


2 June 2002

Contents

The International Rice Research Notes (IRRN) expedites communication among scientists concerned with the development of improved

technology for rice and rice-based systems. The IRRN is a mechanism to help scientists keep each other informed of current rice research

findings. The concise scientific notes are meant to encourage rice scientists to communicate with one another to obtain details on the

research reported. The IRRN is published twice a year in June and December by the International Rice Research Institute.

27.1/2002 International Rice Research Institute

IRRI home page: http://www.irri.org

Riceweb: http://www.riceweb.org

Riceworld: http://www.riceworld.org

IRRI Library: http://ricelib.irri.cgiar.org

IRRN: http://www.irri.org/irrn.htm

International Rice Research Notes

MINI REVIEW

Copyright International Rice Research Institute 2002

June 2002

Plant breeding

5

18 23

25

Bhutan-IRRI Project:
Local tradition meets
modern know-how
J. Gorsuch

The spt1 locus for sept-pistillate spikelet mutant
in rice
Li Rongbai and M.P. Pandey

Quantitative trait loci controlling steamed-rice
shape in a recombinant inbred population
Yanjun Dong, Yunfei Zheng, Eiji Tsuzuki, and
Hiroyuki Terao

Prospects of two-line hybrid rice breeding
in Tamil Nadu, India
A.P.M. Kirubakaran Soundararaj, P. Thiyagarajan,
S. Arumugachamy, and A. Jawahar Ali

Single recessive genetic female sterility in rice
D.S. Lee, L.J. Chen, W.G. Ha, and H.S. Suh

26

Origin of cytoplasmic genes of Brazilian upland
rice cultivars
E.F. Silva, A. Ando, and E.A. Veasy

Screening for rice root system and grain yield
simultaneously by single-tiller approach
R. Venuprasad, H.E. Shashidhar, and
S. Hittalmani

10

11 The impact of modern varieties on rice
production and farmers’ income in Laos
S. Shrestha, K. Goeppert, M.A. Bell, and
K. Douangsila

Impact from research and collaboration
with the national agricultural research and
extension systems: a brief overview
S. Shrestha and M.A. Bell

Impact from 25 years of collaboration
with Myanmar
S. Shrestha and M.A. Bell

13

16

19

21

22

Aleurone thickness and its relation to patterns of
breakage of rice caryopsis during cooking
A.B. Nadaf and S. Krishnan

Pusa 1121: a rice line with exceptionally high
cooked kernel elongation and basmati quality
V.P. Singh, A.K. Singh, S.S. Atwal, M. Joseph,
and T. Mohapatra

Magat, a wetland semidwarf hybrid rice for high-
yielding production on irrigated dryland
T. George, R. Magbanua, M. Laza, G. Atlin, and
S.S. Virmani

Genetic resources

29 31 Dhan Laxmi and Richharia, very early rice
varieties released in Bihar, India
T. Thakur, A.K. Singh, R.S. Singh, N.K. Singh,
S.B. Mishra, M. Mishra, U.K. Singh, J.N. Rai, and
V.K. Chaudhary

WEB NOTES

30

Photo by Gene Hettel



3IRRN 27.1

33

35

37

42

45

46

43

52

Influence of root characteristics on rice produc-
tivity in iron-rich lateritic soils of Kerala, India
A.T. Bridgit and N.N. Potty

Effects of temperature on fertility and seed set
in intersubspecific hybrid rice
Lu Chuangen, Wang Cailin, Zong Shouyu,
Zhao Lin, and Zou Jiangshi

Nucleotide cytokinins are more efficient than
their free-base counterparts in promoting rice
seedling growth
C.L. Chan and M.S.Tung

Maintaining predawn leaf water potential in two
upland rice cultivars during drought stress and
recovery
N. Trillana, R. Chaudhary, T. Inamura, and
T. Horie

Effect of transplanting spacing and number of
seedlings on productive tillers, spikelet sterility,
grain yield, and harvest index of hybrid rice
A.K. Verma, N. Pandey, and S. Tripathi

Evaluation of seed vigor of lowland selected rice
in Makurdi, Nigeria
M.O. Adeyamo and T. Vange

48

Pelalu Vadlu—a fine-grained gall midge-tolerant
rice variety
C.P. Rao, M. Ganesh, T. Pradeep, T.N. Rao,
B. Ragaiah, N.N. Reddy, C.S. Raju, K.R. Tagore,
M. Jayaprakash, T.S. Rao, V.R. Rao, L.K. Reddy,
N.S. Reddy, P.S.S. Murthy, P.R. Reddy,
and M. Balram

34

Pest science & management

Efficiency and profitability of an IPM package
against insects, blast, and nematodes in irrigated
rice
K.B. Kaboré, D. Dakouo, and B. Thio

Golden apple snail damage in Philippine Seed
Board rice varieties
M.S. de la Cruz, R.C. Joshi, and A.R. Martin

Relation of golden apple snail size to rice
seedling damage in transplanted
and direct-seeded rice cultivation
R.C. Joshi, M.S. de la Cruz, A.R. Martin,
A.V. Duca, and E.C. Martin

41

51

49

39

38 Performance of new plant type prototype rice
lines against caseworm (Nymphula depunctalis
Guenée)
D. Sharma, J. Mishra, B.S. Thakur, and
M.P. Janoria

Characterization of rice sheath rot from Siniloan,
Philippines
B. Cottyn, H. Barrios, T. George, and
C.M. Vera Cruz

Relationship among abundance of yellow stem
borer moths, egg population, and egg parasitism
in rice
S. Manju, D. Thangaraju, and P.M.M. David

Soil, nutrient, & water management

Genotypic response to aluminum toxicity
of some rice
I. Baggie, F. Zapata, and N. Sanginga

Relative efficacy of organic manure in improving
milling and cooking quality of rice
Y.S. Prakash, P.B.S. Bhadoria, and
Amitava Rakshit

Crop management & physiology

Drum seeding of sprouted rice seed in a farmer’s
field: an economic analysis
Nagappa, N. Dronavalli, and D.P. Biradar

Socioeconomics

54

NOTES FROM THE FIELD56



4 June 2002

J.K. Ladha takes over                editorship

Dr. Jagdish K. Ladha, soil nutritionist at the Crop, Soil, and Water Sciences Division (CSWS)
of IRRI, took over the editorship of the IRRN this year from Dr. Michael Cohen. Dr. Cohen,
who served as the first editor-in-chief since the establishment of a scientific editorial board
in 1998, left IRRI in February. The editorial board, composed of IRRI scientists, oversees
the development and production of the journal. With an editorial board, a more balanced
and up-to-date coverage of developments in rice science is envisioned, with a correspond-
ing improvement in the quality and consistency in the IRRN manuscript review process.

Dr. Ladha, from India, specializes in soil fertility, plant nutrition, biological N
2
 fixa-

tion, and rice-wheat systems. He first worked at IRRI as a postdoctoral fellow in 1980-83.
In 1984, he joined the Institute as an associate soil microbiologist, becoming soil microbi-
ologist in 1989, and soil nutritionist in 1999. His current research responsibility is rice-

wheat research in South Asia. He brings with him a wealth of experience in his field and in international publishing. He is
the regional editor of Biology and Fertility of Soils and sits in the editorial board of Nutrient Cycling in Agorecosystems
(Netherlands), Japanese Journal of Soil Science and Plant Nutrition, and the Indian Journal of Microbiology.

The new IRRN editor-in-chief is a recipient of the Young Scientist Award, Indian National Science Academy (1977);
Fellowship Award, Association of British Commonwealth Universities (1977); Chair, Commission on Soil Biology of Inter-
national Union of Soil Science (1998); Plaque of Recognition, Mariano Marcos State University and the Rainfed Lowland
Consortium, Batac, Philippines (1999).

Dr. Ladha obtained his PhD in soil microbiology from Banaras University in 1976 where he also did his postdoctoral
fellowship. From 1977 to 1978, he worked as a postdoctoral fellow at the University of Dundee, Scotland.

Dr. Cohen, on the other hand, was instrumental in instituting many of the changes in the content, format, and
operation of IRRN during the transition period. He joined IRRI in 1994 as an associate entomologist, specializing on insect
host plant resistance and resistance management. He became an entomologist in 1998.
Concurrently, he had also been serving as an adjunct assistant professor at the College of
Agriculture, University of the Philippines Los Baños since 1995.

He obtained his AB in biology (cum laude) from Colgate University in New York in
1982; MSc in biological sciences from Simon Fraser University, British Columbia, Canada
in 1985; and his PhD in entomology from the University of Illinois at Urbana-Champaign in
1991. He served as teaching assistant at the Simon Fraser University, University of Illinois at
Urbana-Champaign, and postdoctoral research associate at the University of Arizona.

The other new members of the board include Dr. Gary Jahn, entomologist, Entomol-
ogy and Plant Pathology Division; and Stephen Morin, anthropologist, Social Sciences
Division.

Editorial Board

Jagdish K. Ladha, Editor-in-Chief

Gary Jahn (pest science and management)
Zhikang Li (plant breeding; molecular and cell biology)
Stephen Morin (socioeconomics; agricultural engineering)
Bas Bouman (soil, nutrient, and water management;

environment)
Edwin Javier (genetic resources)
Shaobing Peng (crop management and physiology)

Production Team
Katherine Lopez, Managing Editor

Editorial
Bill Hardy and Tess Rola

Design and layout
CPS design team, Arleen Rivera

Artwork and cover design
Grant Leceta

Word processing
Arleen Rivera
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MINI REVIEW

The small landlocked kingdom of Bhutan has a stunningly beautiful terrain of moun-
tains and trees, and a colorful Buddhist culture. It also faces a challenge that is
even larger than the nearby Himalayas: it must feed a population that is growing

at about 3% y–1. Food security is a key element in the Bhutan-IRRI Project, a successful
collaboration among Bhutan’s national agricultural research and extension system
(NARES), Canadian donor International Development Research Centre (IDRC), donor
Swiss Agency for Development and Cooperation (SDC), and the IRRI.

Bhutan-IRRI Project:
Local tradition meets modern know-how

J. Gorsuch, IRRI   E-mail: j.gorsuch@cgiar.org, j_gorsuch@hotmail.com

Achievements of the Bhutan-IRRI Project

1. Founded a national agricultural research system
2. Created a growing base of trained Bhutanese researchers and extensionists
3. Increased the access of Bhutanese farmers to new technology
4. Began screening rice varieties for blast resistance
5. Diversified the Bhutanese diet
6. Intensified cropping to produce higher yields of food items
7. Established links to governments and organizations around the world
8. Generated a growing body of research literature on agriculture in Bhutan
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The challenge
Population growth and food security in Bhutan
Bhutan’s king, His Majesty King Jigme Singye
Wangchuck, has always had a strong personal in-
terest in problems that affect his country. He is in-
terested in agriculture, which has a tremendous im-
pact: it provides a livelihood for about 79% of the
population and contributes about 37% of the gross
domestic product or GDP. Bhutan’s high rate of
population growth (about 3% y–1) is of further in-
terest; it increases the demand for food.

In 1983, the Royal Government of Bhutan re-
quested a project proposal from international orga-
nizations. In response, IDRC and IRRI submitted a
project proposal titled “Rice Farming Systems Re-
search” that aimed to build the capacity of Bhutan
for rice research. Acceptance of this proposal set in
motion a remarkable process.

Given the kingdom’s high rate of population
growth, Bhutan must continue to increase food pro-
duction. The limited availability of cultivable land
is a significant challenge to this goal. Also, migra-
tion of Bhutanese from the farm to the city creates a
labor shortage on the farm and a need for more
human resource development to keep up with the
changing job market. Bhutan plans to meet these
challenges by continuing its research on water use,
agricultural productivity, soil fertility, and forest
management within the context of the country’s in-
tegrated farming systems.

Training
Building upon Bhutan’s knowledge base
Many generations of Bhutanese have studied
abroad. Bhutan has lacked in-country facilities to
train agricultural scientists, but, in recent years, it
has overcome numerous obstacles to human re-
source development. Since the project’s inception
in 1984, the project has trained 40 Bhutanese re-
search and extension staff in short-term nondegree
courses at IRRI. Another 200 Bhutanese agricultur-
ists have participated in short-term nondegree IRRI
courses in Bhutan. These activities have greatly as-
sisted Bhutan in building a knowledge base to con-
duct its own agricultural research and development.

Until the early 1990s, a shortage of university-
trained personnel within the kingdom to teach at
the tertiary level meant the absence of a Bhutanese
national university or other centralized training fa-
cility. “A lot has changed since the mid-90s when
we sent large batches of people out for diploma and
certificate courses,” noted Sangay Duba, program

director of the Renewable Natural Resources Re-
search Center (RNRRC)-Bajo.

By 1999, an important change in trend was tak-
ing place: increased self-reliance for education and
training in Bhutan. The kingdom had begun to of-
fer in-country training with Bhutanese instructors.
In addition to the nondegree IRRI courses, one-time
in-country training courses have taught extension
staff to carry out germplasm collection and preser-
vation. At agricultural conferences and workshops
outside Bhutan, Bhutanese agriculturists have en-
hanced their skills and developed international col-
laboration in agricultural research. Participants in
these courses, conferences, and workshops have
brought the latest technical knowledge directly to
Bhutanese farmers.

Farmer involvement
Learning from farmers’ expertise
Since 1984, the Bhutan-IRRI Project has created a
closer partnership among farmers, extension staff,
and agricultural researchers in Bhutan. Farmer in-
put has been invaluable to extensionists and re-
searchers. The first Bhutanese researchers were pio-
neers, says Sangay Duba. No one in the world at
that time had experience doing exactly what the
Bhutanese were setting out to do: establish a re-
search system within Bhutan’s unique local condi-
tions.

Pirthiman Pradhan and Ganesh Chettri began
their agricultural research careers in Bhutan, right
out of college. Right away, they encountered diffi-
culty when they designed experiments in the field.
“[Both of them (Pirthiman and Ganesh)] had theory
but no experience,” says Sangay Duba. “[They] had
studied experimental designs for flat areas. Here [in
Bhutan] we have small terraces. How to base a trial
on such topography is a problem.” Eventually, the
researchers learned to tailor their research trials to
the local conditions.

Few people knew as much as local farmers did
about local conditions. Direct contact between farm-
ers and trained agricultural specialists forged a par-
ticularly important information link. Most of the
country’s farmers lacked reading and writing skills,
knowledge of the English language, telephones,
electricity, and access to literature that could help
them produce more food.

Farmers provide information that helps the
agricultural ministry to understand and document
local farming practices and preferences, and to al-
low for a better fit among farmer needs, extensionist
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expertise, and researcher goals. The Bhutanese gov-
ernment also serves as a resource in screening new
technologies, thus helping farmers to adopt prac-
tices and inputs that are best suited to their priori-
ties.

Local committees provide the main medium
through which farmers give their input. By encour-
aging the use of a village’s social infrastructure to
communicate and solve problems, the renewable
natural resource (RNR) sector of Bhutan is setting
in place activist farmers. Active community involve-
ment and the necessary resources can only improve
the ability of a local group to realize its vision for
the future.

The teamwork of farmers, extensionists, and
researchers during the blast epidemic in 1995 shows
the cooperation and communication that the three
groups have built over the years. Today, farmers
provide vital information to researchers through
their involvement in Gaynekha Field Days and
other efforts to study the blast pathogen.

A specific problem
The 1995 blast epidemic in Bhutan
Rice blast disease is the most destructive disease of
rice and exists in virtually all rice-growing coun-
tries. “Blast” describes affected fields, which appear
to have been “blasted” by a flamethrower. The dis-
ease is caused by the fungus Pyricularia grisea and
can affect all aboveground parts of the rice plant.

Bhutan’s first recorded outbreak of rice blast
swept through the higher elevations (1,800–2,700 m)
in 1995. The epidemic affected just under 730 ha of
rice and resulted in the loss of nearly 1,100 metric t
of rice. Hundreds of farmers lost their entire rice
crop that year and risked having no seeds to plant
in 1996 because of having no harvest in 1995.

Scientists from IRRI went to Bhutan to iden-
tify the cause of the epidemic and find ways to pre-
vent future outbreaks. Bhutan had already begun
to assess the damage as well as options for alleviat-
ing the losses of farmers. Visiting scientists helped
to develop strategies that would prevent such out-
breaks in the future.

One positive outcome of the crisis was that the
Ministry of Agriculture (MoA) and the RNR sector
in Bhutan proved capable of responding effectively.
In addition to damage assessment, the MoA formu-
lated a long-term strategy to contain any future
epidemics of rice blast. The shuttle breeding pro-
gram, begun in 1987 in collaboration with IRRI, had

identified promising lines for medium- and high-
altitude rice environments in Paro.

Planning and implementation of this strategy,
along with the introduction of new vegetable crops,
have helped Bhutan to improve the kingdom’s food
security. Not only have farmers increased domestic
yields of rice, they have also diversified their diet.

Improved varieties
More food, less poverty
Initially, the Bhutan-IRRI Project looked at Bhutan’s
agricultural research development from a rice-as-
commodity perspective. As the project progressed,
in addition to working on varietal improvement of
rice, it looked at cropping patterns––what farmers
grew, how they grew it, and when.

Not long ago, daily Bhutanese meals consisted
almost exclusively of chilies, soft cheeses, and
maize. A family also would eat the local short-grain
red rice if it had grown enough. Occasionally, an
egg and some chicken, pork, beef, or yak meat also
spiced up the meal. Today, there are many addi-
tional options, thanks to changes in cropping pat-
terns and new varieties of staple plants.

How did this cropping revolution begin? Re-
searchers and extensionists encouraged crop diver-
sification to improve soil health and increase food
production. The diversification of crops brought
about improved types of food––radishes, bulb on-
ions, aubergines, potatoes, tomatoes, beans, and
many other foods––that farmers could sell locally
or in Thimphu, the capital city. Market forces, asso-
ciated with the buying and selling of this food, be-
gan the transformation of Bhutan from a bartering
system into a cash-based economy.

Perhaps Mr. Dorji, a local farmer, best sums
up the recent changes in Bhutan’s cropping patterns:
“The total yield from the farm and total income for
the farmer have increased.” With such tangible ben-
efits for the farmer, it seems likely that more farm-
ers will diversify the types of food they grow and
eat, and build a stronger market economy and a
brighter future for their children.

Home-grown improved varieties
Increasing rice yield in Bhutan
The RNRRCs have been working toward the goal
of increasing Bhutan’s self-sufficiency in rice pro-
duction. Because of the country’s steep terrain and
other factors, it is not possible to increase the area
of rice. However, it is possible to increase yield by
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growing rice more intensively on existing area by
using improved high-yielding varieties.

In 1984, researchers began to introduce and test
improved high-yielding varieties from other coun-
tries such as Nepal and the Republic of Korea, which
had similar climates. They also collected, evaluated,
and preserved several local varieties of rice. Farm-
ers liked the option of trying out new varieties in
their fields because it was relatively nondisruptive
to their longstanding practices.

In 1985, Bhutan and IRRI began the shuttle
breeding program. Bhutan sent germplasm (seeds/
plant material) of its local varieties to the Philip-
pines, where IRRI plant breeders crossbred them
with improved varieties and sent back F2 seeds for
field evaluation and selection in Bhutan.

After using more than 40 traditional Bhutanese
varieties as parents, the shuttle breeding program
produced a lot of materials. By 1992, researchers in-
troduced and evaluated 5,440 varieties at various
research stations in Bhutan. Less than one-third of
the materials were found to contain the sought-af-
ter traits, but Bhutan now had a germplasm resource
base upon which to build.

The year 1999 marked a milestone in Bhutan’s
rice improvement efforts. Through the rice varietal
improvement breeding program at the RNRRCs,
Bhutan formally released four promising lines for
cultivation in mid-elevation (700–1,500 m) valleys.
These are the first-ever high-yielding varieties that
were developed entirely within Bhutan. Some lines
are the result of crosses between IR64––the most
widely grown rice variety in the world––and local
red and white rice varieties.

The table compares yield performance in on-
farm trials of the new lines with a control group of
farmers’ local varieties. On average, improved lines
yielded 23% higher than the local checks, and
helped the Bhutanese to combine new research with
local preference.

Linkage
Bhutan shares tools and ideas
with international organizations
For decades, agricultural scientists have based their
research efforts on their best estimate of the needs
of farmers. A one-way flow of information from re-
searcher to farmer produces technology that is not
always useful to farmers. Today, more two-way dia-
logues are happening at the individual and organi-
zational levels. The Bhutan-IRRI Project helps the
Royal Government of Bhutan (RGoB) to understand
and articulate the needs of farmers, extensionists,
and researchers. The kingdom now has valuable
connections with donor agencies and governments
that are interested in basing agricultural research
on a better understanding of the needs of farmers.

Externally funded development efforts sup-
port the ability of Bhutan’s research team to reach
farmers by funding a particular research center in
the kingdom. RNRRC-Khangma receives support
from the International Fund for Agricultural Devel-
opment (IFAD). RNRRC-Jakar receives backing
from a project for livestock research in central
Bhutan, funded by the SDC, a major donor to the
Bhutan-IRRI Project. RNRRC-Yusipang receives
support from an SDC endeavor for forestry research.

Additional resources come from externally
funded projects that round out the resource base
for RNRRC-Bajo’s research in Lingmuteychu wa-
tershed. The Water Management Research
Programme (WMRP) has been funded by the Neth-
erlands Development Organization (SNV) and has
built a foundation for water management upon
which the Bhutan-IRRI Project has been able to
build. The nationwide Horticultural Development
Project, assisted by the United Nations Develop-
ment Programme, links with RNRRC-Bajo to sup-
port its research on fruits such as citrus, stone fruit,
and others. This research promises to help local
families manage their land more sustainably.

Grain yield (t ha–1) of released varieties in farmers’ field trials, 1995-98.

% yield increase
over local check

Bajo Maap-1 6.0 5.6 7.1 7.0 6.4        19.6
Bajo Maap-2 6.8 6.6 4.9 6.3 6.1        14.2
Bajo Kaap-1 7.2 5.8 6.8 7.1 6.7        25.6
Bajo Kaap-2 6.8 6.8 7.8 7.2 7.2        33.4
Local check varietiesa 5.8 5.3 5.0 5.3 5.4 –

aVariety names: Zakha, Tan Tshering, local Maap, local Kaap. Source: Improved Rice Varieties Released for the Medium-Altitude Valleys of Bhutan.

Breeding line/variety 1995 1996 1997 1998   Mean
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Community-based natural resource management
Environmental protection through teamwork
Now that Bhutan has resources in place to sustain
its own  RNR research system, decisionmakers can
foster a localized, grassroots approach to solve the
country’s natural resource problems. The kingdom
continues its quest for long-term sources of fund-
ing, but the RNRRC network is a powerful testa-
ment that the leadership of Bhutan now has a foun-
dation upon which it can build and bring more
knowledge and resources into local communities.

