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MINI REVIEW

Using SysNet tools to quantify the
trade-off between food production and
environmental quality
R.P. Roetter, IRRI, Philippines, and Alterra, Wageningen University and Research Centre, Wageningen, The
Netherlands; A.G. Laborte, IRRI; and H. Van Keulen, Plant Production Systems Group, Department of Plant
Sciences, Wageningen University     E-mail: r.p.roetter@alterra.wag-ur.nl

Rapid population growth, coupled with economic expansion, is increasing the demands on land not only for
agriculture but also for housing, infrastructure, recreation, and industry. Many of the agricultural regions in
South and Southeast Asia characterized by intensive rice- or rice-wheat-based agroecosystems provide striking

examples of conflicts in agricultural land-use objectives. The need for crop diversification to increase labor pro-
ductivity and farmers’ income and prevent migration to rapidly expanding megacities often directly conflicts with
the necessary increase in staple food production and maintenance or improvement of the quality of the natural
resource base (soil, water, air). Identification and implementation of production systems and technologies that
make optimum use of external inputs and natural resources and avoid natural resource degradation, and policy
measures supporting their adoption for sustainable agricultural development, would be the keys to resolving
such conflicts.

In this context, one of the research challenges is how to develop effective tools for land-use planning and
resource analysis that can make the issues transparent in the search for feasible solutions.

In late 1996, the Systems Research Network for Ecoregional Land-Use Planning in Tropical Asia (SysNet)
was launched as a methodology development project in support of the IRRI-coordinated Ecoregional Initiative for
the Humid and Subhumid Tropics of Asia [EcoR(I)]. The project was expected to contribute to the design, explo-
ration, and evaluation of land-use options at higher integration levels. Specifically, its objectives were to develop
methodologies and tools for exploratory land-use analysis and to evaluate these for generating options for policy
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and technical changes. To realize these objectives, SysNet set up
case studies at a subnational scale at four sites: Haryana State in
India, the Kedah-Perlis Region in Malaysia, Ilocos Norte Province
in the Philippines, and Can Tho Province in Vietnam. The study
regions  differ considerably in biophysical and socioeconomic con-
ditions (Table 1) and represent a cross-section of intensively cul-
tivated  agricultural areas in tropical Asia (Roetter et al 1998).

SysNet operates on the premise that planners and
policymakers need systems analysis methodologies and tools,
since the complexity of the problems is such that it is no longer
sufficient to evaluate land-use options at the field and farm lev-
els.

In this review, some major results from the 1997-2000
project period are illustrated by summarizing the development
of  tools for the integration of data and information to optimize
land use under multiple objectives. Moreover, the results of the
most recent scenario analyses for two case study regions are pre-
sented.

Developing the tools for resolving conflicts
To demonstrate how and to what extent agroecosystems could
meet current and future development objectives of rural societ-
ies, a systems approach to agricultural land-use planning has been
applied. It aims at identifying conflicts in land-use objectives, ex-
ploring feasible options, and improving decisions on land and
resource use at the subnational scale (Van Keulen et al 2000).

To this end, SysNet has developed and operationalized a
common modeling framework, including comprehensive data-
bases and modeling components (tools), tailored to the specific
situation of the individual (four) case study areas. The tools in-
clude database management systems, crop models to estimate
yields, expert systems, geographic information systems (GIS) for
quantitative description of production activities and for land evalu-
ation and assessment of resources, and linear programming mod-
els for regional optimization of land use under multiple objec-

Table 1. Main characteristics of the four case study sites.

Characteristic Haryana, Kedah-Perlis, Ilocos Norte, Can Tho,
India  Malaysia  Philippines Vietnam

Study area
    Total area (million ha) 4.42 1.01 0.34 0.30
    Agricultural land area (million ha) 3.72 0.53 0.13 0.25
    Population (million persons) 16.5 1.6 0.5 1.9
    Agricultural labor (million persons) 2.8 0.3 0.2 0.9
MGLP modela

    Agroecological units 87 19 37 18
    Administrative units 16 11 23 7
    Land units 257 87 200 32
    Land use types 14 18 23 19
    Products 11 15 17 18
    Crops 10 16 21 28
    Technology levels 5 3 3 2
    Objectivesb 14 12 9 10
aAs of  30 Sep 2000. bIn MGLP (multiple-goal linear programming) models, an objective is expressed by a goal variable (e.g., rice production) and the associated optimization (e.g.,
maximize); objectives are translated into linear equations (or objective functions).

tives. These components plus the databases on biophysical and
socioeconomic conditions and policy views were integrated to
form the land-use planning and analysis system (LUPAS, Fig. 1)
(Hoanh et al 1998). LUPAS  is based on the interactive multiple-
goal linear programming (IMGLP) technique (De Wit et al 1988),
in which agricultural systems are characterized through

• databases on biophysical and socioeconomic resources
and development targets,

• an input-output model for all promising production ac-
tivities and technologies,

• a multiple-criteria decision method (MGLP model), and
• sets of goal variables (representing specific objectives

and constraints).

In consultations with local stakeholders, agricultural de-
velopment objectives and constraints related to production, in-
come, employment, and environmental impact were identified
and translated into scenarios combining multiple objectives; one
objective was optimized while minimum requirements were set
for others. In successive iterations, goal restrictions were tight-
ened to quantify trade-offs between conflicting goals. The choice
and degree of tightening of goal restrictions reflect the specific
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Fig. 1. Structure of the LUPAS modeling framework.
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priorities for sustainable land use (Roetter et al 2000a). In LUPAS,
technically feasible solutions generated by “hard systems” are con-
fronted with the “value- or preference-driven” objectives and tar-
gets and acceptance of technical solutions as expressed by differ-
ent interest groups. To reach a consensus on feasible options,
scenario analyses need to be conducted interactively with differ-
ent stakeholders. To facilitate this negotiation and learning pro-
cess, SysNet developed the MGLP user interface (Laborte et al
2000; Web site: http://irriwww.irri.cgiar.org/IRRIIntra/sysnet/
mglp/SysnetMGLP.htm).

This interface has been realized for two case studies and
allows users to relate biophysical and technical opportunities of
agricultural systems to societal objectives and priorities. The pro-
cess or sequence of steps followed in SysNet for integrating data,
information, and models into a common decision support sys-
tem (DSS) and its applications for land-use scenario analysis in
the four study regions have been described in detail by Roetter
et al (2000a,b). The following examples illustrate the type of in-
formation that can be generated.

Results and discussion
Case study 1: Ilocos Norte Province
Agriculture in Ilocos Norte basically consists of rice-based pro-
duction systems. Rice is cultivated in the wet season between
June and October and diversified cropping is practiced during
the dry season. Tobacco, garlic, onion, maize, sweet pepper, and
tomato, all supported by groundwater irrigation, are cultivated
intensively in lowlands. Rice is the most common crop. In 1993,
the province had a surplus of 100,000 t above the demand of
113,000 t. A well-developed marketing system has facilitated the
establishment of intensive rice-cash crop production systems
(Lucas et al 1999). Table 1 summarizes the main characteristics
of the study region and the MGLP model.

Public awareness on current and possible future negative
environmental effects resulting from further intensification of
agricultural systems was only created recently through research
on groundwater pollution by the  Rainfed Lowland Rice Research
Consortium (RLRRC), coordinated by IRRI. In SysNet meetings
with local stakeholders since 1997, an assessment of trade-offs
among rice production, farmers’ income, and, to a lesser extent,
environmental objectives has been identified as the major issue
to be addressed in exploratory land-use analysis for the province.

Three major production technologies were considered: (1)
average farmers’ practice, (2) best farmers’ yield/high input, and
(3) improved practice. Data for the input-output tables were de-
rived from farm surveys in the province (consisting of 1,967 farms
in the wet season and 2,523 farms in the dry season; Francisco
1999, unpubl.). The values for the input-output relations for the
average farmers’ practice were derived from the average values
for these farms.

For the best farmers’ yield/high input, data were derived
by taking the mean of the yield values between the 90th and 95th

percentile and associated input use of the survey data. Fertilizer
and pesticide use was 100% higher, labor 70%; other inputs were
the same as in the average farmers’ practice. This was based on
survey data indicating that one group of farmers approaching the
best farmers’ yield achieved this by almost doubling fertilizer and
pesticide inputs, while labor input increased less.

For the improved practice, the same inputs as in the aver-
age farmers’ practice were used, but fertilizer-use efficiency was
improved. Average applications of N, P, and K decreased by 20%
for nonrice crops. For rice, N application decreased by 40%, P
application decreased by 15%, and K application increased by
20%. This was partly based on survey data suggesting that an-
other group of farmers achieved the best farmers’ yield with about
the same input as in the average farmers’ practice. We further
assumed that, by better balancing nutrient supply with crop de-
mand, the efficiency of fertilizer (macronutrients N, P, K) can be
further improved as demonstrated elsewhere by efficiency in-
creases in rice.

Results from regional analysis of trade-off  between income
generation and resource use are illustrated in Figures 2a-c, which
show  standardized values of farmers’ income and use of agricul-
tural land, fertilizer, water, pesticides, and labor for three differ-
ent production technologies (scenarios). “Standardized” means
that the highest values for income and resource use generated in
the various income maximization runs were set at 100. Results
show, for instance, that if all farmers in the province would apply
technology 2 (Fig. 2b), this  would considerably raise their in-
come compared with technology 1 (Fig. 2a). Although water con-
sumption would decrease by 28%, this would require 21% more
fertilizer, 41% more pesticides,  and 5%  more labor. However, if
all farmers would apply new, more resource-use-efficient prac-
tices (technology 3), the same income could be achieved with
approximately 30% less fertilizer and pesticides (Fig. 2c).

Rice production under all scenarios would clearly remain
above current production levels. That means that site-specific (and
more balanced) nutrient and pest management practices can lead
to considerably more income at reduced environmental cost while
satisfying local demand for various crops in the province: a clear
win-win situation. Some costs are involved, however, in terms of
increasing farmers’ knowledge and skills to achieve fertilizer effi-
ciency gains represented by the improved practice. Investments
in dissemination activities and appropriate policy interventions
that would provide incentives to farmers to adopt new (nutrient)
management practices are needed.

Case study 2: Haryana State
In 1965, food-grain imports in India reached 10 million t. But, in
the last three decades, a quantum leap in production resulted in
hardly any significant import of food grains. Now, the country is
again at a crossroad, facing tremendous new challenges since food
supply grows at a much slower pace than demand. Although the
population continues to grow rapidly, farm-level productivity has
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stagnated, especially in intensively cultivated irrigated areas. A
typical example is Haryana State in northern India, which has
contributed tremendously to the success of the Green Revolution.
Rice and wheat, commonly grown in a double-cropping rotation,
are the major food crops of the region. During the last 35 years,
the area planted to high-yielding crop varieties increased from
0.9 to 2.7 million ha and cereal production rose from 2.6 to 10.5
million t. During a 1999 stakeholder-scientist workshop at
Haryana, various scenarios were formulated and analyzed. Stake-
holders gave priority to the following objectives:

• Doubling of food production for Haryana (tentative goal
based on a recent policy statement),

• Maximizing agricultural production while setting limits
on labor migration (in the future, the supply of labor
from outside Haryana may become more restricted),

• Minimizing nitrogen loss,
• Minimizing pesticide residues,
• Improving water management/intervention measures to

reduce groundwater depletion,
• Maximizing income from agriculture.

A scenario giving priority to maximizing food production
(Aggarwal et al 2000) showed that Haryana has a capability of
producing 39.1 million t of food (rice and wheat) if there are no
constraints other than available land (Table 2). This also assumed
that all farmers are capable of adopting the best technologies. In
this scenario, the water required was more than three times what
was currently available. The scenario also indicated that this situ-
ation would need more than twice the capital currently used.
Milk production, employment generation, and overall income
were also considerably higher than present levels.

Since constraints to technology adoption are likely to re-
main for some time, this aspect was introduced as a goal restric-
tion in the next optimization round. Results showed that, in such
a case, food production dropped to 28 million t. Resource re-
quirements were nevertheless still very high. When the water con-
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Fig. 2. Trade-off between farmers’ income and resource use in Ilocos Norte Province.

straint was restricted to its current level of availability, results
changed drastically. Food production decreased to 11.4 million t
only. At the same time, income, milk production, and employ-
ment became much lower. The introduction of capital and labor
as additional constraints had a relatively small effect on food pro-
duction. Irrespective of scenario, the biocide index was always
within permissible limits (<200), although it increased when water
was imposed as an additional constraint (Table 2). In contrast,
nitrogen loss was very high when land and technology were the
only constraints.

General discussion
LUPAS fulfills all criteria for a decision support system  for strate-
gic land-use planning  with emphasis on the agricultural sector
(Walker and Zhu 2000). The recently developed user interface
allows varying input-output coefficients and resource availability
in combination with different assumptions on technology level,
economic conditions, and policy. It also facilitates the learning
processes of stakeholders on complex system behavior and es-
tablishes interaction among stakeholders. Recent data from field
experiments, crop growth simulation, and farm surveys indicate
a tremendous scope for improving resource-use efficiencies in
intensive rice (or wheat)-based systems in South and Southeast
Asia. In the regional models for Ilocos Norte and Haryana, this
knowledge was translated into  alternative (improved) technolo-
gies to explore future land-use options under different sets of
constraints. Results from both case studies showed that it is tech-
nically feasible to maintain or increase food production with less
fertilizer, pesticides, and labor. For Ilocos Norte, substantial food
production and income increases would be possible, even when
labor and water (under average climatic conditions) and other
constraints were considered. Experience shows, however, that
the scope for realizing possible resource-use efficiency gains (and
associated income and production increases) at the provincial
level  was limited by weather-related risks. About 40% of the agri-
cultural area depends on rainfall, and, in low-rainfall years, culti-
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vated area and input use were reduced considerably. For Haryana,
water was even a more critical resource constraint, counteract-
ing all investments in improved knowledge- and/or capital-inten-
sive crop management practices. In both cases, policy interven-
tions must aim at improving water availability and use efficiency.
Moreover, it needs to be stressed that sociocultural constraints
to the adoption of technically promising land-use options not
captured by the models have to be studied at the farm level to
ensure the application of appropriate policy measures.

Conclusions and outlook
Between 1997 and 2000, SysNet developed a methodology and
the tools to explore different development options for the agri-
cultural sector, taking into account the different socioeconomic
and biophysical conditions, as well as societal aspirations. The
quantitative approach applied in SysNet’s LUPAS clarifies the na-
ture of different objectives and identifies optimal trade-offs among
these through regional models.  These are the most important
lessons learned from developing LUPAS:

1. There is a need for new land-use planning methodolo-
gies and applications in Asia.

2. It is of utmost importance to involve stakeholders from
the beginning in the design of the decision support sys-
tem, to identify direct end users, and to have frequent
interaction between research teams and local  stakehold-
ers/direct end users during the development of the deci-
sion support system.

3. Once a prototype decision support system is developed,
it can serve as a vehicle to exchange information and
knowledge and stimulate discussion among different
stakeholder groups on land-use and related policy issues.

4. LUPAS builds systems research capacity and fosters
interdisciplinarity within research institutions.

5. Initiation of a fruitful process of interactive design of fu-

ture land-use options and policies requires the confidence
of stakeholders in well-tested methodologies and tools.

The future incorporation of methods and tools for
multidecision-level (farm, municipality, region) analysis (Zander
and Kächele 1999) in LUPAS will result in a powerful and versa-
tile decision support system for integrated resource management
and policy design.
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www.PlanetRice.net
There is a new e-mail service for rice research.
Called PlanetRice.net, this service features The Re-
search Report, which is sent free by subscription.
You can sign up to have rice news delivered to you
by e-mail. To subscribe to The Research Report from
PlanetRice, and other information-packed newslet-
ters, go to http://207.254.121.65//newsletter/
newsubscriber.cfm. The site is available at http://
www.planetrice.net/images/Research_header.gif or
http://www.planetrice.net/images/zenecasponsor.gif

PlanetRice contains numerous links to compa-
nies, news stories, and special events related to rice.
The site recently carried stories about flooding in
Bangladesh, India’s role in the rice genome project,
Japanese aid to North Korea, the development of
high-yielding fragrant jasmine rice in Thailand, and
a discovery in Australia of the gene that controls plant
flowering, among others. One could easily spend
hours looking around this site, and a visit is highly
recommended.

The Research Report has three main features:
Hot Topics, Spotlight on ... , and Technical Advances.

To keep updated on rice research, PlanetRice
recommends a visit to the following sites:

• Rice Genome Research Program (RGP) at
http://rgp.dna.affrc.go.jp/rgp/rgpintro.html or

http://rgp.dna.affrc.go.jp/GenomeSeq.html.
• TIGR Rice Gene Index (OsGI) at http://

www.tigr.org/tdb/ogi/GenInfo.html
• Collaboration (individuals and research cen-

ters) on RGP at http://rgp.dna.affrc.go.jp/
Seqcollab.html

• American Phytopathological Society at
   http://www.scisoc.org/
• Rice processing research, Center for Food Pro-

cessing and Engineering,University of Arkan-
sas, at  http://www.riceprog.baeg.engr.uark.edu/

• Food science, Institute of Food
  Technologists at http://www.ift.org
• Economic research, Regional Coordination

Centre for Research and Development of
Coarse Grains, Pulses, Roots and Tuber
Crops in the Humid Tropics of Asia and the
Pacific, Bogor, Indonesia, at http://
www.cgprt.org.sg

www.parc.gov.pk
The Pakistan Agricultural Research Council (PARC)
recently launched its Web site. The site has facts
about PARC, its functions, research activities, es-
tablishment, training facilities available, research
linkages, and commercial technologies developed
by PARC. Links to this user-friendly site have been
provided from other well-known Web sites such
those of as ISNAR and FAO.

