 
Serdang, Selangor 
 Bhutan (1) 

Shamba Tshering, extension officer, DepartmentPakistan (1) of Agriculture, Ministry of Development,
Mohammad Afzal, senior engineer, Farm Thimphu
 

Machinery Institute, Pakistan Agricultural
 
Research Council, P.O. NIH, Islamabad Bura (3)
 

Philippines (1) Hla Kyin, head of branch, Training Centre,

Noel L. Oguis, market analyst, Marsson Industrial Meiktila
 

Corporation, Diamond Motors Building, KyawTun, head of branch, No. 1,
Base Workshop,
Greenhills, San Juan, Metro Manila Agricultural Mechanization Department, 

Rangoon

Senegal (I) 
 Than Tun, head of branch, No. 459, Prome Road,
Alioune Fall, researcher, ISRA (Institut Sene- Agricultural Mechanization Department,

galaise de Recherche Agricole), B.P. 3120, Rangoon 
Dakar 

China (2)Sri Lanka (2) Wang Yue, engineer, Chinese Academy ofAgricul-
Kulasogaram Subramanian, agricultural in- tural and Mechanical Sciences, Beijing


structor, Farm Mechanization Research Xia Xiaodong, engineer, Chinese 
 Academy of
Centre, Maha Illuppallama Agricultural and Mechanical Sciences, Beijing 
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India (2) 
D. 	M. Bhandarkar, scientist S-I (W &SE), Central 

Institute of Agricultural Engineering, Nabi 
Bagh, Berasia Road, Bhopal, Madhya Pradesh 

Jaswinder 	 Singh Atwal, scientist S-i (Farm 
Machinery & Power), All India Coordinated 
Research Project for Dryland Agriculture, 
Saidabad, Hyderabad 

Philippines (4) 
Rolando Ansale, farm management technologist, 

Ministry of Agriculture, Cagayan de Oro City 
Arthur Benedicto, Design and Production in-

charge, Grain Master Metalcraft, Davao del 
Norte 

Bibiano Buenacosa, manager, F. Buenacosa Repair 
Shop, Sultan Kudarvi. 

Balbino Geronimo, researcl, assistant, AMDP/ 
CEAT, University of tue Philippines at Los 
Bahios, College, Laguna 

Sri Lanka (2) 
Dissanayake M. Ariyaratne, agricultural in

structor, Farm Mechanization Research 
Centre, Maha Illuppallama 

Manfred Guntz, consultant, Farm Mechanization 
Research Centre, Maha Illuppallama 

Thailand (2) 

Surasak Bamrungwong, lecturer, Faculty of En
gineering, Chiang Mai University 

Maitree Preecha, agricultural engineer, Subdivi
sion of Farm Mechanization, Department of 
Agricultural Extension, Bangkok 

Vietnam (1) 
Pham Duc Long, mechanical engineer, Ministry of 

Agriculture 
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International activities 
COLLABORATIVE RESEARCH 

In IRRI's plan for the third decade, it "will seek to 
develop annual collaborative work plans with 
those countries where there is need for greater rice 
production. These plans will cover research, train-
ing, information, and extension services." 

During 1983, collaboration with many national 
programs became mucL more comprehensive and 
realistic in number of joint projects. Regular 
meetings were held with appropriate administra-
tors and scientists from national programs. Some 
meetings were at IRRI; others were in the country 
concerned so that administrators could visit experi-
ment stations to see research in progress and 
identify challenges for future attention. Collabora-
tive efforts continue with China, Cuba, India, 
Indonesia, Japan, and South Korea. 

In 1983, IRRI maintained cooperative national 
projects in Indonesia, Bangladesh, Thailand, the 
Philippines, Burma, and Egypt. 

Indonesia. Agricultural development was dif-
ficult in 1983. The worldwide recession caused 
priorities to be reordered, administrative changes 
made, and new directions implemented. Drought 
was serious and BPH infestation severe in North 
Sumatra. Despite those difficulties, about 24 
million t of milled rice was produced, slightly more 
than in 1982. Upon request, about 20tofIR56was 
airlifted to Indonesia to suppress the spread of 
BPH. A modest hybrid rice program initiated in 
1982 progressed during 1983 with IR RI consultants 
assisting in programming. 

After 10 yr ofextensive collaboration, in-country 
IRRI activities took on a lower profile in 1983. A 
consultant continued work in farming systems and 
another in agricultural engineering. The program 
liaison scientist retired after 6 yr and was succeeded 
by a new representative. 

Bangladesh. The cooperative research and train-
ing programs with the Bangladesh Rice Research 
Institute (BRRI) continues to be funded by the 
Ford Foundation and the Governments ofAustra-
lia, Canada, and the United States. 

Bangladesh had a series of good rice harvests. 
Farmers continued to increase acreage of MVs 
during aus seasons, with BRI0 and BRI I quite 
common during transplanted aman. Fertilizer use 
continued to increase despite a subsidy reduction, 
but average use is only a fraction of recommended 
levels. BRRI released four new varieties for boro 
and aus: BR12, 14, 15, and 16. 

Donors approved continuation of the IRRI 
deepwater rice breeder position through 1985, a 
recommendation of the 1982 external review. Since 
the government did not approve purchase of 
certain properties and equipment, some phases of 
the project were behind goals set for the year. 

Four IRRI scientists are in Bangladesh: a 
research systems specialist and IRRI representa
tive, a rice production specialist, a rice breeder 
(deepwater rice), and an agricultural economist. 
The current project funding is scheduled to end in
1985. Near the end of 1983, preparations were 
made to propose a possible extension of the 
program from 1986 through 1990 to an anticipated 
external review group in late 1984. 

Burma. The second phase of the Canadian
funded IRRI-Burma Cooperative Project was 
initiated. It consisted of three projects similar to the 
first: plant breeding, cropping systems, and agri
cultural engineering,.The agricultural engineering 
project will be different since it is primarily based in 
Yezin. The plant breeding and cropping systems 
programs continued, following the format in 
phase 1. 

A comprehensive progress report about the 
cropping systems program was prepared. From the 
breeding program, six WS lowland selections, four 
DS lowland, and four low-elevation upland were 
recommended to the National Seed Committee for 
release. Three IRRI scientists (rice breeder, crop
ping systems agronomist, and agricultural engine,-r) 
are assigned to the project. 

Thailand. IRRI research on deepwater rice is 
conducted collaboratively with the Ministry of 
Agriculture of Thailand. An IRRlagronomist and 
an entomologist work at the Huntra Research 
Station with a Thai deepwater rice research 
scientist. During 1983, the program was intensified 
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and more regional activities were assumed. Thai-
land is one of the sites for the small farm machinery 
industrial extension project similar to that in 1982. 
A Rockefeller Foundation staff member, who had 
been a rice breeder for 14 yr and also the 
coordinator of IRRI's rice program, was reassigned 
during the year. 

Philippines. An IRRI scientist works with the 
Ministry of Agriculture (MA) on a cooperative 
project which emphasizes technology transfer. 
Significant progress was made in 1983. Technology 
transfer workshops were held on 11-13 Mar and 
5-6 Oct, both involving input and interaction from 
IRRI senior scientists. An agricultural engineer 
also works with MA personnel in an industrial 
extension project similar to that in Thailand. 

Egypt. IRRI's working relationship with Egypt 
continued under the 1982 format, with a program 
review during the year. The Third National Institute 
Conference was held in Cairo 21-24 Feb. The 
"Mabrouk 4" program now has about 25,000 
feddans as centralized demonstration fields dis-
tributed over 48 sites in 6 northern delta com-
munities. 

REGIONAL PROGRAMS 

The programs of liaison scientists at IITA (Ibadan, 
Nigeria) and CIAT (Cali, Colombia) continue as 
described in the 1982 annual report. The program 
in Africa followed up on recommendations from 
the October 1982 upland rice workshop at Bouak&, 
Ivory Coast. In Latin America, the Fifth Con-
ferenct of the IRTP for Latin America was held 

Table 1. In.rnational networks coordinated by IRRI, 
1983. 

Cooperating Cooperating 
Network countries Region scientists 

(no.) (no.)
International Rice 69 Worldwide 785 
Testing Program 

(IRTP) 
Cropping Systems 10 Asia 10 

Ne V.'ork 
INSF;:cr 17 Asia, Africa, 60 

Latin America 
Agricultural 7 Asia, Latin 22 


Machinery Network America
 

9-14 Aug. It focused on exchange of information 
about varietal improvement, regional IRTP activ
ities, and recent studies of hoja blanca and its 
vector.
 

The liaison office in Indonesia intensified its 
activities in Malaysia and Brunei. The deepwater 
rice research group in Thailand consulted with 
colleagues working on deepwater rice in Bangla
desh, India, and Indonesia. 

Traditionally, graduate training has primarily 
been a collaborative effort with UPLB. In recent 
years, with the increase in graduate students, it has 
become more difficult to handle the additional 
students specializing in rice. Therefore, IRRI has 
developed several similar relationships with other 
agricultural colleges of national universities in 
countries with which the Institute has a long 
history of cooperative research. 

Collaborative agreements were developed with 
Kasetsart University in Thailand, the Agricultural 
University of Malaysia in Serdang, and the Agri
culture University at Bogor, Indonesia. These 
arrangements were patterned after the UPLB 
program which worked effectively for 25 yr. 

GLOBAL RESEARCH SERVICES AND
 
INTERNATIONAL RESEARCH NETWORKS
 

The administrative organization of IRRI was 
restructured to meet a growing need for expanded 
service to national programs. Certain activities and 
departments were established as Global Research 
Services. They are the 

0 	International Rice Testing Program, 
* International Rice Germplasm Center, 
* 	 Communication and Publications Depart

ment,
 
C Rice Farming Systems Program, and
 
0 	Training and Technology Transfer Depart

ment. 
The INSFFER continues to expand and in

tensify its activities from the Department of 

Agronomy. The Agricultural Machinery Network 
operates within the framework of the Industrial 

Extension Project. IRRI continues to serve as a 
catalyst in the planning and implementation of
national research activities and transfer of tech
nology (Table I). 
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Table 2. IRRI-sponsored or cosponsored workshops, conferences, reviews, and meetings held at IRRI in 1983. 

Event 

Annual program review 
FAO-I RRI insecticide selectivity/specificity 
ORD-IRRI collaborative research planning meeting 
Workshop on food and development 
MA-IRRI teunnology transfer workshop 
Internationa! rice research conference 
Rice genetic conservation workshop 
Crop livestock workshop 
Interagency joint committee meeting on Masagana 99 
Crop Science Society of the Philippines 14th annual meeting 
Biological nitrogen fixation advisory committee meeting 
Rice crop modeling workshop 
IRRI academic council meeting 
Women in rice farming systems conference 
MA-IRRI technology transfpr workshop 
Semidwarf mutant for rice improvement workshop 
Copublication: strategies for multilanguage publication 

in agriculture 

IRRI CONFERENCES 

Conferences and workshops continued to bring 
together international participants (Table 2). Tradi-
tionally the International Rice Research Con-

Date Participants 

25-28 Jan 18 
21-23 Feb 39 
28 Feb-2 Mar 26 

14 Mar 38 
11.12 Mar 62 
18-22 Apr 226 
25-26 Apr 63 
25-28 Apr 32 
29 Apr 36 
24 May 428 
9-13 May 32 

16-18 May 16 
2 Aug 35 

26-30 Sep 76 
5-6 Oct 67 

24-28 Oct 26 
28 Nov-1 Dec 64 

1284 

ference (IRRC) has been held annually in April.
Afterthe 1983 IRRC, a comprehensive review was 
made of its nature and role. It was decided to vary 
the IRRC site beginning in 1984. 
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Information resources, experimental farm,

and service laboratories 

LIBRARY AND DOCUMENTATION CENTER 

Bibliographies. The 1982 Supplement to the Inter-
national BibliographyI of Rice Research waspublished in 1983. It is the third computerized 

supplement jointly produced by the Library and 
Statstis Dpartent reerecesItcontins6,01Statistics Department. It contains 6,081 references 

to scientific rice literature, most of which appeared 
in journals in 1982. Its coverage is worldwide and 
the items of reference are classified according to 
subject matter. The supplement includes literature 
written in 24 languages and a list of 102 rice 
literature translations, mostly from Chinese to 

Englsh.It asn athorindx ad akeyord
English. It has an author index and a keyword 
index. Bibliography supplements for 1971-83 have 
already been fed into the computer system. 
Computer retrieval of rice information will begin 
soon. 