Community-based natural resource manage-
ment (CBNRM) centers scientific investigations on
a well-defined local area, which minimizes logisti-
cal problems during research. Localized studies
strengthen farmer participation, support a more
interdisciplinary approach to research, and reinforce
linkages among farmers, extensionists, and re-
searchers. The goal of this approach is to understand
better the interaction between resources and users
on the scale of a watershed, as well as the interac-
tion between and use of off-farm and on-farm re-
sources.

In 2000, a community forestry planting was
part of the Bhutan-IRRI Project’s effort to protect
the nation’s natural resources and to understand
better the role they play in the integrated farming
systems. At the Lingmuteychu watershed, about 55
local villagers and researchers planted seedlings of
several varieties of native trees: poplar, oak,
Leucaena, and pine. These seedlings offer hope for
restoration of this badly degraded area and prom-
ise to rehabilitate the land over the long term so that
it can provide a livelihood for future generations.

Conclusions
The kingdom of Bhutan has priceless assets: the
uniqueness of its culture and the beauty of its natu-
ral resources. At the same time, it faces an urgent
challenge: provide enough food to keep pace with
a population growth rate of about 3% y–1.

To help Bhutan meet this challenge, the IDRC-
and SDC-funded Bhutan-IRRI Project has worked
to build the capacity of the NARES by promoting
the following practices: training, farmer involve-
ment, improved varieties, new cropping practices,
linkages with international organizations, and
CBNRM. Since 1984, Bhutan has increased its rice
yield, developed its in-country expertise, diversi-
fied its daily diet, and begun its shift from a barter-
ing system to a more market-based economy.

Bhutan’s continuing transformation demon-
strates how much change the country has under-
gone in a fairly short time. In just 18 years, Bhutan
has learned to combine landmark scientific break-
throughs, such as improved rice varieties, with its
own century-old practices for sustainable resource
management. The country has also successfully
built up its capacity for the creation and dissemina-
tion of rice research. Bhutan’s progress is certain to
inspire developing countries and donors to use both
local tradition and modern know-how to meet the
day-to-day needs of our world’s people.
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The Fertilizer Advisory, Development
and Information Network for Asia
and the Pacific
http://www.fadinap.org

The Fertilizer Advisory, Development and In-
formation Network for Asia and the Pacific
(FADINAP) web site was launched in 1997 to
provide information in the Asia and the Pacific
region on a wide range of fertilizer-related top-
ics. It features several databases and directories:
the Agrochemicals Bibliographic Database, a di-
rectory of Sources of Fertilizer-related Informa-
tion, Database on Pesticides and the Environ-
ment, and Fertilizer Statistics. FADINAP’s bib-
liographic database is probably the first and
only online database with special emphasis on
fertilizer. It contains more than 8,000 citations
and abstracts of publications related to fertil-
izer and crop protection in Asia and the Pacific.
The online fertilizer directory contains more
than 2,000 addresses of organizations involved

in the fertilizer industry. The database on Pesti-
cides and the Environment is comprehensive on
aspects of pesticides used and their effects on the
environment and human and animal health in se-
lected countries in Asia. Fertilizer Statistics is a
ready statistical reference on fertilizer indicators
such as consumption, production, imports, and ex-
ports. This statistical database is also linked to the
statistical databases of the Food and Agriculture
Organization (UN FAO), Asian Development Bank
(ADB), International Fertilizer Industry Associa-
tion (IFIA), World Bank (WB), Economic and So-
cial Commission for Asia and the Pacific (ESCAP,
Thailand), International Monetary Fund (IMF),
and United Nations Industrial Development Or-
ganization (UNIDO, Austria). Time-series data on
monthly retail prices in selected Asian countries
and current trends of f.o.b. prices of fertilizer are
also available for free.

The site also offers information exchange and
communication tools for agriculture profession-
als and other stakeholders in the fertilizer sector
in the region such as a virtual library of electronic
documents with search and document submission
facilities. It allows users to post electronic docu-
ments to the Web site for immediate sharing with
other users. News concerning the fertilizer and
agrochemicals sector in Asia and the Pacific can
also be found. The site also contains a buy-and-
sell bulletin board that creates a virtual fertilizer
market allowing users to post advertisements to
purchase or sell fertilizer products/services free
of charge. It also contains links to Web sites of aca-
demic, research, and government institutions and
international and regional organizations and cen-
ters related to the fertilizer sector.
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The rice production systems of the Lao PDR have undergone dramatic changes in
the last decade. These changes include cultivation of rice in the dry season and
widespread adoption of modern rice varieties (MVs). These factors have contrib-

uted to a 53% increase in production—from 1.5 million t in 1990 to 2.3 million t in 2001—
or an annual increase in rice production of almost 5%. These increases have enabled the
Lao PDR to attain national self-sufficiency in rice despite a high (2.7% y–1) population
growth rate (Shrestha 2002).

The Lao-IRRI Research and Training Project, established in 1990, was a catalyst for
increasing rice production in Laos during the 1990s.  The goal of the project was to assist
the government of Laos in increasing rice production to achieve self-sufficiency on a sus-
tainable basis. It had the broad-based mandate to improve rice production systems by
undertaking research and to enhance the skills of the national scientists to support and
undertake such activities. These activities were undertaken in collaboration with the Lao
National Rice Research Program (NRRP).  In a short period, technology packages were
developed, consisting of 10 Lao modern rice varieties (LMVs) with improved crop man-
agement practices. The project also recommended the use of other modern varieties
(OMVs) such as the Thai-improved RD varieties available from across the border (Lao-
IRRI 2000). To assess the farm-level impact of these varieties and technology packages, a

The impact of modern varieties on rice
production and farmers’ income in Laos

S. Shrestha, IRRI; K. Goeppert, Lao-IRRI Project, Vientiane, Lao PDR; M.A. Bell, IRRI; and K. Douangsila,
Lao-IRRI Project, Vientiane
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survey was conducted in three main rice-produc-
ing regions (Champassak and Savannakhet prov-
inces, Vientiane Municipality) in April 2002. The
results presented here are based on national-level
data and the farm survey. In all, 240 households—
with 80 households from each region—were sur-
veyed.

Adoption of MVs
Modern varieties were planted on 81% of the rice
area surveyed.  All rice area in the dry season and
74% of the wet-season rice area were planted to MVs
(Table 1). The LMVs dominate in the dry season.

Yield difference
Both the LMVs and OMVs substantially outyielded
the traditional varieties (TVs), while the LMVs
outyielded the OMVs (Table 2). LMVs have 66%
more yield than TVs. The yield advantage of LMVs
over OMVs is 24%.

Difference in farmers’ income
Costs and returns associated with different catego-
ries of rice varieties are presented in Table 3. The
net return of LMVs is the highest despite the in-
creased cost of production. Farmers’ net income
increased by 23% with the adoption of LMVs, rep-
resenting an increase of $75 ha–1. With the adoption
of OMVs, farmers’ income increased by only $19
ha–1. The farmers who grew LMVs were able to ob-
tain an additional income of about $56 ha–1 relative
to those who grew OMVs.

The lowland rice area in Laos in 2001 was
588,000 ha. Using the adoption rate of LMVs esti-
mated earlier (36%), the total increase in farmers’
income relative to the TVs is thus estimated to be
$16 million y–1.
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Table 1. Area planted to traditional and different types of modern
varieties.

Percentage of rice area
Variety typea

Wet season Dry season Total

Lao-IRRI MVs 29.4 59.9 35.8
Other MVs 46.1 40.1 44.8
    Total MVs 75.5 100.0 80.6
TVs 24.5 – 19.4
    Total 100.0 100.0 100.0

aMVs = modern varieties, TVs = traditional varieties.
Data source: Field survey 2002.

Table 2. Percentage difference in yield between traditional and
modern varieties.

Region OMVs/TVs LMVs/TVs LMVs/OMVs

Champassak 20.5 42.2 18.0
Savannakhet 22.2 54.2 26.2
Vientiane 71.0 102.1 18.2
Three regions 37.9 66.2 20.8

TVs = traditional varieties, OMVs = other modern varieties, LMVs = Lao-IRRI modern
varieties.

Table 3. Farm household budget ($ ha–1).

% increase in production value

LMVs/TVs OMVs/TVs LMVs/OMVs

Gross value 280.3 332.4 394.6 40.8 18.6 18.7
Paid out cost 19.6 53.7 72.9 271.1 173.4 35.7
Net value 260.7 278.7 321.7 23.4 6.9 15.4

TVs = traditional varieties, OMVs = other modern varieties, LMVs = Lao-IRRI modern varieties.

TVs                           OMVs                             LMVs
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World rice production has increased from 240 million t in 1966 to 599 million t in
2000, equivalent to an increase of 150%. This growth in production needs to
continue to meet the demands of an ever-increasing population and the nutri-

tional requirements of the poor. Future production gains need to be achieved with less
agricultural resources such as land, water, and labor, and on a sustainable basis. Further-
more, gains need to be achieved in the face of an overall decline in agricultural research
funding.  These scenarios pose serious challenges for the future.

Impact assessment is one of the tools to help ensure better management, planning,
and priority setting for raising the efficiency of agricultural research. It also ensures ac-
countability to stakeholders and illustrates the impact of their contribution to research.
This paper briefly outlines the different types of impact assessment, the potential indica-
tors of research impact, and the nature of IRRI’s collaboration with national agricultural
research and extension systems (NARES) for impact generation.

Types of impact assessment
Impact assessment is a process of measuring whether or not research has produced its
intended effect—that of meeting development objectives, such as increases in production
and income and improvements in the sustainability of production systems (Anderson
and Herdt 1990). It is important to demonstrate that the changes observed are due to a
specific intervention and cannot be accounted for in any other way. The effects can be
measured at the household, target population, national, and regional levels.  A basic eco-
nomic surplus model is widely used in estimating the impact of agricultural research
(Alston et al 1995).

 Impact assessment can be considered to be of two types: ex ante and ex post. The ex
ante assessment refers to the potential impact of a new technology on the target popula-
tion. With the declining trend in funding for agricultural research, the ex ante impact
assessment has become a powerful tool in research management and planning and in
priority setting. It is useful in guiding research priorities and in identifying the optimal
combination of research programs.

The ex post assessment refers to the evaluation made upon the completion of a project
to determine achievements and to estimate the impact of research. Returns to investment
in research and development are typically assessed using the ex post concept. These stud-
ies also help to understand the process of disseminating technology and the constraints
to its adoption.

Ex ante and ex post impact assessments are interrelated. The findings in the ex ante
studies can provide a framework for gathering information to carry out an effective ex
post evaluation and can also serve as a benchmark against which to assess the actual
project effects. Figure 1 illustrates the interrelation between the ex ante and ex post as-
sessments and their role in research planning and management.

Types of research impact
IRRI’s programs help produce new and improved rice varieties and better crop manage-
ment practices and enhance human capacity of NARES for research and development.
These programs have direct, indirect, and intermediate impacts in rice-producing coun-
tries.

Impact from research and collaboration with
the national agricultural research and
extension systems: a brief overview

S. Shrestha and M.A. Bell, IRRI
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Fig. 1. Interconnection between ex ante and ex post impact assessment.

Fig. 2. Research impact.
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Direct impact refers to the impact on the wel-
fare of people and the environment as a result of
adopting a technology. It is reflected mainly as an
increase in productivity, a reduction in per unit cost
of production, and/or reduced pressure on expan-
sion into fragile ecosystems because of improved
yields in existing systems.

Indirect impact includes flow-on impacts to
other crops and activities. For example, rice is often
the main crop in Asia and an increase in its produc-
tivity can have benefits for other crops and other
sectors of the economy.

Intermediate impact refers to increases in the
knowledge base that could subsequently have a
direct impact. For example, information on the
evaluation of the gene pool, prototype technologies,
and new skills and knowledge of researchers are
intermediate benefits.

From the initial stages of research output to
the final impact on a society, these different forms
of impact are interrelated (Fig. 2).

Collaboration with NARES
IRRI collaborates with the NARES from rice-grow-
ing countries around the world and in particular
with Asian countries to strengthen rice research ca-
pacity and to develop and disseminate new rice
technologies. Currently, IRRI is collaborating with
most Asian countries and has established country
offices in 11 of these: Bangladesh, Cambodia, China,
India, Indonesia, Korea, Lao PDR, Myanmar, Thai-
land, Vietnam, and Japan. These host countries serve
as IRRI partners in developing rice and rice-based
farming systems technologies for the major rice-
growing environments. Research activities at IRRI
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headquarters in the Philippines support in-coun-
try activities. IRRI provides the national systems
with rice science technologies that are ready to be
adopted and/or that can be adapted to their spe-
cific environments. Collaboration also includes as-
sistance with applied research for further refinement
of such technologies, helping to attract funds for
research specifically for the NARES, and efforts for
the wider delivery of new rice technologies (Bell et
al 2000).

The training of scientists from the NARES
complements and strengthens national capacity-
building programs. Since 1963, IRRI’s training pro-
gram has provided more than 15,000 training op-
portunities. In Asia, every national institute with
the responsibility for rice-related research has at
least one IRRI-trained staff member.

Furthermore, IRRI has begun and taken a lead
role in various networks and initiatives (both con-
tinuing and completed) such as the International
Network for Genetic Evaluation of Rice (INGER),
Crop and Resource Management Network
(CREMNET), International Rice Germplasm Cen-
ter (IRGC), and International Network on Soil Fer-
tility and Sustainable Rice Farming (INSURF). These
activities were undertaken in collaboration with the
NARES to exchange germplasm, information, and
knowledge. These networks and collaboration have
been successful in developing knowledge and trans-
ferring technology across national boundaries. For
example, approximately 75% of all crosses and va-
rieties released from IRRI and the NARES have
come from INGER. With their enhanced capacities,
the NARES are increasingly taking the lead in mak-
ing crosses and producing varieties (Hossain et al
2002).

Conclusions
Research and development programs at IRRI and
in the collaborating NARES have a direct, indirect,
and intermediate impact on rice-producing coun-
tries. The ex ante impacts can be analyzed before
the adoption of the technology to determine the
potential impact. Impact assessment of this type is
helpful as a guide for research priority setting. Ex
post impact assessment is undertaken upon the
adoption of the research output to determine the
extent and types of impact that a new technology
has had on the target population. Economic mod-
els are widely used in estimating the return on in-
vestment in agricultural research. They enable the
estimation of the extent of benefits to consumers
and producers from the adoption of a new technol-
ogy.
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IRRISTAT Windows 4.0

Now available online and on CD!

IRRISTAT is a computer program for data
management and basic statistical analysis of

experimental data. It can be run in any 32-bit Windows operat-
ing system.

IRRISTAT has been developed primarily for analyzing data
from agricultural field trials, but many of the features can be
used for analysis of data from other sources.

The main modules and facilities are Data management with a
spreadsheet, Text editor, Analysis of variance, Regression,
Genotype × environment interaction analysis, Quantitative trait
analysis, Single site analysis, Pattern analysis, Graphics, and
Utilities for randomization and layout, General factorial EMS, and
Orthogonal polynomial.

The software (including tutorial in zip and pdf files) can be
downloaded from the IRRI site at http://www.cgiar.org/irri/
irristat.htm

The software is also available on CD for US$19 for highly
developed countries and $5 for developing countries, with $7
for handling costs.

Send suggestions, comments, or problems in using the
software to

Biometrics
International Rice Research Institute
DAPO Box 7777
Metro Manila, Philippines
or e-mail: biometrics@irri.cgiar.org

To order a CD, e-mail: e.ramin@cgiar.org
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At 211 kg capita–1 y–1, Myanmar has the highest consumption of milled rice in the
world. Not unexpectedly, with this level of consumption, rice production is the
predominant activity in the national economy, contributing around one-third of

the nation’s gross domestic product. Hence, increasing rice production is vital to the gen-
eral development of the economy as well as to food security in the country.

IRRI has collaborated with the Government of Myanmar over the past 25 years to
help the country increase rice productivity. There have been five major bilateral collabo-
rations based in Myanmar and numerous projects based at IRRI headquarters in Los Baños
(Shrestha et al 2002). This paper reports on an ex post economic impact evaluation of the
IRRI-Myanmar collaborative activities, funded mainly by two Canadian agencies, the
Canadian International Development Agency (CIDA) and the International Development
Research Centre (IDRC).

Rice area, yield, and production in Myanmar have all increased during the last 4
decades (see figure). From 1975 to 2000, rice production increased from 9.3 million t to 20
million t, an increase of 115% (FAO 2002). This increase is equivalent to a compound
growth rate of more than 2.5% y–1 (see table). The increase in production is attributed to a
rise in both yield and cropping intensity. From 1976 to 1985, Myanmar achieved a high
growth rate in production of 5.6% y–1 despite a slight decline in rice area. During 1986-
2000, the growing of a second rice crop in the summer season was the main source of
growth in production.

Impact from 25 years of collaboration
with Myanmar

S. Shrestha and M.A. Bell, IRRI
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The adoption of modern rice varieties (MVs)
as well as higher cropping intensity are the main
sources of increased yield.  These varieties have been
adopted on almost 60% of the total rice area of 6
million ha. Almost all of the irrigated rice area and
up to 79% of the rainfed area of the southern del-
taic regions are planted to MVs. The MVs devel-
oped by IRRI are sown on more than 50% of the
total area planted to MVs. The popular IRRI MVs
are IR5 and its derivatives. The yield advantage of
these MVs over traditional ones is estimated to be
in the range of 25–50%. The increase in rice produc-
tion that can be attributed to MVs is estimated to
be from 1.6 million t to 3.2 million t y–1. This repre-
sents an increase in the gross value of $160 million
to $320 million y–1 when valued at $100 t–1. The cor-
responding financial gain to farmers is around $22
million y–1 when valued at a market exchange rate
of US$1 = K 340. The benefit-cost analysis shows
that the economic rate of return to the improved

Table 1. Average annual compound growth rate, 1961-2000 (% y–1).

Item   1961-75   1976-85 1986-95 1996-99 1976-2000

Production 1.13 5.62 3.36 3.78 2.49
   (t ratio) (2.62) (6.27) (4.03) (1.12) (9.25)

Area 0.41 –0.69 3.13 0.26 0.97
   (t ratio) (1.70) (–1.93) (5.42) (0.13) (4.99)

Yield 0.72 6.31 0.23 3.50 1.52
   (t ratio) (2.89) (7.13) (0.69) (2.43) (5.00)

Source: FAO database 2002.  Note: Growth rates estimated by fitting semilogarithmic
trend lines to time-series data. Numbers within parentheses are t ratio of estimated growth
rates.

Rice production growth patterns, 1961–2000. Source: Shrestha et al
(2002).

rice technology in Myanmar is 155% y–1 over the
past 25 years. For the total investment of more than
$2.2 million in the program, there has been a net
gain of $140 million during the period.

In addition to these quantifiable direct eco-
nomic benefits, other long-term benefits were also
realized from the crop management and farming
systems research and from capacity building. Some
of these benefits are

• Farming systems research on nutrient man-
agement developed extensive strategies for a
balanced nutrient supply at lower cost. The
studies showed that improved nutrient man-
agement practices perform as well as apply-
ing recommended levels of expensive inor-
ganic fertilizers.

• Cropping systems and crop-livestock research
activities showed that multicropping of rice
with other crops improved farmers’ livelihood
and also helped achieve the national goal of
increasing the production of edible oil, pulse,
and industrial crops.

• Cropping systems research aimed at identi-
fying optimum cropping patterns in the rice-
based systems showed excellent potential for
intensifying land use by dry seeding rice as
opposed to the traditional practice of trans-
planting. This practice contributed to the ex-
pansion of a second crop in areas previously
left fallow following the first rice crop.

• More than 270 researchers from key NARES
received training on various aspects of rice
production, research planning, and manage-
ment. The training received at IRRI is viewed
as vital and integral to keeping Myanmar’s
service personnel attuned to the changing
trends of science and technology.
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Plant breeding

Multiple-pistillate mutants in rice
mostly of a bi- to tetra-pistillate
nature are reported to be con-
trolled by one or two recessive
genes (Parthasarathy 1936, Suh et
al 1983). These mutants are male-
fertile and the trait has been trans-
ferred to the cytoplasmic male-
sterile (CMS) background to
breed elite CMS lines (Suh 1988).

Recently, we identified one
spontaneous sept-pistillate spike-
let mutant in indica rice cultivar
TDC72. The mutant is completely
sterile. All spikelets borne on this
plant had this unique feature. The
plant had normal height like the
parent, but panicle exsertion was
incomplete. The mutant was pol-
linated with more than 20 indica
rice varieties, but no single hybrid
seed was obtained. This indicated
the presence of female sterility in
the mutant. A detailed study of
the individual spikelet revealed
two distinct sterile lemmas on ei-
ther side with three rudimentary
florets having seven pistils inside
the palea and lemma (see figure).
Two of the rudimentary florets
situated on either side had three
pistils and a rudimentary or dis-
tinct glume each, while the third
one in the middle had a single
pistil and a tiny glume. The glume
was either invisible or too tiny or
distinct (long). The stigmas were
two- to seven-lobed. Most pistils
of the lateral rudimentary florets
had four-lobed stigmas, while the
single pistil of the mid-rudimen-
tary floret had the usual bi-lobed
stigma.

The spt1 locus for sept-pistillate spikelet mutant
in rice
Li Rongbai, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530 007, China, and M.P. Pandey,
Department of Genetics and Plant Breeding, G.B. Pant University of Agriculture and Technology,
Pantnagar 263145, India       E-mail: rongbaili@lycos.com

All spikelets were stamenless
and did not flower. A stamenless
1 mutant characterized by
homeotic conversions in glumes
and stamens has been reported in
the literature (Wang and Zhu
2000), where the mutant floret in
general contained many pistils
but no stamens. Because of male
as well as female sterility of the
mutant in this study, no selfed or
hybrid seed was obtained. There-
fore, the multiple-pistillate char-

A sept-pistillate spikelet with three rudimentary florets. Two of these on either side contain
three pistils each: a, b, and c and e, f, and g, respectively. The middle one has a single pistil (d).
Stigmas are bi-lobed (d), tri-lobed (c and e), and tetra-lobed (a, b, f, and g). All florets are
stamenless and rudimentary glumes are invisible. (Palea and lemma were removed, h and i are
sterile lemmas.)

acter could not be transmitted to
the progeny. We studied its genet-
ics by tracing back to the single
TDC72-1 plant that had given the
mutant progeny. The progeny of
this heterozygous plant segre-
gated with 65 pistillate plants out
of 300 plants observed. This seg-
regation ratio gave a goodness of
fit to the expected monogenic seg-
regation ratio of 3:1 (χ2 = 1.78).
This indicated that the sept-pis-
tillate trait of the mutant was con-
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To identify quantitative trait loci
(QTLs) for steamed-rice shape in
rice, we used one recombinant
inbred (RI) population provided
by Prof. A. Yoshimura of Kyushu
University, Japan, derived from
the cross between japonica culti-
var Asominori and indica cultivar
IR24 (IRRI). Tsunematsu et al
(1996) constructed a restriction
fragment length polymorphism
(RFLP) map covering 1,275 cM of
12 chromosomes with 375 mark-
ers using 71 RI lines, which was
used previously for mapping
QTLs for important agronomic
traits (Yoshimura et al 1998;
Yamazaki et al 1999, 2000;
Sasahara et al 1999). In this study,
we used a subset of 289 RFLP
markers from the original map to
map QTLs affecting steamed-rice
shape (with an average interval
distance between marker pairs of
4.4 cM).