The site has four important databases: (1)
Pakistan Agriculture Database, (2) NARC Library Da-
tabase, (3) National Agricultural Research Informa-
tion System of Pakistan (NARISP), and (4) Union
Database of Journals. In addition, it features an
agro-forum, an online discussion group on agricul-
ture, and other related sites.

Sources: PlanetRice; Pakistan Agricultural Research Council
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Plant breeding

Variability of rice koji for enzyme activities
using Basidiomycetes

Y.D. Kim, K.Y. Ha, J.K. Lee, and S.D. Kim, National Honam Agricultural Experiment Station (NHAES),
Rural Development Administration, Iksan; T.Y. Uhm, Department of Life and Environment Science, Hanil
University, Cheonbuk, Korea

Current mushroom research has concen-
trated more on nutritional and medicinal
aspects. Mushrooms belong to a class of
fungi called Basidiomycetes, which are a
source of important enzymes used in mak-
ing food and medicine. A liquid culture of
mycelium and carpophore is commonly
used to extract and refine these enzymes.
This method, however, is time- and labor-
consuming and costly.

Cereals can also be used as a solid
substrate to culture Basidiomycetes. Rice
koji, a product made from rice, can be used
as a culture medium to produce Aspergil-
lus oryzae, a source of enzymes such as
alpha-, beta-, and glucoamylase and pro-
tease. β-amylase is used to make yoghurt,
vinegar, and alcohol, whereas protease can
be used to produce soy sauce and other
food ingredients.

We studied the possibility of using
rice koji media for mushroom culture and
examined the variability of enzyme activi-
ties on these media. The experiment, rep-
licated six times, was carried out at the
Laboratory of Rice Processing, NHAES, in
1998.

We used rice koji from five cultivars
with different quality characteristics
(Dongjinbyeo, Hyangnambyeo, Yangjobyeo,
Heugnambyeo, and Sinseonchalbyeo) and

four Basidiomycetes (Pleurotus ostreatus,
Lentineus edodes, Hericium erinaceus,
and Ganoderma lucidum). The degree of
mycelial growth of the Basidiomycetes on
rice koji was scored visually 20 d after cul-
ture, and enzyme activities of protease and
β-amylase were measured by standard pro-
cedures. Statistical analysis was done us-
ing Duncan’s multiple range test (DMRT).

Results showed that mycelial growth
was better in P. ostreatus and G. lucidum
than in the other two Basidiomycetes.
Among the rice koji cultivars, poor mycelial
growth was observed in Sinseonchalbyeo,
whereas active growth was noted in the
others (Table 1). This is because
Sinseonchalbyeo is a waxy (glutinous) va-
riety. Adding water makes its granules
sticky, thus retarding mycelial growth of
Basidiomycetes.

Table 1. Mycelial growth of Basidiomycetes on rice koji media, Korea, 1998.a

Variety Pleurotus Lentineus Hericium Ganoderma
ostreatus edodes erinaceus    lucidum

Dongjinbyeo +++ ++ ++ +++
Hyangnambyeo +++ ++ ++ +++
Yangjobyeo +++ ++ ++ +++
Heugnambyeo +++ ++ ++ +++
Sinseonchalbyeo +++ + ++ +++

a+ = bad, +++ = good.

Table 2. β-amylase and protease activities a in rice koji using Basidiomycetes, Korea, 1998.

β-amylase (units) Protease (units)

Pleurotus Lentineus Hericium Ganoderma Pleurotus Lentineus Hericium Ganoderma
ostreatus   edodes erinaceus  lucidum ostreatus edodes erinaceus    lucidum

Dongjinbyeo 137.3 e 393.2 c 87.7 c 466.0 d 17.9 c 11.3 a 15.9 c 11.2 c
Hyangnambyeo 208.6 b 401.0 b 111.8 b 523.3 b 19.9 c 9.9 b 16.3 c 16.6 a
Yangjobyeo 155.7 d 309.2 d 68.5 d 450.3 e 21.9 c 7.8 c 22.1 b 16.6 a
Heugnambyeo 170.7 c 518.3 a 64.1 d 538.2 a 33.1 a 7.8 c 25.8 a 12.1 b
Sinseonchalbyeo 259.0 a 402.5 b 117.3 a 497.8 c 27.9 b 11.4 a 22.3 b 11.5 c

aMeans followed by a common letter are not significantly different at the 5% level by DMRT.

Variety

Among the Basidiomycetes, the
highest β-amylase activity was observed in
G. lucidum (450–538 units, Table 2),
whereas the highest protease activity was
seen in P. ostreatus (17.9–33.1). Among
the cultivars tested as culture media,
Heugnambyeo had the highest β-amylase
and protease activities. These results indi-
cate that rice koji of Heugnambyeo with
G. lucidum and P. ostreatus can be used
as a good source of β-amylase and pro-
tease, respectively. It can also be used as a
substitute for liquid culture in extracting
enzymes for food. Because Heugnambyeo
has high micronutrients, correlation be-
tween micronutrients and enzymes could
be further examined.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Developing eui-cytoplasmic male sterile lines and
applying them in hybrid rice breeding

R. Yang, R. Huang, Q. Zhang, S. Zhang, and K. Liang, Institute of Genetics and Crop Breeding, Fujian Agricultural University,
Fuzhou 350002, China

In hybrid rice development, a serious prob-
lem associated with cytoplasmic male ster-
ile (CMS) lines is poor panicle exsertion,
which reduces outcrossing rate and hybrid
seed production. Gibberellic acid (GA3)
has been routinely used to solve this prob-
lem. Other problems arise from applica-
tion of GA3, however, including increased
costs, reduced seed quality, and possible
environmental hazards. Rugter and
Carnahan (1981) reported a recessive
mutant that can cause elongation of the
uppermost internode, referred to as the
eui-1 gene. Since eui can play the same
role as GA3 when transferred into CMS
lines, this finding has attracted much in-
terest in the development of CMS lines. We
generated eui mutants through irradiation
on both maintainer (B) and restorer (R)
lines and transferred eui-1 into CMS lines
in China to improve hybrid rice seed pro-
duction efficiency (Yang 1998). We report
here the discovery of a new eui gene, re-
ferred to as eui-2(t), and the development
of several B and R lines with the eui gene
(designated as eA and eR), as well as the
development of several hybrids with eui
CMS lines.

Table 1 shows the characteristics of
four commercially released eA lines com-
pared with their corresponding non-eui

isogenic A lines. Results indicated that both
eui-1 and eui-2 significantly affected sev-
eral height-related traits (plant height,
panicle length, and panicle neck exsertion)
without affecting pollen sterility. In gen-
eral, eui-1 had a greater effect on these
traits than eui-2. The expression of both
genes appeared to be affected by genetic
backgrounds. For example, eui-1 had more
spikelets panicle–1 and higher exposed
stigma percentage when transferred into
a II-32 genetic background than in XA or
G46.

Table 2 shows the yield perfor-
mance and yield-related traits of the seven

Table 1. Comparison of seven agronomic traits between eA lines and their corresponding A
lines.

CMS Plant Panicle Panicle neck Spikelet Spikelet Stigma Pollen
line height length exsertion panicle-1 length exsertion abortive rate

(cm) (cm) (cm) (no.)  (cm) (%) (%)

XeAa 91.53 a 23.25 a 1.62 a 107.8 a 0.94 a – –
XeAb 79.09 b 21.93 a –4.55 b 126.1 a 0.95 a 29.5 a 94.1 a
XA (ck) 69.05 c 18.70 b –7.10 c 106.8 a 0.90 a 25.6 a 91.0 a

II-32eAa 111.20 a 28.50 a 3.70 a 271.0 a 0.79 a 74.1 a 91.7 a
II-32A(ck) 86.00 b 25.30 b –11.20 b 218.0 b 0.76 b 57.5 b 90.8 a

G46eAa 108.60 a 23.00 a –9.73 a 241.2 a 0.74 a 24.5 a 99.5 a
G46A(ck) 91.05 b 22.65 a –14.54 b 245.7 a 0.72 b 23.3 a 99.9 a

aeA lines with (eui-1 eui-1) gene type, bLines with (eui-2 eui-2) gene type. Different letters indicate significant difference
between eA and A lines at the 5% level.

Table 2. Comparison of yield and agronomic traits between some characters eui hybrids and non-eui hybrids.

Growth Plant Panicle Total Seed Effective 1,000-grain Yield
duration height length grain set rate  panicles (no.) weight (g m–2)

(d) (cm) (cm) number (%) (g)

XA/R-127 123 101.0 b 25.8 a 106.9 a 89.9 9.1 31.8 561.7 a
XeA/eR-127a 120 109.4 a 26.3 a 105.5 a 93.8 9.3 32.3 626.1 a
XeAb/eR-127a 119 110.5 a 26.1 a 100.7 a 92.8 9.6 32.9 593.9 a

GA/R-127 125 117.1 b 27.9 a 141.6 a 91.1 9.3 29.4 533.4 a
GA/eR-127a 123 121.8 a 28.0 a 145.0 a 92.7 9.2 29.5 544.7 a

II-32A/R-127 126 104.8 b 26.2 a 144.6 a 85.7 8.1 27.6 440.6 b
II-32eAa/R-127 124 108.3 a 27.4 a 145.4 a 85.7 8.1 28.6 531.7 a

aeA lines with (eui-1 eui-1) gene type. bLines with (eui-2 eui-2) gene type. Different letters indicate significant difference between eA and A lines at the 5% level.

Hybrid

hybrids developed from the eui-CMS lines
compared with counterparts from their
corresponding non-eui CMS lines from a
complete randomized block design in the
early season of 1999. In the XA back-
ground, eui-hybrids were ~10 cm taller
than the non-eui hybrids; no difference
was detected for the other traits. Thus, eui-
1 appeared to be completely dominant. In
GA and II-32 genetic backgrounds, how-
ever, eui hybrids were only 4 cm taller than
non-eui hybrids, and both were basically
identical for all traits, except that the eui
hybrid had significantly higher yield than
the non-eui hybrid in the II-32 back-
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ground. This yield advantage was observed
in many other eui hybrids (data not
shown). Of these eui-hybrids, G46A/eR-
127 is being tested in the Fujian provincial
multilocation yield trials.
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Prediction of hybrid performance in rice: comparisons
among best linear unbiased prediction (BLUP) procedure,
midparent value, and molecular marker distance

W. Xu, S.S. Virmani, IRRI; J.E. Hernandez, College of Agriculture, University of the Philippines Los Baños (UPLB), College,
Laguna; E.D. Redoña and L.S. Sebastian, Philippine Rice Research Institute (PhilRice), Muñoz, Nueva Ecija
E-mail: w.xu@cgiar.org

Since its success in China in the 1970s,
hybrid rice technology has spread to other
tropical countries such as India, Vietnam,
Bangladesh, and the Philippines. Com-
pared with inbred cultivars, the develop-
ment of hybrid rice is more costly because
it entails identification of parental lines that
produce hybrids with superior yield. To
reduce the number of crosses and the time
consumed in field evaluation, an efficient
prediction method for hybrid performance
would be useful.

Midparent value (MPV), which is
the average of both parents of a hybrid, is
a classical method of predicting hybrid per-
formance. This method, however, proved
to be less efficient in predicting for traits
with low heritability. Genetic distances
derived from molecular markers were re-
ported to have a certain significant corre-
lation with hybrid yield performance, but
this method is expensive. Notably, the best
linear unbiased prediction (BLUP) proce-
dure has been successfully applied to pre-
dict single-cross performance of maize and
soybean (Bernardo 1994, Panter and Allen
1995).

The BLUP method, which com-
bines field testing of related hybrids and
acquiring pedigree information or molecu-
lar data, holds great promise in hybrid per-
formance prediction (Charcosset et al
1998). This study compared the efficiency
of the BLUP procedure, MPV, and marker
distance derived from microsatellite DNA

assays in predicting F1 hybrid performance
in rice.

Rice lines used in this study were 66
F1 hybrids derived from 10 cytoplasmic
male sterile-wild abortive (CMS-WA) lines
and 23 promising restorer lines. Field ex-
periments were conducted at the UPLB
farm in the 1998 dry season. Data were
collected for 100-grain weight, single-plant
yield, and panicle weight. DNA was ex-
tracted and purified following a modified
CTAB procedure. The polymerase chain
reaction (PCR) protocol and silver stain-
ing procedures were those used in the
genetic laboratory of PhilRice. Thirty-seven
primer pairs were used in the assay.

The MPV of a cross was defined as
the mean of two parental lines. The pedi-
grees of parental lines of hybrid rice were
traced back to ancestors that had no
known pedigree information. Coefficient
of parentage was estimated using the re-
cursive method. The Nei and Li coefficient
was used as a measure of genetic similar-
ity.

The mixed linear model was as-
sumed as Y = Xβ + Za + Zd + e, where Y
is a vector of the observed hybrid yield, X
and Z are known matrices, a is a vector of
additive genetic effect, d is a vector of
dominant genetic effects, and e is the vec-
tor of residual effects.

Correlation analyses were per-
formed for MPV and the Nei and Li coeffi-
cient vs observed values. A set of 43 hy-

brids was used for generating additive,
dominant, and residual variances, follow-
ing the nest design (North Carolina design
I) using SAS PROC GLM. BLUP-predicted
values for the remaining 23 hybrids were
obtained using a software developed by
the senior author.

Results suggested a large dominant
variance for plant yield. The highest heri-
tability was noted for 100-grain weight,
while single-plant yield and panicle weight
had low to intermediate heritability (see
table). With the BLUP procedure, pre-
dicted grain yield plant–1 and panicle
weight were significantly correlated with
observed values of F1 hybrids. A highly sig-
nificant linear relationship was found only
between MPV and observations for 100-
grain weight. There was no linear relation-
ship between Nei-Li distance and any traits
of F1 hybrids (Figs. 1–3). Thus, the BLUP
may be superior to MPV in predicting F1

hybrid performance for low to intermedi-
ate heritable traits. The level of correlation
can be improved if more accurate pedigree
records and genetic variance estimates are
acquired.

The BLUP procedure to be used in
hybrid rice breeding programs has the fol-
lowing advantages:

• Only data of actual performance
from related hybrids were re-
quired; field testing of parental
lines was thus avoided.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Yang RC. 1998. The method of development of
CMS lines without panicle enclosure. Patent
No. CN1198298. China.
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Fig. 3. Correlation between observed values
and Nei-Li genetic distance for plant yield,
plant height, and total plant weight.
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Fig. 1. Correlation between values predicted
by BLUP and observed values for plant yield,
plant height, and total plant weight.

Fig. 2. Correlation between observed values
and MPV for plant yield, plant height, and total
plant weight.

• Covariances among hybrids were esti-
mated using the coefficient of
coancestry and variances of general
and specific combining ability, thus
making pedigree records useful.

• Without special experiments, the
BLUP procedure may provide increas-
ing accuracy as more and more related

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Genetic variance and heritability for 100-grain weight, grain yield plant–1, and panicle weight.

100-grain Grain Panicle weight
weight yield plant–1

Additive variance 0.088 31.8 0.287
Dominant variance 0.008 63.7 0.153
Residual variance 0.013 0.6 0.067
Heritability (narrow) 80.9% 33.1% 56.6%

hybrids are tested in applied breeding
programs.

A computer program called “BLUP
predictor,” developed by the authors for
this particular study, will soon be available
for further testing in rice with a large num-
ber of hybrid combinations.
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Blast analysis of the terminal sequences of cloned markers
from the genetic map of rice

S. Constantino, A. Resurreccion, B. Albano, J.-A. Champoux, C. Villareal, G.S. Khush, and J. Bennett, Plant Breeding,
Genetics, and Biochemistry Division, IRRI     E-mail: s.constantin@cgiar.org

Functional genomics seeks to assign a bio-
logical function to the sequences of genes
and intergenic regions. This assignment
may be accomplished by forward genetics,
reverse genetics, or a variety of ancillary
approaches. Experience shows that a large
minority (25–42%) of anonymous gene se-
quences from a plant such as rice have
sufficient sequence similarity to already
characterized genes from rice or other or-
ganisms so that a reasonable inference can
be made as to the class of protein encoded
by the gene (Yamamoto and Sasaki 1997,
Harushima et al 1998). While this sort of
analysis usually falls short of establishing
biological function, it can provide impor-
tant clues, especially when combined with
the location of the gene on a genetic or
physical map of rice (Harushima et al
1998).

For this reason, we attempted to
provide sequence data for 350 of the mark-
ers of the genetic map established princi-
pally by workers from Cornell University
(McCouch et al 1988). These data supple-
ment the large database assembled from
sequenced markers of the genetic map
developed by the Rice Genome Research
Project at Tsukuba (Harushima et al 1998).

Terminal sequencing was con-
ducted principally on both RZ clones
(cDNA clones derived from RNA of eti-
olated leaves of IR36) and RG clones (ge-
nomic clones derived from IR36 DNA).
Some barley (BCD) and oat (CDO) cDNA
clones were also sequenced. The names
and map locations of these clones are pre-
sented in Robeniol et al (1996), which also
describes the manual sequencing proce-
dure. Both ends of each clone were se-
quenced to allow polymerase chain reac-
tion-based amplification of longer DNA
segments than is possible with data derived
from the single-pass sequencing con-
ducted by Harushima et al (1998). The

nucleotide sequences and the deduced
amino acid sequences of each terminus
were then compared with the Genebank
databases using programs of the Basic Lo-
cal Alignment Search Tool (BLAST)
(Altschul et al 1990). The table shows hits
with the BLAST-N program accessed
through the Entrez Web site at
www.ncbi.nlm.nih.gov.