The 5-yr cumulative index covering the 1976-80 
supplements was also published in 1983. It was 
computer produced and isdivided into author and 
keyword indexes. It is the fourth cumulated index;the first covered 1961-65; the second, 1966-70; the 
third, 1971-75. 

The 1983 supplement to Theses and Disserta-
Tions on Rice Available in the Librar of the 

linernaonalRice vailablea intie Li 1the 
International Rice Research Institute lists 132 
titles, bringing the overall collection to 1,375.TheIntrnaionlDrecoryof iceWorers aThe InternationalDirectory'of Rice Workers, a 
listing of scientists, administrators, and extension 
specialists of the rice world, was also published in 
1983. It gives the name, date of birth, marital 
status, children, nationality, field of specialization, 
education, membership in professional organiza
tions, awards, professional experience, and address 
of people listed. Workers are first listed alpha-
betically with their biographic information, then 
by country, and finally by field of specialization. 
The directory was compiled to facilitate contacts 
and enhance information exchange among rice 
workers. 

All new bibliographies and the directory were 
sent to agricultural libraries and documentation 
centers of rice-producing regions. All citations in 
the bibliographies are available.at IRRI. 

Reference and circulation. Within IRRI, the 
number of books, journals, and other library ma
terials borrowed during 1983 increased markedly. 
As in previous years, requests for copies ofJapanese literature on genetics and breeding 

e se on oliterature all rectsno 
exceeded those for literature on all other aspects ofrieclu.Rqessfrpocpesfparsn 

water management and irrigation and for short 
specific-subject bibliographies were also received. 
IRRI assistance in library orgc..,ization and man
agement, and in the selection and acquisition of 
agricultural materials was also sought. The greatestnme frqet aefo ni n ag
number of requests came from India and Bang
ladesh, followed closely by those from Malaysia 
and the United States. A substantial number was 
also received from the Latin American countries 
and Africa. 

Library holdings. An additional 4,106 books, 
pamphlets, and reprints increased the monograph 
collection to 66,528. Also added were maps, trans
lations, microfilms, and 196 serial titles from 
a tions, c hages, and dona tinssubscriptions, exchanges, and donations. 

Other library activities. To in'orm scientists of 
the latest rice publications, tables of contents of 
newly received journals continued to be routed 
within IRRI, and to the Bangladesh Rice Research
Institute; Central Research Institute for Food 

In one a he Wst fr RiceCrops, Indonesia; and the West Africa RiceDevelopment Association, Liberia. 
Delpment Aotin, Libria.The library continued to purchase and distribute 
books to IR R I research scholars and other training 
participants. 

COMMUNICATION AND PUBLICATIONS 

DEPARTMENT 

In Mar 1983, the Information Services Department 
became part of the newly established Global 
Research Services and was renamed Communica
tion and Publications Department (CPD). 

CPD distributed 69,792 copies ofmajorpublica
tions during the year. About 53% were free, mostly 
to key third world libraries, and the remainder 
were sold (Fig. i). 

http:available.at
http:Englsh.It
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I. Distribution ofpublications by the Communication and Publications 
Department. IRRI. 1983. 

Major publications. Fifteen publications were 
released in 1983: 

0 Celland Tissue Culture Techniquesfor Cereal 
Crop Improvement 

0 1983 Rice Germplasm Conservation Work-
shop 

* Field Problems of Tropical Rice (rev. ed.) 
* 	Weed Control in Rice 
* 	Adoption, Spread, and Production Impact of 

Modern Rice Varieties in Asia 
" Symposium on Potential Productivity ofField 

Crops Under Different Environments 
" Technical Handbook for the Paddy Rice 

Postharvest Industry in Developing Countries 
" Consequences ofSmall-Farm Mechanization 
" Copublication:1RRIDesign, Procedures, and 

Policies for Multilanguage Publication in 
Agriculture 

* 	Publications on International Agricultural 
Research and Development (Catalog of Pub-
lications of International Agricultural Re-
search Centers) 

" Annual Report for 1982 

" Research Highlightsfor 1982 


0 International Bibliography of Rice Research
for 1982 

0 	 Upland Rice: An InternationalBibliography, 
1965-1982 

a International Director), of Rice Workers 
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 
1982 were published. Thirteen issues of the IRRI 
Research Paper Series were put out: 

No. 86 	New rice technology, intrarural migra
tion, and institutional innovation in the 
Philippines 

No. 87 RICEMOD: A physiologically based 
rice growth and yield model 

No. 88 Sensitivity tests of the environmental 
variables in RICEMOD 

No. 89 Sensitivity tests of the crop variables in 
RICEMOD 

No. 90 New rice technology and labor absorp
tion: comparative histories of two Phil
ippine rice villages 

No. 91 Calculating the private benefits of farm 
machinery: a microcomputer application 

No. 92 Cropping systems research in the Panga
sinan project 

No. 93 Estimatir ,risk of fertilizer use in rainfed 
rice production 

No. 94 Sensitivity tests of thr environmental 
variables in IRRIMOD 

No. 95 Sensitivity tests of the crop and man
agement variable in RICEMOD
 

No. 96 Fertilizer transfer to floodwater during
 
deep placement 

No. 97 Interaction between fertilizer and weed 
control methods in Philippine upland 
rice: estimates f.rom farmers' fields 

No. 98 Training needs of information services 
in agricultural research and educational 
organizations in Asia: a 9-country survey 

Book exhibits. IRRI and the German Agency 
for Technical Cooperation (GTZ) cosponsored an 
exhibit of books from the international agricultural 
research centers (IARCs) at the 1983 Frankfurt 
Book Fair 12-18 Oct. Seventeen IARCs displayed 
about 1,000 titles of books, periodicals, slide sets, 
and films. The fair brought together center in
formation officers and international publishers 
interested in joint publishing arrangements and 
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exposed center publications to the world's book 
distributors and librarians. IRRI exhibited about 
200 major books, audiotutorial modules, and 
periodicals at the Fair. GTZ also hosted the 
CGIAR communication workshop, which was 
held in Eschborn immediately after the fair. 

IRRI coordinated the exhibition of center pub-
lications in the World Agricultural Book Fair 
4 10-d exhibits in Beijing, Wuhan, Guangzhou, 
and Sian, China, in October 1983. This was a 
follow-up of the first IARC Book Exhibit in China, 
sponsored by IRRI and the China National 
Publications Import and Export Corporation in 
1982. 

CPD also arranged for IRR. exhibits at fairs in 
Singapore, Manila, Bangkok, Jakarta, Honolulu, 
and Kuala Lumpur. 

Copublication workshop. An international 
workshop - Copublication: Strategies for Multi-
language Publication in Agriculture - was held 
28 Nov-I Dec 1983 at IRRI. It was the first to 
focus on strategies to alleviate the language barrier 
in agricultural development. IRRI and Canada's 
International Development Research Centre 
(iDRC) were cosponsors. 

The meeting attracted 62 publishers, commu-
nicators, and administrators from national pro-
grams, and development groups in Asia, Africa, 
and Latin America. Sessions focused on design 
techniques, policies, and strategies to encourage 
copublication. The establishment of a multi-
language communication network for agriculture 
was recommended, and several donor agencies 
expressed interest in supporting a I-yr pilot project 
to test its feasibility. 

Copipblication. A farmer'sprimer on growing 
ricehas been published in 13 languages, and at least 
15 other editions are in preparation. The revised 
edition of Fieldproblems of tropicalrice is being 
translated into about 20 languages. 

EXPERIMENTAL FARM 

On the upland farm, more than one-half ha of 
block UL was converted into a lowland rice field 
for the Multiple Cropping Department. 

A drainage pipe line leading to Boot Creek was 
constructed at the low portion at the end of block G 

to convert the area into a deepwater field for 
floating rice experiments. 

UPLB gave plots 27-28 in block B to IRRI in 
exchange for the same number of plots in block C. 
The Experimental Farm has planted some of the 
plots for seed production. When the crop is 
harvested, the Plant Breeding Department will be 
in charge of the whole area. 

Plots 51-56 and 60 in A series, which had been 
previously assigned to the Training and Tech
nology Transfer Department, were used for seed 
increase by the Experimental Farm. 

Preliminary planting of rainfed and irrigated 
rice varieties was done on blocks R and S for the 
"Demonstration Cum-Training Program on Im
proving the Efficiency of Production and Utiliza
tion of Rice Biomass." 

The new 4-wheel drive Iseki tractors will reduce 
land preparation cost on the lowland farm in 1984. 

Plans were made to divert the Mabacan irriga
tion canal to anew location to increase the rice field 
area by more than I ha in blocks 700 and 1000. 

The coconut area near the greenhouse in block 
A was cleared and construction of new greenhouses 
began. 

About 190 ha (a 6.9% decrease) was planted on 
the lowland rice farm during 1983 WS and DS and 
about 116 ha on the upland farm. Multiple 
Cropping planted the largest area, followed by 
Agronomy, Experimental Farm, Plant Breeding, 
Training and Technology Transfer, Entomology, 
Plant Pathology, and IRTP. 

About 25 ha was used for multiplication ofseeds 
of IR29, IR36, IR42, IR43, IR45, 1R48, IR50, 
IR52, IR56, IR58, IR60, IR841, IR13429-299-2
1-3, IR9752-71-3-2, IR13525-43-2-3, IR1972-155
1-1-3, SS169, IR19672-140-2-3-2-2 SS159, IR 19672
140-2-3-2-2 SS159, and IR2973-143-3-2-1. About 
61.5 t of rice was produced for seed and 42.6 t for 
milling. 

About 171.8 t of fertilizer valued at $34,009 were 
used on the experimental farm. This is 5.78 t higher
than that of last year. AS accounted for 48.4% of
the total consumption, followed by 14-14-14 
complete, 18.86%; urea, 15.08%; solophos, 13.15%; 
muriate of potash, 4.25%; zinc sulfate, 0.23%; and 
zinc oxide, 0.03%. 

The expenditure for insecticides and sticker was 
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Table 1. Summary of analysis done by the Chemical Analysis Laboratory. IRRI, 1983. 

Property analyzed 

Total elements (S, Ca, Al, Fe, Mn, K, 

Na, Mg, P, Cu, Zn, B)
Total N 
EC 
CEC 
Available P, K, Zn, Cu, B 
Organic C 
Special Si 
Perchloric acid P, K, Mg, Zn, Fe, Mn, Cu, Ca, AlExchangeable Na, K, Mg, Ca 

pH 

Ammonia and urea 

Particle size analysis 

Total 
Samples (no.) 
Sample preparation done 

$64,821.60, $15,412.50 higher than last year, partly 
because of price increases. There was a serious 
outbreak of RTV in 1983. 

The herbicides for weed control on production
plots, levees, ditches, and roadways was $15,094.50, 
an increase of $2,267.30 or 17.67%. Contract labor 
cost $219,281.60, up by 11.9%. 