In the experiment, a total of
67 RI lines and their parents,
Asominori and IR24, were used
as test materials. Seeds were sown
on 7 Jun 2001 and all 25-d-old
seedlings were transplanted in a

Quantitative trait loci controlling steamed-rice shape
in a recombinant inbred population

Yanjun Dong, Crop Science Laboratory (CSL), Agricultural Faculty, Miyazaki University, Miyazaki City, 8892192 Japan;
Yunfei Zheng, Zhejiang University, Hangzhou, 310029, China; Eiji Tsuzuki and Hiroyuki Terao, CSL

trolled by a single locus and that
the TDC72-1 plant was heterozy-
gous at the mutated locus and
different from stamenless 1. It is
therefore designated as spt1. This
homeotic mutant is important in
studying the development pat-
tern of multiple pistils in rice.
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rice field of the Experiment Farm
of Miyazaki University, with a
single seedling hill–1 spaced at 10
× 15 cm. Standard field manage-
ment was carried out. At 40 d af-
ter heading, well-ripened rice
grains were harvested and dried
naturally in a glasshouse. To mea-
sure the length and width of
steamed rice, 20 randomly selected
white head rice grains per RI line
were soaked for 24 h at 25 °C and
then steamed for 45 min at 100 °C.
The length and width of 10 ran-
domly selected steamed-rice par-
ticles for each RI line were mea-
sured under a 25X magnification
microscope. The QTL analyses for
steamed-rice shape were per-
formed using the average values
of length and width of steamed
rice per RI line (Zeng 1994) with
the program QTL Cartographer v.
1.13g (Wang et al 1999). By the
composite interval mapping
(CIM) method, the LOD thresh-
old for declaring the presence of
a putative QTL was 4.0 or greater.
In addition, the additive effect
and percentage of variation ex-

plained by an individual QTL
were also estimated.

Continuous variations for
both length and width in steamed
rice were observed in an RI popu-
lation, with most lines distributed
between values of both parents,
indicating that steamed-rice
shape was a quantitative trait.
Three QTLs controlling length of
steamed rice were identified on
chromosomes 2, 3, and 10 and
another three QTLs for width
were detected on chromosomes 5
(2 QTLs) and 7 (see figure and
table). For length in steamed rice,
the QTL with the largest effect
(LOD = 13.4) was mapped near
C80 on chromosome 3 and ex-
plained 24.0% of the total pheno-
typic variation; the remaining two
QTLs for length located near C777
(chr. 2) and C701 (chr. 10) ac-
counted for 5.5% and 10.6% of the
total variation, respectively. In
addition, the IR24 allele in three
QTLs increased steamed-rice
length. For the width of steamed
rice, the QTL with the largest ef-
fect (LOD = 12.0) located near
marker R2232 (chr. 5) explained

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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18.4% of the total variation; the
allele from Asominori increased
the trait value. However, the sec-
ond QTL on the chromosome
near R2953 had lower values and
explained 14.4% of the total varia-
tion. The third QTL for width in
steamed rice was found near
C451 on chromosome 7, which
explained 7.1% of the total varia-
tion, with the IR24 allele increas-
ing the trait value.
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Quantitative trait loci controlling steamed-rice shape based on composite interval mapping
using RI lines derived from a cross between Asominori and IR24.

Trait Chromosome Distance Nearest Peak Additive Variationc

    number    (cM)  marker LODa effectb (%)

Length 2 80 C777 4.2 –0.19 5.48
3 76 C80 13.4 –0.35 23.98

10 2 C701 4.2 –0.18 10.56

Width 5 19 R2232 12.0 0.19 18.39
5 93 R2953 7.3 –0.14 14.42
7 61 C451 4.1 –0.08 7.08

aLOD = log of odds. b+ signs (omitted) indicate that the homozygous alleles from Asominori had higher phenotypic effects
than those from IR24, while – signs indicate that the homozygous alleles from IR24 had higher effects than those from
Asominori. cThe percentage of explained phenotypic variation.

Chromosome locations of QTLs conferring steamed-rice shape in RI lines derived from the cross between Asominori and IR24. Black and white
arrows indicate QTLs for length and width in steamed rice, respectively. Numbers in parentheses represent distance in cM.

XNpb89-3 (0)

V83B (138.8)

C1470 (4.0)

R2511 (4.7)
C978 (5.4)
Ky6 (11.3)
XNpb250 (12.0)
C560 (16.2)
C370 (19.3)
C601 (27.3)
XNpb204 (30.2)
R418 (35.5)
R3393 (26.2)
G1185 (37.0)
C1236 (45.7)
R427 (46.5)

C920 (55.2)
XNpb67 (55.9)

C777 (82.5)
R1989 (87.2)
XNpb21 (88.0)
G1340 (92.0)
C535B (92.8)
R712 (96.7)
XNpb227 (101.0)
C132 (111.6)

XNpb223 (114.7)
R459 (118.8)
C259D (124.4)
XNpb349 (126.0)

C621 (63.1)
C976A (69.1)
XNp132 (77.9)

R2344 (112.3)

XNpb212-2 (0)
C1318 (3.1)
R393B (7.4)
XNpb164 (11.8)
C393A (18.0)
XNpb232 (23.0)
G1015 (28.8)
C595 (33.0)
C1468 (37.8)
C1351 (47.3)
R19 (63.4)
G1316 (72.8)
R1002 (73.6)
C269B (74.3)
C80 (75.8)
C1677 (81.5)
XNpb144 (82.3)
C361 (84.6)
C1452 (87.8)
C269A (94.1)
R3156 (99.0)
XNpb74 (99.8)
R411B (100.6)
C606 (102.1)
XNpb234 (104.4)

C161B (107.5)
XNpb392 (112.8)
R2778 (117.3)
C563 (120.4)
XNpb184 (128.6)
R518 (137.6)
XNpb279 (148.4)
C721 (150.0)
R1468B (155.0)
C515 (155.7)

C263 (0)
R380 (3.4)

R3166 (8.4)
XNpb71 (17.7)
C119 (18.4)

R2232 (19.2)
Y1060 L(20.8)

R569 (31.4)

XNpb251 (41.6)

G1458 (47.4)

R2289 (57.6)
C1268 (62.5)

R1553 (65.5)
C128 (73.0)
R2117 (76.1)
C1402 (77.5)
XNpb81 (80.7)
C246 (90.7)
C2953 (91.4)

C1477 (95.3)

XNpb50 (0)

C1057 (16.7)

R2829 (23.3)

G2029 (44.2)

G1068 (45.8)

R610 (46.5)

R1440 (51.2)

R646 (51.9)

R3089 (56.7)

C451 (60.8)

XNpb106 (64.1)

C1008 (64.9)

R2394 (69.8)
R2677 (76.5)
R1245 (77.2)

R1789 (89.7)
XNpb379 (93.6)
XNpb268 (107.1)
C924 (108.0)

C701 (0)

C751B (9.5)

C148 (11.7)
XNpb68-3 (14.0)
XNpb333 (14.7)
R1629 (21.2)
C1166 (31.3)
R3285 (32.1)
C1286 (35.9)
XNpb37 (40.2)

XNpb291 (57.9)
C1361 (61.8)

R844B (62.5)

R1590 (74.8)
C16 (78.0)
C809 (80.40)
C797 (81.2)
XNpb127 (92.0)

C405 (92.8)

Chr. 2 Marker Chr. 3 Marker Chr. 5 Marker Chr. 7 Marker Chr. 10 Marker

Version 1.13g (programmed, 30
Aug 1999). http://
statgen.ncsu.edu/qtlcart/
cartographer.hml. (verified 15 Aug
2001).

Yamazaki M, Tsunematstu H, Yoshi-
mura A, Iwata N, Yasui H. 1999.
Quantitative trait locus mapping
of ovicidal response in rice (Oryza
sativa L.) against whitebacked
planthopper (Sogatella furcifera
Horvath). Crop Sci. 39:1178–1183.

Yamazaki M, Yoshimura A, Yasui H.
2000. Mapping of quantitative trait

loci of ovicidal response to brown
planthopper (Nilaparvata lugens
Stål) in rice (Oryza sativa L.). Breed.
Sci. 50:291–296.

Yoshimura A, Okamoto M, Nagamine
T, Tsunematsu H. 1998. Rice QTL
analysis for days to heading under
the cultivation of Ishigaki Island.
Breed. Sci. 48(suppl 1):73.

Zeng BZ. 1994. Precision mapping of
quantitative trait loci. Genetics
136:1457–1468.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○



21IRRN 27.1

Percent of pollen fertility and seed set of TGMS lines at Gudalur, 1997-99.
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Chill temperature from panicle
initiation to heading is necessary
for temperature-sensitive genic
male-sterile (TGMS) lines for their
self seed set through pollen fer-
tility. Hence, an ideal location or
season with favorable tempera-
ture is required for breeding new
TGMS lines and their own seed
multiplication. Tamil Nadu State
(TN) in India has high elevation
suitable for using the TGMS sys-
tem to develop two-line hybrid
rice. Annually, 2.2 million ha of
rice are cultivated in TN, of which
1,000 ha are raised in valleys on
the hills under cool climate.

Tamil Nadu Agricultural
University (TNAU) initiated
studies in 1995 to develop a
TGMS system for the hills and
plains of TN. The TGMS source
materials available at TNAU were
screened during rice-growing
seasons for pollen sterility at three
research stations at Coimbatore,
Trichy, and Thirupathisaram in
TN. One new research station was
started at Gudalur town on the
hill of Nilgiris at an altitude of
1200 m. Single plants possessing
complete pollen sterility at all re-
search stations were selected,
transported, and ratooned at the
hill station at Gudalur under cool
temperatures to induce pollen fer-
tility. Such selection was contin-
ued repeatedly under a fertility-
and sterility-inducing environ-
ment until homozygosity was at-
tained. The presence of more ex-
serted stigma was the key crite-
rion in choosing prospective
TGMS single plants for advance-

Prospects of two-line hybrid rice breeding
in Tamil Nadu, India

A.P.M. Kirubakaran Soundararaj, Agricultural Research Station, Thirupathisaram, Tamil Nadu 629901; P. Thiyagarajan and
S. Arumugachamy, Department of Rice, Coimbatore 641003; and A. Jawahar Ali, Agricultural College and Research
Institute, Thiruchirapalli 622009, India

ment. Critical temperature-induc-
ing pollen fertility or sterility in
the field was estimated, taking
into consideration the corre-
sponding maximum, minimum,
and average temperature during
30 d before heading. From the ini-
tial evaluation and selection, one
very early TGMS line, TS29, was
evolved during 1998 and 15 more
prospective TGMS lines were se-
lected during 2001 (Table 1).

Pollen fertility and seed
multiplication studies were car-
ried out on hills with TS29. Pol-
len fertility was more than 60%
from June to January. But seed set
was high only up to the first fort-
night of December (see figure).
When minimum temperature
dropped below 15 °C (from De-
cember to February), seed set de-
creased. Maximum temperature
exceeding 29 °C during March
and April induced pollen steril-
ity (Table 2). The range of average
temperature that caused high seed
set in the TGMS line was 19–21 °C;
the maximum temperature ranged
from 21 to 26 °C and the minimum
from 15 to 18 °C. This ideal tem-
perature regime extended from
June to November at Gudalur.

The rice valleys occupying
800 ha around Gudalur on the
Nilgiris Hill can be used for seed
multiplication of the TGMS line.
Proper time of sowing and harvest
ensures a seed yield of 3 t ha–1.
Plenty of rainfall and favorable
temperature are the key factors
during this season. Sowing may be
undertaken in June for TGMS
lines with medium duration and

Table 1. Duration and stigma exsertion of
prospective TGMS lines at Thirupathisaram,
TN.

TGMS line Duration Stigma
(d) exsertion (%)

TS29 100 50
GD98013 125 42
GD98014 123 38
GD98029 125 63
GD98049 122 61
GD98091 128 52
GD98168 114 63
GD98179 119 57
GD99004 125 42
GD99007 155 40
GD99009 117 65
GD99017 117 61
GD99018 123 54
GD99036 127 59
GD99042 128 63
GD99049 125 66
GD99051 125 61
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in July for lines with short dura-
tion to have the harvest in No-
vember-December. Rice valleys
are surrounded on the slope by
tea and coffee gardens that serve
as natural pollen barriers. Be-
cause of low temperature, the
growth duration of the TGMS
line was extended by 25 d in the
hills compared with that in the
plains.

The pollen sterility studies
with TS29 at Gudalur and at the
research stations in the plains re-
vealed that the sterility-inducing
average temperature is 24 °C. It
is also important that the maxi-
mum temperature does not fall
below 29 °C during the critical
stage. In the TN plains, the tem-
perature prevailing for 9 mo,
from February to October, is fa-
vorable in inducing complete
pollen sterility. In the rice-grow-
ing areas of TN, the maximum
temperature during this period
ranges from 30 to 37 °C, with a
minimum of 23–26 °C. This situ-
ation ensures safe hybrid seed
production in the plains. How-
ever, during winter (Nov-Jan),
the average temperature falls
below 24 °C. A maximum tem-
perature below 29 °C induces
partial pollen fertility in TGMS
lines. This situation also occurs

during June-August in the high-
rainfall zone in TN. Detailed stud-
ies are needed on the stability of
TGMS lines during this period.

Two-line hybrid seed pro-
duction was carried out for five
hybrid combinations, using TS29
as the female parent, at the agri-
cultural colleges and research sta-
tions situated at Killikulam,
Madurai, Aduthurai, and Trichy in

Table 3. Grain yield of two-line hybrids in multilocation trials in TN, 2000-01.

Mean of nine locations

Duration (d) Grain yield (t ha–1)

TS29/ASD16 112 5.1 5.5
TS29/ASD18 108 5.0 2.8
TS29/MDU5 107 5.2 6.5
TS29/ADT43 110 4.8 –1.6
TS29/TRYR2 112 4.7 –2.9
ADT43 (check) 114 4.9 0

TN. These hybrids were evalu-
ated in multilocation trials during
2000-01 at nine locations. The
maximum yield increase was
only 6.5% over the check ADT43
because of the poor combining
ability of TS29 (Table 3). The im-
proved TGMS lines are now used
for seed production to develop
better hybrids.

Single recessive genetic female sterility in rice
D.S. Lee, College of Natural Resources (CNR), Yeungnam University, Kyongsan 712749, Korea; L.J. Chen, CNR, and
Rice Research Institute, Yunnan Agricultural University, Kunming 650201, Yunnan, People’s Republic of China;
W.G. Ha, National Yeungnam Agricultural Experiment Station, Rural Development Administration, Milyang 627130, Korea;
and H.S. Suh, CNR

In September 1999, we found a
completely sterile mutant plant
(Yeungnam University, Acc. No.
G39) in a farmer’s field in Korea.
In late spring 2000, the plant
stock of G39 was ratooned in the

greenhouse and then test-crossed
with several varieties, including
male-sterile lines (Dian-type CMS
lines) and male-sterile restorer
lines. No seed set at all was ob-
served in crosses when the sterile

plant G39 was used as a mater-
nal parent. In contrast, the spike-
lets of the sterile plant G39 flow-
ered normally and shed pollen
grains, which, when pollinated to
Dian-type japonica CMS lines or

Two-line hybrid Percent yield increase

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Table 2. Monthly rainfall and temperature at Gudalur, 1996-99.

Temperature (°C)
Month

Maximum Minimum Mean

January 6 26 10 18
February 3 29 12 21
March 9 30 13 22
April 69 29 16 23
May 130 28 17 22
June 457 24 17 21
July 684 22 16 19
August 388 23 17 20
September 255 24 16 20
October 201 25 16 21
November 84 25 15 20
December 30 25 13 19

Rainfall
 (mm)
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When the caryopsis of rice is
cooked with aleurone, the aleu-
rone layer acts as a limiting fac-
tor for the lateral and vertical ex-
pansion of the endosperm. How-
ever, the pressure exerted by the
components of the endosperm
leads to the breakage of the aleu-
rone. We have already reported
on three specific patterns of
breakage of the aleurone—longi-
tudinal, one-end, and two-end
breakage––that occur during

Aleurone thickness and its relation to patterns of breakage
of rice caryopsis during cooking

A.B. Nadaf and S. Krishnan, Department of Botany, Goa University, Goa 403206, India

cooking (Nadaf and Krishnan
2001). Figure 1 summarizes the
percentage of breakage for each
pattern in each variety. In this
study, efforts were made to deter-
mine the reasons for specific pat-
terns of breakage of the aleurone
in the caryopsis of rice during
cooking, with special reference to
longitudinal breakage.

Among the 16 varieties stud-
ied, some varieties such as
IET13549 and IET15392 recorded

100% longitudinal breakage.
Hence, these varieties were cho-
sen for the study to determine
reasons for specific longitudinal
breakage. The grains of these va-
rieties were unhusked manually
and soaked in water for an hour
for sectioning. Freehand and mi-
crotome sections were stained
with Safranin and observed un-
der the microscope. Thickness
(diameter) was measured in dif-
ferent regions of the aleurone us-

emasculated spikelets of indica/
japonica varieties, gave a high
seed set. Thus, G39 is a case of
female-sterile rice.

The F1s in two crosses be-
tween elite male-sterile restorer
lines (japonica type) and G39
showed hybrid vigor and a high
seed set, whereas the F1s in the
cross between a Korean elite
japonica variety, Junambyeo, and
G39 produced normal seeds and
showed good performance with
desirable agronomic traits. Ge-
netic analysis of the F2 and BC1F1

revealed that inheritance of this
female-sterile G39 was sporo-
phytic and controlled by a single
recessive gene in nuclear fertile
plants (seed set >90%) and com-
plete sterile plants (no seed set)
following the ratio 3:1 in the F2

generation (see table). Except for
completely sterile plants, the av-
erage spikelet fertility of all fer-
tile plants in the F2 population of
Junambyeo/G39 appeared to be
quite normal (93.8%), which was
slightly higher than the average
spikelet fertility of Junambyeo
(90.3%) under field conditions.

Our genetic female-sterile
rice line G39 could not produce
any seeds through selfing or any
other method. Unlike the findings
on two recessive genes control-
ling female-sterile rice (Yokoo
1986) and the quantitative trait in
female-sterile alfalfa (Rosellini et
al 1998) and soybean (Pereira et
al 1997), G39 is genetically differ-
ent. Currently, those female-ster-
ile plant stocks coded G39 are
maintained at the Wild Crop
Germplasm Bank, CNR,
Yeungnam Univeristy, Korea.

These can be used as an impor-
tant resource for genetic study as
well as hybrid breeding in crops.
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Inheritance of a female-sterile gene in G39.

Plant (no.)
Combination/generation Count

Sterile Fertile Total

Observed 35 125 160
Ansanbyeo/G39 F2 Expected 35.57 122.43

Chi-square 0.18 0.05

Observed 23 64 87
Junambyeo/G39 F2 Expected 20.43 66.57

Chi-square 0.32 0.10

Statistics Total chi-square 0.65 ns
P value 0.4191
DF 1

DF = degrees of freedom, ns = not significant.
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Fig. 1. Percentage of three types of aleurone breakage in different rice varieties after cooking.
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ing a micrometer scale. For the
measurement, an average of 25
grains were studied.

IET15392 and IET13549
showed the presence of a distinct
thin aleurone region at the lateral
side of the caryopsis (Fig. 2). The
thin aleurone region of IET15392
recorded an average diameter of
15 mm, whereas IET13549 re-
corded an average of 13 mm.
Measurements made in three
other different regions recorded
an aleurone thickness from 25 to
38 mm, that is, double the diam-
eter of the thin aleurone region.
Thus, the presence of a thin aleu-
rone region on the lateral side of
the caryopsis is responsible for
the longitudinal breakage of the
caryopsis during cooking. It is
interesting to note that this is the
region where the palea and
lemma join. However, the variet-
ies that showed one- or both-end
breakage did not show the pres-
ence of a thin aleurone region.
This indicates that the presence or
absence of a thin aleurone region
plays an important role in deter-
mining the breaking patterns of
the rice caryopsis. This study
clearly indicates that the thin
aleurone region is present only on
the lateral side of the rice cary-
opsis where the palea and lemma
join and not on the side opposite
the ovular vascular bundle as de-
scribed by Little and Dawson
(1960).
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Among the basmati rice varieties,
Basmati 370 and Type 3 have been
the most popular in trade circles.
In most basmati improvement
programs, Basmati 370 was
widely used as a parent until the
mid-1970s. A local collection from
the Karnal region in Haryana
State, India, possessing similar
cooking quality characteristics
but with a longer brown and
milled rice kernel length com-
pared with Basmati 370 and Type
3 was selected by IARI scientists
and named as Karnal Local as it
was collected. Subsequently, va-
riety Taraori Basmati, with simi-
lar grain characteristics and cook-
ing quality traits, was released for
commercial cultivation. Because
of its longer grain, it fetched a
higher price in the domestic and
international market and slowly
started replacing Basmati 370.
Later, research focused on devel-
oping semidwarf, high-yielding,
photoperiod- and temperature-
insensitive rice varieties possess-
ing typical basmati quality with
greater cooked kernel elongation.
This resulted in the development
and release of Pusa Basmati 1 in
1989. The popularity of Pusa
Basmati 1 in the domestic and in-
ternational markets provided an
impetus for increasing the brown
rice length and linear cooked ker-
nel elongation further. By selec-
tive intermating of the two elon-
gating advanced breeding sister
lines of Pusa Basmati 1, a new
breeding line—Pusa 1121—has
been developed. We report here
the development of Pusa 1121 and

Pusa 1121: a rice line with exceptionally high cooked
kernel elongation and basmati quality

V.P. Singh, A.K. Singh, Division of Genetics, Indian Agricultural Research Institute (IARI); S.S. Atwal, IARI Regional Station,
Karnal (Haryana); M. Joseph, Division of Genetics, IARI; and T. Mohapatra, National Research Center on Plant
Biotechnology, IARI, New Delhi 110012, India       E-mail: aks_gene@mailcity.com

its grain, cooking, and eating
characteristics.

During kharif 1992, a large
number of single plant selections
were made from an F2 population
of a cross (Pusa 614-1-2/Pusa 614-
2-4-3) involving two sister lines.
During grain and cooking qual-
ity evaluation, one of the selec-
tions showed exceptionally high
linear cooked kernel elongation
apart from longer milled kernel
length. In subsequent genera-
tions, it showed variation in
brown rice grain dimension,
breadth and texture of cooked
rice, and bursting during cooking
but remained stable for aroma,
linear kernel elongation, and al-
kali spreading value. After sev-
eral generations of selection, it has
now attained uniform morpho-
logical and grain, cooking, and
eating quality characteristics.