A total of 76 clones, representing all
12 rice chromosomes, recorded hits on
known sequences. The termini of each
clone were designated as F or R, depend-
ing on whether they were sequenced us-
ing the universal forward (F) or reverse (R)
sequencing primer. As all inserts had been
ligated into the vectors in random orien-
tation, there was no relationship between
the F and R ends and the direction of tran-
scription of the gene. Most of the hits
(71%) were among the RZ clones, consis-
tent with those clones from the cDNA li-
brary. Relatively few hits (24%) were found
among the RG clones, which were random
Pstl genomic clones. The remainder (5%)
were BCD and CDO cDNA clones. In 20%
of the 76 clones registering hits, both ter-
mini hit on known genes and, in all of these
cases, the same class of protein was re-
vealed, even if the name was different, as
in the case of RZ244. For this clone, the F
terminus hit ferric leghemoglobin reduc-
tase and the R terminus hit lipoamide de-
hydrogenase, but these proteins have the
same function and in soybean nodules are
probably the same proteins. For the re-
maining 80% of the clones, only the F or R
terminus hit a known gene. The usual rea-
son for the lack of homology at the other
terminus was that the terminus corre-
sponded to a poorly conserved region of
the gene such as the 3'-untranslated re-
gion.

Most of the hits were to rice and
other plant genes and were unequivocal,

including 19 hits on genes known only
from dicotyledonous plants. Three hits
were to nonplant genes (maize dwarf
mottle virus coat protein, Caenorhabditis
dolichol monophosphate mannose syn-
thase, human isovaleryl CoA dehydroge-
nase). Further sequencing would be re-
quired to confirm these particular hits. The
hits included several cases in which more
than one member of a gene family was re-
vealed. Alpha-tubulin was found on chro-
mosomes 1 and 3, ferredoxin III on chro-
mosomes 2 and 3, and cytosolic glyceral-
dehyde 3-phosphate dehydrogenase
(GAPDH) on chromosomes 4 (twice) and
8. Translational elongation factors were
found on chromosomes 2, 3, and 12. As
further genes of known function are iso-
lated and deposited in public databases,
the number of hits registered by the 350
clone markers listed by Robeniol et al
(1996) is expected to increase from the 76
recorded here. In addition, the current hits
will be examined more closely to deter-
mine their patterns of expression and their
biological function in terms of specific
traits.

References
Altschul SF, Gish W, Miller W, Webb W, Myers EW,

Lippman DJ. 1990. Basic local alignment
search tool. Mol. Biol. 215:403–410.

Harushima Y, Yano M, Shomura A, Sato M,
Shimano T, Kuboki Y, Yamamoto T, Lin SY,
Antonio BA, Parco A, Kajiya H, Huang N,
Yamamoto K, Nagamura Y, Kurata N, Khush
GS, Sasaki T. 1998. A high-density rice
genetic linkage map with 2275 markers
using a single F

2
 population. Genetics

148:479–494.
McCouch SR, Kochert G, Yu ZH, Wang ZY, Khush

GS, Coffman WR, Tanksley SD. 1988.
Molecular mapping of rice chromosomes
Theor. Appl. Genet. 76:815–829.

Robeniol JA, Constantino SV, Resurreccion AP,
Villareal CP, Ghareyazie B, Lu BR, Katiyar SK,
Menguito CA, Angeles ER, Fu H-Y, Reddy S,



15IRRN 25.3

Rice, oat, and barley DNA sequences with significant homology to known genes.

Chr Locus Putative identification Score Organism Chr Locus Putative identification Score Organism

1 RZ566 F Metallothionine 231 Rice RZ244 R Lipoamide dehydrogenase 431 Soybean
RZ566 R Metallothionine 565 Rice 5 RZ390 F Cytochrome b5 1,035 Rice

1 RZ836 F α-tubulin (RIP3) 194 Rice 5 RZ455 R GTP binding protein 184 Tomato
RZ836 R α-tubulin (RIP3) 468 Rice 5 CDO580 R Isovaleryl CoA dehydrogenase 446 Human

1 RZ588 R β-ketoacyl-ACP synthase 748 Castor bean 6 RZ508 F Catalase 1,095 Rice
1 RZ730 R Ubiquitin conjugate enzyme 372 Maize RZ508 R Catalase 516 Rice
1 RZ744 R B2 protein 236 Carrot 6 RG64 F Blast resistance clone 1,051 Rice
1 RG345 F Peptidase of D1 protein 155 Barley RG64 R Blast resistance clone 891 Rice
1 RZ382 R Coat protein of dwarf mottle virus 160 Maize DM virus 6 RZ140 F Homeobox protein 524 Tomato
1 RG233 F Enoyl-CoA hydratase 323 Arabidopsis 6 RZ2X R Human PRP8 protein 330 Human

RG233 R FeS cluster assembly gene 233 Azotobacter 6 RZ405 R High-affinity K transporter 475 Wheat
1 BCD828 R Mitochondrial ATP-2F1-ATPase 665 Wheat 6 RZ682 R Nodulation protein nodK 296 Escherichia

coli
2 RZ204 F Mitochondrial ATP/ADP 792 Rice 7 RZ488 F mRNA for thioredoxin h 383 Rice

translocator
RZ204 R Mitochondrial ATP/ADP 1,160 Rice RZ488 R mRNA for thioredoxin h 307 Rice

translocator
2 RZ643 F Ferredoxin III 160 Maize 7 RZ509 R bpw1 water transport protein 135 Barley
2 RZ643 R Ferredoxin III 519 Maize 7 RG128 F mRNA for acyl-(acyl protein) 165 Arabidopsis

thioesterase
2 RZ962 F Ribosomal protein L17a 223 Rice 7 RG156 F Rat cytomegalovirus DNA 164 Rat virus

biosynthetic enzyme
2 RZ962 R Ribosomal protein l17a 848 Rice 8 RZ143 F Cytosolic GADPH 655 Rice
2 RZ273 R Mitochondrial ATP/ADP 539 Rice 8 RZ617 F Poly-A binding protein 680  Wheat

translocator
2 RZ876 F EF-tuf a 712 Soybean 8 RZ649 F Fructose diphosphate aldolase 336 Rice
2 RZ87 R ATP dependent protease ClpC 173 Tomato 8 RZ997 F Plastidic Cu/Zn superoxide 487 Rice

dismutase
2 RG256 F Plastidic aspartate amino 661 Panicum RZ997 R Plastidic Cu/Zn superoxide 974 Rice

transferase dismutase
2 RG120 F DNA repair protein 228 Mouse 8 RZ572 F Cytosolic APX 294 Maize
2 RZ476 R EF-gamma 483 Arabidopsis 8 RG20 F Meristem L1 layer homeobox 265 Arabidopsis

protein
2 RG322 R DNA binding protein 161 Pea 8 RZ698 F Plastidic Pi/PEP transporter 313 Maize
3 RZ16 F Ascorbate peroxidase 231 Rice RZ698 R Plastid Pi/PEP transporter 641 Maize

RZ16 R Ascorbate peroxidase 887 Rice 9 RZ792 F Nucleic acid binding protein 269 Maize
3 RZ589 F α-tubulin (RIP3) 348 Rice 9 CDO590 R Protein phosphatase 523 Tobacco

RZ589 R α-tubulin (RIP3) 730 Rice 9 RZ206 F VDAC protein/porin 325 Wheat
3 RG754 F Phosphoglycerate mutase 261 Maize 9 RZ228 F HSP82 650 Rice

RG754 R Phosphoglycerate mutase 393 Ricinus 9 RZ337 R Suppressor-like protein 431 Arabidopsis
3 RZ142 F Dolichol monophosphate 50 Caenorhabditis 10 RZ500 Sugar transporter 379 Arabidopsis

mannose synthase
3 RZ448 R Phosphoglucomutase 870 Maize 10 RZ561 F Cell division cycle protein cDc48 393 Arabidopsis

mRNA
3 RZ576 F Plastidic ribosomal protein 542 Arabidopsis 10 RZ892 R Alanine amino transferase 787 Panicum
3 RZ585 F Histone H3 194 Rice 10 RZ400 F GTP binding protein 657 Lotus
3 RZ614 F Ferredoxin III 181 Maize 10 RZ536 R Rubisco activase 716 Rice
3 RZ574 R Cell wall protein 216 Arabidopsis 11 RZ900 F S-adenosyl homocysteine 746 C. roseus

dehydratase
3 RG179 F UDPG dehydrogenase 484 Soybean 11 RG247 F Peptide transporter 176 Barley
3 RG418X F KAT C/KAT A kinesin 254 Arabidopsis 11 RG118 R Exon of ACC oxidase 158 Apple
3 RZ993X F EF-1 a 135 Rice 11 RZ737 F Lipid transfer protein 1,071 Rice
4 RZ740 F S-adenosyl methionine 811 Rice 12 RG218 F β-ketoacyl CoA synthase 201 S.chinensis

decarboxylase
4 CDO1328 F GADPH (pseudogene) 227 Maize 12 RZ261 F Dehydroquinate dehydratase 299 Tobacco
4 RZ86 F Cytosolic GADPH 716 Barley 12 RZ397 F Glutathione S-transferase 216 Wheat
4 RZ250 R Molybdenum co-factor 355 Arabidopsis 12 RG396 R Plastidic transketolase 484 Potato

biosynthetic enzyme
4 RG449 F Serine/threonine protein kinase 190 Arabidopsis 12 RZ993X F EF-1 a 125 Rice
5 RZ244 F Ferric leghemoglobin reductase 48 Soybean

Park W, McCouch SR, Khush GS, Bennett J.
1996. Sequence-tagged sites and low-cost
DNA markers for rice. In: Rice genetics III.
Manila (Philippines): International Rice
Research Institute. p 293–306.

Yamamoto K, Sasaki T. 1997. Large-scale EST
sequencing in rice. Plant Mol. Biol. 35:135–
144.
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Molecular tools for zygotic embryo ablation in rice

One of the serious constraints to hybrid
rice technology adoption is the high cost
of seed production. The dependence of
hybrid seed production on parental
crosses and the loss of heterotic vigor in
successive generations can be eliminated
if hybrid seeds can be multiplied asexually.
Apomixis is an asexual means of seed pro-
duction that occurs in several plant spe-
cies including wild relatives of cereals such
as maize, pearl millet, and wheat (Khush
et al 1994). Careful searches made in rice
germplasm so far have not revealed any
occurrence of apomixis in rice (Rutger
1992, Brar et al 1995). Although several
apomictic mechanisms exist, apomixis in
principle is achieved by (1) cessation of
steps leading to zygotic embryo develop-
ment and (2) induction of an asexual em-
bryo in nucellar tissue. Our goal is to de-
velop apomictic rice through genetic en-
gineering. In this note, we report the strat-
egy and progress made in generating tools
for arresting sexual embryo development.

The simplest way of arresting the
development of the sexual embryo is to
generate an inhibitory protein under the
control of an egg- or zygote-specific pro-
moter. Since such a promoter is to date
not available in plants, we have taken a two-
gene approach, which uses the Cre-lox
recombination system (see figure). The
Cre recombinase will be delivered through
meiotic lineage to the zygote where it will
excise the lox box intervening the coding
region of a gene that can cause ablation
(RNase, for example). Such a mechanism
necessitates isolation of (1) a gene that is
specifically expressed in meiotic cells and
(2) a gene that is favorably expressed in
the embryo but not in the embryo sac or
endosperm. We have chosen DMC1, a
meiosis-specific gene in yeast, and REE5,
a 254-bp cDNA fragment that is accumu-
lated in rice zygotic embryos (Kikuchi et
al 1998).

Following a report that DMC1 of
Arabidopsis is meiosis-specific (Klimyuk
and Jones 1997), we decided to isolate rice
DMC1 and test its expression pattern. We
designed primers from partial rice
Genebank sequence data (accession no.

U85613) and amplified a 417-bp rice ge-
nomic fragment that encodes DMC1.
Nested-polymerase chain reaction (PCR)
and Southern analyses suggested the pres-
ence of two rice DMC1 genes. We isolated
the two genes (DMC1A and DMC1B) from
the IR64 bacterial artificial chromosome
library and designed sequence-specific
primers and probes to study their expres-
sion. Reverse transcriptase (RT)-PCR and
Northern analyses revealed that both
DMC1A and DMC1B are expressed in
panicles at meiosis and in mitotically ac-
tive tissues such as root tips and calli.
Therefore, we conclude that rice DMC1
genes are not meiosis-specific. We are cur-
rently exploring the potential utility of rice
homologues of other yeast meiosis-specific
genes such as SPO11.

REE5-specific PCR and Southern
analyses indicated that the rice genome
contains two REE5 genes. By screening the
IR36 genomic library, we isolated clones
containing the two REE5 genes. To isolate
the REE5 gene that is expressed during
early embryogenesis, we performed 3'
rapid amplification of cDNA ends (3' RACE)
using spikelets at 2 d after fertilization. We
then screened the genomic clones contain-

ing the two REE5 genes using 3'-
untranslated regions derived from the 3'
RACE clone. Sequence analyses revealed
that REE5 encodes a novel phosphopro-
tein. We are currently studying the expres-
sion pattern of REE5 genes using RT-PCR,
Northern, and in situ hybridization tech-
niques.
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A schematic diagram showing the constructs that can be used to derive an apomictic hybrid
rice.
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Rayada B3a high-yielding, ufra-resistant deepwater rice
for Assam, India

D. Das, N.K. Sarma, R. Borgohain, and P. Das, Regional Agricultural Research Station (RARS), Assam Agricultural
University, P.O. Boisa Garumuria, North Lakhimpur, Pin 787001, Assam, India

Of the 2 million ha of rice land affected by
flood every year in Assam, India, 490,000
are planted to deepwater rice. During the
long growing period from March to De-
cember, deepwater rice is exposed to at-
tacks by different pests and diseases.
Among them, infestation by rice stem
nematode, Ditylenchus angustus, com-
monly called ufra disease, is considered a
major problem, causing a 30–100% yield
loss.

Several deepwater and semi-
deepwater rice varieties were screened for
resistance to ufra nematode during 1991-
92 under field conditions at RARS. Among
the entries tested, a few Rayada selections
collected from Bangladesh, such as Rayada
16-06, Rayada 16-09, and Rayada B3, were
resistant to ufra in Assam. These lines were
further screened for ufra resistance and
yielding ability in a replicated trial from
1993 to 1997 in diseased and disease-free
areas. The diseased plot was selected from
a naturally infested field and ufra disease
pressure was further increased by adding
inoculum at sowing, whereas earthen
bunds around the field kept the control
plot ufra-free. Table 1 presents the panicle
infestation rate and grain yield per hect-
are of the lines over the years. Statistical
analysis (3 RBD) followed after transforma-
tion of percentage infestation data.

All the lines exhibited significant
variation in ufra infestation and yield.
Rayada 16-06, Rayada 16-09, and Rayada B3
had good resistance to the nematode with
10.0%, 12.6%, and 18.8% mean panicle in-
festation rates, respectively. On the other
hand, susceptible check variety Rangabao
was severely affected (80.9%). Simulta-
neously, Rayada B3 showed a higher aver-
age mean yield (0.95 t ha–1) than the other
three varieties in ufra-endemic areas. Table
2 shows the mean yield of lines over years
in the ufra-free area. Under ufra-free con-

ditions also, Rayada B3 outyielded all three
varieties with a mean average yield of 2.0 t
ha–1. Rayada B3 had a 22% yield advantage
over Rangabao.

Rayada B3 is a photoperiod-sensi-
tive and tall but nonelongating deepwater
rice that can withstand up to 1.5 m water
depth, with a mean height of 150 cm. Its
grains are heavier (29 g 1,000 grains–1) and
coarse and the kernels are red. Rayada B3
yielded 0.2 -0.4 t ha–1 under direct-seeded

Table 1. Panicle infestation rate and yield of ufra-resistant lines in ufra-endemic hot spots of
RARS, North Lakhimpur, Assam, 1993-97.

Panicle infestation rate (%) and grain yield (t ha–1)a

1993 1994 1995 1996 1997 Mean

Rayada B3 19.1 12.5 26.5 14.4 21.2 18.8
(0.8) (1.0) (0.9) (1.1) (na) (0.9)

Rayada 16-06 9.4 8.5 14.5 9.8 21.0 12.6
(0.8) (0.5) (0.4) (0.6) (na) (0.6)

Rayada 16-09 8.7 8.2 11.2 6.7 15.6 10.1
(0.6) (0.5) (0.4) (0.5) (na) (0.5)

Rangabao 60.6 80.3 95.5 72.7 95.2 80.9
  (susceptible (0.8) (0.6) (0.2) (0.6) (na) (0.6)
   check)

   CD (0.5%) 8.2 6.4 3.9 8.7 2.7
(0.9) (1.2) (0.9) (0.7) (–)

aNumbers in parentheses are grain yield. na = not available.

Variety

Table 2.  Yield of Rayada lines in ufra-free area of RARS, North Lakhimpur, Assam, 1993-97.

Yield (t ha–1)

1993 1994 1995 1996 1997 Mean

Rayada B3 1.0 2.2 2.2 2.0 2.4 2.0
Rayada 16-06 0.6 0.7 0.8 0.7 0.8 0.8
Rayada 16-09 0.4 0.5 0.6 0.5 0.6 0.5
Rangabao 1.3 1.7 1.8 1.4 1.9 1.6

   CD (0.5%) 1.05 1.15 0.83 0.99 0.93

Variety

conditions and 0.5 t ha–1 under trans-
planted conditions.
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Genetic resources

Relationships among the CC, DD, and EE genomes
in the Oryza officinalis complex detected by two-
probe genomic in situ hybridization

C.B. Li, D.M. Zhang, S. Ge, and D.Y. Hong, Laboratory of Systematic and Evolutionary Botany, Institute of
Botany, Chinese Academy of Sciences, Beijing 100093, China; B.R. Lu, GRC, IRRI
E-mail: licb@public2.east.net.cn

The Oryza officinalis complex is the larg-
est in the genus Oryza, containing diploid
species with BB, CC, or EE genomes and
tetraploid species with BBCC or CCDD
genomes. Several species in this complex
such as O. officinalis, O. australiensis, and
O. minuta have been intensively used in
rice breeding programs because of their
useful genes for disease and insect resis-
tance (Brar and Khush 1997). Three closely
related tetraploid species, O. latifolia, O.
alta, and O. grandiglumis, from Central
and South America were reported as al-
lotetraploid with the CCDD genomes, even
though no diploid species has been found
as the D genome donor in Oryza.