The farm income for 1983 ($32,889.20) increased 
by $8,540. It was derived from the sale of rice for 
seed, rice for milling, milled rice, milled glutinous
rice, green supersweet maize, flint maize, soybean, 
and rice bran. 

ANALYTICAL SERVICE LABORATORIES 

Chemical Analysis Laboratory. The Chemical 
Analysis Laboratory ran 140,010 determinations 
on 66,832 soil, plant, and solution samples (Table
1). To improve efficiency in preparing laboratory 
results, a North Star Horizon System was pur-
chased for data acquisition and processing. 

Mass Spectrometer Laboratory. The Mass 
Spectrometer Laboratory analyzed the I'N-to- "4N 

Determinations (no.) on samples 

Soil Plant Water 

- 29,525 4,736 

5,156 37,820 -
717 

2,672 
7,723 

_ 
_ 
_ 

66 

-
3,314 _ -

942 
8,955 

40 
_ -

2,655 1 

1,583 
-
_ 

34,105 
3 

33,717 
5,948 
4,168 

67,385 
39,861 
16,780 

38,908 
21,023 

Liquid Scintillation Counter and the Varian 
Vibrating Reed Electrometer. 

PESTICIDE RESIDUE LABORATORY 
The Pesticide Residue Laboratory received 478 
samples for complete analysis in 1983. Two 
hundred eighty-eight samples were formulations of 
carbofuran, diazinon, isoprocarb, and monocro
tophos analyzed for the Entomology Department.
The Agricultural Engineering Department sub
mitted 144 samples of paddy water and 18 samples 
of tilapia for analysis of carbofuran and Ciba-
Geigy 73102 pesticides. The remainder of the
samples were submitted by the Cereal Chemistry 

Department foranalysis ofcarbofuran and BPMC 
in Therice straw.Cereal Chemistry Department also sub-Te 316ealesri et ntthe s 
mitted 316 samples for injection into the PRL gas 
liquid chromatographs. Sixteen samples were 
adononitrile derivatives of cell wall sugars, and 
300 wereextractsfromriceplantsfordetermination 
of insect resistance factors. 

ratio in 5,391 samples of floodwater (160), soil 
(3,880), and plant extracts (1,351). PHYTOTRON

Radioisotope Laboratory. The laboratory meas- Forty research projects from 10 IRRI departmentsured 2,390 samples for 14C activity using the HP and UPLB used the phytotron in 1983. The 

http:32,889.20
http:219,281.60
http:2,267.30
http:15,094.50
http:15,412.50
http:64,821.60
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glasshouse room had the highest occupancy (93%) 
followed by the naturally lighted cabinets (87%). 
Occupancy of other environmental rooms and 
cabinets ranged from 34 to 78%. The screenhouse 
was used at full capacity throughout the year. 
About 50% of the cold room space was used to 

store RGA bulk rice seeds. The drying oven 
intended for phytotron users accommodated 114 
requests from other departments and was used 
heavily throughout 1983. 

A I-h course in Apr 1983 familiarized 31 
participants in the use of phytotron facilities. 



Publications and seminars
 
PUBLICATIONS 

Administration 
Sinha, S. K., and M. S. Swaminathan. 1983. New 

parameters and selection criteria in plant breeding. 
Pages 1-31 in P. B. Vose and S. A. Blixt, eds. 
Contemporary basis for crop breeding. Pergamon 
Press, Oxford, England. 

Swaminathan, M. S. 1983. Agricultural progress - key 
to third world prosperity. Third World Q. 5(3):553-
566. 

Swaminathan, M. S. 1983. Our greatest challenge: 
feeding a hungry world. Pages 25-46 in G. Bixler 
and L. W. Shemilt, eds. Chemistry and world food 
supplies: the new frontiers (CHEMRAWN I1), 
perspectives and recommendations. International 
Rice Research Institute, Los Bahos, Laguna, Phil-
ippines. 

Swaminathan, M. S. 1983. Relevance of protein im-
provement in plant breeding. Pages 1-23 in W. 
Gottschalk and H. P. Muller, eds. Seed proteins: 
biochemistry, geneticsand nutritive value. Martinus 
Nijhoff/ Dr. W. Junk Publishers, The Hague. 

Swaminathan, M. S. 1983. Science and the conquest of 
hunger. Concept Publishing Company, New Delhi. 
508 p. 

Swaminathan, M. S. 1983. Utilization of the rice 
biomass. Pages 194-197 in New frontiers in tech-
nology application. Tycooly International Publish-
ing Ltd., Dublin. 

Swaminathan, M. S., P. K. Gupta, and B. Sinha, eds. 
1983. Cytogeneticsofcropplants. MacMillan India 
Ltd. 591 p. 

Von Weizacker, E.V., M. S. Swaminathan, and Aklilu 
Lemma, eds. 1983. New frontiers in technology 
application. Tycooly International Publishing Com-
pany, Dublin. 271 p. 

Agricultural Economics 
Barlow, C., S. Jayasuriya, and E. C. Price. 1983. 

Evaluating technology for new farming systems: 
case studies from Philippine rice farms. Inter-
national Rice Research Institute, Los Bahios, Phil-
ippines. 

Capule, C., and R. W. Herdt. 1983. Economics of rice 
production. In Rice production manual Philippines 
(rev. ed.) University of the Philippines at Los 
BaFios. 

Chowdhury, S. Ahammed, and R. W. Herdt. 1983. 
Farm mechanization in a semiclosed input-output 
model: the Philippines. AJAE 65(3):516-525. 
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He, C., A. Te, Zhu X., S. L. Travers, Lai X., and R.W. 
Herdt. 1983. The economics of hybrid rice produc
tion in China [in Chinese]. Nongyc Jishu Jingji 9. 

Herdt, R. W., and C. Capule. Adoption, spread, and 
production impact of modern rice varieties in Asia. 
International Rice Research Institute, Los Bahos, 
Philippines. 

Mandac, A. M., and J. C. Flinn. 1983. Farm level 
management and nitrogen response of rainfed rice 
in Bicol, Philippines. Philipp. J. Crop Sci. 8(2). 

Unnevehr, L. J. 1983. The effect and cost of Philippine 
government intervention in rice markets. IFPRI 
Working Pap. 9 for the Rice Policies in Southeast 
Asia Project, December 1983. 

Agricultural Engineering 
Aguilar, A. M., E. C. Camacho, A. C. Generalla, P. B. 

Moran, J. F. Sison, Y. Tan, and J. A. Wicks. 1983. 
Consequences of small rice farm mechanization in 
the Philippines: a summary ofpreliminaryanalyses. 
Pages 151-164 in International Rice Research 
Institute/Agricultural Development Council, Inc. 
Consequences of small-farm mechanization. Los 
Bahos, Philippines. 

Bockhop, C. W. 1983. The mechanization of rice 
production in Southeast Asia: theexperienceof the 
International Rice Research Institute. In E. U. 
Weizsaecker, M. S. Swaminathan, and A. Lemma, 
eds. New frontiers in technology application. 
Tycooly International Publishing Ltd., Ireland. 

Duff, B., and P. Webster. 1983. Application of micro
computer technology in agricultural research and 
development. hi E. U. Weizsaecker, M. S. Swami
nathan, and A. Lemma, eds. New frontiers in 
technology application. Tycooly International 
Publishing Ltd., Ireland. 

Duff, B., and P. M. Kaiser. 1983. The mechanization of 
small farms in Asia. hi Proceedings of joint Ford 
Foundation/ADC seminar on Farm Power. 
Colombo. 

Juarez, F., and R. Pathnopas. 1983. Comparative 
analysis of thresher adoption and use in Thailand 
and the Philippines. Pages 119-137 in International 
Rice Research Institute/ Agricultural Development 
Council, Inc. Consequences of small-farm mech
anization. Los Bahios, Philippines. 

Maamum, Y., 1. G. P. Sarasutha, J. Hafsah, 
R. Bernsten, R. Sinaga, and J. Wicks. 1983. Con
sequences of small rice farm mechanization in 
South Sulawesi: asummary of preliminary analyses. 
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Pages 177-184 in International Rice Research 
Institute/Agricultural Development Council, Inc. 
Consequences of small-farm mechanization. Los 
Bahios, Philippines. 

Mikkelsen, K. W., and N. N. Langam. 1983. Innovation 
in the Philippine agricultural machinery industry, 
Pages 3 1-37 in International Rice Research 
Institute/ Agricultural Development Council, Inc. 
Consequences of small-farm mechanization. Los 
Bahos, Philippines. 

Saefudin, Y., H. Siswosumarto, R. Bernsten, A. Sri 
Bagyo, J. Lingard, and J. Wicks. 1983. Conse-
quences of small rice farm mechanization in West 
Java: a summary of preliminary analyses. Pages 
165-175 in International Rice Research Institute/ 
Agricultural Development Council, Inc. Conse-
quences of small-farm mechanization. Los Bahos, 
Philippines. 

Agronomy 
Amarante, S. T., and S. K. De Datta. 1982. Residual 

effectsofphosphorus fertilizer in lowland rice inthe 
Philippines. Philipp. J. Crop Sci. 7(2):117-122. 

Asher, C. J., F. P. C. Blamer, and C. P. Mamaril. 1983. 
Sulfur nutrition of tropical annual crops. Pages
54-64 in G. J. Blair and A. R. Till, eds. Sulfur in 
S. E. Asian and S. Pacific agriculture. University of 
New England, Armidale, Australia. 


Castin, E. M., J. 
 D. Janiya, P. P. lPablico, and 
K. Moody. 1983. Effect of tillage on upland rice 
weed control. Pages 327-348 in Proceeaings 9th 
Asian-Pacific Weed Science Society Conference, 
Manila, Philippines. 

Cruz, R. T., J. C. O'Toole, and K. Moody. 1983. Leaf 
water potential of weeds and rice during water 
stress. Weed Sci. 31(3):410-414. 

Cruz, R. T., J. C. O'Toole, and K. Moody. 1983. Leaf 
water potential of weeds and rice (Orvza sativa).
Weed Sci. 31:410414. 

De Datta, S. K. 1983. Fertilizers and soil amendments 
for tropical rice. Pages 175-214 in Rice productioi, 
manual Philippines (rev. ed.). University of the 
Philippines at Los Bahios College of Agriculture, 
International Rice Research Institute, Philippine 
Council for Agriculture and Resources Research 
and Development, and Ministry of Agriculture-
Bureau of Agricultural Extension. 

De Datta, S. K. 1983. Perennial weeds and their control 
in rice in the tropics. Pages 255-272 in International 
Rice Research Institute. Weed control in rice. Los 
Bafios, Philippines. 

De Datta, S. K., and R. W. Herdt. 1983. Alternative 
technology and economic assessment of weed 
control in wetland rice. Pages 359-365 in Pesticide 

chemistry: human welfare and the environment. 
Vol. 2. Natural products. Pergamon Press, 
England. 

De Datta, S. K., and R. W. Herdt. 1983. Weed control 
technology in irrigated rice. Pages 89-108 in Inter
national Rice Research Institute. Weed control in 
rice. Los Bahios, Philippines. 

De Datta, S. K., and D. V. Seshu. 1982. Evaluating rices 
for drought tolerance using field screening and 
multilocation testing. Pages 245-263 in Interna
tional Rice Research Institute. Drought tolerance 
in crops with emphasis on rice. Los Bahos, 
Philippines. 

De Datta, S. K., 1. R. P. Fillery, and E. T. Craswell. 
1983. Results from recent studies on nitrogen 
fertilizer efficiency in wetland rice. Outlook on 
Agriculture 12(3):125-134. 