In the lineage of Pusa 1121,
both Basmati 370 and Type 3 are
involved. The genes for linear
kernel elongation in these two sis-
ter lines, Pusa 614-1-2 and Pusa
614-2-4-3, have obviously come
from Basmati 370 and Type 3.
These genes seem to be different
and dispersed in the sister lines.
The accumulation of these dis-
persed genes in Pusa 1121 result-
ing from selective intermating of
sister lines has contributed to in-
creased linear cooked kernel elon-
gation. The involvement of many
independent loci in the genetic
control of cooked kernel elonga-
tion is also evident from the quan-
titative inheritance (Sood et al
1983) and linkage analysis (Ahn

et al 1993, Ram et al 1998). The
gene for longer brown rice length
seems to have come from 1B25,
which has significantly longer
brown rice than the other lines
involved in the lineage of Pusa
1121.

Basmati 370, Taraori
Basmati, and Pusa Basmati 1 have
an average milled rice kernel
length of 6.89, 7.15, and 7.30 mm,
with elongation ratios of 1.94,
1.90, and 2.02, respectively (see
table). In contrast, Pusa 1121 has
a milled rice kernel length of 8
mm and elongation ratio of 2.7
during cooking (see figure), with-
out much horizontal swelling.
Because of its higher linear
cooked kernel elongation ratio,
Pusa 1121 makes a better paren-
tal material for generating map-
ping populations to identify and
locate genes for linear kernel elon-
gation.
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Agronomic and quality characteristics of Pusa 1121 rice.

Feature Basmati 370 Taraori Pusa Basmati 1 Pusa 1121
Basmati

Agronomic
Plant height (cm) 160–175 160–175 95–110 110–120
Total duration (d) 145–150 155–160 130–135 140–145
Average yield (t ha–1) 3.0 2.5 5.5 4.0

Kernel characteristics
Milled rice length (mm) 6.89 7.15 7.30 8.00
Milled rice breadth (mm) 1.85 1.78 1.70 1.90
L-B ratio 3.72 4.13 4.29 4.74

Milling characters
Hulling (%) 78.0 78.8 77.0 75.0
Milling (%) 72.5 69.0 67.0 70.5
Head rice recovery (%) 53.0 49.9 48.5 54.5
Chalky grain (%) 20.0 18.0 30.0 13.0

Cooking characteristics
Alkali spreading value 4 or 5 4 or 5 7 7
Amylose (%) 24 22 27 26
Kernel length after 13.40 14.00 14.75 21.50
   cooking (mm)
Kernel breadth after 2.40 2.40 2.25 2.45
   cooking (mm)
Kernel elongation ratio 1.94 1.90 2.02 2.70
Aroma Strong Strong Mild Strong
Rating on cooking Very good Very good Very good Excellent

The looming water crisis requires
that more rice be produced with
less water. To achieve this goal,
the development of high-yielding
upland rice, which requires no
soil flooding, can be explored. We
evaluated rice inbreds and hy-
brids for high yield under fully
fertilized and irrigated upland
growing conditions, that is, on
aerobic soil irrigated to maintain
soil water at about field capacity.
In three trials, we tested Magat
(IR64616H), a lowland semidwarf
hybrid, and Apo, an improved
upland indica, along with other
lowland or upland entries. In a
fourth trial, Magat was compared
with other lowland hybrids. Trial
1 (Table 1) on an acid [pH (KCl)

Magat, a wetland semidwarf hybrid rice for high-yielding
production on irrigated dryland

T. George, R. Magbanua, M. Laza, G. Atlin, and S.S. Virmani, IRRI

3.7] upland soil (Ultisol) consisted
of four varieties and three plant
populations arranged in a ran-
domized complete block design
(RCBD) with four replications in
plots of 34 m2. This soil was limed
with 3 t ha–1 of CaCO3. In trial 2
(Table 2) on a less acid [pH (KCl)
5.4] Alfisol, Magat and Apo were
grown in fumigated and
nonfumigated soil in a split-plot
design in 52-m2 plots. Trial 3 in-
cluded five upland varieties in an
RCBD with four replications in 20-
m2 plots (Table 3). Ten lowland hy-
brids and two upland varieties rep-
licated thrice in an RCBD in 6-m2

plots made up trial 4 (Table 3).  Both
trials 3 and 4 were on the same
soil as trial 2. In all trials, N was

supplied in frequent splits to keep
the plants green.

Magat yielded the highest in
all but trial 2, with a maximum
yield of 8.2 t ha–1 measured in trial
1 (Tables 1, 2, and 3). In trial 2,
Magat’s 5.7 t ha–1 yield on fumi-
gated soil was on a par with Apo’s
6.2 t ha–1. Across the three trials
where Magat and Apo were com-
pared, Magat outyielded Apo, a
high-yielding upland rice
(George et al 2001), by 1 t ha–1.
Magat also outyielded nine other
lowland hybrids in trial 4.
Magat’s high yield was largely
due to its ability to retain a high
harvest index relative to other
varieties with high biomass
yields, as many other varieties are

Cooked rice kernels of Pusa 1121 (a), Taraori
Basmati (b), and Pusa Basmati 1 (c).
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also capable of high biomass ac-
cumulation in aerobic soil (Tables
1 and 2, George et al 2001). Fur-
ther, in trial 1, seeding densities
ranging from 120 to 480 seedlings
m–2 did not influence grain yield
or total biomass because of com-

Table 3. Yield of rice grown in aerobic soil under twice-weekly sprinkler irrigation on an
Alfisol at IRRI farm, Philippines, 2001 dry season (trials 3 & 4).

Variety Yield Harvest index Plant height
(t ha–1) (m)

Trial 3
Magat 4.3 0.40 0.80
Apo 3.5 0.34 1.11
Maravilha 3.0 0.34 1.13
KMP 34 3.0 0.34 0.81
B6144 2.5 0.33 1.16
    LSD 0.05 0.7 0.05 0.05
Trial 4
Magat 5.3 0.43 0.79
IR73868H 4.8 0.37 0.92
IR75207H 4.8 0.40 0.84
IR75217H 4.3 0.40 0.87
IR73871H 4.3 0.40 0.86
IR75585H 4.2 0.41 0.82
IR73855H 4.1 0.45 0.85
IR73870H 4.1 0.41 0.84
IR73860H 4.0 0.40 0.84
IR75201H 3.7 0.40 0.89
B6144 3.2 0.34 1.15
UPLRi-5 3.1 0.29 1.15
    LSD 0.05 0.6 0.04 0.06

pensation from increased tiller
production.

Magat and Apo differed sig-
nificantly in tiller (data not
shown) and panicle production,
plant height, and root-shoot ratio
(Table 1). In trial 1, aerobic soil

culture favored profuse tillering
in Magat exceeding that in low-
land flooded soil with 928 tillers
m–2 bearing 765 panicles m–2 at
maturity, much higher than the
usual 500 panicles m–2 observed in
lowland rice culture. This con-
trasts with 392 tillers m–2 and 325
panicles m–2 at maturity of Apo.
In trial 2, Magat produced 545
panicles m–2 compared with only
303 panicles m–2 in Apo. Similarly,
in trial 3, which was conducted
under somewhat drier conditions
because of inadequate irrigation
during early vegetative growth,
panicle number m–2 in Magat was
552 relative to 377 for Apo (data
not shown). Thus, the high yield
of Magat was a result of a larger
number of smaller panicles in
contrast to fewer but bigger
panicles of Apo. Magat also had
reduced plant height in aerobic
soil; its height was substantially
lower than its usual height of 1 m
in flooded soil (IRRI IRIS data-
base) and that of Apo (Tables 1
and 2). The combination of re-

Table 1. Growth and yield characteristics of rice grown under irrigated conditions and fully fertilized in aerobic soil on upland Ultisol,
Siniloan, Laguna, Philippines, 1998 dry season (trial 1).

Harvest Plant Root-shoot
Variety Grain yield (t ha–1) Total biomass (t ha–1) Panicles (no. m–2)   index height ratio

120 240 480 Mean 120 240 480 Mean 120 240 480 Mean

Magat 7.6 8.2 7.8 7.8 ab 16.0 17.0 15.9 16.3 a 733 748 813 765 a 0.43 a 0.67 c 0.05 c
Apo 5.1 5.4 5.5 5.3 b 15.7 15.5 15.0 15.4 a 271 268 435 325 b 0.31 b 1.03 b 0.09 b
Lubang Red 2.3 2.4 1.5 2.1 c 11.3 11.6 9.6 10.8 b 234 253 258 248 b 0.28 b 1.28 a 0.19 a
IR72 4.9 4.8 4.9 4.9 b 15.2 15.8 15.4 15.5 a 594 609 768 657 a 0.17 c 0.70 c 0.07 c
   Mean 5.0 5.2 4.9 14.5 ABc 14.9 A 14.0 B 456 B 469 B 568 A

aAv of 3 seedlings hill-1 by dibbling 3–4 seeds at 2.5-, 5-, or 10-cm spacing within a row and 25 cm between rows and thinning 2 wk after seeding.  bMeans followed by a different
lowercase letter within columns and means followed by a different uppercase letter within rows are significantly different by LSD (0.05).

(m) (cm)

Plant populationa (seedlings m–2)

Table 2. Yield of rice on aerobic soil undergoing methyl bromide fumigation prior to seeding and grown under twice-weekly irrigation on an
Alfisol at IRRI farm, Philippines, 2001 dry season (trial 2).

Grain yield (t ha–1) Total biomass (t ha–1)
Variety Panicles (no. m–2)

Fumigated Nonfumigated Mean Fumigated Nonfumigated Mean

Magat 5.7 (0.36)a 3.0 (0.28) 4.4 14.4 8.7 11.5 545 ab

Apo 6.2 (0.31) 3.0 (0.30) 4.6 17.9 9.1 13.5 303 b
   Mean 5.9 Ab 3.0 B 16.1 A 8.9 B

aValue in parenthesis is harvest index. bMeans followed by a different lowercase letter within columns and means followed by a different uppercase letter within rows are significantly
different by LSD (0.05).
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duced height and profuse
tillering in aerobic soil of Magat
might be a characteristic likely to
contribute to resistance to lodg-
ing even at high yield. Further,
despite the high biomass, Magat
partitioned the least amount of
dry matter to roots—only 5%
compared with 9% in Apo and
19% in Lubang Red—an indica-
tion that high root dry matter
might be less important on fertil-
ized and irrigated dryland, unlike
in drought-prone areas.

Our results show that rice
can be productive on dryland if
management is optimized for

high-harvest-index genotypes
adapted to aerobic soil culture.
But, what is more significant is
the fact that Magat, which was se-
lected only under lowland condi-
tions, outyielded high-yielding
Apo of upland origin. For such
high yields in aerobic soil, reten-
tion of a high harvest index at
high biomass levels was essential.
This appears to be a trait particu-
lar to Magat, given that IR72 and
several lowland hybrids with a
similar plant type yielded less
than Magat despite relatively
stress-free growing conditions.
The combination of traits ex-

pressed by Magat in aerobic soil—
profuse tillering, markedly re-
duced plant height, decreased
root dry matter accumulation, a
large number of small panicles,
and increased partitioning of dry
matter to grains—might provide
a template for breeding for high
yield on irrigated and fully fertil-
ized dryland.
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Instructional videos available

The Leaf Color Chart (LCC) (8:20 min)

Farmers generally observe the color of rice leaves to determine a rice crop’s need for nitrogen fertilizer. Dark green rice
leaves mean a high nitrogen content, while pale green rice leaves necessitate the application of more nitrogen fertilizer.

Mere observation, however, holds no absolute guarantee in measurement accuracy. Thus, to better help farmers
determine their rice crops’ need for nitrogen, the leaf color chart (LCC) was developed.

The Leaf Color Chart (LCC) instructional video was produced to familiarize farmers and extension workers with the
proper use of this new and affordable farming implement.

Portable chlorophyll meter for nitrogen management in rice (13:30 min)

In agriculture, excess nitrates can actually be highly damaging to crops and the environment. There is, thus, a need to
efficiently manage the application of nitrogen fertilizers on rice crops.

The Portable Chlorophyll Meter for Nitrogen Management in Rice introduces the features and use of the chlorophyll or
SPAD meter which is capable of measuring the relative nitrogen content in plant leaves through a simple, quick, and nonde-
structive procedure.

Go break into the code (13:30 min)

Genetic engineering need not be a property of the scientific few. This is what
IRRI had in mind when it produced Go breAk inTo the Code: to make the gen-
eral public grasp and understand the seemingly complicated science through
a visually stunning, fast-paced, and entertaining presentation of the genetic
code, DNA sequencing, and plant biotechnology.

The video also gives the public a glimpse as to how IRRI scientists are
redesigning the rice plant—that most important food staple, using biotech-
nology tools.

These instructional videos are available in English, in the  3/4-inch u-
matic and VHS formats, and in the NTSC, SECAM, or PAL systems.

For more information about the videos, contact

Marketing and Distribution
Communication and Publications Services
IRRI, DAPO Box 7777, Metro Manila
Philippines
E-mail: e.ramin@cgiar.org
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Although genes located in the
nucleus of cells govern the most
important agronomic traits of cul-
tivated species, cytoplasmic
genes found in the mitochondria
and in plastid organelles often
assume great importance in rela-
tion to yield and resistance to
pathogens that cause diseases.
The epidemic of leaf blight
(caused by Helminthosporium
maydis, Nisik and Miy.) on maize
in the United States in 1970,
caused by the indiscriminate use
of the male sterile cytoplasm for
the production of commercial
hybrids, was the first docu-
mented case of the danger of cy-
toplasmic uniformity.

In Brazil, about 39 upland
rice cultivars recommended for
diverse climatic conditions are
available. In a study considering
the heritage of nuclear genes,
Montalván et al (1998) reported
that only seven ancestors of up-
land rice (Dourado Precoce,
Pérola, Pratão, 560, Variety of
Zaire, Iguape Agulha, and OS-6)
were responsible for a relative
genetic contribution of 70%, indi-
cating a narrow genetic base and
a genetically vulnerable situation.
However, the cytoplasmic diver-
sity of the recommended upland
rice varieties has not yet been
evaluated.

A genealogy analysis, car-
ried out in this study, has con-
firmed that 16 ancestors are rep-
resented in the cytoplasm of 39
Brazilian upland rice cultivars
(see table). Pratão and Dourado

Origin of cytoplasmic genes of Brazilian upland rice
cultivars

E.F. Silva, Departamento de Biologia, Universidade Federal Rural de Pernambuco (UFRPE), 52171-900,
Recife, PE; A. Ando, and E.A. Veasy, Departamento de Genética, Escola Superior de Agricultura “Luiz de
Queiroz” (ESALQ), Universidade de São Paulo, Piracicaba, SP, Brazil

Precoce were the ancestral
sources of cytoplasm for 11 (28%)
and 9 (23%) recommended culti-
vars, respectively. Two cultivars
each carried cytoplasmic genes of
Batatais, Morong Paroc, 560, and
Tox 1525-F2DW. The remaining 10
released varieties traced back
their cytoplasm from 10 different
ancestors.

Pratão, Dourado Precoce,
Jaguari “Peludo,” Batatais, Pratão
Precoce, Palha Murcha, and
IAPAR62 are Brazilian landraces
of unknown genealogy, with the
last four recommended as culti-
vars. Pratão probably originated
in the state of Goiás (Germek and
Banzatto 1977), whereas Dourado
Precoce, Pratão Precoce, and
Batatais were selected from Bra-
zilian landraces at the Agronomic
Institute of Campinas (IAC). The
ancestor Jaguari “Peludo” was
used in the plant breeding pro-
gram of the Agronomic Institute

of Paraná (IAPAR), where culti-
var IAPAR62 was selected from
lineage GO80.01, which origi-
nated from the Empresa Goiana
de Pesquisa Agropecuária of
Goiás State (EMGOPA).

Little is known about the in-
troduction of cultivated rice in
Brazil. Indications suggest that
the crop was introduced by the
Portuguese, and that in 1550 it
was planted in the state of São
Paulo, and in 1788 on a large scale
on the coast of São Paulo and in
southern Minas Gerais State
(Enciclopédia Agricola Brasileira
1995). The manner in which rice
culture expanded in the country
and the origin of the landraces are
still controversial. The hypothesis
that some of these races may have
the same cytoplasmic origin can-
not be discarded. Should there be
ancestors of common maternal
origin, the cytoplasmic genes
would be more uniform. On the

Genetic resources

Cytoplasmic sources of recommended upland rice varieties of Brazil.

Cytoplasmic source Recipient varieties

Pratão IAC1246, IAPAR63, EMCAPA1, IAC47, Rio Paraguai, IAPAR64,
   Cuiabana, Araguaia, Triunfo, Xingu

Dourado Precoce IAC25, IAC165, IAC164, Uruçui, Confiança, Centro América,
   Douradão, Guaraní, Tangará

Batatais Rio Doce, IAPAR9
Morong Paroc Rio Verde, Progresso
560 Caiapó, Maravilha
Tox 1525-F2DW Bonança, Carisma
Hill Selection IAC201
Rexark IAC202
Colômbia 1 Canastra
Dee-geo-woo-gen Carajás
OS-6 Mearim
Jaguari “Peludo” EEPG369
Lung Sheng 1 Primavera
Pratão Precoce Pratão Precoce
Palha Murcha Palha Murcha
IAPAR62 IAPAR62
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other hand, mutations could have
occurred in cytoplasmic genes
over time, creating divergence
among materials of the same cy-
toplasmic origin.

Regarding the ancestors in-
troduced recently, it is known that
CI 9214, like Hill Selection, origi-
nated from Rexark in the United
States (Sato 1997). Morong Paroc
is native to the Philippines, 560 to
Liberia, and OS-6 to the Congo
(Pérez et al 1992). The ancestor
Tox 1525 F2DW originated from
Nigeria. Lung Sheng 1 was the
female parent of IRAT10 devel-
oped in Côte d’Ivoire, whereas

Dee-geo-woo-gen is native to
China.

To reduce the cytoplasmic
uniformity of upland rice culti-
vars for Brazil, crosses involving
Pratão and Dourado Precoce and
genotypes whose cytoplasmic
genes were derived from the two
cultivars should be avoided.
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Breeding for drought tolerance is
among the more challenging
tasks in rice breeding. Although
ample genetic variability has been
reported for components associ-
ated with drought tolerance and
grain yield, combining them fa-
vorably has been rather difficult.
Thus, the foremost challenge to
breeders of this fragile ecosystem
is to identify the trait(s) that
would confer a grain yield advan-
tage in crops challenged by low-
moisture stress, and devise suit-
able selection strategies, as
phenotyping some drought toler-
ance components involves de-
structive sampling.

Root system characters are
important for drought tolerance
in rice. Combining higher grain
yield with a deep root system is
desirable. In breeding experi-
ments, where each genotype has

Screening for rice root system and grain yield simultaneously
by single-tiller approach

R. Venuprasad, H.E. Shashidhar, and S. Hittalmani, Marker-Assisted Selection Laboratory, Department of Genetics and
Plant Breeding, University of Agricultural Sciences, Bangalore 560065, India    E-mail: heshashidhar@rediffmail.com

a unique genetic constitution, we
need to assess root morphology
at the vegetative stage (after im-
posing low-moisture stress or in
well-watered conditions) and for-
ward the filial generation. To
achieve this, we adopted a single-
tiller approach. Annual rice has
evolved from perennial wild. A
single or a few tillers removed
from the mother plant and
planted could grow and yield
grains. We assessed the perfor-
mance of replanted tillers and
compared these with correspond-
ing characters of undisturbed
plants.

Fifteen rice accessions show-
ing a wide array of variation in
several phenological and mor-
phological characters were grown
in a randomized complete block
design in meter-long PVC pipes
filled with sandy loam soil as de-

scribed in Shashidhar et al (1999).
Twelve replications were laid out
in each of the two contrasting
moisture regimes. While plants in
the well-watered (control) treat-
ment were irrigated throughout
the experiment, in the low-mois-
ture stress treatment, irrigation
was withheld during 40–65 d af-
ter sowing (DAS) (for details, re-
fer to Hemamalini et al 2000). In
both moisture regimes, four rep-
lications were sampled for roots
at three developmental stages,
such as 65 DAS, flowering, and
maturity. Root sampling con-
sisted of washing away soil and
separating out the primary tiller.
At each sampling, the primary
tiller with about 5 cm of root and
shoot was planted in the main
field and maintained under well-
watered conditions. Correlation
between single-tiller regenerated

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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plants and complete plants for
each agronomic trait evaluated
was computed independently in
both moisture regimes (see table).

A high significant positive
correlation was observed for
plant height between regenerated
and complete plants in both mois-
ture regimes. In the control, such
association was also seen for
number of tillers and productive
tillers. In the low-moisture stress
treatment, grain yield from regen-
erated plants after stress showed
a significant positive association
with complete plants and a sig-
nificant negative association at
maturity. In the control, grain
yield from regenerated plants at
maturity had a significant posi-
tive association with complete
plants. Plants manifested innate
differences in several qualitative
traits and relative differences in
quantitative traits. Sufficient
seeds were produced for genera-
tion advancement and grain
yield.

Correlation between single-tiller regenerated plants and complete plants for four agronomic
traits.

Well-watered control Low-moisture stress

Trait  After  At  At  After  At At
 stress flowering maturity  stress flowering maturity
65 DAS 65 DAS

Plant height 0.73** 0.91** 0.93** 0.93** 0.89** 0.75**
Tiller no. 0.62* 0.70* 0.88** 0.15 0.15 0.10
Productive tillers 0.62* 0.60* 0.48* –0.24 –0.58* –0.26
Grain yield 0.11 0.34 0.52* 0.54* 0.22 –0.59*

*,** = significant at 5% and 1% level, respectively. DAS = days after sowing.

The single-tiller method
could be effective in advancing
generations, with or without ad-
ditional crossing. The grain yield
for single-tiller crops does not
represent the genotype’s true po-
tential, which could be assessed
by progeny testing with seeds
obtained.
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Flood and drought periodically
affect rice in Bihar. Sometimes,
flood and drought occur at the
same time in different parts of the
state. Early maturing varieties in
such situations have an advan-
tage as a preflood crop in low-ly-
ing areas or as rainfed upland rice
when rains are scanty, resulting in
drought. In addition, they also
have potential for planting dur-
ing the boro season. Very early
maturing varieties (<100 d) such
as Heera, Prasana, and Sattari, re-

Dhan Laxmi and Richharia, very early rice varieties
released in Bihar, India

T. Thakur, A.K. Singh, R.S. Singh, N.K. Singh, S.B. Mishra, M. Mishra, U.K. Singh, J.N. Rai, and V.K. Chaudhary, Rice Research
Unit, Rajendra Agricultural University, Pusa, Samastipur 848125, India

leased earlier at the national level,
have not been adopted by farm-
ers mainly because of low yield
and susceptibility to various dis-
eases and insect pests.

We started to develop very
early rice varieties in the early
1980s. Numerous crosses were
made involving very early matur-
ing varieties as one of the parents.
Turant Dhan derived from the
cross Sattari/Rasi was conse-
quently developed (Thakur et al
1995). Segregating populations

were raised in both the wet and
boro (Oct-Nov and April-May)
seasons for selection. The boro-
season crop faces acute low tem-
perature, even as low as 4 °C at
the seedling stage, and heat at
flowering. Productivity, however,
is very high (Thakur et al 1994).
Several very early maturing im-
proved germplasm accessions
were identified and tested in both
the wet and boro seasons.
RAU1344-3-2 derived from ES 1-
2-3/IR36 and RAU1345-5-2 de-
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Table 1. Yields (t ha–1) of RAU1344-3-2 and RAU1345-5-2 in a multilocation state varietal
trial, wet season.