Some researchers believe that the
DD genome originated from the AA ge-
nome, whereas others think it differenti-
ated from the CC genome. The first propo-
sition should be ruled out because the CD-
genome species has a greater genetic dis-
tance from the A-genome species than
species containing other genomes (Wang
et al 1992, Aggarwal et al 1999). Recent
studies indicated that the DD genome and
EE genome (from O. australiensis) are
most closely related, and that the ances-
tor of the EE genome might have played
an important role in the formation of the
CD-genome species (Wang et al 1992, Ge
et al 1999). The relationships between the
DD and CC or DD and EE genomes, how-
ever, still need clarification.

Two-probe genomic in situ hybrid-
ization (GISH) technology, also called
multicolor FISH or bicolor FISH, is an ideal
tool for studying relationships among dif-
ferent genomes. This study confirmed the
existence of CC and DD genomes in the
tetraploid O. alta and investigated the re-

Table 1. Wild Oryza species used in this study with their genomes and origins.

Species Accession no. 2n Genome Source/country

O. officinalis Zhou-198 24 CC China
O. eichingeri IRGC 101144 24 CC Uganda
O. australiensis IRGC 105263 24 EE Australia
O. alta IRGC 100161 48 CCDD Brazil

Table 2. Chromosome samples, probe constitutions, and stringencies used.a

Chromosome Probes Hybridization Posthybridization
sample  stringency stringency

O. alta DIG-EE (O. australiensis)b 65–75% 50–60%
BIO-CC (O. officinalis)

O. alta DIG-EE (O. australiensis) 65–75% 78–86%
BIO-CC (O. officinalis)

O. alta DIG-CC (O. eichingeri) 65–75% 96–100%
BIO-EE (O. australiensis)

aStringency was calculated by using the equation described by Meinkoth and Wahl (1984). The GC content (50–70%) was
estimated according to sequencing data of 20 genes (O. sativa) from the Genebank. The probe length varies from 200 bp
to 500 bp as shown by running a small gel. bDIG-EE means the total DNA of the EE genome labeled with digoxigenin; BIO-
CC means the total DNA of the CC genome labeled with biotin.

lationships among the CC, DD, and EE
genomes using the two-probe GISH.

The genomic DNA of three diploid
wild rice species, O. officinalis (2n = 24,
CC genome), O. eichingeri (2n = 24, CC),
and O. australiensis (2n = 24, EE), was
used as the probe. Plant materials used in
the study are listed in Table 1 with their
origins. Chromosome samples of O. alta
were prepared using an enzymatic macera-
tion and air-dry method. In situ hybridiza-
tion followed that described by Leitch et
al (1994). The hybridization stringency and
posthybridization washing stringency are
shown in Table 2. Stringency is a crucial
factor in determining hybridization be-
tween homologous sequences or similar
sequences. Under low stringency, GISH
results reflect the similarity between probe
and target sequences, whereas under high
stringency, GISH results mainly indicate

homologous hybridization. Thus, the iden-
tity (homology) and similarity between
genomes could be estimated well.

When the chromosomes of O. alta
were probed with the C-genome DNA from
O. officinalis, the two genomes in O. alta
could not be distinguished (Fig. 1a) un-
der conditions of low stringency (50–60%).
This result indicates a relatively high simi-
larity of DNA sequences between CC and
DD genomes in O. alta. Under 78–86%
stringency, most chromosomes from the
CC genome (labeled with strong green sig-
nals) and the DD genome (labeled with
weak signals) could be distinguished, but
some could not be accurately identified
due to minor differences in their fluores-
cence intensity (Fig. 2a). This suggests that
the differentiation between CC and DD
genomes is not significant. When hybrid-
ized with the C-genome DNA from O.
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eichingeri and stained with DAPI under
conditions of 96–100% stringency, most of
the C-genome (violet signals) and D-ge-
nome (blue color) chromosomes could be
distinguished (Fig. 3a). In most cases, hy-
bridization signals did not homogeneously
cover the entire length of the C-genome
chromosomes; instead, stronger signals
appeared only in certain regions of the
chromosomes. Hybridization sites with vis-
ible signals were also detected on the D-
genome chromosomes. It is difficult to
clearly identify all chromosomes of the CC
and DD genomes in O. alta. Based on
these results, we concluded that O. alta
(including O. latifolia and O.
grandiglumis) is not a strict allotetraploid
species.

When chromosomes of O. alta were
probed by the labeled genomic DNA from
O. australiensis (EE genome), the red hy-
bridization signals covered all chromo-
somes (Fig. 1b) under conditions of low
stringency (50–60%), suggesting a high

similarity in DNA sequences between EE
and CC and DD genomes. Under condi-
tions of 78–86% stringency, hybridization
signals are small and weak on most chro-
mosomes; stronger signals are mainly lo-
cated on C-genome chromosomes (Fig. 2b).
Under 96–100% stringency, hybridization
signals are so weak that further signal am-
plification had to be made. The amplified
hybridization signals (bluish green) were
mainly located on chromosomes of the CC
genome. Hybridization signals on chromo-
somes of the DD genome were very weak
or invisible (Fig. 3b).

These results together indicate con-
siderable differentiation of the EE genome
from CC and DD genomes, and higher af-
finity of the EE genome to the CC genome
than to the DD genome. In conclusion, we
believe that the EE genome is not the di-
rect donor of the DD genome. The origin
of the DD genome still remains uncertain
and needs further study. This study fully
demonstrated the  advantages of using

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

GISH in identifying genomic constitution
and detecting relationships among ge-
nomes.
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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 communication 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.cgiar.org/irri/
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Figs. 1-3. Metaphase chromosomes of O. alta after genomic in situ hybridization with the C and E-genome species in different posthybridization
washing stringencies. Chromosomes hybridized with the C-genome DNA from O. officinalis (Fig. 1a) and E-genome DNA from O. australiensis
(Fig. 1b) under conditions of 50–60% stringency.  Chromosomes hybridized with the same probes as in Figures 1a and 1b, but under 78–86%
stringency (Fig. 2). Chromosomes probed with C-genome DNA from O. eichingeri (Fig. 3a) and E-genome DNA from O. australiensis (Fig. 3b) and
counterstained with DAPI. The posthybridization washing stringency was 96–100%. The hybridization signals of the E-genome probe were
amplified. Scale bar = 5 µm.
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Pest science & management

Impact of Aspergillus niger AN27 on growth
promotion and sheath blight disease reduction
in rice

J. Kandhari, S. Majumder, and B. Sen, Division of Plant Pathology, Indian Agricultural Research Institute
(IARI), New Delhi 110012, India

Sheath blight caused by Rhizoctonia
solani Kuhn is a threat to rice cultivation
in different agroclimatic conditions. Many
bacteria and fungi from rice field soils are
antagonistic to R. solani (Gogoi and Roy
1993, Roy 1984, 1993, Sen et al 1993).

We tested the ability of Aspergillus
niger AN27 and its bioformulation to sup-
press sheath blight. Seeds of Pusa Basmati 1
were planted in four nursery trays (650 seeds
tray–1). Seeds of one tray were treated with
the bioformulation Kalisena SD at 4 g kg–1

before planting. Untreated seeds were sown
in the other three trays. At transplanting,
root and shoot length of plants and biom-
ass were measured for each treatment.
Twenty-five-day-old seedlings were trans-
planted at 15 × 15-cm spacing in a random-
ized block design with four treatments.
Three replications of two 3-m rows were
maintained. Standard agronomic practices
were followed. The experiment was con-
ducted for two continuous crop years
(1997 and 1998). Plants were inoculated
with a virulent isolate of R. solani by plac-
ing two colonized typha bits

(Bhaktavatsalam et al 1978) in the center
tillers of each hill at 40 d after transplant-
ing (maximum tillering). At 45 d after in-
oculation, number of total tillers, infected
tillers, effective tillers, lesion height, and
disease reduction were measured.

The 1997 and 1998 results were
similar and were thus averaged. Plants
raised from treated seeds (PTS) were sig-
nificantly more vigorous, showing an in-
crease of 6.5 and 10.0 cm in root and shoot
length, respectively, and 100% heavier bio-
mass than the untreated seedlings at trans-
planting (Table 1). In the field, PTS had
significantly more tillers per plant and
a higher percentage of effective tillers
(Table 1). There was a 32.9% disease
reduction in PTS; in the spray treatment
of A. niger AN27, reduction was only 12.2%.
Average lesion height was also reduced up
to 14.5% in PTS (Table 2).

These results indicate that resis-
tance to sheath blight is induced in rice by
the biocontrol agent A. niger AN27 and its
bioformulation Kalisena SD. Roy (1993)
reported that infection of sheath blight

could be reduced by adding A. terreus in
potted plants. The cellulolytic activity of
R. solani, however, could not be reduced.
Reduction of R. solani by A. terreus, par-
ticularly when plants are treated before
inoculation with sclerotia of the pathogen,
was reported by Gogoi and Roy (1993). Sen
et al (1993) found that A. niger, isolated
from the rhizosphere of a healthy musk-
melon plant adjacent to wilted areas,
proved to be an effective biocontrol agent
against R. solani by way of antibiosis, over-
growth, and hyperparasitism. Kalisena SD,
developed by IARI, has been launched in
the market to control soil-borne plant
pathogens and to promote plant growth.
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Table 1. Impact of Aspergillus niger AN27 and its bioformulation Kalisena SD on growth of rice cv Pusa Basmati 1 inoculated with Rhizoctonia
solani.

Transplant Tillers

Root length (cm) Shoot length (cm) Biomass (g) Total no. Percent
Av of 20 Av of 20 Av of 100 plant–1 effective

Seed dressing 13.4 40.0 60.0 11.4 93.7
     Kalisena SD (75.75)a

Sheath spray 6.9 29.9 30.3 9.5 83.2
     A. niger AN27 (65.80)
Untreated, inoculated 6.9 29.9 30.0 8.8 76.6

(61.09)
Untreated, uninoculated 6.9 30.0 30.0 8.8 76.1

(60.46)
     CD at P = 0.05 1.17 3.46

aNumbers in parentheses are arcsine-transformed values.

Treatment
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Table 2. Effect of A. niger AN27 and its bioformulation Kalisena SD on sheath blight of rice.

Treatment Infected tillers Disease reduction Lesion height
(%) over control (%) (%)

Seed dressing 63.7 32.9 66.7
     Kalisena SD (52.95)a (34.87) (54.76)
Sheath spray 83.8 12.2 72.3
     A. niger AN27 (66.28) (20.32) (58.24)
Untreated, inoculated 98.0 0.0 81.2

(78.62) (4.05) (64.32)
Untreated, uninoculated 0.0 0.0 –

(4.05) (4.05) (4.05)

     CD at P = 0.05 3.14 3.30 2.09

aNumbers in parentheses are arcsine-transformed values.
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Influence of rice varieties on parasitism of the African
rice gall midge (AfRGM)

F.E. Nwilene, M.P. Jones, and O. Okhidievbie, West Africa Rice Development Association (WARDA), 01 BP 2551, Bouaké
01, Côte d’Ivoire     E-mail: f.nwilene@cgiar.org

The African rice gall midge (AfRGM),
Orseolia oryzivora Harris & Gagne
(Diptera: Cecidomyiidae), is a major con-
straint to rainfed and irrigated lowland rice
production in Africa. The most common
natural enemies associated with AfRGM are
the polyembryonic endoparasitoid
Platygaster diplosisae Risbec (Hy-
menoptera: Platygasteridae) and the soli-
tary ectoparasitoid Aprostocetus procerae
Risbec (Hymenoptera: Eulophidae). These
species have potential as biological con-
trol agents against AfRGM (Williams et al
1997). The extent to which the activity of
these parasitoids may be influenced by rice
genotype is not well known. This is a cru-
cial issue because the effects of resistance
factor(s) in the rice genotype on the de-
veloping midge larvae are likely to be ex-
hibited on the next trophic level of asso-
ciation, i.e., on the AfRGM parasitoids.
Such interactions are known to exist in
maize, sorghum, and other crops (Potting
et al 1995, Nwanze and Nwilene 1998).

Some natural enemies are known to
base their foraging strategies on plant
volatiles that mediate searching behavior,
especially at longer distances. Plant resis-
tance to insects can result from antagonism
due to the presence of chemicals in vari-

ous plant tissues. To optimize the benefits
from integrating the breeding for resis-
tance to AfRGM and biological control, it
is desirable that these management op-
tions be either complementary or syner-
gistic and not antagonistic.

A trial was carried out in 1998 at the
Ebonyi State College of Agriculture green-
house in the Ikwo local government area,
near Abakaliki, Ebonyi State, southeast
Nigeria. Ikwo is in the forest/savanna tran-
sition zone. The AfRGM and its parasitoids
P. diplosisae and A. procerae were reared
in seedboxes in the greenhouse (25–30 °C
temperature and 50–90% relative humid-
ity). The cultures had been maintained for
4 wk prior to the experiments. Four rice
varieties showing different levels of resis-
tance––ITA306 (susceptible), Cisadane
(tolerant), NHTA8 (partially resistant), and
Eguazankpa (widely grown traditional va-
riety in the middle belt of Nigeria) (Will-
iams et al 1997)––were used to determine
whether these differences in resistance
affected parasitism of P. diplosisae and A.
procerae.

The experiment was laid out in a
randomized complete block design with
three replications. About 80 seedlings in
each seedbox were exposed to 10 gravid
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female and 5 male AfRGM at 12 d after
seeding. Two days after AfRGM infestation,
twenty 1-d-old gravid females of P.
diplosisae were released in each box. Two
weeks after AfRGM infestation, when pu-
pation commenced, twenty 1-d-old gravid
females of A. procerae were released in
each box. (Separate boxes were infested
with P. diplosisae and A. procerae.) Four
weeks after parasitoid introduction, 40
plants per box were dissected and data on
the following were recorded: tillers with
galls, total tillers, number of larvae/pupae
collected from galls, number of larvae/pu-
pae parasitized, and percent parasitism.
Data were subjected to analysis of variance.

Under no-choice conditions, in the
experiment with A. procerae, AfRGM in-
festation of partially resistant variety
NHTA8 was significantly lower than that of
ITA306 and Cisadane at 50 d after crop
emergence (Fig. 1). In the experiment with
P. diplosisae, however, the four varieties
did not differ in levels of AfRGM infesta-
tion. There was no significant difference
in the number of larvae/pupae parasitized,
and percent parasitism by both parasitoids
was also consistently high in the four vari-
eties (see figure). Both parasitoids attacked
almost every gall that was infested. The

´
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Effect of rice varieties on the parasitism of
AfRGM by Platygaster diplosisae and
Aprostocetus procerae and the percentage of
tillers with galls. Means (± S.E.) within a row
for each parasitoid followed by the same letter
are not significantly different at P>0.05; least
significant difference.
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high level of parasitism in the four variet-
ies suggests that host plants offer no an-
tagonistic effects to AfRGM parasitoids.
The plant resistance factors in NHTA8 and
Eguazankpa did not influence parasitoid
activity or level of parasitism under no-
choice conditions, indicating that the in-
teraction between host-plant resistance
and AfRGM parasitoids would thus be syn-
ergistic or additive and could result in suc-
cessful integration of these two important
pest management options. This is particu-
larly important in the integrated pest man-
agement of AfRGM for which desirable lev-
els of resistance have not yet been
achieved.

Results, however, might differ un-
der free-choice conditions. Tritrophic in-
teractions should be explored by plant
breeders and insect ecologists who aim to
produce resistant varieties which, when
infested, still produce volatiles in sufficient
amounts to attract parasitoids or preda-

tors. With recent advances in hybridization
and molecular markers at WARDA, efforts
are under way to increase rice resistance
and understanding of such tritrophic in-
teractions in cereal-based ecosystems.
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Ecological characterization of biotic constraints
to rice in Cambodia

G.C. Jahn, EPPD, IRRI; Pheng Sophea, School of Land and Food, University of Queensland, St. Lucia, Australia; Khiev
Bunnarith and Pol Chanty, Cambodia-IRRI-Australia Project (CIAP), P.O. Box 1, Phnom Penh, Cambodia
E-mail:  irri-cambodia@cgiar.org

From 1994 to 1998, a total of 73 rainfed
lowland rice fields (RLR) (>0.3 ha each)
in Cambodia were studied to determine
which pests affect yields and how cropping
practices affect pest levels. From 1997 to
2000, this information was used to gener-
ate testable hypotheses for crop protection
research and to help prioritize the inte-
grated pest management (IPM) research
program of CIAP. The data collection meth-
ods of Savary et al (1996) were adapted to
Cambodian conditions. “Pests” included
insects, weeds, and diseases. Farmer inter-
views (Jahn et al 1997b), pest collections,
and practical considerations (e.g., ease of
recognizing the pest or its damage) were
used to determine which pests to include

in the study. Pesticides were not used in
any of the fields in this study.

Data were gathered at four crop
development stages: tillering, booting,
milk, and maturity. The yield of each field
was estimated by averaging the weights of
three randomly selected 2 × 5-m2 har-
vested areas, converted to t ha–1 and ad-
justed to 14% moisture. Pest incidence was
recorded from 10 hills chosen haphazardly
from each field. Weed infestation was mea-
sured as the percentage weed cover in
three 1-m2 areas that included sampling hill
number 3, 6, and 9. The analysis proceeded
in five steps: (1) determination of average
injury levels of each pest for each crop
stage, (2) categorization of variables (i.e.,

pest, cropping practices, and yield) into
classes, (3) testing for independence of
paired variables (i.e., pest levels, cropping
practices, and yields) in contingency tables,
(4) clustering of cropping practices, yields,
and pest profiles, and (5) development of
contingency tables and correspondence
analysis. Data were analyzed with Excel®

and STAT-ITCF®.
Correspondence analysis between

combined variables (i.e., cropping prac-
tices and pest profiles) and yields resulted
in the formation of four domains (see fig-
ure). Low levels of gall midge damage (i.e.,
0–0.2% tiller damage) were recorded in
the highest yielding fields (domain D,
table). The lowest yielding fields had high
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levels of gall midge (1–59% tiller damage),
cutworm (15–51% leaf damage), brown
spot (32–94% leaf damage), and weeds
(10–30% weed cover) (domain A, table).