Fagi, A. M., and S. K. De Datta. 1983. Physical 
properties of rainfed wetland rice soils as affected
by cropping system and crop residue management. 
Field Crops Res. 6:189-204. 

Janiya, J. D., and K. Moody. 1983. Weed growth and 
yield of two rice crops grown in sequence in three 
rainfed locations in the Philippines. Philipp. Agric. 
66:90-101. 

Kim, S. C., R. K. Park, and K. Moody. 1983. Changes in 
the weed flora in transplanted rice fields as affected 
by introduction of improved rice cultivars and the 
relationship between weed communities and soil 
chemical properties. The Res. Rep., Office Rural 
Dev. 25(c):90-97. 

Kim, S. C., and K. Moody. 1983. Comparison of some 
methodologies for vegetation analysis in trans
planted rice. Korean J. Crop Sci. 28(3):310-318. 

Kim, S. C., and K. Moody. 1983. Minimum sampling 
size and minimum quadrat number for weed data 
collection in transplanted rice. Korean J. Crop Sci. 
28(3):319-322. 

Mabbayad, M. 0., P. P. Pablico, and K. Moody. 1983. 
The effect of time and method of land preparation 
on weed populations in rice. Pages 357-368 in 
Proceedings, 9th Asian-Pacific Weed Science 
Society Conference. Manila, Philippines. 

McMennamy, J. A., and J. C. O'roole. 1983. 
RICEMOD - a physiologically based growth and 
yield model for rice. IRRI Res. Pap. Ser. 87. 33 p.

Maguling, M. A., J. C. O'Toole, R.'P. Novero, and D. P. 
Garrity. 1982. A minfed lowland yield nursery for 
drought-prone areas: testing genetic materials for 
unfavorable shallow rainfed rice environments. 
Philipp. J. Crop Sci. 7:37-43. 

Mamaril, C. P., R. R. Villapando, and J. C. Bunoan. 
1983. Sulfur in the agriculture of the Philippines. 
Pages 191-199 in G. J. Blair and A. R. Till, eds. 
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Sulfur in S. E. Asian and S. Pacific agriculture. R. Zandvoort. 1983. EWRS herbicide-soil workingUniversity of New England, Armidale, Australia. group: collaborative experiment on simazine per-Moody, K. 1983. The status of weed control in rice in sistence in soil. Weed Res. 23:373-383.'

Asia. FAO Plant Prot. Bull. 30(3/4):119-123.
 

Moody, K. 1982. Weed control in sequential cropping in
 
rainfed lowland rice growing areas in tropical Asia. Cereal Chemistry
Pages 49-62 in M. Soerjani, D. E. Barnes, and T. . Buttery, R. G., L. C. Ling, oB. . Juliano, and J. G.Robson, eds. Weed control in small farms. Asian- Turnbaugh. 1983. Cooked ricearoma and 2-acetyl-Pacific Weed Sci. Society. Biotrop Spec. Publ. 15. t-pyrroline. J. Agric. Food Chem. 31:823-826.Bogor, Indonesia. Buttery, R. G., B. o. Juliano, and L. C. Ling. 1983.Moody, K., and S. K. De Datta. 1982. Integration of Identification of rice aroma compound 2-acetyl-Iweed control practices for rice in tropical Asia. pyrroline in pandan leaves. Chem. Ind. London:Pages 37-47 in M. Soerjani, D. E.Barnes, and T.
Robson, eds. Weed control in small farms. Asian-
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Hizukuri, S., K. Shirasaka, and B. 0. Juliano. 1983.Pacific Weed Sci. Society. Biotrop Spec. Publ. 15, Phosphorus and amylose branching in rice starchBogor, Indonesia. granules. Starke 35:348-350.Moody, K., and D. C. Drost. 198 3 . The role of cropping Juliano, B. 0. 1983. Consumer acceptance and processsystems on weeds in rice. Pages 73-88 in Inter- ing characteristics of rice varieties. Pages 227-233 innational Rice Research Institute. Weed control in T. C. Yam, K. W. Liu, and F. C. Yoon. eds. Foodrice. Los Bahos, Laguna, Philippines. conference 1982. Singapore Inst. Food Sci. Tech-Moody, K., and M. T. Madrid, Jr. 1983. Rice cultivar nol., Singapore.
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thermometry. Agron. J. 75:811-817. N. Y.
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Institute. Weed control in rice. Los Bahos, La, ana,
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 Communication and PublicationsTakami, S.,andJ. C.O'Toole. 1983. Evapotranspiration Hargrove, T. R. 1983. Copublishing of agriculturalfrom irrigated rice in the tropical dry season, science in China. ACE Q. 66(4):11-18.J. Agric. Meteorol. (Tokyo) 39:191-200. Hargrove, T. R. 1983. Participating in the FrankfurtWalker. A., R. J. Hance, J. G. Allen, G. G. Briggs, Book Fair. ACE Q. 66(2):11-14.Yuh-Lin Chen, J. D. Gaynor, E. J. Hogue, Hargrove, T. R., and G. Somasekharappa. 1983.A. Malquori, K. Moody, J. R. Moyer, W. Pes- Training needs of information services in agritemer, A. Rahman, A. E. Smith, J. C. Streibig, cultural research and educational organizations inN. T. L. Torstensson, L. S. Widyanto, and Asia: a9-country survey. IRRI Res. Pap. Ser. 98. 



482 	 IRRI ANNUAL REPORT FOR 1983 

Entomology 
Argente, A. M., and E. A. Heinrichs. 1983. Residues of 

carbaryl, lindane and monocrotophos on rice 
treated for control of rice bug Leptocorisa oratorius 
(Fab.). Crop Prot. 2:361-369. 

Heinrichs, E. A., and H. Rapusas. 1983. Correlation of 
resistance to the green leafhopper Nephotetix 
virescens (Homoptera:Cicadellidae) with tungro 
virus infection in rice varieties having different 
genes for resistance. Environ. Entomol. 12:201-205. 

Heinrichs, E. A., and H. R. Rapusas. 1983. Levels of 
resistance to thewhitebackedplanthopperSogatela 

fircifera in rice varieties with different resistance 
genes. Environ. Entomol. 12:1793-1797. 

Litsinger, J. A., R. A. Apostol, and M. A. Obusan. 1983. 
White grub Leucopholis irrorata (Coleoptera: 
Acarabaidae): Pest status, population dynamics, 
and chemical control in a rice - maize crnpping 
pattern in the Philippines. J. Econ. E,,omol. 
76:1133-1138. 

Mariappan, V., and R. C. Saxena. 1983. Effect of 
custard-apple oil and neem oil on survival of 
Nephotetix virescens (Homoptera:Cicadellidae) 
and on rice tungro virus transmission. J. Econ. 
Entomol. 76(3):573-576. 

Mochida, 0. 1981. The occurrence of Nilaparvata hgens 
(Homoptera:Delphacidae) as related to the rice 
cropping in Indonesia. Zoologichesky Zhurnal 
60:1264-1267. 

Mochida, 0. 1983. Rice insect pest problems and their 
research activities in Indonesia. Nettai-Nooken-
Syunhoo 46:3449. 

Mochida, 0., S. L. Valencia, and R. Basilio. 1983. 
Evaluation of chemicals for rice insect pest control 
at IRRI. Trop. Agric. Res. Ser. 16:87-103. 

Panda, N.,and E. A. Heinrichs. 1983. Levels of tolerance 
and antibiosis in rice varieties having moderate 
resistance to the brown pLnthoppei Nilaparvata 
lugens. Environ. Entomol. 12:1204-1214. 

Saxena, R. C. 1983. Management of rice pests. Pages 
210-232 in A. Youdeowei and M. W. Service, eds. 
Pest and vector management in the tropics. 
Longman Group Limited, London. 

Saxena, R. C. 1983. Naturally occurring pesticides and 
their poten.ial. Pages 143-161 in International 
Conference on Chemistry and World Food Sup-
plies: The new frontiers. Section B - Integrated 
approaches to pest management, 6-10 Dec 1982. 

Saxena, R. C., and A. Barrion. 1983. Biotypes of the 
brown planthopper Nilaparvata hlgens (Stal). 
Korean J. Plant Prot. 22(2):52-66. 

Schmutterer, H., R. C. Saxena, and J. von der Heyde. 
1983. Morphogenetic effects of some partially 
purified fractions and methanolic extracts of neem 
seeds on Mythininaseparata(Walker) and Cnapha-

locrocis medinalis (Guenee). Zeitschrift fur ange
wandte Entomologie 95:230-237. 

International Rice Germplasm Center 
Chang, T. T. 1983. Genetic resources of rice. Outlook on 

Agriculture 12(2):57-62. 
Chang, T. T. 1982. Germplasm of rice: its utilization by 

plant breeders. Pages 35-42 in R. B. Singh and 
N. Chomchalow, eds. Genetic resources and the 
plant breeder. IBPGR, Bangkok 

Chang, T. T. 1983. Global role of the International Rice 
Germplasm Center at the International Rice 
Research Institute. Pages 57-65 in International 
Rice Research Institute and International Board for 
Plant Genetic Resources. 1983 Germplasm Con
servation Workshop. Los Bahios, Laguna, Philip
pines. 

Chang, T. T. 1983. Guidelines for the cold storage of 
orthodox crop seeds in the humid tropics. IBPGR 
Regional Committee for SE Asia Newsl. 7(2/3): 
23-26. 

Chang, T. T. 1983. The International Rice Germplasm 
Center: role and experience. Page 526 in XV 
International Congress of Genetics, Abstracts of 
Contributed papers. New Delhi, India. 

Chang, T. T. 1983. The role and experience of an 
international crop-specific genetic resources center. 
Agron. Abstr. 43. 

Chang, T. T. 1983. The origins and early cultures of the 
cereal grains and food legumes. Pages 65-94 in 
David N. Keightley, ed. The origins of Chinese 
civilization. University of California Press, 
Berkeley, Los Angeles, and London. 

Chang, T. T., and V. T. Tolentino. 1983. Seed longevity 
of three rice cultivars in three packing materials 
under six storage conditions. Agron. Abstr. 118. 

Pan, 	 Y. B., and T. T. Chang. 1983. Electrophoretic 
estimation of the genetic affinity and differentiation 
among three ecotypes of rice (Oryza sativa L.). 
Agron. Abstr. 75. 

International Rice Testing Program 
Garrity, D. P. 1983. Upland rice research: an inter

national bibliography 1965-1982. International 
Rice Research Institute, Los BaFios, Laguna, 
Philippines. 

Shrivastava, M. N., and D. V. Seshu. 1983. Combining 
ability for yield and associated characters in rice. 
Crop Sci. 23:741-744. 

Library and Documentation Center 
International bibliography of rice research. 1982 sup

plement. 
International bibliography of rice research. Cumulative 

indexes 1976-1980. 
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International directory of rice workers. 1983. Inheritance of resistance to bacterial blight in 
Morooka, K. 1983. Roles of the Japan Library Office of rice cultivar CAS 209. Phytopathology 73:1409

the International Rice Research Institute (IRRI). 1412. 
Farming Jpn. 17(5):56-61. Zapata, F. Z., G. S. Khush, J. P. Crill, M. H. Neu, R. 0. 