Year Location  RAU RAU Heera Turant CD CV
1344-3-2 1345-5-2 Dhan (5%) (%)

1995 Patna 4.8 4.9 2.7 2.6 2.40 15.00
Pusa 3.8 3.8 2.7 3.3 1.90 11.75

1996 Bikranganj 4.7 3.6 2.5 3.7 0.40 5.86
Agwanpur 3.7 3.6 1.2 3.3 0.15 8.96

1997 Pusa 3.8 3.8 1.2 2.0 1.60 7.86
Sabour 3.9 3.6 1.0 2.1 1.20 43.70

1998 Pusa 3.6 3.6 2.2 3.3 0.03 8.65
Agwanpur 4.1 4.1 1.8 3.1 0.10 9.00

1999 Pusa 4.0 4.1 1.5 2.3 1.60 18.36
Bikranganj 4.0 3.6 2.6 3.8 1.20 14.50

    Pooled mean 4.0 3.7 1.9 2.9

Table 2. Yields (t ha–1) of RAU1344-3-2 and RAU1345-5-2 in a multilocation varietal trial,
boro season.

Year Location RAU RAU Gautam Turant    CDa CVb

1344-3-2 1345-5-2 Dhan   (5%) (%)

1995-96 Pusa 4.4 4.4 3.8 3.1 0.59 13.5
Patna 6.6 3.8 6.9 5.2 1.02 19.9
Biraul 4.9 6.2 6.0 4.0 0.87 16.0

1996-97 Patna 4.3 – 6.2 Damaged – –
Biraul 5.9 5.3 6.6 6.5 1.02 15.0

1997-98 Pusa 4.8 4.8 5.1 Damaged – –
Patna 6.1 4.6 5.0 4.3 0.92 18.0
Biraul 5.9 4.8 5.2 4.0 1.20 12.3

    Pooled mean 5.4 4.8 5.6 4.5

aCD = critical difference, bCV = coefficient of variation.

rived from IET7564/Pusa 33 were
rated promising compared with
checks Heera and Turant Dhan.
The average yield of RAU1344-3-2
in the multilocation state trial con-
ducted in the wet season was 4.0 t
ha–1, whereas Heera and Turant
Dhan, respectively, yielded 1.9
and 2.9 t ha–1 only. RAU1345-5-2
also outyielded both checks
(Table 1). The performance of
these entries in the All-India Co-
ordinated Trial, conducted across
the country, was on a par with
that of the standard checks. These
entries were also tested during
the boro season against Gautam
bred exclusively for the boro sea-
son (Thakur et al 1994) and Pusa
2-21 for the wet season but popu-
lar in the boro season as a check
for 3 y. The yield of RAU1344-3-2
and RAU1345-5-2, respectively,
varied from 4.3 to 6.6 t ha–1 (av:
5.4 t ha–1) and from 3.8 to 6.2 t ha–

1 (av: 4.6 t ha–1) (Table 2).
RAU1345-5-2 is 15 d earlier than
Gautam while RAU1344-3-2 is 10
d earlier. As a result, two to three
irrigations in the summer are
saved while growing the boro
crop. Both have long slender
grains. RAU1345-5-2 and
RAU1344-3-2 are semi-dwarf
plants with a high degree of tol-
erance for low temperature at the
seedling stage and resistance to
bacterial blight. RAU1345-5-2 also
tolerates zinc deficiency. Based on
these and on-farm trial data, RAU
1344-3-2 and RAU 1345-5-2 have

been named as Dhan Laxmi and
Richharia, respectively.

Recently, farmers’ percep-
tions about the quality of rice va-
rieties have changed. They now
prefer good-quality grains. Dhan
Laxmi and Richharia are pre-
ferred over the popular checks
Gautam and Pusa 2-21. They are
thus recommended for cultiva-
tion during the wet and boro sea-
sons.
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State-released Pelalu Vadlu
(RDR8702) is a medium-duration
(135–140 d) rice variety derived
from OBS677/IR2070-423-21-5. It
is suitable for cultivation in the
wet season for rainfed lowland
areas. Pelalu Vadlu is tolerant of
gall midge; thus, it is suitable for
gall midge-endemic areas (Table
1). It is tall (103 cm), medium-
tillering with 370 ear-bearing
tillers, nonlodging, and erect. It is
also a semicompact, photoperiod-
insensitive, and fertilizer-respon-
sive variety. All its plants are
green. Panicle exsertion is com-
plete. The panicle is nonshat-
tering with a length of 20.4 cm
and 172 grains panicle–1. The
1,000-grain weight is 24.4 g. Head
rice recovery is 63.5%. Its grain
yields were 4–72% higher than
those of checks Surekha, Mahsuri,
and Samba Mahsuri (Table 2).
Pelalu Vadlu has a yield potential
of 7 t ha–1.

The variety has fine grains
(long slender) with a kernel
length of 6.44 mm and breadth of
2.26 mm (L-B ratio of kernel =
2.85). There is no abdominal
white. It cooks well and preserves
well after cooking.

It was nominated for distri-
bution in national minikits in
neighboring state Karnataka in
1997 because of its promising per-
formance in 1981 to 1996 variety
trials in the All-India Annual Rice
Workshop conducted by the Di-
rectorate of Rice Research.

Pelalu Vadlu is widely used
for popping and fetches a pre-
mium price in the market. It has

Pelalu Vadlu—a fine-grained gall midge-tolerant rice variety

C.P. Rao, M. Ganesh, T. Pradeep, T.N. Rao, B. Ragaiah, N.N. Reddy, C.S. Raju, K.R. Tagore, M. Jayaprakash, T.S. Rao, V.R. Rao,
L.K. Reddy, N.S. Reddy, P.S.S. Murthy, P.R. Reddy, and M. Balram, Acharya N.G. Ranga Agricultural University, Regional
Sugarcane and Rice Research Station, Rudrur 503188, Nizamabad District, Andhra Pradesh, India

Table 1. Reactions of Pelalu Vadlu (RDR8702) and check varieties to gall midge at Jagtial,
Warangal, and Rudrur.

Wet season % gall midge incidence Av incidence on
Location of year Entry tiller basis (%)

30 DATa 50 DAT

Jagtial 1995 RDR8702 – 7 7
TN(1) – 14 14

Warangal 1994 RDR8702 0.6 0.0 0.3
Tellhamsa 6.3 12.7 9.5

Rudrur 1988 RDR8702 1.0 3.0 2.0
Samba Mahsuri 8.0 24.0 16.0
Surekha 1.6 2.0 1.5

1994 RDR8702 2.2 2.6 2.4
Samba Mahsuri 10.0 19.0 14.5
Surekha 3.7 3.9 3.8

1996 RDR8702 2.3 6.5 4.4
Samba Mahsuri 12.7 18.9 15.8
Surekha 4.6 5.1 4.8

1998 RDR8702 3.1 4.8 3.9
Samba Mahsuri 10.8 18.2 14.5
Surekha 2.3 3.5 2.9

1999 RDR8702 3.5 – 3.5
Samba Mahsuri 10.9 – 10.9
Kavya 1.5 – 1.5

aDAT = days after transplanting.

gained wide popularity among
farmers and is grown on 5,000 ha

in the northern Telangana zone of
Andhra Pradesh.

Table 2. Yields of Pelalu Vadlu (RDR8702) and checks in different trials, Regional Sugarcane
and Rice Research Station, Rudrur.

Grain yied (t ha–1)
 Wet Triala CD CV (%) % increase
season Pelalu Vadlu Check (0.05) over check

1981 OVT 4.9 3.5 (Surekha) 620 9.4 40.0

1982 PVT 6.7 5.6 (Surekha) 716 34.7 21.2
1983 AVT 5.0 3.4 (Surekha) 330 3.2 49.2
1984 AVT 4.7 3.8 (Surekha) 659 5.0 23.9
1985 AVT 3.8 3.3 (Surekha) 639 5.4 12.5

3.2 (Mahsuri) 639 5.4 11.8
1986 AVT 5.8 3.4 (Surekha) 1,584 11.5 64.7

3.4 (Mahsuri) 1,584 11.5 72.5
1988 AVT 6.0 3.5 (Surekha) 633 8.1 72.8
1989 MLT 5.9 5.7 (Surekha) 430 4.5 3.8
1996 Station 5.8 4.9 (Samba Mahsuri) 520 6.2 18.3

aOVT, PVT, AVT, and MLT: observation, preliminary, advanced, and multilocation varietal trials. CD = critical difference.
CV = coefficient of variation.
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Pest science & management

In Burkina Faso, major biotic con-
straints to rice production in irri-
gated conditions include insects,
diseases, and nematodes. Lepi-
dopterous stem borers (Chilo
zacconius, C. diffusilineus,
Maliarpha separatella, and Sesamia
calamistis) can cause up to 33%
yield losses (Dakouo et al 1991).
A 1% increase in damage of the
African rice gall midge is corre-
lated with a 2% yield loss (Nacro
et al 1996). Pot trials showed a
yield loss of 30% caused by rice
root nematode Hirschmaniella
spinicaudata (Thio 1992). Rice blast
(caused by Pyricularia oryzae)
causes yield losses with an esti-
mated value of more than US$10
million in West Africa (WARDA
1995). Pest control in irrigated rice
still largely depends on the use of
chemicals without meeting the
necessary criteria of efficiency
and profitability for small-scale
farmers. Therefore, a cost-effec-
tive integrated pest management
(IPM) package was developed by
a multidisciplinary team to mini-
mize reliance on toxic and expen-
sive chemicals. This IPM package
combines the use of local natural
products made of organic manure
(5 t ha–1) against nematodes, rice
straw ash (2.5 t ha–1) against blast,
dry neem (Azadirachta indica) leaf
powder against nematodes, and
alcoholic extracts of neem seed
powder (200 g into 0.25 L of alco-
hol and 0.75 L of water) against
insects. The efficiency and profit-
ability of the package were evalu-
ated during the 2000 wet season

at two irrigated rice schemes,
Banzon and Karfiguéla, near
Bobo-Dioulasso, southwest
Burkina. Its efficiency was opti-
mized with the use of a rice gall
midge-tolerant variety, BW 348-1.
The IPM package (T3) was com-
pared with two other treatments,
T1 and T2. The first treatment (T1)
was the control with no products
against pests. T2 was a reference
chemical treatment combining
the insecticide Basudin (diazinon)
at 1,000 g ai ha–1 in foliar sprays
at 20, 40, and 60 d after transplant-
ing (DAT), the nematicide
Basamid (dazomet) at 100 kg ha–1

(incorporated into the soil 14 d
before transplanting), and the
fungicide Kitazin (di-isopropyl-s-
benzil-thiophosphate) in a foliar
spray at 720 g ai ha–1 at panicle
emergence. The experimental de-
sign was a completely random-

ized block with three treatments
and four replications, a plot size
of 60 m2 (10 × 6 m), and plant den-
sity of 25 × 25 cm. Insect damage
(deadhearts and onion shoots)
was assessed at 40, 60, 80, and 100
DAT. Foliar blast was evaluated
at 35, 49, and 63 DAT and neck
blast incidence at 15 and 30 d af-
ter panicle emergence (DAPE).
Nematode populations were es-
timated at the time of Basamid
application—before transplant-
ing and at 30, 60, 90, and 120 DAT.

Pest damage was low with
significant differences between
treatments only at 60 DAT for in-
sect damage and nematode popu-
lations, and at 30 DAPE for neck
blast incidence (Table 1). There
was no significant difference be-
tween treatments at Banzon for
deadhearts and onion shoots. At
Karfiguéla, reference chemicals

Efficiency and profitability of an IPM package
against insects, blast, and nematodes
in irrigated rice

K.B. Kaboré, D. Dakouo, and B. Thio, Institut de l’Environnement et de Recherches Agricoles (INERA),
Station de Farako-Bâ 01 BP 910 Bobo-Dioulasso 01-Burkina Faso.  E-mail: progriz@fasonet.bf

Table 1. Efficiency of an integrated pest management (IPM) package combining organic
manure, rice ash, and neem products against nematodes, blast, and insects at Banzon and
Karfiguéla irrigated rice schemes (Burkina Faso) during 2000 wet season.

Neck blastc      Nematodes g–1

Treatment % deadheartsa % onion shootsb incidence (%)    roots
(60 DAT)  (60 DAT) (30 DAPE)     (60 DAT)

Banzon Karfiguéla Banzon Karfiguéla Banzon Karfiguéla Banzon Karfiguéla

T1—Control, 5.3 a 4.1 a 0.4 a 11.9 a 8.0 ab 10.1 a 11 a 22 a
   not treated

T2—Reference 3.8 a 1.4 b 0.7 a 6.0 b 5.7 b 8.1 a 8 c 5 b
   chemicals

T3—IPM 2.1 a 1.7 b 0.3 a 5.9 b 11.4 a 11.7 a 11 a 7 b
   package

aDeadhearts = damage caused by lepidopterous stem borers. bOnion shoots = damage caused by the African rice gall
midge Orseolia oryzivora. cNeck blast caused by Pyricularia oryzae. Numbers followed by the same letter are not significantly
different at the 5% level. DAT = days after transplanting, DAPE = days after panicle emergence.
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(T2) and the IPM package (T3)
were significantly different from
the control (T1) with deadhearts
reduced to 2.1% in T3 (IPM) com-
pared with 5.3% in T1. Onion
shoots decreased significantly to
5.9% in T3 compared with 11.9%
in T1. Foliar blast incidence was
low in all treatments and loca-
tions. There were significant dif-
ferences between treatments for
neck blast incidence only at
Banzon; this incidence was sig-
nificantly higher in the IPM plots
(11.4%) than in the reference
chemical plots (5.7%) and control
(8%). The nematode population
(per gram of roots) declined sig-
nificantly from 22 in T1 to 7 in T3
and 5 in T2 at Karfiguéla. At
Banzon, the control and IPM plots
were significantly different (11
nematodes) from the reference
chemical plots (8 nematodes).

The profitability of the IPM
package is shown in Table 2. T2
gave a benefit of $142.10 vs $858
treatment cost at Banzon com-
pared with $231.90 vs $858 at
Karfiguéla. T3 resulted in a ben-
efit of $142.10 vs $42.80 treatment

cost at Banzon compared with
$65.60 vs $42.80 at Karfiguéla. The
imported and expensive chemi-
cals used in T2 led to economic
losses with a cost-benefit ratio of
1 to 0.16 at Banzon and 1 to 0.27
at Karfiguéla. The IPM package
made of local natural products
provided a relevant cost-benefit
ratio of 1 to 3.38 at Banzon and of
1 to 1.50 at Karfiguéla, with a
double advantage in monetary
gain and environmental protec-
tion.
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Before a line is released to farm-
ers, it undergoes rigorous evalu-
ation of its reaction to various bi-
otic and abiotic stresses across
seasons and locations. However,
rice varieties have never been
evaluated for resistance to golden
apple snail (GAS), Pomacea
canaliculata, because all rice vari-
eties were assumed to be equally

Golden apple snail damage in Philippine Seed Board
rice varieties

M.S. de la Cruz, R.C. Joshi, and A.R. Martin, Crop Protection Division, Department of Agriculture-Philippine Rice
Research Institute (DA-PhilRice), Maligaya, Muñoz, Nueva Ecija 3119, Philippines       E-mail: rcjoshi@Philrice.gov.ph,
joshiravi@hotmail.com, joshiraviph@yahoo.com

susceptible to this pest. Rice is at
risk from GAS during the first 15
d after transplanting. Newly
transplanted rice seedlings are
devoured from the base. After
complete removal of leaves and
leaf sheaths, the plant cannot re-
generate. The degree of damage
depends on GAS density and size.
The rapid spread of GAS and the

consequent losses make GAS
management urgent. Commercial
synthetic molluscicides are
widely misused by rice farmers in
an attempt to control GAS. To re-
duce the hazards of pesticide mis-
use and cost of control, identify-
ing rice varieties less prone to
GAS damage is important. Thus,
this study examined rice variet-

Table 2. Profitability of an IPM package combining organic manure, rice ash, and neem products
against nematodes, blast, and insects at Banzon and Karfiguéla irrigated rice schemes (Burkina
Faso) during 2000 wet season.

Yield (t ha–1) Benefita Cost of treatmentb Cost-benefit ratioc

Banzon Karfiguéla Banzon Karfiguéla Banzon Karfiguéla Banzon Karfiguéla

T1—Control 6.3 b 5.8 b – – – –  – –

T2—Reference 7.5 a 7.7 a 142.10 231.90 858.00 858.00 1:0.16 1:0.27
   chemicals

T3—IPM package 7.5 a 6.3 a 142.10 65.60 42.80 42.80 1:3.38 1:1.50

aBenefit = (Yield treatment – Yield control) × $121.43, where $121.43 is the sale price of 1 t rice. bCost of treatment
includes only the cost of synthetic pesticides in T2 and of raw material in T3. cCost-benefit ratio = return for every dollar
invested. US$1 = 700 F.CFA.

Treatment

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Table 1. Field evaluation of selected PSBRc varieties for GAS damage under no-choice
conditions, PhilRice-CES, 2000 wet season.

   Year % MHa

Variety released Ecosystem
1 DAR 3 DAR 5 DAR 7 DAR 14 DAR

PSBRc36 (Ma-ayon) 1995 Rainfed lowland 6.1 a 14.9 a 21.5 ab 24.0 ab 32.3 bc
PSBRc38 (Rinara) 1995 Rainfed lowland 1.2 c 5.2 bc 10.4 cd 13.6 c 22.5 c
PSBRc40 (Chayong) 1995 Rainfed lowland 0.4 c 0.7 c 3.2 d 3.3 c 9.2 d
PSBRc68 (Sacobia) 1997 Rainfed lowland 6.8 a 17.9 a 26.1 a 32.1 a 44.9 a
PSBRc80 (Pasig) 2000 Irrigated lowland 2.5 bc 5.4 bc 15.8 bc 20.4 b 34.3 abc
IR64 (check) 1985 Irrigated lowland 5.1 ab 17.9 a 19.6 abc 24.4 ab 29.0 bc

aValues followed by a common letter in a column are not significantly different at 5% level by DMRT. DAR = days after
release of GAS, % MH = percent missing hills.

ers. Twenty-five hills of each va-
riety were planted and infested at
a density of 3 GAS m–2.

Under the free-choice field
test, the % MH at 7 DAR ranged
from 6.7% to 80.8%. Varieties with
low % MH were PSBRc40 (6.7%),
PSBRc36 (14.4%), PSBRc68
(28.9%), and PSBRc38 (30.0%),
while the popular variety IR64
had high damage (73.9%). The
most recently released rice vari-
ety, PSBRc80, had 67.8% MH.

Under the no-choice condi-
tions in the field, PSBRc40 had the
lowest damage levels, signifi-
cantly so at some sampling times
(Table 1). In the screenhouse,
PSBRc80 and IR64 had signifi-
cantly higher damage at most

sampling times, while PSBRc40
again had low damage (Table 2).
The high level of damage in the
no-choice test under screenhouse
conditions may have been caused
by factors such as slow growth of
seedlings and lack of alternative
food sources such as algae and
newly germinated weeds.

To our knowledge, this is the
first report documenting differen-
tial GAS damage among rice va-
rieties in the Philippines or else-
where. This information will, we
hope, lead to the identification of
physiological and morphological
characteristics of these varieties
that explain the mechanism(s) for
low damage.

ies released by the Philippine
Seed Board (PSBRc) to identify
those that are less prone to GAS
damage.

An initial study was con-
ducted under free-choice tests at
the PhilRice-Central Experiment
Station (CES) farm (longitude
120°56′ E; latitude 15°45′ N; alti-
tude 48 m above sea level). Thirty-
two PSBRc varieties were planted
in a well-leveled  field. IR64
served as a check. GAS were
handpicked several times to re-
move resident GAS.

Each variety (21-d-old seed-
ling) was planted in three straight
rows with two seedlings hill–1, 20-
× 20-cm spacing, and 15 hills
row–1. Each entry was replicated
three times in a randomized com-
plete block design (RCBD).
Freshly collected GAS with a shell
length of 20–35 cm were released
at a density of 3 GAS row–1. Wa-
ter level was maintained at 3 cm.
GAS damage was recorded 7 d
after release (DAR) as percent
missing hills (% MH).

PSBRc varieties exhibiting
low GAS damage in free-choice
field testing were reevaluated in
the field and in a screenhouse
under no-choice conditions. In
both tests, each entry was repli-
cated eight times under an RCBD.
In the field, raised bunds were
constructed to separate micro-
plots (2 × 2 m) and prevent GAS
movement between microplots. A
density of 3 GAS m–2 was estab-
lished in each microplot. The
screenhouse microplots mea-
sured 1 × 1 m and were separated
with polyethylene plastic barri-

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Table 2. Screenhouse evaluation of selected PSBRc varieties for GAS damage under no-
choice conditions, PhilRice-CES, 2000 wet season.

% MHa

 1 DAR  3 DAR  5 DAR  7 DAR 14 DAR

PSBRc36 (Ma-ayon) 11 b 15 b 15 b 17 b 58 a
PSBRc38 (Rinara) 0 b 4 b 6 b 13 b 53 a
PSBRc40 (Chayong) 3 b 12 b 13 b 15 b 60 a
PSBRc68 (Sacobia) 12 b 15 b 15 b 20 b 58 a
PSBRc80 (Pasig) 50 a 78 a 84 a 90 a 92 a
IR64 (check) 20 b 64 a 64 a 72 a 83 a

aValues followed by a common letter in a column are not significantly different at 5% level by DMRT. DAR = days after
release of GAS, % MH = percent missing hills.

Variety

Produced by the International Rice
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The golden apple snail (GAS)
Pomacea canaliculata damages rice
seedlings, resulting in uneven
crop stand. GAS damage is char-
acterized by missing hills and
floating leaf fragments in the
field. GAS cuts the base of young
seedlings with its layered tooth
(radulla) and eats the succulent
leaves. The extent of damage to
the rice crop depends on snail
size, snail density, and growth
stage of the rice plant. A density
of three GAS m–2 causes signifi-
cant yield loss, with much greater
damage on direct-seeded rice and
young seedlings transplanted at
18–21 d (Litsinger and Estano
1993). However, earlier investiga-
tors failed to consider GAS size
when assessing damage to rice
seedlings in either transplanted or
direct-seeded rice systems.