Study results led the CIAP IPM Pro-
gram to assess the importance of gall
midge in different parts of Cambodia and
to conduct field trials to evaluate varietal
resistance to gall midge (Jahn et al 1997a,
Jahn and Khiev 1998). From 1998 to 2000,
CIAP conducted experiments to test hy-
potheses generated by the characterization
study, including whether the levels of pest
damage recorded in the characterization
study could actually reduce yields (see
Khiev, “Effects of simulated pest damage
on rice yields,” p 27–28); how well early
and medium-duration varieties compete
against weeds; and investigations on the
interactions of fertilizer, variety, pests, and
yield.
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Graphical display of correspondence analysis of the biotic constraint data matrix.  The cropping
practice (CP), yield (Y), and pest (PE) clusters can be grouped into four domains described in
the table.

Characteristics of the domains derived from Figure 1.

Domain Clusters Cropping practices and yields Pest constraints

A Y1, CP1 Late-duration rice varieties and Weeds, gall midge, cut
PE4   some medium varieties  worm, and brown spot

Low application of mineral
  fertilizer
Very diverse water management
Very low yield

B Y2, CP4 Early rice varieties Brown spot, gall midge,
PE3 Low application of mineral sucking insects

  fertilizer
Water depths very diverse
Low yield

C Y3, CP3 Medium rice varieties Weeds, whorl maggot,
PE1 High application of minerals hispa, sucking insects,

Too much water and gall midge
Medium yield

D Y4, CP2 Medium cultivars and some Narrow brown spot
  early varieties
High application of mineral
  fertilizer and manure
Little standing water
High yield
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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 operating 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 randomiza-
tion 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
MCPO Box 3127
Makati City 1271, Philippines
or e-mail: biometrics@irri.cgiar.org

To order a CD, e-mail: e.ramin@cgiar.org
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Field screening of stem borer resistance
in new plant type lines

L.M. Sunio, Entomology and Plant Pathology Division, IRRI; R. Caldo, Philippine Rice Research Institute (PhilRice),
Maligaya, Muñoz, Nueva Ecija, Philippines; and M.B. Cohen, IRRI     E-mail: m.cohen@cgiar.org

IRRI is developing rice varieties with higher
yield potential by changing rice architec-
ture to match an ideotype known as the
new plant type (NPT) (Peng et al 1994).
The features of the NPT include fewer and
larger tillers, all of which are productive;
sturdy stems; and erect, deep green leaves.
At the IRRI Experiment Station, some plots
of NPT lines have been highly damaged by
stem borers, particularly by striped stem
borer (SSB) Chilo suppressalis (Walker).
We conducted a field screening of NPT
lines and existing IRRI varieties to compare
levels of stem borer damage. We also ex-
amined the relation of tiller number and
silica content to stem borer damage.

Screening was conducted at IRRI
(Los Baños, Laguna, Philippines) and
PhilRice (Maligaya) during the 1998 dry
season (DS, February to May). Thirty NPT
lines and three IRRI varieties (IR62, which
is relatively susceptible to SSB; and IR64
and IR72, which are moderately resistant
to stem borers) were transplanted in plots
of 100 plants (5 rows of 20 plants) in a ran-
domized complete block design with four
replications. Numbers of tillers and
deadhearts (DH) were scored at 39 d after
transplanting (DAT) at IRRI and 60 DAT at
PhilRice. Numbers of panicles and
whiteheads (WH) were scored at 85 DAT,
at which time the shorter duration lines
were close to harvest and the longest du-
ration lines were at hard dough stage. At
WH sampling, 20 plants from each repli-
cate plot were removed and dissected to
count the number of larvae and pupae of
SSB, yellow stem borer (YSB, Scirpophaga
incertulas [Walker]), gold fringed stem
borer (GFSB, Chilo auricilias Dudgeon),
and pink stem borer (PSB, Sesamia
inferens [Walker]). An additional five
plants from each replicate plot at the IRRI
site were removed and analyzed for silica
content (Yoshida et al 1976).

There was substantial variation in
levels of DH and WH among NPT lines (see
table). Many lines did not differ signifi-
cantly from IR64 or IR72 in %DH or %WH,
while other lines had much higher dam-
age. This result suggests that there may be
potential for improving stem borer resis-
tance in the NPT by further selection or
breeding with NPT lines that show lower
damage in screening trials.

The values of %WH were negatively
correlated with the number of productive
tillers per hill for both IRRI (r = –0.38, df
= 31, 0.05>P>0.01) and PhilRice sites (r
= –0.64, df = 31, P<0.01). When only NPT
lines were included in the analysis, the cor-
relation between number of productive
tillers and %WH was not significant for the
IRRI site (r = –0.11, df = 28, P>0.05) but
was highly significant for PhilRice (r = –0.78,
df = 28, P<0.01). The fact that the number
of productive tillers accounted for such a
high proportion of the variation in %WH
indicates that the results should be inter-
preted with caution. The most resistant
entries may be those with a low %WH de-
spite having less productive tillers per hill,
such as IR66738-118-1-2 and IR65600-27-
1-2-2.

The negative correlation between
tiller number and %WH may be partly be-
cause varieties with fewer tillers tend to
have larger tiller diameter (Peng et al
1994). Some studies have found a positive
correlation between stem diameter and
stem borer susceptibility (Chaudhary et al
1984, Ntamos and Koutroubas 2000).

SSB accounted for >90% of larvae
and pupae recovered from dissected plants
of 11 entries at IRRI, with the exception of
IR62 (79%) and IR64 (76%) (see table). YSB
and PSB were of approximately equal abun-
dance in plants dissected at IRRI, while
GFSB was not common (data not shown).
At PhilRice, SSB was also the most com-

mon species recovered (see table), fol-
lowed by PSB. IR62, IR64, and IR72 were
among the entries with the lowest propor-
tion of SSB recovered at PhilRice. These
results are surprising because YSB is usu-
ally the most abundant stem borer in tropi-
cal wetland rice (Shepard et al 1995). Our
results are consistent with earlier observa-
tions at the IRRI Experiment Station that
NPT lines may be more attractive or suit-
able hosts to SSB than existing IRRI variet-
ies.

A positive correlation between stem
borer resistance and silica content has
been reported in some studies (Chaudhary
et al 1984). In our study, the silica content
of entries fell within a narrow range (5.44–
6.78%) and did not differ significantly
among entries (see table). There was no
correlation between silica content and
%DH (r = –0.19, df = 31, P>0.05) or %WH
(r = –0.03, df = 31, P>0.05).
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Evaluation of new plant type lines and IRRI varieties for stem borer resistance at two Philippine sites, 1998 DS.a

IRRI PhilRice

Vegetative stage Reproductive stage Vegetative stage Reproductive stage

Tillers % DHb Productive % WHb % SSBc,d Silica Tillers % DHb Productive % WHb % SSB b,d

(no.) tillers content (no.) tillers
(no.) (%) (no.)

IR65564-22-2-3 11.9 12.9 9.8 34.0 94.5 5.6 13.0 19.6 10.4 38.0 60.5
(20.7) (35.6) (9.7) (26.2) (38.0) (52.2)

IR65564-44-2-3 10.3 5.2 8.9 15.9 97.0 6.3 15.7 19.9 9.3 35.3 70.7
(12.8) (23.2) (9.8) (26.5) (36.3) (58.3)

IR65564-44-5-1 10.4 7.5 10.0 31.4 97.0 5.5 14.6 16.4 11.8 29.4 74.4
(15.7) (34.0) (9.8) (23.6) (32.7) (60.8)

IR65597-29-3-2-3 10.3 10.3 6.5 37.6 96.2 6.2 11.3 18.8 9.4 36.8 88.4
(18.2) (37.8) (9.8) (25.2) (37.3) (70.9)

IR65598-112-2 9.8 11.2 5.0 31.3 99.2 6.4 13.7 24.4 7.0 41.5 79.0
(19.0) (33.7) (10.0) (29.5) (40.0) (63.0)

IR65600-1-2-3 8.6 9.2 5.8 60.0 97.0 5.8 11.7 23.7 7.6 40.6 77.2
(17.3) (50.9) (9.8) (29.0) (39.3) (62.0)

IR65911-127-6-2-3 10.6 12.3 6.3 36.1 97.6 5.7 13.1 29.5 7.6 35.1 79.7
(20.5 (36.8) (9.9) (32.8) (36.1) (63.4)

IR65600-27-1-2-2 9.2 14.9 7.3 29.1 96.2 6.5 12.0 13.4 8.7 20.3 72.5
(22.6) (32.6) (9.8) (21.3) (26.4) 58.6)

IR65600-32-4-6-1 10.6 10.2 7.3 27.1 97.2 6.2 14.5 25.6 8.1 32.0 71.0
(18.4 (31.3) (9.9) (30.1) (34.3) (57.5)

IR65600-38-1-2-1 10.8 7.2 6.2 28.7 98.3 6.4 12.8 21.0 8.6 33.4 68.8
(15.4) (32.4) (9.9) (27.0) (35.2) (56.6)

IR65600-42-5-2 10.2 8.0 9.9 35.8 97.6 6.2 14.5 18.9 11.4 27.9 81.6
(16.1) (36.7) (9.9) (2.7) (31.7) (64.8)

IR65600-54-6-3 9.9 6.2 9.5 36.1 96.8 6.8 14.2 19.8 11.1 29.5 78.0
(14.1) (36.9) (9.8) (26.3) (32.9) (62.2)

IR65600-77-4-2-1 9.0 13.1 7.0 30.7 98.5 6.1 12.9 21.9 9.8 29.6 80.5
(20.7) (33.6) (9.9) (27.9) (32.9) (64.2)

IR65600-85-1-1 11.5 11.4 7.9 27.1 92.7 6.3 15.8 26.5 9.1 49.0 72.7
(19.5) (31.2) (9.6) (30.9) (44.4) (58.7)

IR65600-87-2-2-3 11.1 9.0 8.5 36.0 97.1 6.3 15.1 23.7 9.1 44.4 63.3
(17.4) (36.8) (9.9) (29.1) (41.7) (53.2)

IR65600-95-4-5 11.7 14.3 7.1 19.5 97.8 5.8 17.4 23.1 10.1 28.5 58.6
(21.6) (25.6) (9.9) (28.7) (32.1) (50.1)

IR65600-96-1-2-2 11.3 10.3 7.1 21.8 98.4 5.4 17.8 20.4 12.5 23.7 62.1
(18.0) (27.6) (9.9) (26.6) (29.1) (52.4)

IR65601-35-6-2-3 9.0 9.1 7.8 43.7 98.1 6.5 13.5 19.8 8.2 37.2 62.7
(17.0) (41.3) (9.9) (26.2) (37.5) (52.9)

IR65601-52-2-3 10.2 11.8 8.9 33.1 98.2 6.3 15.5 20.0 8.4 40.8 78.0
(19.2) (34.9) (9.9) (26.5) (39.6) (63.8)

IR66-158-38-3-2-1 11.8 9.9 9.2 40.6 96.6 6.2 14.9 20.2 10.1 44.2 78.0
(18.3) (39.6) (9.8) (26.6) (41.6) (62.4)

IR66159-164-5-3-5 10.6 10.7 10.5 35.7 96.8 5.4 14.5 18.6 12.5 30.2 82.0
(18.2) (36.3) (9.8) (25.5) (33.1) (65.2)

IR66159-189-5-5-3 10.1 7.7 9.6 35.8 98.8 6.2 17.0 19.9 14.3 24.1 68.7
(15.6) (36.7) (9.9) (26.3) (29.2) (56.2)

IR66160-121-4-1-1 11.6 6.8 12.4 17.8 90.4 6.8 15.7 18.2 15.7 15.0 51.4
(15.0) (24.8) (9.5) (25.1) (22.4) (45.5)

IR66160-121-4-4-2 11.1 11.3 10.9 15.5 97.4 6.2 14.7 19.2 13.0 16.9 53.3
(19.5) (23.0) (9.9) (25.7) (24.2) (47.0)

IR66160-5-2-3-2 11.2 6.7 11.5 34.1 99.3 6.2 15.8 18.9 14.6 20.2 74.6
(14.5) (35.7) (10.0) (25.6) (26.6) (59.9)

IR66165-24-6-3-2 12.8 12.1 7.5 36.8 96.6 6.0 15.4 26.3 8.4 46.0 54.0
(20.2) (37.3) (9.8) (30.7) (42.7) 47.4)

IR66738-118-1-2 12.9 7.3 7.3 15.1 95.4 6.2 15.7 23.2 8.6 33.7 72.6
(15.5) (22.8) (9.8) (28.7) (35.4) (59.1)

IR66750-6-2-1 9.7 7.4 6.0 32.1 97.5 5.9 15.1 26.1 8.3 42.7 68.0
(15.4) (34.1) (9.9) (30.7) (40.7) (56.2)

IR67396-16-3-3-1 12.6 6.1 6.7 6.6 97.1 5.5 16.9 17.0 13.6 23.6 48.8
(14.2) (14.3) (9.8) (24.1) (29.0) (44.3)

Entry
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IRRI PhilRice

Vegetative stage Reproductive stage Vegetative stage Reproductive stage

Tillers % DHb Productive % WHb % SSBc,d Silica Tillers % DHb Productive % WHb % SSB b,d

(no.) tillers content (no.) tillers
(no.) (%) (no.)

IR67962-84-2-2 10.6 11.2 5.9 28.4 99.0 5.9 15.2 27.7 7.4 35.9 69.9
(19.5) (32.1) (10.0) (31.6) (36.8) (57.0)

IR62 15.0 5.7 20.6 17.7 79.2 6.3 27.2 19.7 26.9 27.8 42.5
(13.6) (24.8) (8.9) (26.0) (31.7) (40.4)

IR64 17.6 10.8 20.6 107 76.3 6.4 21.9 17.8 21.8 13.5 36.4
(18.9) (19.0) (8.7) (24.6) (21.5) (36.7)

IR72 13.9 7.0 11.7 16.1 92.1 6.2 29.2 10.1 25.7 17.1 53.5
(15.2) (23.6) (9.6) (17.8 (24.3) (46.5)

     LSD (0.05) 2.3 5.7 2.3 6.3 0.4 n.s 3.3 5.1 2.3 7.2 14.1
     LSD (0.01) 3.0 7.5 3.0 8.3 0.5 4.3 6.8 3.1 9.5 18.7

aDH = deadhearts, WH = whiteheads. bNumbers in parentheses are arcsine-square root-transformed means. cNumbers in parentheses are square root-transformed means. d% of larvae
and pupae in dissected plants infested with SSB.

Entry
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Effects of simulated pest damage on rice yields

Khiev Bunnarith, Cambodia-IRRI-Australia Project (CIAP), P.O. Box 1, Phnom Penh, Cambodia; G.C. Jahn, Entomology
and Plant Pathology Division, IRRI; Pol Chanty and Chhorn Nel, CIAP     E-mail: g.jahn@cgiar.org

The types and levels of damage affecting
rice yields at different crop stages were
evaluated by simulating pest damage. Many
plant species have the ability to decrease
the negative effects of injury on yield, a
process known as compensation (Pedigo
1991).  Rice can compensate for stem borer
damage at the tillering stage (Rubia 1994).
Rice plants, however, do not compensate
for cut tillers to the same degree that they
compensate for stem borer damage (Rubia
1996).

Four damage simulation trials were
conducted from February 1998 to January
1999 in Phnom Penh, Cambodia, using a
randomized complete block design with
four replications and four treatments per
replicate. Each replicate consisted of a con-
crete basin (2.8 m × 2.4 m surface, 0.6 m
deep), filled with soil to a depth of 0.4 m.
The NPK rate was the same in all experi-
ments––60-60-30 kg ha–1, applied as 30-
30-30 NPK basally and 30-30 NP at panicle
initiation (PI). There were 30 seedlings
treatment–1 (1 seedling hill–1) at 20-cm
spacing. IR66 seedlings (25 d old) and me-
dium-duration CAR11 seedlings (33 d old)

were transplanted. In these experiments,
“50% damage” refers to complete removal
of half of the leaves or stems, not cutting
the leaves or stems in half. The weight and
moisture content of each plot’s yield were
recorded. Weights were adjusted to 14%
moisture and converted to t ha–1. Signifi-
cant differences in mean treatment yields
were detected by ANOVA and LSD with
IRRISTAT 4.0.

Removing all of the leaves from
seedlings and cutting off 50% of the leaves
at tillering did not significantly reduce
yields of IR66. Cutting off 50% of the leaves
at booting significantly reduced yields.
Cutting off 50% of tillers at booting signifi-
cantly reduced yields of IR66. Cutting off
50% of tillers at stem elongation, however,
did not significantly reduce yields. LSD
analysis produced an inconclusive result
for treatments with all seedlings cut off at
water level. Cutting off 100% of stems at
the seedling, tillering, or booting stage of
IR66 resulted in yields significantly lower
than those of undamaged controls. No
IR66 seedlings recovered from cutting at
ground level in standing water (Table 1).

Cutting off all seedlings at ground level,
cutting off all tillers 30 d after transplant-
ing (DAT) at the water surface, and cut-
ting off all tillers at booting at water level
significantly reduced yields of CAR11, al-
though some plants showed vegetative
recovery (Table 2).  Unlike IR66, CAR11
seedlings exhibited some recovery from
cutting at ground level in standing water.