Theses and dissertations on riceavailable in the library of Romero, L. B.Torrizo, and M. Alejar. 1983. Rice 
the International Rice Research Institute. 1983 anther culture at IRRI. Pages 27-46 in Cell and 
supplement. tissue culture techniques for cereal crop improve

ment. Science Press, Beijing, China and Inter-
Multiple Cropping Department national Rice Research Institute, Manila, Philip-
Angus, J. F., S. Hasegawa, T.C. Hsiao, S. P. Liboon, pines.

and H. G. Zandstra. 1983. The water balance of Zheng, Kang-le, and D. J. Mackill. 1982. Effect of high
post-monsoonal dryland crops. J. Agric. Sci., Camb temperature on anther dehiscence and pollination
101:699-710. ir -ice. SABRAO J. 14:61-66.
 

Morris, R. A., H. C. Gines, and R. 0. Torres. 1983.
 
Cropping systems research in the Pangasinan Plant Pathology

project. IRRI Res. Pap. Ser. 92. 19 p. 
 Gossele, F., C. M.Vera Cruz, K. Kersters, M. Van Den

Whisler, F. D. 1983. Sensitivity tests of the environ- Mooter, T. W.Mew, J. Swings, M. DeCleene, and 
mental variables in RICEMOD. IRRI Res. Pap. J. De Ley. 1983. Three bacterial diseases on rice:
 
Ser. 88. 11 p. bacterial blight, leaf streak, and brown blotch.
 

Whisler, F. D. 1983. Sensitivity tests of the crop variables I. Genetic and phenotypic analysis of the patho
in RICEMOD. IRRI Res. Pap. Ser. 89. 9 p. gens. 11.In vitro inhibition tests and prospects for 

chemical control. Med. Fac. Landbouww. Rijk-
Plant Breeding suni,,. Gent 48/3:685-697.
Coffman, W. R., and S. S. Virmani. 1983. Advances in Horino, 0., B. H. Siwi, S. A. Miah, and T. W. Mew. 

rice technology in the People's Republic of China. 1983. Virulence of Xanthonionas campestris pv.
Pages 1-26 in R. Barker and B. Rose, eds. Agri- ori'zae isolated in Indonesia and Bangladesh.
cultural and rural development in China today. Reprinted from Annals of'the Phytopathological 
Cornell University, Ithaca, New York. Society of Japan 49(2):191-199.

Khush, G.S. 1983. Breeding rice for resistance to insects. Ling, K. C., E.R. Tiongco, and Z. M. Flores. 1983. 
15th Pacific Science Congress. Dunedin. Abstr. Epidemiological studies of rice tungro. Pages 250-
Vol. 1:125. 257 in R. T. Plumb and J. M. Thresh, eds. Plant 

Khush, G. S., and R. N. Misra. 1983. Identification of virus epidemiology. Blackwell Scientific Publica
primary trisomics of rice. XV International tions, Oxford. 
Congress of Genetics, New Delhi. Abstracts of Nuque, F. L., J. M.Bandong, B.A. E-. rada, D. B.Lapis,
Contributed Papers. Part 11:668. and C. Q. Torres. 1983. InRice production manual,

Mackill, D. J., and W. R. Coffman. 19b3. Inheritance of common diseases of rice, Part 1.Fungus diseases of 
high temperature tolerance and pollern shedding in a rice 13:276-340. 
rice cross. Z. Pflanzenzuctg. 91:61-69. Singh, R.J., G. S. Khush, and T. W.Mew. 1983. A new 

Ponnuthurai, S., and S. S. Virmani. 1983. Analysis of gene for resistance to bacterial blight in rice. Crop
yield heterosis in rice. Proc. of Pre-Congress Sci. 23:558-560. 
Scientific Meeting of XV International Congre',s of Singh, R. A., K. V. R. K. Row, F. L. Nuque, and J.P. 
Genetics. 7-9 Dec 1983. Coimbatore, India. pp. 1-2 Crill. 1983. Morphological and cytologic studies of 
(Abstr.) two isolates of Pyricularia or.vzae in relation to their 

Singh, R. J., G. S. Khush, and T. W. Mew. 1983. Anew pathogenic variability on rice. Plant Dis. 67:603
gene for resistance to bacterial blight in rice Oryza 605. 
sativa L. Crop Sci. 23:558-560. Tsuchiya, Kenichi, T. W.Mew, and S.Wakimoto. 1983. 

Virmani, S. S., and I. B.Edwards. 1983. Current status Hypersensitive reaction of cowpea leaf to infiltra
and future prospeLts for breeding hybrid rice and tion of Xanthomnonas campestris pv. oryzae. J. Fac. 
wheat. Adv. Agron. 36:145-214. Agric., Kyushu Univ. 27(3-4):189-195.

Virmani, S. S .G. S. Khush, R.C. Aquino, C. L. Casal, Yoshimura, A., T. W.Mew, G. S. Khush, and T. Omura. 
and P. A. Aurin. 1983. Potentials and problems of 1983. Inheritance of resistance to bacterial blight in 
heterosis breeding in rice. Proc. XV International ricecultivarCas209. Phytopathology73:1409-14' 
Congress of Genetics, Nev Delhi, India. 12-21 Dec
 
1983. p. 648 (Abstr.) Plant Physiology


Yoshimura, A., T.W. Mew, G. S.Khush, and T. Omura. Ando, T., S. Yoshida, and I. Nishiyama. 1983. Nature of 
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oxidizing power of rice roots. Plant and Soil 
72:57-71. 

Chang, T. T., and B. S. Vergara. 1982. Diversidad segun 
las variedades y caracteristicas morfoagronomicas 
del arroz de temporal. Pages 76-96 in Arroz de 
temporal. Investigaciones sobresalientes. Consejo 
Nacional de Ciencia y Tecnologia, Mexico. 

De Datta, S. K., and B. S. Vergara. 1982. Climas de las 
regictnes con arroz de temporal. Pages 14-27 in 
Arroz de temporal. Investigaciones sobresalientes. 
Consej( Nacional de Ciencia y Tecnologia, Mexico. 

Vergara, B. S. 1982. A farmer's primer on growing rice 
[Oriya translation]. Directorate of Agriculture. 
Food production. Orissa, India. 221 p. 

Vergara, B. S.1983. A farmer's primer on growing rice 
[Gujarati translation by R. M. Jantrania]. 229 p. 

Vergara, B. S.1983. A farmer's primer on growing rice 
[(second) Thai translation by A. Tootow and 
S. Awakul]. Thaiwathanapanith, Thailand. 221 p. 

Vergara, B. S. 1983. Plant growth and development. 
Pages 38-58 in Rice production manual. Rev. ed. 
Philippines. 

Yoshida, S., and S. ".asegawa. 1982. The rice root 
system: its development and function. Pages 98-114 
in International Rice Research Institute. Drought 
resistance in crops with emphasis on rice. Los 
Bahos, Philippines. 

Yoshida, S., and H. 1. Oka. 1982. Factors influencing 
rice yield, production potential, and stability. Pages 
51-70in International Rice Research Institute. Rice 
research strategies for the future. Los Bahos, Phil-
ippines. 

Yoshida, S., and M. Ogawa. 1983. The application of 
tissue culture-induced mutagenesis to crop i'iprove-
ment. Tech. Bull. 73, FFIC, ASPAC, Taiwan. 

Yoshida, S., M. Ogawa, K. Suenaga, and H. C. Ye. 1983. 
Induction and selection of salt-tolerant mutant rices 
by tissue culture - recent progress at IRRI. Pages 
237-254 in Cell and tissue culture techniques for 
cereal crop improvement. Science Press, Beijing, 
China, and International Rice Research Institute, 
Manila, Philippines. 

Zapata, F. J., G. S. Khush, J. P. Crill, M. H. Neu, R. 0. 
Romero. L. B. Tor.izo, and M. Alejar. 1983: Rice 
anther culture at iRR!. Pages 27.36 in Cell and 
tissue culture techniques for cereal crcp improve-
ment. Science Press, Beijing, China, and Inter-
national Rice Research Institute, Manila, Philip-
pines. 

Soil Chemistry/Physics 
McCartney, H. A., and T. Woodhead. 1983. Electric 

charge, image-charge forces, and the deposition of 
pesticide drops. Pestic. Sci. 14:49-56. 

Ponnamperuma, F. N. 1983. The chemistry of sub
merged soils. Current Contents ( 14(22): 18. 

Ponnamperuma, F. N. 1983. Improving the productivity 
of problem rice lands. Pages 47-55 in L. W. Shemilt, 
ed. Chemistry and world food supplies: the new 
frontiers. CHEMRAWN 1I.Pergamon Press. 

Soil Microbiology 
Barraquio, W. L., J. K. Ladha, and I. Watanabe. 1983. 

Isolation and identification of N,-fixing Pseudo
monas associated with wetland rice. Can. J. Micro
biol. 29:867-873. 

Barthakur, H.P.,T. Aziz, and 1.Watanabe. 1983. Effect 
of rice straw application on the activity of algae in 
rice fields. J. Indian Soc. Soil Sci. 31:146-147. 

Benckiser, G., .. C. G. Ottow, S. Santiago, and 

I. Watanabe. 1983. Eisentoxizitat -- Einflub einer 
P-, K-, Ca-, und Mg-Dungung auf Rhizoflora, 
Redoxpotential und Eisenaufnahme bei ver
schiedenen Reissorten (Ory'za sativa L.). (Iron 
toxicity - Influence of P-, K-, Ca-, and Mg
fertilization on rhizoflora, redox potential and iron 
uptake by different rice varieties (Oryvza sativa L.). 
Landwirtsch. Forsch. 36:285-299. 

Gowda, T. K. S., and 1. Watanabe. 1983. Autora
diogiaphic technique for screening chemolitho
tophic hydrogen-utilizing bacteria. Can. J. Micro
biol. 29:1081-1086. 

Grant, I. F., A. C Tirol, T. Aziz, and 1.Watanabe. 1983. 
Regulation of invertebrate grazers as a means to 
enhance biomass and nitrogen fixation of Cya
nophyceae in wetland rice fields. Soil Sci. Soc. Am. 
J.47:669-675. 

Ito, 	 0., 1. Watanabe, and G. A. Peters. 1983. The 
relationship between nitrogen fixation and com
bined nitrogen uptakes in Azolla [in Japanese]. Soil 
and Microorganisms 25:57-61. 

lto, O., and I. Watanabe. 1983. The relationship between 
combined-nitrogen uptakes and nitcogen fixation 
inAzolla-Anabaenasymbiosis. New Phytol. 95:647
654. 

Kikuchi, M., and I. Watanabe. 1983. Use of Azolla as 
green manure for tropical rice culture - its 
economic potentiality and technical constraints [in 
Japanese]. Nogyo Sogo Kenkyu 37(4):71-121. 

Ladha, J. K., W. L. Barraquio, and I. Watanabe. 1983. 
Isolation and identification of nitrogen-fixing 
Enterobacter cloacae and Klebsiella planticola 
associated with rice plants. Can. J. Microbiol. 
29:1301-1308. 

Ottow, J. C. G., G. Benckiser, I. Watanabe, and 
S. Santiago. 1983. Multiple nutritional stressas the 
prerequisite for iron toxicity of wetland rice (Oryza 
sativa L.). Trop. Agric. (Trinidad) 60(2):102-106. 
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Tung, H. F., and I. Watanabe. 1983. Accumulation of Watanabe, L.,and N. S. Berja. 1983. The growth of four 
ammonium-N and amino-N in the Azolla- species of Azolla as affected by temperature. 
Anabaena association. Plant Soil 73:413-419. Aquatic Bot. 15:175-185. 

Tung, H. F., and 1. Watanabe. 1983. Differential Watanabe, I., and P. A. Roger. 1983. Ecology of N2 
response of Azolla-Anabaena associations to high fixing microorganisms in paddy soils [in Japanese]. 
temperature and minus phosphorus treatments. Pages 31-53 in Japan Soc. Microbial Ecology. 
New Phytol. 93(4):423-431. Microbial ecology -- dynamics and its regulation. 