At the PhilRice-Central Ex-
periment Station (CES) in
Maligaya, we studied the rela-
tionship between GAS size and
extent of damage to rice seedlings
under two rice establishment
methods. Two trials of the experi-
ment were conducted—the first
in July 2001 and the second in Au-
gust 2001. Results from the two
trials were reported separately
because the trial × snail size in-
teraction was significant.
Microplots (2 × 2 m) free of GAS
were transplanted with 21-d-old
rice seedlings at 20- × 20-cm spac-
ing with one seedling hill–1. A to-
tal of 100 hills occupied each

microplot. For direct-seeded rice,
seeds were broadcast at 80 kg ha–1

in each microplot. GAS with sizes
of 5, 10, 30, and 40 mm were re-
leased in each microplot at a den-
sity of 12 microplot–1. Each GAS
size was replicated four times us-
ing a completely randomized de-
sign. The GAS density corre-
sponded to the approximate natu-
ral field abundance of 3 m–2 of
GAS observed in farmers’ fields.
In transplanted rice, GAS damage
on rice seedlings was recorded as
missing hills. In direct-seeded
rice, GAS damage was calculated
using the following formula:

Relation of golden apple snail size to rice seedling damage
in transplanted and direct-seeded rice cultivation

R.C. Joshi, Laboratory of Insect Pest Control, Kyushu-Okinawa, National Agricultural Research Center (KONARC),
Nishigoshi, Kumamoto 861-1192, Japan; M.S. de la Cruz, A.R. Martin, A.V. Duca, and E.C. Martin, Crop Protection Division,
Department of Agriculture (DA)-Philippine Rice Research Institute (PhilRice), Maligaya, Muñoz Science City, Nueva Ecija,
3119 Philippines      E-mail: rcjoshi@philrice.gov.ph, rcjoshi@affrc.go.jp

Number of seedlings consumed in a quadrant
Cumulative % missing hills  = × 100

Initial seedling count

Cumulative missing hills (%) caused by GAS of various sizes in transplanted and direct-seeded rice cultures, PhilRice-CES, Philippines.a

Transplanted (DAR) Direct-seededb (DAR)

1 3 5 7 14 1 3 5 7 14

Trial 1
5 0.0 c 0.0 d 1.0 d 1.0 d 16.7 d 0.0 b 1.0 b 1.0 c 1.0 c 2.7 c
10 0.0 c 4.0 d 4.5 d 19.2 c 41.5 c 0.6 b 1.5 b 1.5 c 1.5 c 3.8 c
20 5.5 c 17.7 c 40.7 c 42.2 b 60.5 b 1.3 b 1.8 b 9.9 bc 9.9 c 9.9 c
30 39.0 b 70.2 b 88.7 b 96.0 a 99.0 a 1.9 b 10.0 b 25.3 b 25.3 b 25.3 b
40 58.2 a 93.0 a 99.5 a 100.0 a 100.0 a 12.7 a 43.1 a 63.5 a 66.3 a 67.7 a
    Control 0.0 c 0.0 d 0.0 d 0.0 d 0.0 e 0.0 b 0.0 b 0.0 c 0.0 c 0.0 c
    (GAS-free)

Trial 2
5 0.0 c 1.0 c 6.2 d 7.5 d 8.5 d 0.0 b 0.0 b 5.6 bc 14.7 c 33.8 b
10 0.0 c 11.0 c 28.0 c 34.2 c 44.2 c 1.5 c 2.0 b 12.4 b 23.0 bc 27.0 b
20 38.5 a 48.0 b 64.5 b 70.0 b 74.2 b 2.2 b 2.2 b 28.6 a 30.1 ab 39.5 ab
30 47.5 a 75.5 a 88.2 a 91.0 a 94.7 a 7.5 a 8.2 a 33.6 a 37.9 a 48.6 a
40 24.5 b 84.0 a 98.0 a 99.7 a 100.0 a 0.0 b 0.8 b 25.8 a 30.1 ab  39.4 ab
    Control 0.0 c 0.0 c 0.0 d 0.0 d 0.0 d 0.0 b 0.0 b 0.0 c 0.0 d 0.0 c
    (GAS-free)

aValues followed by a common letter are not significantly different at 5% level by DMRT. DAR = days after release. Untransformed values are reported. bBased on 12 quadrants (1 × 1 ft).

GAS size
  (mm)
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Cumulative missing hills were re-
corded 1, 3, 5, 7, and 14 d after
release (DAR) of GAS.

Our results showed that 40-
mm GAS was generally the most
destructive size, irrespective of
rice establishment method (see
table). Interestingly, 10-mm GAS
was capable of causing damage to
direct-seeded rice even after 1 d.
However, 5-mm GAS did not dam-
age rice seedlings in plots of either
establishment method at 1 DAR.
These small snails were observed
feeding on algae and other or-

ganic matter at the field water
surface.

In GAS management, farm-
ers should apply the best mix of
management options. Handpick-
ing big snails (30–40 mm in size)
during early morning or using
attractants such as newspapers
late in the afternoon makes
manual collection easier and re-
duces GAS damage. Duck herd-
ing before crop establishment and
after rice harvest helps to reduce
the density of small snails (<30 mm
in size) and saves on feed costs for

Rice caseworrn (Nymphula
depunctalis Guenée) is a major
pest of lowland rice in
Chhattisgarh State of India. The
pest is more destructive and
causes higher losses under de-
layed planting and waterlogged
conditions. A promising new
plant type breeding line, NPT
57K-70-22, developed at JNAU
appeared to show a resistant re-
action to this pest at Raipur. It has
a much higher grain number
panicle–1, lower panicle number,
and greater plant height than
semidwarf varieties (Kumar et al
1999). Studies were undertaken
during the 1998 and 1999 wet sea-
sons to confirm the observed high
resistance of JR57K-70-22 and to
evaluate two more promising
NPT breeding lines along with
IR36 and Mahamaya, recom-
mended cultivars in Chhattisgarh.

The entries were trans-
planted in a 12-m2 plot at 20- × 15-

cm spacing in a randomized com-
plete block design with four rep-
lications. The percentage of leaf
area damaged by the pest in the
transplanted crop was recorded
on 10 randomly sampled hills 35 d
after transplanting.

The percentage leaf damage
data for 2 y underwent angular
transformation before analysis of
variance (Table 1).

A moderate estimate of CV
(16%) and the nonsignificant rep-
lication effect indicate that the
pest was distributed uniformly
(Table 2). Because the maximum
damage was only about 45%
(IR36), the pest intensity may not
have been high enough to con-
clude that JR57-70-22, which did
not show damage at all, was com-
pletely resistant to caseworm.
Nevertheless, the results confirm
the high level of resistance of this
breeding line to caseworm.
JR57K-65-61, a breeding line

Table 1.  Analysis of variance for 1998 and
1999 wet seasons.

Source df msa F

Year 1 13.48 0.94
Replication 3 37.21 2.58
Year × replication 3 21.50 1.49
Treatment 4 1,900.11 131.88**
Year × treatment 4 1.02 0.070
Error 24 14.40

ams = mean square. ** = significant at 1% level.

raising ducks (Cagawan et al
2000).
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Performance of new plant type prototype rice lines
 against caseworm (Nymphula depunctalis Guenée)
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closely related to JR57K-70-22,
also suffered significantly (P =
0.01) less damage than the re-
maining entries and may prove to

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Table 2. Transformed and original treatment
means of NPT prototype and recommended
cultivars at Raipur, Chhattisgarh, 1998 and
1999 wet seasons.

Duration Transformed Original
 (d)  mean mean

JR57K-65-61 120 19.29 11.11
JR57K-70-22 133 0.06 0.00
JR72-K-21 137 27.18 21.09
IR36 (check) 115 41.97 45.00
Mahamaya (check) 128 29.12 23.89

Variety
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We document here a rare inci-
dence of rice sheath brown rot in
the fourth crop of an upland rice
successive cropping experiment
(two crops year–1) planted in Oc-
tober 1999 using elite upland in-
dica line IR55423-01 and lowland
hybrids Mestizo and Magat (crop
management details available
from T. George). This crop grew
normally until flowering, after
which disease symptoms started
to develop on all cultivars in Janu-
ary 2000. The plants showed dark
brown lesions on flag-leaf
sheaths, poor panicle emergence,
spikelet sterility, and brownish
black discolored seed. The symp-
toms resembled bacterial sheath
brown rot caused by Pseudomonas
fuscovaginae. We characterized the
causal agent and performed a ge-
notypic comparison of the isolates
with a previous collection of
sheath rot isolates from the Phil-
ippines (Cottyn et al 1996), P.
fuscovaginae strains from Japan
and Burundi (Duveiller et al 1988,
Miyajima et al 1983), and other
Pseudomonas strains related to the
disease (Jaunet et al 1995) by
BOX-PCR fingerprinting (see
table).

Isolations were done by par-
tially crushing 100 discolored
seeds in 20 mL of sterile water,

and tenfold dilutions in sterile
saline (0.85% NaCl) were streaked
onto King’s medium B (KB). Af-
ter incubation for 2 d at 28 °C,
three colonies for each abundant
type were arbitrarily picked and
purified on tryptic soy agar
(TSA). The 18 isolates were tested
for pathogenicity on 21-d-old rice

seedlings of cv IR24 grown in the
greenhouse. For each isolate,
eight seedlings were injected into
the culm with 0.1 mL of an aque-
ous bacterial suspension (ap-
proximately 108 cells mL–1). Iso-
lates that produced a positive re-
action were further inoculated on
10 plants at booting and heading

Rice sheath rot isolates from the Philippines, reference strains of Pseudomonas fuscovaginae,
and other fluorescent pseudomonads used in the comparative analysis of BOX-PCR
fingerprints.

Species Origin Year Habitat Isolate/strain numbera

P. fuscovaginae-like Philippines Siniloan 2000 Rice seed S-E1, S-E2, S-E3
(Laguna)
Rizal 1997 Rice seed BPJ 3744
(Laguna)
Banaue 1989 Rice seed IRRI 5793, IRRI 5801,

IRRI 5803, IRRI 6031,
IRRI 6202, IRRI 6235

Laguna 1989 Rice seed IRRI 4605
Davao 1988 Rice sheath IRRI 6609
Palawan 1988 Rice sheath IRRI 7007, IRRI 7008

P. fuscovaginae Japan Hokkaido 1971 Rice sheath LMG 2192
   (Miyajima 7103)

1970 Rice sheath LMG 5097
   (Miyajima BM-1)

1968 Rice sheath LMG 2158T
   (Miyajima 6801)

Burundi Gisha 1982 Rice sheath LMG 5742
   (Maraite HMB264)

P. syringae pv. syringae Hungary 1957 Rice sheath LMG 2230
   (Klement A289)

P. putida bv.  A USA 1973 Soil LMG 2257T
   (ATCC12633)

aS-E, BPJ, and IRRI numbers refer to Philippine rice sheath rot isolates maintained at the Entomology and Plant Pathology
Division, IRRI, Los Baños, Philippines. LMG numbers refer to reference strains received as genomic DNA from the BCCM/
LMG Bacteria Collection, Laboratory of Microbiology, University of Gent,  Belgium. Alternate strain numbers are given in
parentheses. T = type strain.

be a useful donor of resistance to
caseworm. These two lines had
hard leaves with dense hairs,
which may have inhibited feed-
ing by the pest. Little information
is available on resistant breeding
material against rice caseworm.

Characterization of rice sheath rot from Siniloan, Philippines

B. Cottyn, H. Barrios, T. George, and C.M. Vera Cruz, IRRI       E-mail: c.veracruz@cgiar.org

Rao et al (1984) reported one re-
sistant cultivar (C62-10) and 15
cultivars with moderate resis-
tance.
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Dendrogram derived from the unweighted pair group average linkage method of Pearson
correlation coefficients between the BOX-PCR patterns of the isolates from discolored seed
collected from the field in Siniloan (S-E), selected Philippine rice sheath rot isolates from previous
collections (IRRI and BPJ), and reference strains of Pseudomonas fuscovaginae, P. syringae pv.
syringae (described as causing similar sheath brown rot symptoms on rice), and P. putida bv. A
[described as closest neighbor to the Philippine isolates based on PCR-RFLP analysis of 16S-
rDNA by Jaunet et al (1995)].

in a growth chamber with day/
night temperatures of 29/21 °C
and relative humidity ranging
from 70% to 95%. The boots were
injected with 0.5 mL of aqueous
bacterial suspension; individual
panicles at heading were sprayed
with 2 mL of bacterial suspension.
BOX-PCR genomic fingerprinting
analysis was done as described
previously (Cottyn et al 2001).

Of the 18 isolates, three iso-
lates (S-E1 to S-E3) representing
a fluorescent colony type that was
found with high frequency (ap-
proximately 106 CFU mL–1 of seed
suspension) on isolation plates in-
duced symptoms on all inocu-
lated IR24 plants at seedling,
booting, and heading stages.
Their colonies were similar to
those of the sheath rot isolates
previously described from the
Philippines (Cottyn et al 1996).
On TSA, colonies were creamy
white, glistening, and convex
with smooth margins. On KB,
colonies first appeared mucoid
whitish but turned yellowish
with a greenish shade and pro-
duced an orange-brown pigment
after 5 d of incubation; some
colony variants were translucent
and flat with irregular margins.
Inoculated seedlings produced
water-soaked patches on the
sheath that quickly developed
into brown lesions with grayish
necrotic centers; the seedlings of-
ten died after 10 d. Plants inocu-
lated at the booting stage often
showed inhibition of panicle
emergence and symptoms were
similar to those observed in the
field. Spray-inoculation at head-
ing induced dark brown patches
on necks and 50% discolored
seed.

Based on BOX-PCR finger-
printing analysis, two clusters
only distantly related at a level of
38% similarity were distin-

guished: one comprising all rice
sheath rot isolates from the Phil-
ippines and the other the P.
fuscovaginae reference strains (see
figure). This indicates that the
Philippine P. fuscovaginae-like iso-
lates not only differ serologically
and biochemically from the P.
fuscovaginae type strain (Cottyn et
al 1996), but they also constitute
a genetically distinct population.
A further taxonomic evaluation of
these isolates is required to estab-
lish their true relationship to P.
fuscovaginae. In the tropics, how-
ever, bacterial sheath rot has low
incidence overall and is not a
major constraint to rice produc-
tion. Previous detection of this
pathogen in temperate environ-
ments or at high altitudes in the
tropics points out the favorable
influence of low temperatures on
symptom development. The crop
at Siniloan was exposed to mini-
mum and maximum tempera-
tures in the last week of Decem-
ber 1999 and in January 2000 of
about 18–12 °C and 21–25 °C, re-
spectively. It is possible that these
low temperatures favored disease
development. The severe attack is

evidence that the disease should
not be ignored.
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Yellow stem borer (YSB)
Scirpophaga incertulas (Walker) is
the predominant stem borer spe-
cies in Tamil Nadu, India (Ragini
et al 2000). Usually, levels of para-
sitism increase with correspond-
ing increases in host density
(Catling et al 1983, Lill 1998). We
studied the relationship among
YSB moth catch in a light trap, egg
mass density, and parasitism in
the field to correlate light trap
data with levels of pest eggs in the
field and to learn whether para-
sites respond to increased egg
density. A light trap with a 100-
watt bulb was operated nightly
between 1800 and 0600 from
January to December 1999 in a
2.02-ha field of transplanted low-
land rice (mixed varieties) at the
ACRI in Killikulam. Parasitism by
Telenomus digmus (Gahan) and
Tetrastichus schoenobii (Ferreira)
was assessed by collecting egg

Relationship among abundance of yellow stem borer moths,
egg population, and egg parasitism in rice

S. Manju, D. Thangaraju, and P.M.M. David, Department of Agricultural Entomology, Agricultural College and Research
Institute (ACRI), Killikulam, Vallanad 628252, Tamil Nadu, India

masses weekly from the field.
They were transferred individu-
ally to cloth-covered vials (12 mm
diam, 5 cm long) and maintained
in a screenhouse (34.7 ± 0.8 °C,
79.0 ± 0.9% RH) until the parasi-
toids and/or the host larvae
emerged. The vials were arranged
in plastic trays (30 × 24 cm) with
cotton lining so that the plug ends
touched the moist cotton. Moth
catch was positively correlated
with the abundance of egg masses
(r = 0.23, P < 0.01, n = 43) and with
parasitism levels in the field (r =
0.40, P < 0.01, n = 43), while egg
population was positively corre-
lated with parasitism (r = 0.28, P
>0.01, n = 43) (see figure). How-
ever, the relationship was signifi-
cant only between moth catch and
parasitism. Loevinsohn and
Bandong (1991) observed a sig-

Relative abundance of  YSB moth catch, egg population, and egg parasitism. Note: Data for
May not available.

nificant correlation between the
total number of adult females
caught and the number of egg
masses 4–8 wk after transplant-
ing.
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Soil, nutrient, & water management

One of the major soil constraints
to rice production in tropical soils
is acidity-related aluminum (Al)
toxicity. The traditional method of
liming is economically viable and
sustainable only when lime is
available locally. The alternative
is to identify adaptable rice geno-
types. The widely grown rice
landraces are Oryza sativa and O.
glaberrima.

Fifteen O. sativa and 15 O.
glaberrima genotypes were ini-
tially screened for tolerance for Al
toxicity. Pregerminated seeds (5 d)
were grown for 28 d in nutrient
solution under three levels of Al
concentration (0, 0.4, and 1.2 mM
as AlCl3

.6H2O) using a modified
IRRI nutrient solution for rice.
These genotypes were grown in
separate containers, arranged in
a completely randomized design,
and replicated thrice. The solu-
tion was maintained at pH 4.2 ± 1
and was continuously aerated. At
harvest, dry shoot and root
weights were recorded after mea-
suring shoot and root lengths.

Four selected O. glaberrima
genotypes [a white-grain O.
glaberrima mutant—SMMG 88-9,
its parent Gorbal, Seniwa, and
WAC102531(2)], two O. sativa
genotypes (IDSA6 and Ngbongo
nyenye), and the Al-tolerant
check (E425) were grown at five
Al concentrations (0, 0.4, 0.8, 1.6,
and 3.2 mM) for 28 d. The design
was a split plot with levels of Al
as main plots and varieties as sub-
plots, replicated four times. The
concentration of Al in duplicate

Genotypic response to aluminum toxicity
of some rice

I. Baggie, Rice Research Station, PMB 736, Freetown, Sierra Leone; F. Zapata, FAO/IAEA Agriculture and
Biotechnology Laboratory, Seibersdorf, P.O. Box 200, A-2444, Austria; and N. Sanginga, International
Institute of Tropical Agriculture, PMB 5320, Ibadan, Nigeria

samples of the shoot was deter-
mined by the irradiation neutron
activation analysis (INAA)
method.

Response to Al varied widely
within but not between rice species
(see table). The increase in most
growth measurements at low Al
concentration (0.4 mM) suggests
the need for some amount of Al for
rice growth. Regardless of species
or variety, increasing the Al concen-
tration decreased shoot weight
(Fig. 1a). The relative reduction in
growth measurements caused by
high Al concentration at 1.6 and 3.2
mM was 44–71% for shoot weight,
53–58% for root weight, 28–53% for
shoot length, and 54–85% for root
length. Thus, root length, followed
by shoot weight, is most sensitive
to Al toxicity.

At 1.6 and 3.2 mM Al, geno-
typic differences based on growth
measurements were consistent,
giving the following order of tol-

erance for Al toxicity: Ngbongo
nyenye > WAC102531(2) > E 425
(check) = Gorbal (P) > Seniwa =
IDSA6 = SMMG 88-9. Thus, the
local O. sativa Ngbongo nyenye
and O. glaberrima WAC102531(2)
are the most tolerant, whereas
elite O. sativa   IDSA6  and mu-
tant SMMG 88-9 were the most
susceptible. Al uptake  was higher
in tolerant genotypes
[WAC102531(2) and E 425]  than in
susceptible genotypes (IDSA6,
SMMG 88-9, and Seniwa) (Fig. 1B).
This suggests that the mechanism
of tolerance in WAC102531(2) and
E425 may be related to their ability
to tolerate high Al in the tissue,
presumably by Al detoxification.
Conversely, for the Al-tolerant
genotype Ngbongo nyenye, the
lowest shoot Al concentration
may suggest a tolerance mecha-
nism of Al exclusion in the root
apoplasm.

Growth measurements of Oryza sativa and O. glaberrima grown at different Al concentrations.a

Al concentration (mM)

0 0.4 1.3

Range Mean Range Mean Range Mean

O. sativa
Shoot weight (g) 0.54–0.96 0.74 b 0.59–1.22 0.87 a 0.27–0.57 0.36 c
Root weight (g) 0.16–0.29 0.23 b 0.15–0.34 0.25 a 0.09–0.21 0.13 c
Shoot length (cm) 27–38 31 a 25–37 31 a 17–34 20 b
Root length (cm) 16–26 21 b 18–27 23 b 7–13 10 c
Relative growth rate 3.9–5.9 4.9 b 4.5–6.6 5.4 a 2.7–4.1 3.5 c

O. glaberrima
Shoot weight (g) 0.51–1.05 0.75 b 0.60–1.13 0.88 a 0.28–0.53 0.39 c
Root weight (g) 0.19–0.40 0.27 b 0.22–0.41 0.30 a 0.09–0.20 0.15 c
Shoot length (cm) 23–35 27 b 19–31 26 a 9–15 12 c
Root length (cm) 19–26 23 b 19–31 26 a 9–15 12 c
Relative growth rate 3.8–5.7 4.7 b 4.5–6.3 5.3 b 2.8–4.8 3.4 c

aValues followed by the same letters are not significantly different at 5% by DMRT.

Measurement
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Urban markets for organic food
in India are expanding fast
(Patnaik 1996). Because of the
growing demand for organic food
and the high premium it com-
mands, farmers are encouraged to
grow crops using nutrients from
organic sources. Artur and
Kjellenberg (1997) reported that
protein quality in potato and
wheat was better after the appli-
cation of organic manure than af-
ter fertilizer application. This
study investigated the influence
of different organic manures on
improving milling and cooking
quality of rice.

A field experiment in a split-
plot design was conducted using
rice cv. Pusa Basmati in the later-
itic belt of West Bengal, India,
during the 1997-99 wet season
(June-October). The main-plot
treatment consisted of two levels
of pest control—no pest control
(NPC) and chemical pest control
(CPC). Subplots had seven
sources of nutrients: three com-
mercial manures—processed city

Relative efficacy of organic manure in improving milling
and cooking quality of rice

Y.S. Prakash, P.B.S. Bhadoria, and Amitava Rakshit, Agriculture and Food Engineering Department, Indian Institute of
Technology, Kharagpur 721302, India      E-mail: pbsb@agfe.iitkgp.ernet.in

waste (PCW), vermicompost
(VC), and oil cake pellets (OCP);
FYM (farmyard manure); FYM +
MC (microbial culture); chemical
fertilizer (CF) with NPK (80-60-50
kg ha–1); and UC (untreated con-
trol). Organic manures were ap-
plied basally on the recommended
N equivalent basis, although P and
K supplied by these manures dif-
fered, depending on their nutrient
composition. The MC was applied
along with FYM using a recom-
mended dose of 15 kg ha–1. The
measurements considered in as-
sessing grain quality of rice were
total milled rice and head rice re-
covery, while those for milled rice
were protein content, amylose
percent, and grain elongation and
volume expansion upon cooking.