The yields in these experiments are
typically achieved by Cambodian rice farm-
ers.  These results suggest that rice has a
considerable capacity to compensate for
or recover from drastic damage. Remov-
ing all leaves during the seedling stage and
50% of leaves during stem elongation did
not reduce yields, while removing 50% of
leaves at booting did. A leaf damage of
more than 50% by pests is quite rare.  This
suggests that, before PI, it may not be nec-
essary to manage pests of rainfed rice,
which restrict their damage to leaves, ex-
cept  to lower pest density and reduce
damage at PI.  Likewise, pests that cut tillers
such as rats (Jahn et al 1999) are more
likely to reduce yields after PI.
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Even before PI, extensive rat dam-
age could reduce yields, as indicated by the
observation that cutting 50% of tillers at
stem elongation did not reduce yields, but
cutting all tillers at 30 DAT reduced yields.

Table 1. Yield response of IR66 to simulated pest damage at different crop stages.

Treatment Mean yield F PROB 5% LSD
(t ha–1)

Cut off all seedling leaves 3.1 3.91* 0.04 0.467
Cut off 50% of leaves at tillering 3.2
Cut off 50% of leaves at booting 2.6
Control for trial no. 1 3.3
Cut off all seedlings at water level 2.8 5.19* 0.02 0.518
Cut off 50% of tillers at stem elongation 3.1
Cut off 50% of tillers at booting 2.5
Control for trial no. 2 3.3
Cut off all seedlings at ground level 0 78.43** 0.001 0.485
Cut off all tillers 30 DAT at water level 1.5
Cut off all tillers at booting at water level 0.5
Control for trial no. 3 3.0

* = significantly different at 0.05% level,  ** = significantly different at 0.01% level, PROB = probability.

Table 2. Yield response of CAR11 to complete stem-cutting at different crop stages.

Treatment Mean yield F PROB 5% LSD
(t ha–1)

Cut off all seedlings at ground level 1.2 38.47** 0.001 0.786
Cut off all tillers 30 DAT at water level 2.8
Cut off all tillers at booting at water level 0.4
Control 3.8

** = significantly different at 0.01% level, PROB = probability.

Crabs and snails (Jahn et al 1998), which
cut off seedlings at ground level, are ex-
pected to reduce yields of early or me-
dium-maturing varieties.  Armyworms, cut-
worms, and some grasshopper species

destroy rice plants down to the water level,
which could suppress yields if damage
were done at booting, though not neces-
sarily at the seedling stage.  Cutting off 50%
of tillers at stem elongation did not reduce
yields of IR66, suggesting that it could tol-
erate rat damage up to at least 50% tiller
cut (per plant, not per field) before PI.
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Genotypic variation in rice susceptibility
to boron deficiency

A. Rashid, S. Muhammad, and E. Rafique, Soil Fertility and Plant Nutrition Section, Land Resources
Research Institute, National Agricultural Research Center, Islamabad 45500, Pakistan
E-mail: rashid@sfs-narc.isb.sdnpk.org

Rice, despite being relatively insensitive to
boron (B) deficiency (Rerkasem et al 1988,
Rerkasem and Jamod 1997), suffers from
this disorder in Pakistan (Chaudhary et al
1977) and elsewhere (Shorrocks 1997). For
example, about 0.6 million ha of rice in
Pakistan suffer from B deficiency (NFDC
1998). Although B fertilization is the sim-
plest and most cost-effective solution to
the problem, various practical constraints
prohibit its adoption by farmers cultivat-
ing low-B soils. Genetic variation in B ac-
quisition and efficiency in biomass produc-
tion is manipulated in many crop species
for managing B deficiency (Rerkasem and
Jamod 1997). Therefore, we studied some
major rice cultivars in Pakistan for their
comparative B efficiency.

A greenhouse study was conducted
using a B-deficient (hot water extractable
B 0.08 mg kg–1) silty clay loam surface soil
(0–20 cm) of the Rajar series (Typic
Ustortents) with pH (1:1) 8.0, EC 0.27 dS
m–1, CaCO

3
 equivalent to 3.2%, organic

matter 0.38%, and AB-DTPA extractable
nutrient contents (mg kg–1): NO

3
-N, 1.2;

phosphorus (P), 0.07; potassium (K), 68;
zinc (Zn), 0.56; and copper (Cu), 2.3. Four
cultivars each of basmati types (fine aro-
matic––e.g., Super Basmati, Basmati 6129,
Basmati 385, and Basmati 370) and IRRI
types (medium-long grain/coarse grain,
e.g., DR83, KS282, Pakhal, and IR6) were
used. Four rice seedlings transplanted in
5-kg soil portions, placed in polyethylene-
lined plastic pots, were supplied with two
rates of B, 0 (control) or 1.5 mg B kg–1 soil
as H

3
BO

3
. Basal fertilization included 800

mg N kg–1, 100 mg P kg–1, 600 mg K kg–1,
10 mg Zn kg–1, and 5 mg Cu kg–1 soil. One-
fourth of the dose of N and K and the full
dose of the other nutrients were applied
before transplanting. The other three-
fourths of N and K were applied in three
equal splits––30, 45, and 60 d after trans-
planting, respectively. Soil in all pots was
kept continuously flooded by irrigating
with deionized water. Pots were arranged
in a split-plot design, assigning cultivars to
main plots and B to subplots, with three
replications. Young whole shoots (< 30 cm
tall) of two plants in each pot were sampled

for B analysis. Grain and straw yield of the
remaining two plants were recorded at
maturity. Plant tissues were dry-ashed and
B concentration in the digests was deter-
mined colorimetrically using azomethine-
H.

Boron deficiency delayed inflores-
cence by 4 d in all cultivars. Rice cultivars
grown without B exhibited differential sen-
sitivity to B deficiency, with susceptibility
of Super Basmati > Basmati 6129 > DR83
> KS282 > Basmati 385 > Pakhal >
Basmati 370 > IR6 (P < 0.05; see table).
With B application, a maximum yield in-
crease of 46% over the control was ob-
served in Super Basmati and a minimum
of 10% was seen in IR6. Straw yield increase
with B fertilization was maximum in Super
Basmati (77%) and minimum in Basmati
370 (2%). There was hardly any relation-
ship between magnitude of reduction in
grain and straw yields of various cultivars
and B deficiency (see table). Half of the
basmati (fine aromatic) and IRRI varieties
(coarse grain) yielded >20% more with B
application. The cultivars’ sensitivity to B

Mean grain and straw yield, B concentration in young whole shoots, and B uptake by rice cultivars as affected by B application to a B-deficient
soil.

B concentration in Fertilizer B Agronomic
Grain yielda Straw yielda whole shootsa B uptakea recovery efficiency

Cultivar (g plant–1) (g plant–1) (mg kg–1) (mg plant–1)   (% of (g grain g–1

applied B) applied B)
Control +B Control +B Control +B Control +B

Super Basmati 22 31 95 fg 168 d 4.50 fg 7.00 de 549 g 1420 d 0.12 1320
Basmati 6129 17 23 239 b 268 a 4.60 fg 5.60 ef 1339 de 2338 b 0.13 746
DR83 38 46 74 gh 107 f 5.50 efg 10.00 ab 591 g 1182 a 0.08 1120
KS282 39 47 78 gh 86 fg 5.30 fg 10.70 a 553 g 960 f 0.05 886
Basmati 385 35 41 202 c 277 a 4.26 fg 7.71 cd 1256 de 2698 a 0.19 1054
Pakhal 36 42 59 h 79 gh 4.30 fg 8.00 cd 517 g 954 f 0.06 894
Basmati 370 30 34 167 d 171 d 3.94 g 8.60 bc 894 f 1635 c 0.10 614
IR6 40 44 135 e 156 de 5.50 efg 8.91 bc 696 g 1330 de 0.08 534

     LSD (0.05) 3.6 3.6 21 21 1.47 1.47 177 177

aValues within a parameter followed by different letters are significantly different at P <0.05.
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Effect of mixing black clay soil and organic amendment
on properties of coarse-textured soil and rice yield

K. Mayalagu and D. Jawahar, Department of Soil Science and Agricultural Chemistry, Agricultural College and Research
Institute (Tamil Nadu Agricultural University), Killikulam, Vallanadu 628252, Tamil Nadu, India

deficiency was not related to grain length/
fineness or biomass produced per plant
(see table). Contrary to the belief that B
deficiency hampers grain setting more
than vegetative growth (Rerkasem and
Jamod 1997), the magnitude of straw bio-
mass reduction was greater than grain yield
reduction in Super Basmati, DR83, Basmati
385, and Pakhal.

Rice cultivars differed significantly in
B uptake when grown under identical en-
vironmental conditions. For example,
Basmati 6129 was 2.6 times more efficient
in using B from B-deficient soil than Pakhal
(P < 0.05; see table). Despite its higher B
use efficiency, however, Basmati 6129 was
more susceptible to B deficiency than
Pakhal (see table). Fertilizer B recovery is
the fraction of applied B taken up in
aboveground plant parts, while agronomic
efficiency refers to extra grain yield over

the control yield per unit of applied B.
Boron-efficient and -inefficient rice geno-
types were distinguishable by B concen-
tration in their B-deficient plant tissues, B
uptake, fertilizer B recovery, and agro-
nomic efficiency (see table).

Basmati is famous for its aroma and
long, fine grains. As Super Basmati, a pre-
mier basmati cultivar in Pakistan, was more
sensitive to B deficiency than other basmati
varieties, the situation is rather alarming
because of widespread low soil B in Paki-
stan (NFDC 1998) and elsewhere
(Shorrocks 1997). Boron efficiency is be-
lieved to be a single gene-controlled trait.
Therefore, tailoring or selecting plant
genotypes for B-deficient soils might be
more practical than changing the soil to
fit the plant. Genetic manipulation,
through an efficient molecular approach,
could help transfer the B-efficient trait of

Basmati 370 or IR6 into currently popular
fine aromatic varieties such as Super
Basmati.
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In Tamil Nadu, rice is grown on coarse-tex-
tured soils across a significant area with
marginal yields. To improve soil, water, and
nutrient retention and to enhance rice
yields, a field experiment was conducted
during the wet seasons of 1996-97 and
1997-98 (October-January), with each sea-
son trial done in one of two adjacent fields.
Treatments used were different incorpo-
ration levels of black clay soil (0, 20, 40,
60, 80, and 100 t ha–1), with or without 25
t raw coir pith ha–1, replicated thrice in a
randomized block design. The black clay
soil and coir pith were mixed with the
puddled soil up to 20 cm depth by tram-
pling and leveling before transplanting. At
the beginning of the experiment, soil in
control plots had comparable properties
such as contents of clay, silt, organic car-
bon, total N, P, K, Ca, and Mg, available N,
P, K, and exchangeable Ca and Mg, electri-
cal conductivity (EC), pH, and cation ex-

change capacity (CEC) as the soil in the
rest of the field. Rice varieties IR60 and
ADT36 (parentage: local variety, Triveni/
IR20) were grown in the first and second
croppings, respectively. Grain and straw
yield were recorded. Neither field sup-
ported any crop other than the wet-sea-
son rice crop under study. The soil was
coarse-textured throughout the solum of
2 m and was classified as a coarse loamy,
kaolinitic, nonacid, isomegathermic Typic
Ustipsamment.

Postharvest soil samples (0–20 cm)
were analyzed for particle size (Interna-
tional Pipette), organic carbon (chromic
acid), EC and pH (saturation paste extract),
NH

4
OAc-CEC, Kjeldahl-total N, Pemberton-

total P, total K (Stanford and English), to-
tal Ca and Mg (Versonate), available N
(KMnO

4
), Olsen P, and NH

4
OAc-extract-

able K, Ca, and Mg.
All soil properties were influenced

by treatments (see table). For incremen-
tal amendments of 20 t black clay soil ha–1,
there was progressive improvement in
most of the parameters, which might have
enhanced crop yield. Addition of coir pith
alone or in combination with black clay soil
helped boost levels of available N, K, and
organic carbon. Reduction in total soil K,
Ca, and Mg due to coir pith addition sug-
gested soil dissolution by organic acids
produced during decomposition of coir
pith, which might have promoted in-
creased nutrient availability to the crop.
The significant increase in CEC of sandy
soil due to the addition of black clay soil
may have enhanced nutrient retention and
minimized leaching of nutrients, as low
CEC can constrain crop performance in
coarse-textured soils.

Addition of coir pith alone to sandy
soil markedly decreased soil pH, indicat-
ing the acidifying effect of organic acid pro-
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duced upon decomposition. Therefore, it
is advisable to add coir pith with a pH-buff-
ering material such as black clay soil to slow
down acidification.

The treatments significantly influ-
enced yields of grain and straw in both
cropping periods. Treatments with black
clay soil had the greater benefit, probably
due to the integrated effect of all improved
soil properties discussed earlier. Grain and
straw yields of ADT36 were higher during
the 1997-98 wet season than those of IR60
in the previous wet season. The harvest
index of ADT36 increased incrementally
with the addition of black clay soil from
0.39 to 0.47, but it scarcely responded to
the addition of coir pith (data not shown).
The harvest index of IR60 did not respond
to either treatment.

In summary, adding 100 t of black
clay ha–1 alone during the first year and 25
t of raw coir pith ha–1 once every year may
enhance the productivity of rice grown on
sandy soil. An economic analysis showed
that if black clay soil and coir pith are avail-
able within 10 km of the experimental field,
their application would be profitable pro-
portionate to the level of black clay soil
added (data not shown). The highest net
profit was US$297.53 ha–1 (US$1 = Indian
Rs 43) under the treatment of 100 t black
clay soil and 25 t coir pith ha–1, and the
lowest was under the control plot with
US$57.02 ha–1. These research results
would be applicable wherever black clay
soil and coir pith treatments are possible.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

E
ffe

ct
 o

f m
ix

in
g 

bl
ac

k 
cl

ay
 s

oi
l a

nd
 o

rg
an

ic
 a

m
en

dm
en

t 
on

 s
an

dy
 s

oi
l p

ro
pe

rt
ie

sa  a
t 

po
st

ha
rv

es
t 

an
d 

yi
el

ds
 o

f r
ic

e 
cr

op
.

C
lay

Si
lt

O
rg

an
ic

EC
pH

A
va

ila
bl

e
Ex

ch
. c

at
io

ns
C

EC
To

ta
l

Yi
el

d 
(t

 h
a–1

)
(%

)
(%

)
ca

rb
on

(d
S

   
(%

)
(c

 m
ol

e
(c

 m
ol

e
(%

)
Tr

ea
tm

en
t

(%
)

m
–1

)
[p

+ ]
 k

g–1
)

 [p
+ ]

 k
g–1

)
19

96
-9

7
  1

99
7-

98
IR

60
A

D
T3

6
N

P
K

C
a++

M
g++

N
P

K
C

a
M

g
G

ra
in

St
ra

w
G

ra
in

St
ra

w

C
on

tr
ol

14
.4

12
.3

0.
15

0.
10

7.
4

0.
00

9
0.

00
03

0.
01

1
1.

4
0.

8
2.

2
0.

02
0.

00
3

0.
10

0.
46

0.
27

2.
3

4.
2

2.
6

4.
1

20
 t 

bl
ac

k 
cl

ay
 s

oi
l h

a–1
15

.5
13

.1
0.

26
0.

25
7.

9
0.

01
1

0.
00

04
0.

01
3

2.
2

1.
3

3.
3

0.
02

0.
00

6
0.

13
0.

57
0.

36
2.

4
4.

6
3.

0
4.

4
20

 t 
bl

ac
k 

cl
ay

 s
oi

l +
15

.7
13

.1
0.

48
0.

12
7.

6
0.

01
1

0.
00

04
0.

01
3

2.
1

1.
2

4.
3

0.
02

0.
00

5
0.

12
0.

50
0.

34
2.

5
4.

7
3.

1
4.

4
   

25
 t 

co
ir

 p
ith

 h
a–1

40
 t 

bl
ac

k 
cl

ay
 s

oi
l h

a–1
16

.8
13

.9
0.

37
0.

19
8.

2
0.

01
2

0.
00

05
0.

01
4

3.
7

2.
1

5.
3

0.
02

0.
00

8
0.

16
0.

68
0.

49
2.

6
5.

1
3.

5
4.

7
40

 t 
bl

ac
k 

cl
ay

 s
oi

l h
a–1

 +
17

.0
13

.7
0.

53
0.

16
7.

9
0.

01
3

0.
00

05
0.

01
5

3.
1

1.
9

6.
3

0.
02

0.
00

7
0.

15
0.

62
0.

44
2.

7
5.

2
3.

7
4.

8
   

25
 t 

co
ir

 p
ith

 h
a–1

60
 t 

bl
ac

k 
cl

ay
 s

oi
l h

a–1
18

.0
14

.5
0.

46
0.

20
8.

3
0.

01
4

0.
00

05
0.

01
6

4.
5

3.
1

7.
5

0.
02

0.
00

9
0.

18
0.

79
0.

59
2.

8
5.

5
4.

0
5.

1
60

 t 
bl

ac
k 

cl
ay

 s
oi

l +
18

.2
14

.3
0.

60
0.

16
8.

1
0.

01
5

0.
00

06
0.

01
7

4.
2

2.
9

8.
2

0.
02

0.
00

8
0.

17
0.

70
0.

52
2.

9
5.

7
4.

1
5.

1
   

25
 t 

co
ir

 p
ith

 h
a–1

80
 t 

bl
ac

k 
cl

ay
 s

oi
l h

a–1
19

.2
15

.7
0.

54
0.

23
8.

5
0.

01
5

0.
00

06
0.

01
7

6.
7

3.
7

9.
4

0.
02

0.
01

2
0.

22
0.

88
0.

73
3.

0
5.

8
4.

4
5.

4
80

 t 
bl

ac
k 

cl
ay

 s
oi

l  
+

19
.4

15
.4

0.
72

0.
19

8.
2

0.
01

6
0.

00
06

0.
01

8
6.

4
3.

6
10

.2
0.

02
0.