Uozumi, T., W. L. Barraquio, P. L. Wang, F. Murai, K. Vol. II. Japan Academic Publication Center, 
S. Chung, and 1'. Beppu. 1983. Plasmids and nif Tokyo.
 
genes in rhizobia and nitrogen-fixing bacteria in the
 
rhizosphere of rice. Pages 314-319 in Y. Ikeda and
 
T. Beppu. eds. Proc. I\th International Symposium Statistics 
Genetics of Industial Microorganisms. Kodansha, Gomez, A. A., and K. A. Gomez. 1983. Multiple 
Tokyo. cropping in the humid tropics of Asia. International 

Ventura, W., and I. V/atanabe. 1983. 'N dilution tech- Development Research Centre, Ottawa, Canada. 
technique of assessing the contribution of nitrogen 248 p.
 
fixation to rice plant. Soil Sci. Plant 
 Nutr. Gomez, K. A. 1983. Measuring potential productivity on 
29(2):123-131. small farms: a challenge. Pages 571-585 in Inter-

Watanabe, 1. 1983. Improvement of rice culture in national Statistical Institute. Proceedings of the 
tropical Asia and living conditions of farmers [in 44th session of the International Statistical Institute, 
Japanese]. Life Sci. 10(4):1-8. Madrid, Spain. 
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SEMINARS 

The seminars held at I RRI during 1983 are grouped as Thursday seminars, Saturday seminars, and special seminars. 
The Saturday seminars report ongoing IRRI research. Unless otherwise stated, the speakers were staff members. 

Thursday seminars
 
Enem:.s of biological nitrogen fixation from molecular to ecological level. Dr. 1. Watanabe.
 
Adaptation of germinating rice to submergence. Dr. H. Greenway, plant physiologist, School of Biological Sciences,
 

University of Sussex, UK. 
A method forclassifying and evaluating environments forselection. Dr. K. Brown, deepwater rice breeder, Research 

Management International, Kalimantan, Indonesia. 
Improvement of postharvest facilities and systems and progress in grain protection. Mr. N. Teter, Technical Team
 

Member, SEARCA Post-Harvest Research and Development Program, Los Bahos, Laguna, Philippines.

Degradation of pesticides in flooded soils. Dr. S. Kuwatsuka, professor ofsoil science, Nagoya University, Chikusa,
 

Nagoya,Japan.
 
Training needs of information services in agricultural research and educational organization in Asia: a 9-country 

survey. Dr. G. Somasekharappa, postdoctoral fellow, Communication and Publications Department. 
This is CIMMYT. Ms. L. Ainsworth, head, Visitors and Conference Service, CIMMYT. 
Returning (pest) control to villagers: the FAO intercountry I PC(rice) programme. Mr. P. Kenmore, liaison-training 

officer, FAO, Philippines. 
Slide wars: my slide isbetter than yours. Mr. E. P. Hettel (visiting editor) and Mr. W. H. Smith, Communication and 

Publications Department. 
Radar as an aid to the study of insect flight. Dr. J. R. Riley, head, COPR Radar Unit. 
Analysis of the genetic structure of Orvza sativa L. by isozymes study. Dr. J. C. Glaszmann, postdoctoral fellow, 

Plant Breeding Department. 
Breeding for salinity resistance in rice - a physiologist's view. Dr. T. J. Flowers, Agronomy Department, University 

of Western Australia, Australia. 
Integrated organic farming. Dr. G. D. Para, Iloilo City.
 
Do's and don't in rat controi. Mr. 0. G. Santos.
 
The physiological responses and agronomic importance of leaf expansion to water deficits in sunflower. Dr. N. C.
 

Turner, visiting scientist, Agronomy Department. 
What can sunflower teach rice about withstanding water stress. Dr. N. C. Turner, visiting scientist, Agronomy 

Department. 
Response of four leafhoppers and planthoppers to ti.. .e volumes and rates of monocrotophos. Dr. S. Alam, senior 

research fellow, Entomology Department. 
Plant chemicals and insect resistance. Dr. D. Dale, senior research fellow, Cereal Chemistry Department. 
New deep placement applicators for minimum N transfer to floodwater. Dr. A. U. Khan. 
Mechanization of agriculture in l, NAM countries. Prof. A. C. Pandya, project manager, RNAM, Los Bahos, 

Philippines. 
Fun wilh fungi: Peronosclerospora sorghi and the three S's of Thai culture. Dr. J. M. Bonman. 
Monitoring and simulation of Asian corn borer populations. Dr. J. A. Jackman, pest forecasting specialist, NCPC, 

UPLB, Laguna. 
Plant protoplast culture: its applications in agriculture. Dr. F. J. Zapata. 
Pest management on the IRRI farm. Mr. T. J. Perfect, visiting scientist, Entomology-COPR. 
IRRI's physics activity. Dr. T. Woodhead. 
The Himalayas from Vedic to present time and its influences on life. Dr. B. S. Shahu, senior research fellow, Plant 

Breeding Department. 
Management of fishponds in acid sulfate soils. Dr. V. P. Singh, Fisheries Departni. .A, UP in the Visayas, Iloilo, 

Philippines. 
How to manage your time. Ms. G. Rivera, director, In Touch Foundation, Makati, Metro Manila. 
Risk and technology: iseconometrics relevant to biological scientists? Dr. J. Smith, postdoctoral fellow, Agricultural 

Economics Department. 
The long-range dispersal of plant viruses by arthropod vectors. Dr. J. M. Thresh, deputy head, Plant Pathology 

Department, East Malling Research Station, Maidstone, Kent, England. 
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Ecological model of malnutrition. Dr. M. Nube, programme officer and visiting associate professor in human 
nutrition and foods, UPLB-FN P, College, Iaguna. 

Rice nematode diseases. Dr. .i. Bridge, CAB Tropical Plant Nematology Adviser, Commonwealth Institute of 
Parasitology, St. Albans, Herts, UK. 

Factors affecting agricultural growth in Asia experience of the last decade. Dr. V. S. Vyas, IDRC senior research 
fellow, Asian Development Bank, Manila. 

A cultural anthropological approach to agricultural decision making by farmers. Dr. A. Polak, visiting 
anthropologist, Agricultural Economics )epartment. 

Computers: who needs them? An introduction to computer basics. Ms. 1.B.Wood, consultant, IRTP and Computer 
Center. 

Los Bafios: the special university zone. Mr. A. 0. Nocon, municipal mayor, Los Bahos, Laguna. 
Consumer demand for grain quality. Dr. L. .1. Unnevehr, research associate, Agricultural Economics Department. 
Genetic evaluation for insect resistance in rice. l)r. E. A. Heinrichs. 
Advances in dryland crop improvement work at the Institute of Plant Breeding. Dr. R. M. I.:ntican, director, 

Institute of Plant Breeding, College, L.aguna. 
Agroclimatology, typhoon, and food production. Dr. L. R. Oldeman, visiting scientist, Itultiple Cropping 

Department. 
The effect of plant spacing on the response to plant selection. Dr. T. Kramer, Institute of Plant Breeding, Wageningen 

Agricultural University, The Netherlands. 
Mimosine: biocidal properties and mechanisms of toxicity. Dr. E. M. T. Mendoza, research biochemist, Institute of 

Plant Breeding, UPI.B. 
Technology transfer . the Philippine outreach program. Dr. D. M. Wood. 
Crop protection in the Philippines. Dr. F. F. Sanchez, director, National Crop Protection Center, UPI.B. 
Agricultural equipment for the Philippines: dryers, fertilizer applicators, reduced tillage equipment, and other 

ptiorities. l)r. R. E. Stickney. 
Maximal utilization of rice straw for food and feeds through mushroom cultivation. Dr. T. H. Quimio, associate 

professor, Plant Pathology )epartment, UPI.B. 

Saturday seminars 
Inheritance of and breeding strategies for blast resistance. Dr. Hak-Soo Suh, postdoctoral fellow, Plant Breeding 

Department. 
Inoculation of N,-fixing bacteria to lowland rice. Dr. Lin Chang, research scholar, Soil Microbiology Department. 
Cytogenetical and electrophoretic study on the relationship among aus, bulu, and upland rices (Oryrza saliva L.). 

Mr. Chu-Chi Ren and Mr. Pan Yong-Bao (research scholars) and l)r. T. T. Chang, Plant Breeding 
Department. 

rhe role of analytical service laboratories in rice research. Ms. R. Castro. 
Preliminary tests of a low-cost paddy dryer utilizing rice hulls. Dr. B. Shukla, postdoctoral fellow, Agricultural 

Engineering Department. 
Problems and solutions in the analysis of survey data: a Philippine case study. Ms. P. Lim. 
Performance of a common metering device for prilled, forestry-grade, and supergranular urea fertilizer. 

Mr. E. Bautista, research scholar, Agricultural Engineering l)epartment. 
Status of chemistry-entomology cooperative study on the chemical basis of rice plant resistance to stem borer and 

brown planthopper. Dr. B. 0. .luliano. 
Problems and potentials of rice straw utilization as animal feed. Dr. D. B. Roxas., assistant professor, Institute of 

Animal Science, UPI.BCA. 
Inheritance of resistance to planthoppers and Icafhoppers in rice. Mr. E. R. Angeles, Ms. E. H. Bacalangco, and 

Dr. G. S. Khush. 
Current status of hybrid rice research at IRRI. Dr. S. S. Virmani. 
Movement and distribution of deep-placed nitrogen in wetland rice. Ms. W. N. Obcemea and Dr. S. K. De Datta, 

IRRI, and Dr. F. E. Broadbent, professorof soil microbiology, )epartment of L.and, Air,and Water Resources, 

University of California, Davis, California. 
Adaptation of food legumes to waterstress using the line source sprinkler system. Dr. R. K. lPandey, senior research 

fellow, Multiple Cropping I)epartment. 
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Influence of bed soil upon the use of soil-bearing seedlings in the I R RI manual transplanter. U Mya Thein, research 
scholar, Agricultural Engineering Department. 

Comparisons of rice simulation models RICEMOD and IRRIMOD. Dr. F. D. Whisler, visiting scientist, Multiple 
Cropping Department.
 

Tropical wheat cultivation technology for the post-rice crop. Mr. S. P. Liboon.
 
Collaborative research on rice-based cropping systems in Asia. Dr. V. R. Carangal.

Utilization of hydrogen by N,-fixing bacteria associated with wetland rice. Dr. T. K. Gowda, postdoctoral fellow, 

Soil Microbiology Department.
Methods of studying blue-green algae in the paddy field. Dr. P. A. Roger, visiting scientist, Soil Microbiology 

Department.
 
Dual culture of rice and azolla. Mr. R. Oliveros.
 
Green leafhopper resistance in rice. Ms. H. Rapusas.

Sampling and insecticide management for rice hoppers and their predators. 
 Dr. F. 0. Carifho, Dr. V. A. Dyck,

Dr. 0. Mochida, Dr. S. Alam (senior research fellow), Mr. T. J. Perfect (visiting scientist), and Mr.S. de Sagun, 
Entomology Department.

Mass screening of rices for drought resistance at flowering stage. Mr. R. P. Novero, Dr. J. C. O'Toole, Mr. R. T. 
Cruz, and Dr. D. P. Garrity.

Neem oil and neem extracts as potential insecticides for control of hemipterous rice pests. J. von der Heyde, research 
fellow, Entomology Department. 

Factors affecting population development in the brown planthopper. Dr. A. G. Cook, visiting scientist, Entomology 
Department.
 

Rice seed health tests. Mr. S. D. Merca.
 