Results showed that varia-
tion in milling and cooking qual-
ity caused by the influence of nu-
trient sources was significant,
whereas pest control measures
showed small and nonsignificant
variation (see table). Total milled
rice in UC was the lowest but was

on a par with total milled rice re-
covered in treatments with com-
mercial organic manures and CF.
However, in the second year,
PCW recorded significantly
higher milled rice than UC. Total
milled rice in the FYM treatment
was significantly more than in all
the others, except for VC and
PCW. Like total milled rice, head
rice recovery in UC was also the
lowest but was comparable with
only CF and OCP. The FYM treat-
ment gave a higher head rice re-
covery than all commercial ma-
nures and CF, but it was statisti-
cally higher than only OCP and
CF.

Pest control did not signifi-
cantly influence milling and cook-
ing quality measurements. UC
recorded significantly lower val-
ues of protein content and kernel
elongation but significantly
higher values of amylose content
and kernel expansion than the
other nutrient sources. Similarly,
significantly lower values of ker-
nel elongation and significantly

Fig. 1. (a) Effect of Al concentration on shoot weight at 28 d after planting (bars indicate standard
errors). (b) Effect of Al on Al uptake at 28 d.
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higher values of amylose content
and kernel expansion were ob-
served in CF and OCP. Protein
content in FYM was significantly
higher than with VC, but it was
on a par with PCW during the
first year. The trend changed dur-
ing the second year, when the
FYM treatment was significantly
superior to all treatments with
commercial manures.

The amylose content in the
FYM treatment was significantly
lower than in treatments with
commercial manures, except
PCW. For kernel elongation, the
value observed in the FYM treat-
ment was significantly higher
than in treatments with commer-
cial manures.

Results of the experiment in-
dicated that the FYM treatment
gave higher total and head milled
rice recovery as well as protein
content than treatments with
commercial manures and CF. The
higher uptake of nutrients, par-
ticularly N, in the FYM treatment
was probably responsible for the
higher grain protein. It is known
that protein content imparts

strength to the grains; higher
grain protein content will thus
result in higher head rice recov-
ery (Zhang and Shao 1999).

Higher grain amylose con-
tent is associated with lower grain
protein content. A negative and
significant correlation (r = 0.95**)
between grain amylose content
and grain protein content con-
firms this finding. A treatment
with FYM has been useful for
higher protein and lower amylose
content than treatments with
commercial manures and CF,
which can be responsible for
higher grain elongation and
lower expansion (Juliano 1985). A
negative and significant correlation
between kernel elongation and
grain amylose content (r = 0.98**)
and a positive and significant cor-
relation between kernel expansion
and amylose content (r = 0.97**)
further confirm these findings.

The recovery of total and
head rice was higher following
the application of FYM than with
the use of other commercial ma-
nures and CF. The FYM treatment
also showed significantly higher

protein content, longer kernel
elongation, and lower kernel ex-
pansion of rice.
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Influence of pest control and nutrient source on milling quality and cooking quality of rice.

Head rice Protein Amylose   Kernel   Kernel
Treatment   Milling  (%) recovery (%) content (%) content (%)     elongation (mm)      expansion (mm)

  1997   1998   1997    1998 1997 1998   1997   1998   1997   1998    1997 1998

Nutrient sourcea

PCW 69.4 69.9 53.3 53.4 7.56 7.68 29.8 29.5 13.6 13.8 6.3 6.2
VC 68.9 69.5 53.5 53.8 7.44 7.66 30.3 29.8 13.4 13.5 6.5 6.4
OCP 68.0 68.5 50.0 50.2 7.31 7.47 32.2 32.1 12.8 12.7 6.8 6.7
FYM + MC 70.2 71.2 54.6 54.9 7.94 8.03 28.8 27.9 14.2 14.4 5.8 5.7
FYM + CF + UC 70.5 71.1 54.4 54.8 7.69 7.95 29.2 28.4 14.1 14.2 6.0 5.8
CF 68.3 68.9 49.9 50.0 7.37 7.41 31.5 31.6 12.9 12.9 6.7 6.6
UC 68.0 68.4 49.0 49.1 7.06 6.85 33.1 33.6 12.4 12.4 7.1 7.1

   SEM ± 0.56 0.62 0.48 0.53 0.06 0.07 0.26 0.32 0.06 0.08 0.04 0.05
   LSD (0.05) 1.63 1.81 1.40 1.55 0.17 0.20 0.76 0.93 0.17 0.23 0.12 0.15

Pest control
NPC 68.0 68.5 50.9 51.2 7.42 7.50 30.5 30.4 13.3 13.4 6.4 6.3
CPC 70.1 70.7 53.2 53.4 7.54 7.66 30.8 30.5 13.4 13.5 6.5 6.4

   SEM ± 0.41 0.45 0.23 0.26 0.04 0.04 0.15 0.17 0.01 0.02 0.02 0.02
   LSD (0.05) ns ns 1.40 1.58 ns ns ns ns ns ns ns ns

aNPC = no pest control, CPC = chemical pest control, PCW = processed city waste, VC = vermicompost, OCP = oil cake pellets, FYM = farmyard manure, MC = microbial culture,
CF = chemical fertilizer, UC = untreated control. SEM = standard error of the mean, LSD = least significant difference, ns = not significant.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○



45IRRN 27.1

Crop management

High iron (Fe) content and avail-
ability because of submergence
and accumulation in the plant are
suspected to be the reasons for
low fertilizer responsiveness and
yield of high-yielding genotypes
in lateritic soils of Kerala, India.
Since roots are the absorbing or-
gans, their development is evi-
dently an index of plant vigor. To
study the influence of excess Fe
on root characteristics and its re-
lation to rice productivity, rice
experiments were conducted at
the Agricultural Research Station,
Mannuthy, of Kerala Agricultural
University during the 1995-96
and 1996-97 kharif seasons. The
soil at the site was a lateritic sandy
clay loam, acidic, and of medium
fertility. Treatments consisted of
three methods of crop establish-
ment (dry seeding, wet seeding,
and transplanting), two digging
depths (15 and 30 cm), and three
levels of farmyard manure (FYM)
(0, 5, and 10 t ha–1). Root charac-
teristics and yields were recorded.
Root Fe content was estimated.

Crop establishment signifi-
cantly influenced root character-
istics (Table 1). The dry-seeding
treatment in which the plant grew
for 40 d under dry soil conditions
had the highest number of roots
plant–1 and average root length at
the maximum tillering stage.
Similarly, digging to a depth of 30
cm increased root number plant–1.
Raising the FYM levels increased
the number of roots plant–1 and
average root length; the increases
were statistically significant. Data
also showed that the dry-seeding
treatment had the highest grain

Influence of root characteristics on rice productivity
in iron-rich lateritic soils of Kerala, India

A.T. Bridgit and N.N. Potty, Agronomic Research Station, Chalakudy, Thrissur 680307, Kerala, India

yield, with an improvement over
wet seeding and transplanting of
37.8% and 40.8%, respectively.

Since different methods of
crop establishment had uniform
management practices, a high
yield in the dry-seeded crop will
mean higher nutrient-use effi-
ciency than in other establish-
ment methods. This can be ex-
plained on the basis of root char-
acteristics, such as root number,
average root length, and maxi-
mum root length.

The effectiveness of digging
depth when viewed in the context
of plant development showed
that digging to a depth of 30 cm
instead of 15 cm significantly in-
creased yield. Increasing digging
depth naturally increases the soil
volume for root ramification and
brings about leaching of Fe,

which in turn facilitates better
nutrient absorption, plant
growth, and yield.

Similarly, increasing FYM
levels upped yield significantly.
Here again increases in root num-
ber and other attributes were evi-
dent. This confirms that root char-
acteristics are definite indices of
productivity.

The correlation between
root characteristics and biometric
differentials with yield of rice
(Table 2) showed that maximum
correlation was observed in root
number plant–1 in terms of grain
yield, straw yield, and total bio-
mass followed by the difference
in total dry weight between the
flowering and panicle initiation
(PI) stages. The difference in root
dry weight between the PI and
maximum tillering (MT) stages,

Table 1. Effect of cultural management on root characters and rice yield (pooled mean:
1995-96 and 1996-97).

Maximum   Average Yield (t ha–1)
Treatmenta root length root length

    (cm)    (cm) Grain   Straw Total
biomass

Crop establishment
   DSR 122.7 10.3 7.4 6.5 5.4 11.9
   WSR 67.4 16.1 6.9 4.7 3.8 8.6
   TPR 68.8 13.0 4.6 4.6 3.9 8.5
   CD (0.05) 11.34 0.879 0.609 425.0 560.0 754.4

Digging
   D15 80.0 13.1 6.3 5.1 0.4 9.3
   D30 92.16 13.2 6.2 5.5 4.5 10.0
   CD (0.05) 9.16 ns ns 347 ns 616.0

FYM
   M0 76.0 11.8 5.9 4.7 4.1 8.8
   M5 82.2 13.1 6.2 5.4 4.5 10.0
   M10 100.6 14.5 6.8 5.6 4.5 10.2
   CD (0.05) 11.34 0.879 0.609 425 ns 754.4
   CV (%) 19.30 9.86 14.26 8.81 13.98 8.54

aDSR = dry-seeded rice, WSR = wet-seeded rice, TPR = transplanted rice, D
15

 = 15-cm depth, D
30

 = 30-cm depth, FYM =
farmyard manure (M

0
 = 0 t ha–1, M

5
 = 5 t ha–1, M

10
 = 10 t ha–1).

Root
  no.



46 June 2002

and the flowering and PI stages;
shoot dry weight difference be-
tween the flowering and PI

stages; total dry weight difference
between the PI and MT stages;
and average root length were also

highly correlated with grain
yield, straw yield, and total bio-
mass. The significant influence of
average root length on yield dem-
onstrated that average root length
has a significant role in boosting
yield.

A significant correlation ob-
served between both root number
and average root length and root
iron content confirmed that Fe
content and its deposition were
the predisposing cause of low
root development.

A correlation between bio-
metric differentials and yield
showed that root number plant–1

at MT is the best index of future
yield, which in turn suggests that
inhibited root growth and/or de-
cay is the best index of low yield
of rice in lateritic soils.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Since intersubspecific hybrid rice
showed strong heterosis in the
past 12 years, many such hybrids
were released for commercializa-
tion. However, some of them
exhibited unstable seed set and
limited grain yield under lower
temperature. To use the strong
heterosis in intersubspecific hy-
brids, it is necessary to study the
reasons for their instability.

In this study, 11 intersub-
specific hybrids, 1 indica hybrid,
and 7 indica, japonica, or javanica
inbred cultivars were used to
investigate the effects of tem-
perature on fertility and seed set,
observe the variation in activity
of male and female gametes, and
look into suitable and safe tem-
peratures (daily average) for the
flowering stage.

Effects of temperature on fertility and seed set
in intersubspecific hybrid rice

Lu Chuangen, Wang Cailin, Zong Shouyu, Zhao Lin, and Zou Jiangshi, Jiangsu Academy of Agricultural Sciences, Nanjing
210014, China

All 11 intersubspecific hy-
brids, 2 indica cultivars, and 4
japonica or javanica cultivars
showed a significant correlation
between seed set and tempera-
ture. Results showed that the seed
set of most rice hybrids and culti-
vars was sensitive to temperature,
and that it was more sensitive in
intersubspecific hybrids. When
flowering within a temperature
range of 13.7–29.3 °C (daily aver-
age), the seed set of intersub-
specific hybrids would decrease
by 6.74% ± 1.6% for each degree
of temperature lower. This was
significantly higher (t = 3.14, n =
14) than that of the four japonica
or javanica cultivars (4.87% ±
2.7%).

Ten intersubspecific hy-
brids, two indica cultivars, and
two japonica cultivars showed a
significant correlation between
pollen fertility and temperature.
The pollen fertility of the 10
intersubspecific hybrids de-
creased by 3.42% ± 1.6% for each
degree of temperature lower, was
higher than that of the two
japonica cultivars (1.40% ± 0.2%),
and was close to that of the two
indica cultivars (2.66% ± 2.9%).

The cross 3037/02428 (A172)
exhibited a wide variation in spike-
let fertility of 0–93% within a tem-
perature range of 13.7–29.3 °C. The
panicles, which flowered at 23.8 °C,
showed a lower pollen fertility of
54.4% ± 14.9% for stained pollen
grains; semifertile panicles were

Table 2. Correlation among root characters, root Fe content, and some biometric differentials
with yield.

Yield

 Grain  Straw  Total

Shoot dry weight 0.203 0.186 0.206 –
   (PI-MT)
Root dry weight 0.625** 0.631** 0.665** –
   (PI-MT)
Total dry weight 0.422** 0.412 0.442** –
   (PI-MT)
Shoot dry weight 0.609** 0.539** 0.610** –
   (PI-MT)
Root dry weight 0.463** 0.494** 0.506** –
   (Fl-PI)
Total dry weight 0.629** 0.577** 0.640** –
   (Fl-PI)
Root no. plant–1 0.748** 0.676** 0.757** –0.607**
Av root length (cm) 0.402 0.358** 0.404** –0.565**

PI = panicle initiation stage, MT = maximum tillering stage, Fl = flowering stage. ** = significant at 0.01% level.

Root and biometric
      character

Root Fe
 content
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produced with a seed set of 24.5%
± 3.6%. However, the male parent,
02428, which flowered at the
same temperature, showed a
stained pollen grain rate of 98.8%
± 3.5%. We pollinated the pollen
of 02428 to the F1 panicles of
3037/02428; the seed set of these
F1 panicles increased up to 81.2%
± 5.0%, while that of the self-pol-
linated panicles was lower at
24.5%. Female gametes appeared
to still be functional for fertiliza-
tion, whereas partial sterility of
the pollen affected by the lower
temperature led to a reduction in
seed set. To stabilize seed set, it
was important to increase the tol-
erance of male gametes for lower
temperature.

The suitable and safe tem-
peratures for flowering were cal-
culated by a linear regression
analysis between seed set and
temperature, and by the assumed
seed set at 85% and 70% for suit-
able and safe temperatures, re-
spectively. The suitable and safe
average daily temperatures of
intersubspecific hybrids for flow-
ering were 26.8 ± 1.9 and 24.6 ±
2.9 °C, respectively, which were sig-
nificantly higher by 1.2 and 2.0 °C,
respectively, than that of the six in-
bred cultivars (see table). Although
most of the inter-      subspecific
hybrids showed requirements for
higher temperature for flowering
and seed set, it was possible to ob-
tain hybrids with wide climatic
adaptability and high fertility sta-
bility through screening in
intersubspecific   hybrid rice
breeding. Hybrid Liangyoupeijiu
(65002), which showed high sta-
bility of seed set and is planted
widely in southern China, had
suitable and safe temperatures of
25.4 and 23 °C, respectively, close
to the average of the six inbred
cultivars.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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A previous study (Hsieh and
Tung 2001) has shown that cyto-
kinin and related compounds
such as adenine (Ade), adenosine
monophosphate (AMP), and
dihydrozeatin (DHZ) can effec-
tively promote seedling growth of
rice (cv. Tai-keng 3) in the sum-
mer. In this study, we found that
nucleotide cytokinins such as
benzyladenosine 5-monophos-
phate (BARMP), zeatin ribo-
nucleoside (ZR), zeatin ribo-
nucleoside 5-monophosphate
(ZRMP), and dihydrozeatin ribo-
nucleoside 5-monophosphate
(DHZRMP) are more effective
than their free-base counterparts
in promoting seedling growth in
Tai-keng 3.

Rice seeds were surface-ster-
ilized with 10% NaOCl for 10
min, rinsed with distilled water a
few times, and placed under
white fluorescent lamps (20 m mol
m–2 s–1) for germination at 26 °C in
the summer. Distilled water was
replaced daily. Germinating rice
seeds (5-d-old) were transferred
to culture solutions that include
Hoagland solution [Ca(NO3)2, 5.0

Nucleotide cytokinins are more efficient than their free-base
counterparts in promoting rice seedling growth

C.L. Chan and M.S.Tung, Department of Botany, National Chung-Hsing University, Taichung, Taiwan, China

× 10–3 mol L–1; KNO3, 5.0 × 10–3 mol
L–1; MgSO4, 2.0 × 10–3 mol L–1;
KH2PO4, 1.0 × 10–3 mol L–1; Fe-
EDTA, 1.18 × 10–5 mol L–1 and mi-
cronutrient solution consisting of
H3BO3, 4.6 ×    10–5 mol L–1; MnCl2
.4H2O, 9.14 × 10–6 mol L–1; ZnSO4
.4H2O, 7.65 × 10–7 mol L–1; CuSO4,
7.0 × 10–7 mol L–1; and H2MoO4,
1.24 × 10–7 mol L–1; pH 5.0] and
Hoagland solution in which BA,
BARMP, DHZ, DHZRMP, Z, and
ZRMP each were added to make
concentrations from 10–9 to 10–17

mol, respectively. A group of con-
centrations from each test chemi-
cal solution was tested each time
and poured into plastic trays
(diam 11.5 cm, depth 3.5 cm) with
two pieces of filter paper
(Whatman No. 1, diam 9.0 cm)
each. Each test concentration con-
tained four replicates. At least 15
germinating seeds in each tray
were grown under white fluores-
cent lamps (20.0 m mol m–2 s–1) for
another 13 d at 26 °C. The test so-
lution in each tray was main-
tained at a sufficient level for
seedlings to absorb enough nutri-
tion during the experiment pe-

riod. At harvest, rice seedlings
from each tray were washed with
water (mainly for roots) and blot-
ted with paper tissue. Seed was
cut off from each seedling. Shoots
were then separated from roots
and each portion was dried in an
oven at 70 °C for 24 h. Dried
shoots and roots  from each tray
were weighed separately to pro-
vide a unit of dry mass. Results
of measured values from a group
of concentrations of each test
chemical solution were analyzed
by Duncan’s multiple range test
at the 5% level.

Results (Table 1) showed
that nucleotide cytokinins are
more effective than their free-base
cytokinins in promoting rice
seedling shoot growth: ZRMP
worked at 10–12 to 10–11 M,
whereas trans-zeatin (tZ) did not
from 10–16 to 10–9 M; BARMP did
at 10–13 to 10–11 M, whereas BA did
not at 10–11 to 10–10; DHRMP did
at 10–16 M, whereas DHZ did not
at below 10–15 M. Reasons for
these different ranges of optimal
concentrations between nucle-
otide cytokinin and its free-base

Table 1. Effect of free-base and nucleotide cytokinins on the growth of rice seedling shoots, dry shoot weight (mg plant–1).

Concentration (M)

0 10–17 10–16 10–15 10–14 10–13 10–12 10–11 10–10 10–9

tZ 11.2 ± 0.1 a 10.6 ± 0.3 cd 10.5 ± 0.1 d 10.8 ± 0.2 bcd 11.3 ± 0 a
10.6 ± 0.0 a 11 ± 0.1 a 11 ± 0.1 a 10.4 ± 0 .0a 10.5 ± 0.0 a

ZRMP 10.7 ± 0.2 b 11.1 ± 0.3 b 11.7 ± 0.2 a 11.7 ± 0.2 a
BA 9.7 ± 0.2 b 9.8 ± 0.2 b 10.5 ± 0.1 a 10.7 ± 0.1 a 10.1 ± 0.2 b
BARMP 10.0 ± 0.3 b 10.4 ± 0.2 a 10.6 ± 0.1 a 10.5 ± 0.4 a
DHZ 10.7 ± 0.2 b 11.7 ± 0.1 a 12.0 ± 0.1 a 12.0 ± 0.1 a 11.7 ± 0.1 a

10.6 ± 0.2 b 11.3 ± 0.3 b 11.4 ± 0.2 a 11.6 ± 0.3 a 11.5 ± 0 .0a
DHZRMP 9.9 ± .01 b 10.4 ± 0.2 b 10.7 ± 0.2 a 10.4 ± 0.2 b

tZ = trans-zeatin, ZRMP = zeatin ribonucleoside 5-monophosphate, BA = benzyladenine, BARMP = benzyladenosine 5-monophosphate, DHZ = dihydrozeatin, DHZRMP = dihydrozeatin
ribonucleoside 5-monophosphate. Free-base cytokinins = tZ, BA, and DHZ; nucleotide cytokinins = ZRMP, BARMP, and DHZRMP.  Values followed by the same letter are not significantly
different. Growth period = May to September. In this table, each chemical treatment contained two separate experiments (the upper-row data were from one group of concentrations;
the lower-row data were from another group of concentrations).

Compound
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Table 2. Effect of free-base and nucleotide cytokinins on the growth of rice seedling roots, dry root weight (mg plant–1).

Concentration (M)

0 10–17 10–16 10–15 10–14 10–13 10–12 10–11 10–10 10–9

tZ 3.4 ± 0.1 a 3.3 ± 0.1 b 3.2 ± 0.1 a 3.6 ± 0.1 a 3.6 ± 0.1 a
3.8 ± 0.0 a 4.0 ± 0.1 a 3.8 ± 0.0 a 3.8 ± 0.0 a 3.7 ± 0.0 a

ZRMP 2.7 ± 0.1 a 2.8 ± 0.1 a 3.1 ± 0 a 3.1 ± 0.1 a
BA 3.5 ± 0.1 a 3.1 ± 0.1 b 3.3 ± 0.1 a 3.3 ± 0.1 a 3.2 ± 0.1 a
BARMP 2.9 ± 0.1 b 3.0 ± 0.1 b 3.3 ± 0.1 a 3.1 ± 0.1 a
DHZ 3.3 ± 0.0 a 3.3 ± 0.1 a 3.3 ± 0.0 a 3.3 ± 0.1 a 3.4 ± 0.0 a

3.6 ± 0.0 a 3.6 ± 0.1 a 3.4 ± 0.1 a 3.4 ± 0.0 a 3.5 ± 0.1 a
DHZRMP 3.0 ± 0.01 b 3.2 ±  0.1 b 3.4 ± 0.1 a 3.3 ± 0.1 b

Free cytokinins = tZ, BA, and DHZ. Nucleotide cytokinins = ZRMP, BARMP, and DHZRMP.  Values followed by the same letter are not significantly different. In this table, each chemical
treatment contained two separate experiments (the upper-row data were from one group of concentrations; the lower-row data were from another group of concentrations).

Compound

counterparts are not known at
present. Reasons are possibly dif-
ferent mechanisms of absorption
and translocation or disparate
actions on gene expression. Table
2 shows that, in root growth of
rice seedlings, BARMP at 10–12 to
10–11 M and DHZRMP at 10–16 mol

were effective, whereas others
were not. From these results, it
can be concluded that nucleotide
cytokinins are more efficient than
their free-base counterparts in
promoting rice seedling growth
because a lower concentration is
needed to promote growth.

Reference
Hsieh MC, Tung MS. 2001.  Adenine,

adenosine monophosphate, and
cytokinin: nutrients for rice
seedling growth in the summer
crop. Int. Rice Res. Notes 26(2):65–
66.