01
0

0.
20

0.
81

0.
70

3.
2

6.
0

4.
6

5.
4

   
25

 t 
co

ir
 p

ith
 h

a–1

10
0 

t b
la

ck
 c

lay
 s

oi
l h

a–1
20

.5
16

.5
0.

65
0.

26
8.

6
0.

01
7

0.
00

07
0.

01
8

7.
5

4.
4

11
.4

0.
02

0.
01

4
0.

23
0.

95
0.

82
3.

3
6.

2
5.

0
5.

6
10

0 
t b

la
ck

 c
lay

 s
oi

l  
+

20
.8

16
.4

0.
73

0.
21

8.
4

0.
01

7
0.

00
07

0.
01

9
7.

4
4.

2
12

.1
0.

02
0.

01
3

0.
21

0.
89

0.
78

3.
8

6.
8

5.
3

6.
0

   
25

 t 
co

ir
 p

ith
 h

a–1

25
 t 

co
ir

 p
ith

 h
a–1

14
.3

11
.6

0.
36

0.
07

6.
7

0.
00

9
0.

00
04

0.
01

3
1.

2
0.

6
2.

9
0.

02
0.

00
2

0.
10

0.
38

0.
19

2.
4

4.
3

2.
9

4.
2

   
SE

D
0.

1
0.

1
0.

01
0.

00
0.

1
1.

3 
x 

10
-4

1.
3 

x 
10

-6
1.

3 
x 

10
-4

0.
1

0.
0

0.
1

0.
01

0.
00

1
0.

00
0.

01
0.

03
0.

02
7

0.
03

6
0.

03
3

0.
06

8
   

LS
D

 (0
.0

1)
0.

2
0.

4
0.

01
0.

02
0.

1
3.

1 
x 

10
-4

9.
3 

x 
10

-6
4.

4 
x 

10
-4

0.
2

0.
1

0.
2

0.
23

0.
00

4
0.

00
0.

02
0.

07
0.

07
6

0.
10

0.
09

9
0.

19
3

a B
ec

au
se

 so
il 

pr
op

er
tie

s o
f t

he
 e

xp
er

im
en

ta
l f

ie
ld

s w
er

e 
sim

ila
r i

n 
bo

th
 se

as
on

s, 
on

ly
 d

at
a 

pe
rt

ai
ni

ng
 to

 1
99

7-
98

 a
re

 p
re

se
nt

ed
 a

lo
ng

 w
ith

 y
ie

ld
s o

f b
ot

h 
se

as
on

s’ 
ex

pe
ri

m
en

ts
. E

C
 =

 e
le

ct
ri

ca
l c

on
du

ct
iv

ity
, S

ED
 =

 st
an

da
rd

 e
rr

or
 o

f d
iff

er
en

ce
, L

SD
 =

 le
as

t s
ig

ni
fic

an
t

di
ffe

re
nc

e.

RICEWORLD
Open your eyes to rice.

View exhibits of the world’s only
museum dedicated to rice

http://www.riceworld.org



32 December 2000

Response of salt-tolerant rice somaclones
to different levels of nitrogen

S.C. Pramanik and A.B. Mandal, Central Agricultural Research Institute (CARI), Port Blair 744101, India

Breeding for and subsequent cultivation of
tolerant varieties have proved effective in
harnessing limiting ecosystems worldwide,
which otherwise remain idle. In the humid
tropics of Bay islands, about 4,000 ha in
valleys remain fallow due to frequent in-
undation with tidal sea water. Our earlier
attempts to cultivate conventionally bred
salt-tolerant rice varieties in those areas
were only partially successful due to the
inherent low yield of available varieties.
The potential of in vitro culture-induced
variation (somaclonal variation) was ex-
plored in developing salt-tolerant rice va-
rieties suitable for such areas. Nine prom-
ising somaclones derived from a tall tradi-
tional salt-tolerant cultivar Pokkali (Mandal
et al 1999) were assessed for their response
to different N doses in the wet tropics of
Andaman islands. The major objective was
to select the most suitable among the
somaclones and to determine the opti-
mum level of N requirement to attain maxi-
mum yield.

The experiment was conducted un-
der rainfed conditions at the Field Crops
Research Station of CARI, Port Blair (lat 11°
41’ 13.04" N; long 92° 43’ 30.16" E), in a
split-plot design with three replications
during the wet seasons of 1997 and 1998.
Nine semidwarf somaclones, with parents
Pokkali and a modern high-yielding variety
(HYV)––Taichung Sen Yu––as check,
formed the main plot (Table 1). Four levels
of N (0, 40, 80, 120 kg ha–1) were used in the
subplot (plot size 4 m  × 3 m). Selected
somaclones were originally developed
from 1,190 primary regenerants by recur-
rent selection for seven generations under
saline and normal soils. The soil of the ex-
perimental plot––a typical salt soil of the
area––was clay loam in texture, with a pH
of 6.8 containing 142 kg ha–1 alkaline per-
manganate extractable available N (low
level), 16 kg Olsen P ha–1 (medium level),
and 182 kg NH

4
OAc-extractable K ha–1 (me-

dium level). Based on the yield of each
entry at different N levels pooled over
years, quadratic response functions were
fitted. Using these functions, the optimum
N levels as well as the agronomic N use
efficiency at optimum N levels were deter-
mined for each of the somaclones.

The somaclones displayed signifi-
cant variation in yield and yield-attributing
characters. Five out of nine somaclones
were significantly taller, whereas others
were on a par with the check variety.
Taichung Sen Yu produced the most tillers
per plant and was on a par with BTS16.
Tiller number per plant of all other
somaclones varied between 10 and 12.
BTS24 showed the highest number of

Table 1. Grain yield (t ha–1) of salt-tolerant Pokkali somaclones at different N levels.

Somaclone N level (kg ha–1)

0 40 80 120 Meana

1996-97
BTS17 3.1 4.0 4.4 4.3 4.0 a
BTS18 3.2 3.9 4.4 4.3 4.0 a
BTS2 2.6 3.2 3.4 3.3 3.1
BTS24 3.5 4.3 4.5 4.3 4.2 a
BTS11-3-1 2.4 3.2 3.8 3.6 3.3
BTS11-16 2.3 3.3 3.9 3.5 3.2
BTS13 3.3 4.0 4.3 4.2 3.9 a
BTS11-11 2.6 3.2 3.4 3.3 3.1
BTS16 2.6 3.6 4.2 4.0 3.6
Pokkali (parent) 1.9 2.4 2.6 2.3 2.3
Taichung Sen Yu 2.6 3.2 3.4 3.2 3.1
   (HYV check)
   Mean 2.7 3.5 4.2 a 4.0 a
   CD (P = 0.05) Variety = 0.26, Nitrogen = 0.32, V x N = not significant

1997-98
BTS17 3.4 4.2 4.6 4.6 4.2 a
BTS18 3.4 4.2 4.7 4.6 4.2 a
BTS2 2.6 3.4 3.6 3.4 3.2
BTS24 3.4 4.3 4.8 4.7 4.3 a
BTS11-3-1 2.6 3.4 3.9 3.6 3.4
BTS11-16 2.8 3.6 4.0 4.0 3.6
BTS13 3.4 4.2 4.5 4.4 4.1 a
BTS11-11 2.8 3.6 4.0 3.7 3.5
BTS16 3.0 3.6 4.2 4.2 3.7
Pokkali (parent) 1.8 2.3 2.6 2.3 2.3
Taichung Sen Yu 3.0 3.6 4.0 3.9 3.6
   (HYV check)
   Mean 2.9 3.7 4.1 a 4.0 a
   CD (P = 0.05) Variety = 0.20, Nitrogen = 0.25, V x N = not significant

aa = denotes statistical parity among treatments.

panicles per plant. Panicle length did not
vary much among the somaclones. All
somaclones except BTS2 outyielded the
check (Table 1). BTS24 had the highest
yield, which was on a par with BTS18,
BTS13, and BTS17. The average yield of all
somaclones pooled over years was signifi-
cantly higher than that of Taichung Sen Yu,
except for BTS11-11, BTS11-3-1, and BTS2.
On average, the somaclones produced
18.5% higher yield than the check, with a
maximum of 30% for BTS24. The harvest
index (HI) of the somaclones, ranging from
33.0% to 37.5%, was also better than the
check’s (30.8%), except for BTS11-3-1,
BTS11-16, and BTS11-11.
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The yield of somaclones peaked
at 80 kg N ha–1 but declined beyond 80
kg ha–1. The calculated optimum level
of N for the somaclones varied between
63 and 75 kg ha–1 (Table 2). The calcu-
lated maximum agronomic N-use effi-
ciency was for BTS24 (10.6 kg ha–1 kg–1 N),
followed by BTS18, BTS13, and BTS11-16.
Vigorous crop growth seemed to be gov-
erned by a large number of tillers and
higher yield-attributing characters. The

highest yield of BTS24 at all N levels prob-
ably resulted in higher agronomic N-use
efficiency compared with other
somaclones (Table 1). This line also
showed a more distinct quadratic response
function compared with other lines (Table
2).

In summary, 63–70 kg N ha–1 seems
to be the optimum range to obtain maxi-
mum yields of Pokkali somaclones in the
wet tropics of the Andamans. BTS24 was

the most promising somaclone, outyielding
the check Taichung Sen Yu. BTS24 may be
cultivated on a large scale in the Andamans
and tested elsewhere under similar agro-
nomic environments.

Reference
Mandal AB, Pramanik SC, Choudhury B,

Bandyopadhyay AK. 1999. Salt-tolerant
somaclones: performance under normal
saline soils in Bay Islands. Field Crops Res.
61:13–21.

Information support system for rice
crop management

TropRice is an information support system of best-bet practices designed to provide practical field-
level guides for rice crop management in the tropics. It aims to help users make informed decisions
related to rice production.

It is not a single system for the world. It contains some generic information, but some are site-
or region-specific. TropRice is intended to be a template that could be modified for different environ-
ments. As improved systems on component  technologies become available, they will replace or be
linked to the system. The present system is aimed at irrigated rice in a Los Baños, Philippines-type
of environment.

TropRice is an ongoing project developed by IRRI scientists and specialists who have contrib-
uted to the technical content. It is intended for intermediary technology transfer agents as a re-
sponse to the recognition that many farmers do not have access to information on how to grow rice.
Current information technology offers new ways of packaging and presenting information. The
system is being evaluated among three separate groups: nongovernment organizations, farmers,
and the private and public sector.

Web site: http://www.cgiar.org/irri/TropRice

Source: Training Center, IRRI

Table 2. Response function of Pokkali somaclones at different N levels.

Optimum N level Grain yield at Agronomic
Somaclone Response functiona R2b (kg ha–1) optimum N level N-use efficiency

(t ha–1)

BTS17 Y = 3,284 + 10.45 X – 0.024 x2 0.778* 66.4 3.9 8.86
BTS18 Y = 3,145 + 11.34 X – 0.027 x2 0.885* 69.7 3.8 9.45
BTS2 Y = 2,463 +   9.14 X – 0.019 x2 0.739* 63.7 3.0 7.90
BTS24 Y = 3,326 + 11.74 X – 0.015 x2 0.757* 75.4 4.1 10.60
BTS11-3-1 Y = 2,346 +   9.75 X – 0.021 x2 0.802* 64.0 2.9 8.40
BTS11-16 Y = 2,472 + 10.42 X – 0.015 x2 0.833* 62.7 3.1 9.48
BTS13 Y = 3,147 + 10.57 X – 0.014 x2 0.752* 71.6 3.8 9.57
BTS11-11 Y = 2,446 +   9.65 X – 0.018 x2 0.789* 65.7 3.0 8.47
BTS16 Y = 2,437 + 10.15 X – 0.021 x2 0.872* 70.0 3.0 8.68
Pokkali (parent) Y = 2,026 +   1.77 X – 0.018 x2 0.778* 52.4 2.1 9.54
Taichung Sen Yu Y = 2,365 +   9.72 X – 0.024 x2 0.801* 63.6 2.9 8.19
   (HYV check)

aY = yield in kg ha–1, X = N level in kg ha–1. b* = significant at P = 0.05.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Effect of late planting and lopping on productivity
of traditional tall basmati rice

S. Singh and M.C. Jain, Division of Environmental Sciences, Indian Agricultural Research Institute (IARI),
New Delhi 110012, India

Among several high-quality aromatic/
scented rice varieties grown in India, tra-
ditional tall basmati varieties are continu-
ously being threatened by high-yielding
cultivars. They are now considered endan-
gered cultivars. The main reason for the
genetic erosion is their low productivity,
which is mainly attributed to severe lodg-
ing and poor response to nitrogen. If ef-
forts are not made to improve their pro-
ductivity and to preserve them, they may
become extinct very soon.

In improving their productivity,
their genetic makeup must not be altered.
Agrophysiological manipulation is thus in-
dispensable and is perhaps the only viable
biological approach to conserve these pre-
cious genetic resources. Using two tradi-
tional tall basmati rice cultivars, Basmati
370 and Karnal Local, a field experiment
was carried out to improve grain yield with-
out genetic manipulation.

The trial was conducted at the IARI
research farm during the 1998 and 1999
wet seasons. The field was divided into
three blocks, each divided further into six
plots to accommodate three treatments:
normal planting (T1), late planting (T2),
and lopping (cutting of foliage) (T3). The
field was fertilized with a full dose of P and
K at 40 and 30 kg ha–1, respectively, before
planting. Under normal-planting and lop-
ping treatments, 30-d-old seedlings were
transplanted in mid-July, whereas under
the late-planting treatment, transplanting
was delayed by a month (i.e., in mid-Au-
gust) with seedlings used for normal plant-
ing (60 d old). All plots received a full dose
of 50 kg N ha–1 1 wk after transplanting.
Lopping was done from 40–50 cm above
the ground at panicle initiation stage to
reduce the luxurious vegetative growth of
shoots, which is responsible for lodging.

Results show that both lopping and
late planting improved the productivity of
both cultivars, but the extent of improve-
ment was significantly higher in Basmati
370 than in Karnal Local (see table).
Agrophysiological manipulation, such as
lopping and late planting, caused a marked
reduction in height and vegetative shoot
growth, which in turn reduced the extent
of lodging and eventually resulted in
higher productivity. The number of tillers
m–2, grains panicle–1, and harvest index
were increased. Lodging is considered the

Growth, yield, and yield components of basmati rice cultivars as influenced by late planting
and lopping.

Variety/ Plant Panicles Grains 1,000- Economic Straw Biological Harvest
treatment height m–2 panicle–1 grain yield yield yield index

(cm) (no.) (no.) wt (g) (t ha–1) (t ha–1) (t ha–1) (%)

1998 wet season
Basmati 370
Normal 170 405 35 24.0 3.2 11.8 15.0 21
Late planting 152 412 45 24.5 4.1 8.4 12.5 33
Lopping 155 410 50 23.8 3.9 8.1 12.0 32

Karnal Local
Normal 175 390 30 23.5 2.5 12.0 14.5 17
Late planting 156 415 40 23.2 3.2 9.8 13.0 24
Lopping 165 406 35 23.3 2.8 8.7 11.5 24

     LSD (5%)
Variety (V) ns ns 3  nsa 0.5 ns 1.3 4
Treatment (T) 12 15 5 ns 0.8 3.1 3.0 7
V × T 16 17 9 ns 1.1 3.8 3.5 10

1999 wet season
Basmati 370
Normal 165 400 40 24.0 3.8 13.2 17.0 22
Late planting 145 410 50 24.2 4.8 8.8 13.6 35
Lopping 150 405 58 24.5 4.5 8.5 13.0 35

Karnal Local
Normal 170 385 35 23.0 2.8 13.2 16.0 18
Late planting 150 415 52 23.5 3.5 10.5 14.0 25
Lopping 160 400 50 23.5 3.0 7.0 10.0 30

     LSD (5%)
Variety (V) ns ns 4 ns 0.5 ns 1.1 5
Treatment (T) 10 12 6 ns 0.7 2.5 2.8 8
V × T 15 16 10 ns 1.0 3.2 3.5 10
ans =  nonsignificant.

main biological constraint to sink poten-
tial realization in traditional tall rice culti-
vars. Despite the significant reduction in
biological yield by nongenetic manipula-
tion, the marked increase in grain yield was
mainly attributed to a significant improve-
ment in harvest index. Irrespective of treat-
ments, Basmati 370 had better yield and
yield-attributing characters than Karnal
Local. Thus, agrophysiological manipula-
tion improved the productivity of these
basmati rice varieties without any effect on
grain and cooking quality characteristics.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Effect of buckwheat rotation with rice on total productivity
in southern Ukraine

L.A. Krynytska, Experimental Station of Rice, Ukrainian Academy of Agrarian Sciences, 75705 Skadovsk, Kherson Region,
Ukraine     E-mail: strise@askad.net

Results from several experiment stations
in Poltava, Sumy, and other areas in the
Ukraine have shown that buckwheat is a
good rotation crop. Productivity of winter
wheat and rye after buckwheat is higher
than after stubble crops (wheat, barley,
oats) and silage corn. In some years, buck-
wheat, as a fertility-building crop, does not
have the same effect as pea (Yefimenko
and Barabash 1986). Its high efficiency as
a rotation crop is confirmed by farmers
working under different soil and climatic
regions of the Ukraine.

Studies done by the Ukrainian In-
stitute of Microbiology revealed the pres-
ence of nitrogen-fixing Azospirillum
brasilense 18-2 in buckwheat root rhizo-
sphere (Lokhova 1997). This is probably
how the buckwheat root system improves
soil fertility for the succeeding crops.

Buckwheat adds much fresh organic
matter to the soil: the amount of stubble
after buckwheat in the soil of the Ukrai-
nian Experimental Station rice field was
26.4 t ha–1 vs 24.3 t ha–1 for alfalfa-grass sod.
Repnikov (1991) found that grain yield of
rice increased after buckwheat (4.7 t ha–1)
in contrast with rice after rice (2.2 t ha–1).