Rice tungro disease as influenced 
 by fertilizer nutrition and the effect of seed oils on insect vector transmission. 

Dr. V. Mariappan, postdoctoral fellow, Plant Pathology Department. 
RGSV 2  a strain of rice grassy stunt virus. Mr. P. Q. Cabauatan.
 
Experiment with sheath rot of rice. Mr. Ken-Chang Chuke, research fellow, Plant Pathology Department.

A comparative assessment 
of three irrigation subsystems at Central Luzon: a progress report. Mr. A. Valera, 

Mr. D. M. Cablayan, Mr. M. M. Alagcan, and Dr. A. C. Early.
Farmer cooperation for efficient allocation-distribution of water in irrigation systems. Mr. G. Dozina. 
Economic impact of irrigation on rice production in Camarines Sur: the case of the LCPIS. Ms. P. Moya, Ms. M. A. 

Lantican, and Dr. S. I. Bhuiyan.
Rainfed rice production in Tarlac, Philippines. Mr. P. B. Masicat, Mr. V. P. Marciano, and Dr. J. C. Flinn. 
Cropping patterns farmers grow and why they choose them. Mr. R. F. Rahola, Ms. A. L. Frio, and Dr. E. C. Price. 
Risk aversion and the fertilizer gap. Ms. G. Umali. 
Effect of zinc fertilization on the mineral nutrition of rices differing in tolerance to zinc deficiency. Mr. M. T. Cayton, 

Dr. E. D. Reyes (director for research, UPLB), and Dr. H. U. Neue. 
Risk and fertilizer use on rainfed rice in Bicol, Philippines. Dr. J. Smith, Ms. G. Umali, Dr. M. Rosegrant, and Mr. A. 

M. Mandac. 
A study of some characteristics of five coastal saline soils in relation to their suitability for rice production. Mr. R. Y. 

Reycs, Mr. G. M. Panaullah (research fellow), and Dr. H. U. Neue, Soil Chemistry/ Physics Department.
Influence of salinity of water regime on the chemical changes and growth of rice in a coastal peat soil. Mr. G. R. 

Jayaweera (research scholar) and Dr. H. U. Nene, Soil Chemistry/ Physics Department.
Update on ammonia volatilization and the role of urease inhibition in increasing N use efficiency. Ms. E. V. Flordeliz,

Mr. E. G. Castillo, Ms. M. del Rosario, Dr. 1. R. Fillery, and Dr. S. K. De Datta. 
Rice ratooning. Dr. J. S. Chauhan (postdoctoral fellow) and Dr. B. S. Vergara, Plant Physiology Department.
Progress of rice anther culture at IRRI. Dr. F. J. Zapata. 
Constraints to rice yields in farmers' fields. Mr. F. Garcia, Mr. W. Abilay, Jr., and Mr. J. Alcantira. 
Physiological analysis of heterosis in rice. Dr. M. Yamauchi (postdoctoral fellow) and Dr. S. Yoshida, Plant 

Physiology Department. 

Special seminars 
Human dimensions of irrigation water delivery systems for small farmers in the Philippines. Dr. F. T. Rivera, dean, 

Graduate Studies, Central Luzon State University, Mufioz, Nueva Ecija. 
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Progress and problems in the use of tissue culture to obtain stress-tolerant cereals. Prof. M. W. Nabors, Tissue 
Culture for Crops Project, Department of Botany and Plant Pathology, Colorado State University.
 

Breaking the yield barrier in rice. Dr. M. S. Rahman, postdoctoral fellow, Plant Physiology Department.
 
Science and religion at IRRI. Dr. R. W. Herdt.
 
Tissue culture studies on rice and other crops. Prof. G. M. Reddy, professor and head, Department of Genetics,
 

Osmania University, Hyderabad, India.
 
Biotechnology's impacts in agriculture: a socioeconomic perspective. 
 Dr. M. Kenney, research associate, Cornell
 

University, Ithaca, New York, USA.
 
The new agriculture: a view from the 21st century. Dr. S. G. Wittwer, director, Agricultural Experiment Station, and
 

associate dean and professor of horticulture, College of Agriculture and Natural Resources, Michigan State
 
University, East Lansing, Michigan.
 

Nitrogen and water stress interactions in simulated rainfed wetland rice. Mr. J. L. Padilla, Dr. J. C. O'Toole, Dr. 1. R.
 
Fillery, and Dr. S. K. De Datta.
 

The International Rice Research Institute  a progress report. Dr. M. S. Swaminathan.
 
Terrace planning criteria for various slopes and soils. Mr. P. Jacobson, consulting engineer (formerly conservation
 

engineer, Soil Conservation Service, USDA).
 
China review. Dr. H. Hanson, former director general, CIMMYT, Mexico.
 
IR varieties in India. Dr. S. S. Nagarajan, chief agricultural economist, Tractors and Farm Equipment Limited,
 

Madras, India. 
Tourist spots in the Philippines. Mrs. B. Montfort, chief, Circulation Department, Ministry of Tourism; and PAL 

representative. 
Status of mycology. Prof. C. V. Subramanian, Centre for Advanced Study in Botany, University of Madras, India. 
Some reflections of a liaison scientist. Dr. J. Ritchie Cowan, IRRI liaison scientist for Indonesia and Malaysia. 
Agricultural development and human fertility. Prof. S. Stokes, rural sociologist, Pennsylvania State University.
Genetic resources  an overview. Dr. J. G. Hawkes, emeritus professor of botany, the University of Birmingham, 

Department of Geological Sciences. 
Acid sulphate soils in Thailand. Mr. J. F. Osbjorne, soil chemist, ODA, Acid Sulphate Soils Improvement Project, 

c/o Soil Analysis Division. Department of Land Development, Bangkhen, Bangkok, Thailand. 
Somaclonal variation in celery: selection for resistance to Fusarhm oxvsporum f. sp. apii. Dr. L. Rappaport, 

chairman, Department of Vegetable Crops, University of California, Davis, California, USA. 
Biology of insects and their evolution, with special reference to seasonal activities of field crickets, Dr. S. Masaki, 

entomologist, Hirosaki University, Aomori Prefecture, Japan. 
Precision spaced planter for exact numeric planting of all kinds of seeds. Mr. W. Betzwar, export manager, F. Walter 

& H. Wintersteiger KG, Exportburo, A-1037 Wien, Austria. 
Applications of plant tissue culture in agricultural research. Dr. M. R. Sondahl, manager, Tropical Plant Genetics, 

DNA Plant Technology Corporation, New Jersey.
Gene organization and regulation in the quinic acid (QA) gene cluster of Neurospora crassa. Prof. N. H. Giles, 

Callaway professor of genetics, Department of Molecular and Population Genetics, University of Georgia, 
Athens, Georgia. 

Application of plastics for agriculture. Mr. M. Parthasarathy, member, Indian National Committee for Plastics in 
Agriculture, Madras, India. 

Green revolution in Punjab, India. Dr. K. S. Gill, director of research, Punjab Agricultural University, Ludhiana, 
India. 

Global view of agricultural research. Dr. W. T. Mashler, senior director, Division for Global and Interregional 
Projects, UNDP. 

Effect of straw incorporation on growth and yield of rice in three soils. Dr. M.W. Thenabadu (senior research fellow), 
Ms. M. C. Robielos, and Dr. H. U. Neue, Soil Chemistry/Physics Department.

Source, time, and placement of fertilizer N and P for rice. Dr. R. B. Diamond, visiting scientist, Agronomy 
Department. 
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Finances 

Summary of financial support to IRRI core and special projects received In 1983.a
 

C o re
 

Unrestricted Restricted Special Projectsb T o t a I 

U.S. Agency for International Development 
Japanese Government 
Canadian International Development Agency 
United Nations Development Programme 

International Fund for Agricultural 


Development
 
Ministry of Overseas Development, UK 

Australian Government 

Federal Republic of Germany 

International Bank for Reconstruction & 


Development 
Government of Sweden 
Asian Development Bank 
Government of Saudi Arabia 
International Development Research Centre 
International Centre of Insect Physiology & 

Ecology 
Ford Foundation 
Government of Belgium 
Government of Denmark 
Government of India 
Swiss Federal Council 
Government of the Philippines 
Rockefeller Foundation 
Government of the Netherlands 
International Food Policy Research Institute 
International Fertilizer Development Center 
Government of Spain 
Government of New Zealand 
Others 

T o t a I 

$ 5,520,278.00 

1,242,722.50 
-
-

975,810.00 
635,448.00 
533,728.59 
420,000.00 

370,605.82 
-

300,000.00 
-

-

150,000.00 
142,558.45 
129,282.48 
122,748.00 

-
105,396.63 
100,000.00 

-
-

-
25,000.00 
16,387.50 

-

$10,789,965.97 

$ 
3.331,292.10 

-

1,490,700.00 
1,700,000.00 

-
-
-
-

-
-
-

186,400.00c 
61,906.00c 

-
-
-
-

120,510.97c 
-

-
75,000.00 

-
-
-
-
-

$6,965,809.07 

$1,891,133.69 $ 7,411,411.60 
300,511.51 3,631,803.61 

1,756,492.82 2,999,215.32 
289,143.00 1,779,843.00 

- 1,700,000.00 

- 975,810.00 
- 635,448.00 

7,528.00 541,256.59 
- 420,000.00 

- 370,C05.82 
326,500.00 326,500.00 

- 300,000.00 
110,385.36 296,785.36 
205,707.66 267,613.66 

70,800.00 220,800.00 
- 142,558.45 
- 129,282.48 
- 122,748.00 
- 120,510.97 
- 105,396.63 
- 100,000.00 
- 75,000.00 

68,733.19 68,733.19 
65,201.19 65,201.19 

- 25,000.00 
- 16,387.50 

305,590.87 d 

$5,092,136.42 $23,153,502.33 

aReceipts are accounted for on a cash basis. 'Includes funds received from the International Centre of Insect Physiology and Ecology, 
International Food Policy Research Institute, and International Fertilizer Development Center in support of collaborative re,!e3arch
arrangements. CTransferred Projects startiog 1983 "Other donors were the Third World Foundation, 1982 Third World Prize to IRRI,
$100,000.00; Office of Rural Development, Korea. $70,000.00- International Board for Plant Genetic Resources, $55,418.20; National Food and
Agriculture Council, $29,204.23; Philippine Council for Agriculture and Resources Research and Development, $11,591.64; United Nations 
Environment Programme, $8,876.80, International Potash Institute and Potash and Phosphate Institute, $8,000.00; Ciba-Geigy, $5,000.00; 
Monsanto, $3,500.00; Stauffer Chemical Con.pany, S3,000.00. SKTrostberg Aktiengesellschaft, $3,000.00; FMC International, $3,000.00; 
American Cyanamid Overseas Corporation, $2,000.00; Walt Disney Production Scholarship Fund, $2,000.00; KenoGard, $1,000.00. IRRI also
received the following donations in kind. IBM Philippines provided IRRI the exclusive use of an IBM 4331 computer system for 4yr beginning
1983. USAID donated excess property of an indeterminable value. Honda Philippines, Inc. donated 8 Honda engines and Marsson Industrial
Corp. donated 5Briggs and Stratton engines. In 1983, the governments of France (ORSTOM) and the Netherlands provided the Institute with 
visiting scientists; the value of their service cannot be quantified. 
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Staff changes 
Januar)r 	 Dr. Gun Sik Chung, rice breeder, Office of Rural 
Dr. 	Felix N. Ponnamperuma, principal soil chemist, Development, Korea, completed his assignment as 

began a 9-1/2 mo sabbatic leave to work on a visiting scientist with the Plant Breeding Depart
monograph, "Soil Health and Rice Growth." ment. 