Differences in leaf water potential
(LWP) among indica, japonica,
and aus rice are possibly due to
the magnitude or activity of the
root system, and are assumed to
result from a difference in root
system extent (O’Toole and Cruz
1980). Measuring LWP at pre-
dawn, when the plant water po-
tential more closely approaches
equilibrium with the water poten-
tial of the soil around the roots, is
likely to provide a measure of the
effects of long-term water stress
(Jones 1990). Root length density
(RLD) is often used to character-
ize root system development of
rice cultivars because its distribu-
tion in the root system is an im-
portant indicator of the potential
of water uptake. This study care-

Maintaining predawn leaf water potential in two upland rice
cultivars during drought stress and recovery

N. Trillana, IRRI; R. Chaudhary, Participatory Rural Development Foundation, India; T. Inamura and T. Horie, Faculty of
Agriculture, Kyoto University, Sakyo-ku, Kyoto 6068502, Japan       E-mail: n.trillana@cgiar.org

fully examined predawn LWP
during a period of water exclu-
sion and during recovery with
root system development mea-
sured through relative RLD.

A greenhouse study was
conducted at Kyoto University,
Japan, using two upland rice
cultivars: Senshou, a Japanese
japonica, and IRAT13, also a
japonica, which originated
from Côte d’Ivoire. Eight pre-
germinated seeds (with radicles
emerged already) were sown di-
rectly in 100-cm-long PVC pot-
type microlysimeter setups, an
application of the Marriot system
designed by Horie and Sakuradani
(1982). Each pot, cut in 10-cm layer
depth segments, was sealed with
strong, transparent plastic tape,

preventing leakage of water. Pots
were filled with clean fine sand
and fertilized with 2.2 g of NPK
fertilizer (14-14-14) mixed thor-
oughly in 30-cm layers. The ex-
periment used a factorial ran-
domized complete block design
with three replications. Seedlings
were thinned to six per pot 2 wk
after sowing. Pots were kept
flooded to 2–3-cm depth above
the soil surface. Flooding started
14 d after sowing (DAS). At 62
DAS, two water-level treat-
ments—drought stress and the
well-watered control—were em-
ployed. Pots assigned to the
drought-stress treatment were
drained for 4 h and the height of
the water was set to 30 cm from
the bottom (60-cm depth from the

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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pot soil surface). Plants were left
dependent on the soil moisture
supplied from this level during
the 6-d period of drought stress.
Results from previous experi-
ments showed that the longest
roots reached the 60-cm depth
below the pot soil surface at 60–
65 DAS (Trillana et al 1996).

The predawn LWP was mea-
sured with a pressure chamber
every other day at 1300 h during
drought stress and during the
rewatering period. Destructive
root sampling for relative RLD
(ratio of RLD in drought-stressed
plants to that in well-watered
plants, %) was measured in every
10-cm layer depth at the end of
the drought stress and rewatering
period using a computerized root
scanner.

The 6-d drought-stress pe-
riod (62 to 67 DAS) resulted in
decreasing predawn LWP of both
IRAT13 and Senshou as stress
progressed. However, drought-
stressed IRAT13 maintained a
higher predawn LWP than
drought-stressed Senshou (Fig. 1).
Two weeks after rewatering (69 to
83 DAS), IRAT13 had a faster pre-
dawn LWP recovery even on the
first day (69 DAS), whereas
Senshou recovered late on the
14th d of rewatering (83 DAS).
Senshou took longer to recover
because its LWP decreased to –19
bars on day 6 of the water-stress
treatment. IRAT13 showed LWP
recovery more quickly even if its
LWP decreased to –16.5 bars dur-
ing the 6-d drought-stress period
(Fig. 1).

IRAT13 also had a signifi-
cantly higher relative RLD in all
layers except for the 10–20-cm
layer after the 6-d drought-stress
period (Fig. 2a). Rewatering re-
sulted in a greater increase in rela-
tive RLD in all layers for IRAT13
than for Senshou. However, more
pronounced effects of rewatering
were observed in the deeper roots
between 20- and 60-cm depths
(Fig. 2b). In a related study, results
showed that drought-stressed

IRAT13 had a greater evapotrans-
piration than Senshou during the
stress period and that evapotrans-
piration rate recovered more rap-
idly in IRAT13 than in Senshou
upon rewatering (Trillana et al
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Fig. 1. Maintenance of predawn leaf water
potential (LWP) in (a) IRAT13 and (b)
Senshou rice cultivars as affected by 6-d
drought stress and 14-d rewatering. Error bars
indicate least significant difference at 5% (LSD
0.005).

Fig. 2. Relative RLD (root length density in drought-stressed plants to that of well-watered
plants, %) of IRAT13 and Senshou rice cultivars as affected by (a) 6-d drought stress and (b) 14-
d rewatering. Error bars indicate least significant difference at 5% (LSD 0.005).
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2001). This might have caused
better water uptake in IRAT13
than in Senshou through greater
root system development during
stress and during recovery.

The higher maintenance and
faster recovery of predawn LWP
in IRAT13 is attributed to its
higher relative RLD during
drought stress and during recov-
ery, and this may confer greater
tolerance for drought.
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Rice is an important food crop in
India. In spite of its wide cultiva-
tion, the average yield is rather
low. Introducing hybrid rice is
one way to improve rice yield.
Hence, an experiment was carried
out during the 1998-99 rainy sea-
son to determine the effect of
spacing and seedling number on
yield attributes of hybrid rice. The
soil was a clay loam with pH 6.9
and organic carbon 0.42%. The
available N, P, and K were 210,
10.1, and 257.3 kg ha–1, respec-
tively. The nine treatments con-
sisted of three spacings (20 × 20,
20 × 15, and  20 × 10 cm) and three
seedling numbers (1, 2, and 3
hill–1) laid out in a factorial ran-
domized block design with three
replications. Twenty-eight-day-
old seedlings of rice hybrid
Proagro 6201 were transplanted.
NPK at 150-33-49.8 kg ha–1 was
applied to the crop. The entire
quantity of P and K and one-third
of N were applied as a basal
dressing, whereas the remaining
N was applied equally at the ac-
tive tillering and panicle initiation
stage of the crop.

The hybrid rice planted at a
spacing of 20 × 20 and 20 × 15 cm
produced significantly more pro-
ductive tillers, grain yield, and
harvest index than the one
planted at 20 × 10 cm (Table 1).
The hybrid rice planted at a closer
spacing (20 × 10 cm) resulted in a
significantly higher sterility percent-
age than wider spacing (Table 1).

Effect of transplanting spacing and number of seedlings on
productive tillers, spikelet sterility, grain yield, and harvest
index of hybrid rice

A.K. Verma, N. Pandey, and S. Tripathi, Department of Agronomy, Indira Gandhi Agricultural University, Raipur (C.G.)
492012, India

Table 2. Correlation coefficient among yield attributes and grain yield of hybrid rice during
1998 and 1999 kharif, Raipur, Chhattisgarh, India.

Spikelet sterility Harvest index Grain yield
Character

1998 1999 1998 1999 1998 1999

Productive tillers –0.68 –0.63 0.83* 0.69* 0.95* 0.92*
Spikelet sterility –0.61 0.85 –0.82 –0.82
Harvest index 0.79* 0.86*

*Significant at 0.01.

Table 1. Effect of spacing and seedling number on productive tillers, spikelet sterility, grain
yield, and harvest index of hybrid rice, Raipur, Chanttisgarh, India.

Effective tillers  m–2  Spikelet Grain yield
Treatmenta  (no.) sterility (%)   (t ha–1) Harvest index

1998 1999 1998 1999 1998 1999 1998 1999

Spacing (cm)
    20 × 20 284 290 26.6 21.6 6.1 5.8 0.50 0.48
    20 × 15 291 293 29.4 25.7 5.9 5.6 0.48 0.47
    20 × 10 265 280 33.7 30.5 5.4 5.4 0.45 0.42

    CD (P = 0.05) 7.83 7.50 2.04 1.85 0.30 0.21 0.02 0.03
Number of seedlings hill–1

    One 254 252 30.2 29.1 5.4 5.2 0.43 0.42
    Two 275 286 27.3 25.1 5.8 5.5 0.45 0.43
    Three 310 325 25.8 23.6 6.7 6.1 0.49 0.47
    CD (P = 0.05) 7.83 7.50 2.04 1.85 0.33 0.21 0.02 0.03

aCD = critical difference.

The crop planted with three
seedlings hill–1 produced signifi-
cantly more productive tillers
and higher grain yield, with a
high harvest index compared
with the planting of either two or
one seedling hill–1. The planting
of either two or three seedlings
hill–1 produced a significantly
lower sterility percentage than
the one-seedling hill–1 planting.

The correlation coefficient
indicated that productive tillers
and harvest index were positively
correlated with grain yield. The
sterility percentage needs to be
reduced to improve the grain
yield of hybrid rice (Table 2).

Hybrid rice needs to be
planted at a spacing of 20 × 20 cm
using three seedlings hill–1 to ob-
tain a higher yield and harvest
index.
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Rice is propagated mainly by us-
ing saved seeds in Nigeria. Most
farmers save part of their harvest
as planting materials for the sub-
sequent season, thus necessitating
storage. However, storage some-
times affects seed vigor as shown
by the amount and speed of seed-
ling emergence in the field. Thus,
it is important to know whether
or not differences occur among
rice varieties for seed vigor. The
existence of such differences
among varieties indicates the pos-
sibility of improving the longev-
ity of rice in storage.

We studied 50 randomly se-
lected lowland rice genotypes
during the 1999 cropping season
at the University Experiment Re-
search Station (UERS) to investi-
gate whether or not differences
occurred in seed vigor. The ex-
periment was laid out in a ran-
domized complete block design
with four replications. One hun-
dred seeds of each genotype were
planted in 5-m-long single-row
plots. Interrow spacing was 0.30
m, with an intrarow spacing of
0.10 m and two seeds hill–1. For
each plot, the number of seeds
that emerged was counted daily
starting from the third day after
planting (DAP) until there was no
further emergence.

Data obtained were used to
compute emergence percentage
(E%), emergence index (EI), and
emergence rate index (ERI) as fol-
lows:

Evaluation of seed vigor of lowland selected rice
in Makurdi, Nigeria

M.O. Adeyamo and T. Vange, Department of Crop Production, University of Agriculture, P.M.B. 2373, Makurdi, Nigeria

The data collected under-
went analysis of variance
(ANOVA) to test for differences
among the genotypes.

Seedling emergence started
at 3 DAP. The number of seed-
lings that emerged increased as
time progressed, but emergence
began to decrease after some
time.

Mean squares from ANOVA
for the traits studied showed
highly significant (P < 0.01) geno-
typic effects for E% and ERI,
whereas genotypic effects were
not significant (P > 0.01) for EI
(Table 1).

Table 2 shows the mean E%,
EI, and ERI for the various rice
genotypes. E% ranged from 43%
to 82% with a mean of 60%, EI
ranged from 6.6 to 8.2 d with a
mean of 7.4 d, whereas ERI
ranged from 9.4 to 17.7 d with a
mean of 13 d. Generally, therefore,
considerable genetic variation
occurred among the rice varieties
studied in terms of amount and
speed of seedling emergence in
the field. This indicates the pos-
sibility of improving the longev-
ity of rice seed in storage.

Total no. of seedlings that emerged
E% = × 100

     Total no. of seeds planted

Σ (no. of seedlings that emerged in a day) (DAP)
EI =

          Total no. of seedlings that emerged

EI
ERI =

E% (in decimal)

Table 1. Mean squares from the analyses of variance for emergence percentage (E%),
emergence index (EI), and emergence rate index (ERI) for 50 selected rice varieties.

Mean squares
Source

df  E% EI ERI

Replication 3 166.2 1.192 13.28
Varieties 49 356.5** 0.487 ns 20.40**
Error 147 180.4 0.507 11.18

ns = nonsignificant. ** = significant at P = 0.01.
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Table 2. Means of emergence percentage (E%), emergence index (EI), and emergence rate
index (ERI) for 50 selected rice varieties.

Variety name E% EI (d) ERI (d)

C1321-9 76.3 7.6 10.0
WITA 4 59.3 7.7 13.6
TOX 3154-136-1-3-2-2 59.3 7.6 12.9
BR1191-10-3-4-2 53.0 7.5 14.6
BR719-26-9-1-1-1 51.8 7.8 15.4
IR65 57.0 7.1 12.8
TOX 3084-136-1-2-2-2 56.8 7.3 13.5
TOX 3440-132-3-3-1 67.8 6.6 10.8
IR51673-50-2-1 53.8 7.3 14.3
BRC16-127-4-1 68.0 7.0 10.7
IR22082-41-2 70.5 7.1 10.9
ITA324 70.8 7.3 10.5
BW311-9 47.3 7.4 16.6
TOX 3880-38-1-1-2 53.5 8.0 15.7
Chanzi (BEIRA) 47.8 8.2 17.3
TOX 3449-84-2-1-3 62.5 7.1 12.0
BR57-282-8-BC83 79.3 7.3 9.4
IR2172-2-3-1 56.8 7.4 14.8
TOX 3052-39-1-2-1 66.0 7.6 12.0
FAROX 319-2-3-1 61.8 7.8 14.1
FOTSIFOT 54 156A 49.5 7.9 17.2
IR43450 5KN-506-2 44.3 7.5 17.2
TOX 3562-61-1-3-2-1-1 46.8 7.0 15.3
Suakoko 52.0 8.0 15.6
De Priuni (Naputo) 81.5 7.0 8.7
FAROX 317-1-1-1 53.3 7.3 15.1
TOX 4008-33-1-2-1 65.8 7.4 11.2
TOX 4004-8-1-2-3 67.3 7.5 12.1
SPT 7108-2-3-3-1 66.0 8.2 13.1
IR54 58.8 6.6 11.6
FARO 44 (Sa check) 66.8 7.3 11.2
ITA 368 (S check) 72.0 7.5 10.6
IR64 45.3 7.6 17.0
ITA 364 80.3 7.4 9.5
ITA 406 55.3 7.6 13.8
FR-13A 66.0 7.4 11.4
Mahsuri 61.8 7.3 11.8
Petroled Branco (BEIRA) 59.8 7.7 13.5
RP1641-44-4-7 64.0 7.3 12.1
RP1855-402-7-3 53.3 7.1 14.0
RP2071-38-4-1 65.8 7.1 11.6
RP2087-14-7-12-1 70.8 7.4 10.8
Cisadane 60.0 7.4 12.7
TOX 3049-13-1-2-3-1 57.3 7.0 12.6
TOX 3084-136-1-3-1-2 53.0 7.6 14.1
TOX 3098-2-2-1-2-1 58.8 7.1 12.4
TOX 3118-47-1-1 54.5 7.1 13.4
ITA 384 55.5 6.9 12.5
AYT-126 (TRT-26) 68.3 7.1 11.6
Pusa Basmati 42.8 7.5 17.7
LSD (0.05) 18.6 0.99 4.63
    Mean 60.3 7.38 13.07
    Range 42.75–81.50 6.6–8.2 9.4–17.7

aS = susceptible.

Annual General Meeting
in Manila

IRRI and Los Baños will host a very
important gathering on 28 and 29
October. Five hundred delegates
from around the world will visit IRRI
and the University of the Philippines
Los Baños (UPLB) when they attend
the annual general meeting (AGM)
of the Consultative Group on Inter-
national Agricultural Research
(CGIAR). The AGM will feature ex-
hibits, a symposium, field tour, and
meetings on 30 October-1 November
at Shangri-La Hotel in Makati, Metro
Manila.

For the first time, the AGM,
formerly called International Cen-
ters’ Week, will be held away from
World Bank Headquarters in Wash-
ington D.C. Thus, the meeting site
will alternate between Washington
and the environs of a member cen-
ter to enhance integration of the
CGIAR.

Attended by representatives
of the CGIAR centers and donor
members, the AGM has traditionally
included stakeholders’ and business
meetings, science awards, and the
Crawford lecture on an agricultural
topic of global significance, includ-
ing a number of smaller meetings of
the various committees of the con-
sultative group, donors, and interna-
tional nongovernmental organiza-
tions.

The Philippine governments’
decision to host the AGM will dem-
onstrate its commitment to the
CGIAR and more importantly, at-
tract donor attention to agricultural
research in the country. The Philip-
pine Department of Agriculture
(DA), specifically the Bureau of Ag-
ricultural Research (BAR), has been
tasked with organizing the event. As
a CGIAR center, IRRI is providing
coordination support to the AGM.

The CGIAR, created in 1971,
is an association of public and pri-
vate members supporting a network
of 16 Future Harvest centers that
work in more than 100 countries to
reduce hunger and poverty, improve
human nutrition and health, and
protect the environment.

www.irri.org

For the latest news on rice, read

IRRI’s new biannual magazine
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The Tungabhadra project (TBP)
area is considered as the rice bowl
of Karnataka, with nearly 200,000
ha under rice cultivation. Inten-
sive crop management practices
are followed in the area and aver-
age rice yield is higher (4.8 t ha–1)
than in other parts of Karnataka.
However, the increase in labor
wages and the scarcity of labor
during peak planting seasons are
major constraints that rice farm-
ers face in the area. These prob-
lems could be minimized by
adopting wet sowing in rows
with a drum seeder. We selected
a farmer in Siruguppa of Bellary
District to demonstrate drum
seeding on 0.40 ha under irrigated
conditions during the 1999-2000
summer and the 2000-01 kharif
and summer seasons. Rice vari-
eties BPT-5204 and ES-18 were
used for sowing/transplanting
during the kharif and summer
seasons, respectively. Another
adjoining field of 0.40 ha was cul-
tivated through transplanting by
the same farmer.

Seeds were soaked in water
for 24 h and then incubated for
another 24 h.  After incubation,
sprouted seeds were sown in the
field at 62.5 ha–1 with a modified
eight-row drum seeder. On the
same day, sowing was done in the
nursery to raise seedlings for
transplanting. Transplanting was
done 25 d after sowing (DAS).
Anilophos, a weedicide, was ap-
plied at 1.25 L ha–1  1 wk after sow-
ing or transplanting. The fertilizer
dose for the crop was 200-19.8-
68.9 kg NPK ha–1. A basal dose

Drum seeding of sprouted rice seed in a farmer’s
field: an economic analysis

Nagappa, N. Dronavalli, and D.P. Biradar, University of Agricultural Sciences, Dharwad, Agricultural
Research Station, Siruguppa 586121, Bellary, Karnataka, India

(25%) of N and all of P and K fer-
tilizers were applied at 8–10 DAS
in drum seeder-sown plots and at
10 DAT in transplanted plots. The
remaining dose of N fertilizer was
applied in three equal splits at 10-
d intervals after the first dose.
Need-based plant protection
measures were used in both plots
during all three seasons.

The cost of cultivation, gross
returns, and net returns for all
seasons were computed for both
types of cultivation based on the
information furnished by the
farmer. Results are summarized
and presented in Table 1. A sub-
stantial difference in yield was
noted between the two methods
of planting during the 1999-2000
summer. During 2000-01, similar
yields were noted between drum
seeding and transplanting during
kharif and marginally higher
yield was observed in drum seed-
ing during summer. Both gross
and net returns indicated the su-
periority of drum seeding in all
three seasons. The major differ-
ence in cost between the two
methods was the saving in labor
in drum seeding. The cost of sow-

ing varied from Rs 250 to 300
ha–1 in drum-seeded plots,
whereas it was Rs 2,500–3,000
ha–1 in transplanted plots. The
drum seeder could be purchased
in the market for Rs 2,200 (the cost
is not accounted for in comput-
ing cultivation cost in the current
study). The drum seeder is ex-
pected to last for a minimum of
10 years with normal mainte-
nance. Expenses on other items
were more or less the same. An
added advantage noted in drum-
seeded plots was that the crop
matured earlier by about 10–12 d,
which would help save water and
adjust the next season’s planting.
This is of particular help to TBP
farmers in summer as closure of
the canal often reduces yield.
Drum seeding under such situa-
tions is more advantageous. The
higher yield in drum-seeded plots
was mainly because of higher
numbers of panicles m–2. The
farmer was happy with the in-
creased yield and, according to
him, the correct plant population
maintained in drum-seeded plots
was responsible for the higher
yields. This was by the number

Table 1. Comparative yield and economic data from drum seeding (DS) and transplanting
(TPR) of rice in a farmer’s field at Siruguppa, Karnataka, India.

Summer 1999-2000    Kharif 2000-01      Summer 2000-01

DS TPR DS TPR    DS TPR

Cost of cultivation (US$ ha–1)a 370.80 384.24 431.00 504.34 327.71 386.54
Grain yield (t ha–1) 8.8 7.0 6.5 6.5 6.4 6.2
Panicles m–2 (no.) 695 517 574 537 636 587
Gross returns ($ ha–1) 1128.55 902.84 779.45 779.45 575.56 564.27
Net returns ($ ha–1) 757.74 518.60 348.45 275.11 247.85 177.73

aRs 46.52= US$1.

Item

Socioeconomics
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of panicles m–2. In the TBP area,
the contractual method of plant-
ing on an area basis is common
and usually results in a lower
plant population. In all three sea-
sons, panicle number m–2 in
drum-seeder sowing was higher
(Table 1) than in transplanting.

In addition to this single
farmer demonstration on a lim-
ited area, a larger demonstration
in six farmers’ fields was con-
ducted during 2000-01 kharif. The
yields (Table 2) suggested that
drum-seeder sowing gives yields

similar to those achieved with
transplanting. These results sug-
gest that drum seeding would

help improve the profitability of
rice farming in the TBP area.

Table 2. Grain yields obtained from different demonstration plots that used drum seeding
(DS) and transplanting (TPR) of rice in the TBP area of Karnataka, India, during 2000-01
kharif.

Area (ha) Grain yield (t ha–1)

  DS  TPR  DS  TPR

Muddegowda 5.50 5.50 6.4 6.3
Subbareddy 4.20 4.20 5.5 5.6
Hampamma 3.25 3.25 5.7 5.6
Veeresh 2.00 2.00 5.9 6.0
Jagadambha 0.60 0.60 6.5 6.3
Sudhakar 0.60 0.60 6.2 6.2

Name of farmer
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Digital Literacy for Rice Scientists

To help rice scientists take advantage of new information and communication technologies, the IRRI
Training Center has developed the Digital Literacy Course for Rice Scientists. The course aims to provide
scientists with information about what resources are available on the Internet and how they can go about
accessing these resources.

The course is unique in that it focuses on the needs of rice scientists, it provides a forum for rice
scientists to share their experiences and Internet resources with other rice scientists online, and it
establishes a learner-centered knowledge network in the form of an online community centered on rice
research.

The topics covered by the course include
• What is the Internet
• What is the World Wide Web and what

makes it work
• Key Internet terminology
• How to use the Internet for communica-

tion with other scientists
• How to use Web browsers
• How to search for information efficiently

and effectively
• What are some of the good sources of

information for rice scientists available on
the Internet

• How to cite Internet documents
• What training opportunities are available

online
Connection to the Internet offers national

scientists a low-cost communication medium with
other scientists linked to the Internet, gives them
access to the ever-growing body of information
available on and through interlinked computers throughout the world, and provides access to formal and
informal training offered online from virtually anywhere.

 http://www.irri.org