Dr. Terence Woodhead, former head, Physics Depart- Dr. Bienvenido 0. Jiliano, chemist, began a I-yr 
ment, Rothamsted Experimental Station, joined sabbatic leave partly at the University of California, 
the IRRI staff as physicist. Berkeley, and at SEARCA. 

Dr. Dennis M. Wood, former senior scientific officer, Ms. Rebecca C. Pascual, manager, Food and Housing 
National Academy of Sciences, joined the IRRI Services, began a 6-mo sabbatic leave at the 
staff as crop production specialist. International Management Institute in Geneva and 

Dr. Ian F. Grant, of Boyce Thompson Institute, began a at the Food Services Department, Virginia Poly
I-yr assignment as visiting associate soil micro- technic Institute and State University, USA. 
biologist, Soil Microbiology Department. 

Prof. Harold C. Conklin, anthropologist, Yale Univer- Ma* 
sity, joined IRRI as honorary visiting research Dr. Keith Moody, agronomist, completed his I-yr 
associate. sabbatic leave at the Weed Research Organization, 

Dr. Elvis A. Heinrichs, entomologist, completed a 6-mo England.
 
sabbatic leave at the University of Nebraska.
 

Dr. Leonard R. Oldeman of the Soil Survey Institute at June 
Wageningen was granted a 2-yr extension of his Di. Marlin G. Van Der Veen, formerly with lADS, 
assignment as visiting scientist at the Multiple Nepal,joined the I RRI staff as network economist, 
Cropping Department. Agricultural Economics Department. 

Dr. Alan C. Early, associate agricultural engineer, 
March Irrigation Water Management, resigned. 
Dr. Robert E. Huke, professor of geography, Dartmouth Mr. Michel Arraudeau, IRAT plant breeder, joined the 

College, completed a 3-mo assignment as visiting Institute staff as visiting scientist. Plant Breeding 
scientist, Agricultural Economics Department. Department. 

Dr. 	Albert A. Polak, senior scientist, Agricultural Dr. Neil C. Turner, principal research scientist, CSIRO, 
University of Wageningen, joined IRRI as visiting completed his assignment as visiting scientist, 
scientist, Agricultural Economics Department. Agronomy Department. 

Mr. 	Malcolm M. Hammond, agricultural engineer, Dr. Frank D. Whisler, professor of soil physics, Missis-
USAID/ Indonesia, joined IRRI as agricultural sippi State University, completed his assignment as 
engineer with the Cooperative IRRI/ Burma Pro- visiting scientist, Multiple Cropping Department. 
ject. Dr. Jerry Maranville, professor of agriculture and 

Dr. Masao Kikuchi, associate agricultural economist, natural resources, University of Nebraska-Lincoln, 
resigned. completed his assignment as visiting scientist under 

Mr. Marvin L. Nafziger, associate agricultural engineer, the IPB/IR R I collaboration. 
resigned. 

Ms. 	 Posalind M. Wilson, magazine editor of Target, July 
Living Media India Limited, worked as consultant Dr. lwao Watanabe, soil microbiologist, began a 6-mo 
with the Communication and Publications Depart- sabbatic leave at the University of Sussex, England. 
ment. Dr. Robert W. Herdt, agricultural economist, resigned 

and joined the CGIAR Secretariat. 
April Dr. V. Seshu Durvasula, plant breeder, began a I-yr 
Dr. Seung-Chan Lee, head cf the Plant Pathology sabbatic leave at Cornell University. 

Department, Office of Rural Development, Korea, Dr. Howard H. Hagerman, of Lyman Briggs College, 
began a 2-yrassignment as visiting plant pathologist Michigan State University, completed his assign
with the Plant Pathology Department. ment as visiting communication specialist. 

Dr. John A. Wicks, associate agricultural economist, Dr. Mark Rosegrant, IFPRI, arrived to work on the 
Agricultural Engineering Department, resigned. ADB/IFPR /I R RI collaborative project. 
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August 
Mr. Walter C. Tappan, formerly with USAID/Indo-

nesia, joined IRRI as liaison scientist for Indonesia 
and Malaysia. 

Dr. 	Billy J. Cochran, formerly with Louisiana State 
University, joined IRRI as agricultural engineer in 
the IRRI Cooperative Projects with the Ministryof 
Agriculture and Cooperatives, Thailand. 

September 
Dr. 	Don Roberts of Boyce Thompson Institute com

pleted his assignment to the collaborative IRRI/ 
BTI Project, Entomology Department. 

Dr. Mark Rosegrant, IFPRI, completed his work on the 
ADB/IFPRI/ IRRI collaborative project. 

Dr. E A. Siddiq, formerly with ICAR, joined the 
Institute as plant breeder with the Cooperative 
Project in the Arab Republic of Egypt. 

Dr. Dioscoro L. Umali, former assistant director general 
of FAO, joined IRRI as consultant to serve as 
IRRI's liaison scientist in China. 

Dr. J. Ritchie Cowan, liaison scientist for Indonesia and 
Malaysia, resigned. 

Dr. Ram K. Pandey, IITA agronomist/ breeder, joined 
IRRI as visiting scientist. 

Ms. Rebecca C. Pascual, manager, Food and Housing 
Services, completed a 6-mo sabbatic leave at the 
International Management Institute in Geneva and 
at the Food Services Department, Virginia Poly-
technic Institute and State University. USA. 

Atty. Zosimo Q. Pizarro, senior administrative associate, 
left for a 6-mo study leave in the USA to develop a 
patent policy for the Institute. 

October 
Dr. Foster Cady, adjunct professor, Cornell University, 

joined IRRI as visiting scientist, International Rice 
Testing Program. 

Dr. 	Cristina C. David, formerly with the Philippine 
Institute of Development Studies, joined IRRI as 
agricultural economist, Agricultural Economics 
Department. 

Dr. Felix N. Ponnamperuma, principal soil chemist, was 
granted a 2-1/2 mo extension of his sabbatic leave. 

November 
Dr. Gerhild Boje-Klein, University of Bonn, Federal 

Republic of Germany, joined IRRI as visiting 
associate soil chemist, Soil Chemistry Department, 
under the IRRI/GTZ Special Project Collabora
tion. 

Dr. Leo Dale Haws, formerly with Boston University, 
Center for the Management of Agricultural Devel
opment, rejoined IRRI as rice production training 
specialist with the IRRI/Egypt Collaborative 
Project. 

December 
Dr. 	Ray B. Diamond, IFDC, completed his 1-1/2 yr 

assignment as visiting scientist, Agronomy Depart
ment. 

Mr. Eugene P. Hettel of Iowa State Universitycompleted 
a I-yr assignment as visiting associate editor, 
Communication and Publications Department. 

Dr. Robert E. Huke, professor of geography, Dartmouth 
College, returned as visiting scientist, Agricultural 
Economics 1epartment. 



CROP WEATHER 493 

Crop weather
 
Total 1983 rainfall was 1,695 mm, almost 300 mm mbars, lowland) and dropped to about 15 mbars in 
below normal for Los Baios. The rainy season the rainy season at both sites.
 
lasted from June to October compared to the 
 Wind speed was higher in DS, averaging 1.8 
normal May to December. July was exceptionally m/s, compared to .25 m/s during WS and was 
wet with 651 mm of rain, 339 mm of which was higher in the upland farm than in the lowland.
 
received within 48 h from a severe typhoon. DS 
 Because of higher temperatures, vapor pressure
lasted from 25 Jan to 29 May, during which only I deficit, and wind speeds in the upland farm during
d had more than 3 mm rain. DS, its evaporation was higher from February to 

Maximum temperatures at the upland site May than in the lowland farm. The highest
ranged from 35.6°C in May to 28.5°C in Decem- monthly total value was 251 mm in the upland
ber. Those at the lowland site averaged about farm and 215 mm in the lowland in May. During
1.50 C lower. The highest temperature was on 28 WS, monthly values dropped to about 110 mm at 
May (37.30 C) at the upland farm. Minimum both sites. Anr.ual evaporation in the upland farm 
temperaturesat the upland site ranged from 19.8oC was 1,961 mm compared to 1,783 mm in the 
in February to 24.60 C in June; those at the lowland lowland.
 
farm averaged about 0.50C higher. The lowest 
 Although 17 tropical disturbancez entered the 
temperature was 15.2'C oil 8 Feb at the upland Philippines' area of responsibility, only one 
site. typhoon (code-named Bebeng) directly affected 

Total radiation reached peak values in April and the IRRI farm. Maximum rainfall was 55 mm in 
May (about 600 mWh/cm 2 per d) and gradually I h and wind speed averaged 10 m/s over a 6-h 
dropped below 300 mWh/cm2 per d in December. period. Individual wind gusts were considerably
Sunshine averaged 9 h/d from February to May higher. Serious damage to buildings, infrastructure, 
and decreased to only 3 h/d in December. and crops resulted. 

Mean RH was lowest in Apr-May(65%, upland; Table I shows the monthly summary of the 
72%, lowland) and was about 80% during the rainy major parameters. Figure I shows the highlights of 
season. Vapor pressure deficit increased to 35 the data. 
mbars in May in the upland farm at midday (29 

° aTable 1. Monthly weather data at IRRI, Los Bafios (14°30'N, 121 15'E), Laguna, Philippines, 19 83 . 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Rainfall (mm/mo) 62 2 5 b 32 194 651 155 158 384 36 16 1695Normal rainfall (mm/mo) 41 18 28 32 180 237 282 255 264 238 257 160 1991Total radiation (mWh/cm 2 395 540 545 57U 5/0 520 475 435 435 360 365 290 460 
per d)

Bright sunshine (h/d) 5.2 9.3 8.6 9.4 8.9 7.4 5.3 5.0 4.5 3.5 4.4 2.8 6.2 
Upland farmMax temp (C) 29.3 32.0 33.5 34.4 35.6 34.1 31.9 31.3 31.6 30.3 30.0 28.5

Min temp (°C) 21.7 19.8 21.6 23.0 24.1 24.6 24.2 24.1 24.0 23.9 22.9 22.3 
31.9 
23.0Lowest RH (%) 63 44 45 40 39 49 60 62 60 65 59 59 54Highest vapor pressure deficit 15.1 26.6 28.5 32.6 35.5 27.3 18.9 17.4 18.6 15.1 17.4 15.9 22.4 

(mbars)
Wind speed (m/s) 1.7 1.8 1.8 2.1 2.0 1.8 1.4 1.5 1.2 1.2 1.5 2.2 1.7Total evaporation (mm/mo) 118 174 213 246 251 188 158 139 132 107 120 115 1961 

Lowland farmMax temp (C) 28.8 30.2 31.6 32.8 33.9 33.4 31.5 31.4 31.6 30.4 29.4 27.3 31.0Min temp (0C) 22.0 20.5 22.0 23.1 24.0 24.9 24.5 24.2 24.4 24.1 23.2 22.4 23.3Lowest RH (%) 64 49 53 46 46 53 63 62 61 67 64 60 57Highest vapor pressure 14.3 21.9 21.9 26.9 28.6 24.2 17.1 17.5 18.1 14.3 14.8 14.5 19.5 
deficit (mbars)

Wind speed (ri/s) 1.6 1.6 1.5 1.7 1.5 1.4 1.3 1.1 1.0 1.1 1.5 1.9 1.4Total evaporation (mm/mo) 115 149 177 211 215 181 158 136 132 110 108 91 1783 
aAgrometeorological Station "Upland" is always surrounded by upland crops. Agrometeorological Station "Lowland" is
always surrounded by lowland rice. bTrace. 
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I. Highlights of 1983 weather at IRRI, Los Bahos, Philippines. 