Populidi (1976) reported that rice
after buckwheat on a 60-ha rice farm in
Romanovsky of the Rostov region (Russia)
yielded 3.3 t ha–1 and a 29-ha area 2.5 t ha–1

under black fallow (unsown during vegeta-
tive period, weed-free) conditions.

The buckwheat trials were carried
out under rice crop rotation conditions in
Kherson District. The area is in the south
steppe zone and is characterized by arid
conditions with high temperature averag-
ing 33.5 °C and scanty and unsteady air
moisture. Mean daily air temperature dur-
ing July-August is 23–24 °C; maximum air
temperature reaches 38–40 °C, while soil
surface temperature is 60–61 °C. Average
annual rainfall is 360 mm. The average

Table 2. Economic performance of some crops in rice fields.

Item Spring Winter Annual grass Buckwheat
barley wheat green fodder

Yield (t ha–1) 3.4 4.5 13.4 1.5
Value of gross product (US$) 377 605 270 436
Production cost for 1 ha–1 (US$) 220 308 189 199
Net income from 1 ha–1 (US$) 157 301 81 237
Grain cost t–1 (US$) 65 68 14 133
Profitability (%) 71.4 97.7 42.7 119.1

Table 1. Effect of buckwheat as a prerice crop on rice productivity.

Rice yield  (t ha–1) Yield increment

1988 1989 1990 t ha–1 %

Fallow land (control) 7.9 5.7 7.1 6.9 – –
Buckwheat 9.2 6.6 8.9 8.2 1.3 19
    LSD (5%) 0.98

Background Mean

windspeed is about 4 m s–1, whereas maxi-
mum windspeed is 20 m s–1. Annual evapo-
ration for the region is about 900–1,000
mm. The longest of sunshine recorded is
15 h and 50 min. Climatic conditions in
southern Ukraine allow two crops per year
during the warm period.

The topsoil of the experimental site
is meadow-chestnut (a semihydromorphic
soil with glay feature), compressed, with a
pH of 7.6, and a humus content of 2.1 in a
surface soil of 20-cm depth. Sowing time
for dry-seeded rice is early May; sowing
time for the intercrop buckwheat is the first
half of July. The rice cultivar used was
Krasnodarsky 424, an Italian variety with
130-d duration, whereas the buckwheat
cultivar used was Kosmeya with a 74-d
duration. Rice was sown where buckwheat
had been previously grown. The site un-
der black fallow was used as a control in
the same field.

Buckwheat was found to be better
for rice than black fallow (Table 1). The
average yield of intercropped buckwheat
in 8-y field experiments under various pro-

duction situations was 1.6 t ha–1. Buck-
wheat intercropped with rice can increase
the harvest of both buckwheat and rice
from irrigated lands.

We estimated the economic effi-
ciency of intercropped buckwheat in a rice
system. Table 2 gives comparative data for
buckwheat and various crops.

The grain production cost of inter-
cropped buckwheat was US$199 ha–1, with
a net income of $237 (based on an ex-
change rate of US$1= 5.2109 gryvnya in
Jan 2000). Thus, production cost was $133
t–1 and profitability was 119%. As a whole,
total net incomes from double cropping
are as follows: annual grass for green fod-
der + buckwheat = $318; spring barley +
buckwheat = $394; and winter wheat +
buckwheat = $538.

Productivity of rice can be greatly
improved by intercropping buckwheat
with rice. This will allow more grain pro-
duction from irrigated areas and increase
the profitability of rice-based cropping sys-
tems.
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Effects of salt and osmotic stress on free polyamine
accumulation in moderately salt-resistant rice cultivar Aiwu

I. Lefèvre and S. Lutts, Laboratoire de Cytogénétique, Université Catholique de Louvain, 5 (Bte 13), Place Croix du Sud,
1348 Louvain-la-Neuve, Belgium     E-mail: lutts@bota.ucl.ac.be

Polyamines (putrescine, sermidine, and
spermine) are ubiquitous and positively
charged compounds involved in the con-
trol of plant growth and development and
in the response to several biotic and abi-
otic stresses. Data on polyamine accumu-
lation in salt-stressed rice are contradictory
and generally deal with exposure of sev-
eral days to NaCl only. Our aim was to de-
termine whether the ionic or osmotic com-
ponent of salt stress is involved in the ini-
tial steps of polyamine accumulation in
rice.

Twenty-five-day-old plants of culti-
var Aiwu maintained on nutrient solution
(Yoshida et al 1976) in a phytotron (light
intensity: 300 µmol m–2 s–1, 12 h d–1, 70%
relative humidity, and 30/25 °C day/night
temperatures) were exposed to isoosmotic
concentrations of NaCl or KCl (50 and 100
mM) or PEG (polyethylene glycol 6000;
16% and 26%). These stressing agents in-
duced a decrease in osmotic potential of
nutrient solution corresponding to –0.12
and –0.25 MPa for the two stress intensi-
ties, respectively. Stress imposition corre-

Dry weight percentages (DW; in %), osmotic potential ys (in MPa), Na+ and K+ concentrations (in mmol g-1 DW) in roots and shoots of plants
exposed for 3 or 12 h to isoosmotic concentrations of NaCl or KCI (50 or 100 mM) or PEG (16% or 26%). The two stress intensities
correspond to an induced decrease in osmotic potential of nutrient solution of –0.12 and –0.25 MPa, respectively.  Values are means of eight
replicates per treatment: for a given parameter, means of the same line followed by the same letter are not significantly different at P = 0.05,
according to the method of Duncan using the MSTAT-C system (Michigan State University).

–0.12 MPa –0.25 MPa

Control 50 mM NaCl 50 mM KCI 16% PEG 100 mM NaCl 100 mM KCI 26% PEG

Roots 3 h
DW 14.80 a 19.30 b 16.60 a 21.80 b 29.60 c 14.50 a 23.50 b
ys –0.32 a –0.57 b –0.58 b –0.32 a –0.62 b –0.73 c –0.35 a
Na+ 0.07 a 0.37 b 0.12 a 0.06 a 0.63 c 0.07 a 0.08 a
K+ 0.84 a 0.93 a 1.31 b 0.76 a 0.86 a 1.85 c 0.69 a
12 h
DW 13.90 a 18.10 b 11.40 a 20.50 b 22.10 b 11.70 a 22.80 b
ys –0.31 a –0.53 b –0.37 a –0.25 a –0.45 b –0.35 a –0.37 a
Na+ 0.08 a 0.82 b 0.08 a 0.11 a 0.75 b 0.13 a 0.09 a
K+ 0.62 a 0.96 b 1.67 c 0.57 a 1.09 b 3.02 c 0.67 b

Shoots 3 h
DW 17.30 a 18.00 a 17.40 a 19.80 a 19.20 a 19.50 a 21.80 b
ys –1.02 a –1.16 a –1.12 a –1.34 b –1.05 a –1.17 a –1.31 b
Na+ 0.03 a 0.13 b 0.05 a 0.03 a 0.17 c 0.02 a 0.03 a
K+ 1.24 a 1.32 a 1.46 b 1.09 a 1.15 a 1.43 b 0.98 a
12 h
DW 16.30 a 16.60 a 18.30 a 24.20 b 20.10 a 20.40 a 25.30 b
ys –1.64 a –1.66 a –1.63 a –2.08 b –1.57 a –1.50 a –2.46 c
Na+ 0.05 a 0.16 b 0.03 a 0.04 a 0.19 b 0.04 a 0.03 a
K+ 1.13 a 1.15 a 1.29 b 0.91 a 1.19 a 1.61 c 0.97 a

sponded to the beginning of the light pe-
riod and plants were collected after 3 and
12 h of exposure. Osmotic potential (ys)
and ion content were quantified separately
on roots and shoots using a vapor pres-
sure osmometer (Wescor) and an induc-
tively coupled argon plasma emission spec-
trophotometer according to Lutts et al
(1999). Endogenous free polyamine was
quantified by a Shimadzu RF-10Axl fluorim-
eter after separation by high-performance
liquid chromatography (HPLC) according
to Aziz et al (1999).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Putrescine (Put), spermidine (Spd), and spermine (Spm) concentrations in shoots of plants
exposed for 3 or 12 h to isoosmotic concentrations of NaCl, KCl, or PEG.  Two concentrations
of stressing agent were used: 50 mM NaCl or KCl and 16% PEG induced a decrease in the
osmotic potential of –0.12 MPa in nutrient solution, whereas 100 mM NaCl or KCI and 26%
PEG induced a decrease of –0.25 MPa. Each value is the mean of eight replicates and vertical
bars are S.E.

Dry weight percentages increased at
the root level after 3 h of exposure to NaCl
or PEG but these were not affected by KCl.
A slight increase in dry weight percentages
at the shoot level was observed in all treat-
ments but was statistically significant for
PEG only (see table).  Similarly, the shoot
ys strongly decreased after 12 h of expo-

sure to 26% PEG, while the root ys de-
creased in response to ionic stresses; such
a decrease was more marked during the
first few hours of exposure (3 h) than at
the end of the treatment (12 h). Endog-
enous concentrations of Na+ and K+ in-
creased in both roots and shoots after 3 h
of exposure to NaCl and KCl, respectively,

while PEG had no effect on mineral nutri-
tion. Root (data not shown) and shoot (see
figure) putrescine concentration increased
after 3 h of exposure to ionic stresses but
remained unaffected in the presence of
PEG. At the shoot level, spermidine con-
centration was also lower, in most cases,
in response to PEG compared with ionic
stresses. Spermidine significantly increased
after 12 h of exposure to the highest dose
of NaCl or KCl only. In both roots and
shoots, putrescine accumulation was asso-
ciated with a slight increase in agmatine
content, suggesting a stress-induced stimu-
lation of arginine decarboxylase (data not
shown). We conclude that polyamine ac-
cumulation in rice may occur rapidly after
the beginning of salt stress exposure and
does not require any osmotic signal, at
least at the shoot level.
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Tungro screen kits for national programs

The diagnosis of two viruses associated with the highly damaging tungro disease—rice tungro bacilliform virus (RTBV) and
rice tungro spherical virus (RTSV)––is based mainly on the orange-yellow leaf discoloration symptoms exhibited on suscep-
tible cultivars. Some of these cultivars, however, do not produce these symptoms in the field under experimental conditions.

A simple, cheap, rapid, and reliable method for detecting tungro viruses such as RTBV in rice was developed at IRRI
in cooperation with the Natural Resources Institute (UK) for national programs. RTBV antisera was successfully used
following a double cross-adsorption process that overcomes the problem of cross-reaction to healthy plant components.
The prototype diagnostic kit was tested in the field in Bangladesh, India, Indonesia,
and the Philippines. Results have shown that the kit was effective in confirming the
presence of RTBV in rice samples collected from the field. The kit also had a good
degree of accuracy.

This robust tool is expected to greatly facilitate tungro resistance breeding
programs and has further applications for epidemiological studies and for field moni-
toring. Further refinement should make the kit an invaluable tool for use by rice
breeders, plant pathologists, and crop protection specialists in many countries in
South and Southeast Asia where tungro remains a persistent and major problem.
The kit provides researchers and farmers with a quick decision-making tool to take
appropriate control measures in response to emerging pest outbreaks.

For more information, e-mail: p.cabauatan@cgiar.org
INTERNATIONAL RICE RESEARCH INSTITUTE

Kit for Rice Tungro
Bacilliform Virus Diagnosis

Natural Resources Institute
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Hybrid rice––a biovillage experience

B. Vijayalakshmi and R.S.S. Hopper, M.S. Swaminathan Research Foundation, Pondicherry, India

Rice cultivation today faces the tough chal-
lenge of feeding an ever-increasing world
population using shrinking resources. The
scenario in a group of 19 villages in
Pondicherry (south India), where the
biovillage model is implemented by the
M.S. Swaminathan Research Foundation,
looks all the more grim with stagnating rice
yields (5 t ha–1) at very high input use (200
kg N ha–1) in the irrigated transplanted sys-
tem. The biovillage model seeks ways of
addressing concurrently problems on
natural resource conservation, household
food security, and rural development. The
model ensures sustainable productivity of
the physical resource base as indicated by
a baseline survey. To overcome these con-
straints, a participatory evaluation of the
potential of hybrid rice in the biovillages
was undertaken.

The methodology adopted included
yield testing of rice hybrids released by
research institutions through the farmers’
participatory approach and demonstra-
tions and field days to popularize test hy-
brids. Participatory evaluation of hybrids
was done during seasonal evaluation meet-
ings for trial farmers and during demon-
strations. A survey of 100 farmers was also
conducted to confirm evaluation results.

Around 60 trials were conducted to
yield-test 12 hybrids over a 3-y period dur-
ing dry seasons (Naravai [Jan-Apr] and
Sornavari [May-Aug]) and the wet season
(Samba [Sep-Jan]). Survey results show
what farmers perceive to be the advantages
and disadvantages of hybrids.

The advantages of hybrid rice include
• Higher yield (6–20% increase over

local check variety)
• Farmers are motivated to adopt

other management practices. (A
marked reduction in the number of
seedlings hill–1 from 8–10 to 3–4 and
line planting were the significant

changes in cultivation practices ob-
served.)
The disadvantages cited were

• The harvest could not be used as
seeds for the next season

• Poor cooking quality of hybrids
• Higher seed cost of hybrids (by 60%)

over inbred varieties and problems
of seed availability

• Traders prefer inbred varieties (10–
13%) over hybrids

• Less head rice recovery of hybrids
(10–13% less than that of inbred va-
rieties)

• 10–15% higher cost due to higher
priced seed, weeding in nursery plot
(due to lesser seed rate), and addi-
tional labor required for transplant-
ing 1–2 seedlings hill–1.

• Narrow yield advantage of some hy-
brids over inbred varieties (at least
20% yield advantage needed)

• Lesser grain weight (1,000-grain
weight of 19.0 g for hybrids vs 20.8 g
for inbred varieties)
About 40% of the farmers preferred

hybrid rice, but the rest said they would
choose hybrids if the disadvantages were
overcome. An analysis of these two catego-
ries of farmers indicates that

1. Hybrid rice was preferred by farm-
ers who

• belong to the marginal and small
farmer category and generally have
low harvests (3.5–4 t ha–1),

• involve family labor in crop manage-
ment and thus have a lower cultiva-
tion cost,

• generally use inferior-quality seeds
and therefore use a high seed rate
(185 kg ha–1) with inbred varieties,

• sell their harvest without processing,
and

• rank grain yield more important than
quality.

2. Hybrid rice was not preferred by
• varietal seed producers who realize

high income from seed production
activities, and

• large farmers who find it difficult to
transplant 1–2 seedlings hill–1 due to
labor scarcity.
Based on these results, we conclude

that marginal and small farmers are the
potential target groups for hybrid rice,
whereas women’s groups could be trained
to engage in hybrid rice seed production
as a source of livelihood.

Farmers emphasized the need for
participatory breeding of hybrids with a
yield advantage of at least 20% over
inbreds, better cooking quality, and lower
seed cost. They also stressed the impor-
tance of ecofriendly management practices
(e.g., blending organic with inorganic com-
ponents in nutrient management) and
standardizing drum seeder techniques to
reduce labor demand to stimulate the use
of hybrid rice in the biovillages.
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IRRI scholarships
IRRI announces the availability of scholarships
to be awarded during 2001 to support highly
qualified scientists from rice-growing developing
countries interested in pursuing a graduate
degree in areas related to rice science. These
scholarships include those provided by IRRI
(PhD scholarships only) and scholarship funds
which IRRI administers for other agencies,
primarily the Asian Development Bank (ADB)-
Japan (MS and PhD scholarships).

Scholarship slots are based on the capability
of the applicants to work on areas highly
relevant to the six major programs of IRRI
(Irrigated, Rainfed, Upland, Cross-ecosystems,
Genetic Resources, and Accelerating Impact of
Rice Research).

Two kinds of scholarships are granted — full
and thesis-only. Selection for all grants is highly
competitive and applications must be endorsed
by the applicant’s institution. IRRI encourages
the applications of women candidates.
Scholarships may be awarded to individuals
working in government organizations,
universities, and nongovernment organizations.

For more information, contact: The Head,
Training Center, IRRI, MCPO Box  3127, Makati
City 1271, Philippines or e-mail:
p.marcotte@cgiar.org
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Rice market integration in Bangladesh

P.K. Dey and P.J. Dawson, Department of Agricultural Economics and Food Marketing, University of
Newcastle upon Tyne, NE1 7RU, UK     E-mail: p.j.dawson@ncl.ac.uk

Rice is the main source of protein and calo-
rie intake in Bangladesh, contributing 93%
of the total food-grain supply. The govern-
ment liberalized the food grain sector in
1992 to ensure food and nutritional secu-
rity. Policy instruments included removing
controls, eliminating food subsidies, allow-
ing private traders to import/export grains,
and withdrawing restrictions on both do-
mestic and international trade. The extent
to which the rice market is integrated is
fundamental to achieving policy objectives.

This study examines rice market in-
tegration in Bangladesh from 1992 to 1997.
Following Baffes (1991), the law of one
price (LOP) was used to test spatial mar-
ket integration using cointegration analy-
sis. Our testing procedure is as follows. For
the LOP to hold between prices in any two
markets, prices must be cointegrated. This
means that their difference must be sta-
tionary, with a constant mean, a constant
variance, and a constant covariance be-
tween any two observations. A necessary,
but not sufficient, condition for
cointegration is that each series must be
integrated of the same order. First order
integration I (1) is called a unit root and
implies that the series is stationary in first
differences.

Bangladesh has four main city mar-
kets for rice—Dhaka, Chittagong, Rajshahi,

Rice markets in Bangladesh

Dhaka Chittagong
Mymensingh Noakhali
Jamalpur Comilla
Tangail Sylhet
Faridpur Chittagong Hill Tracts

Rajshahi Khulna
Rangpur Jessor
Dinajpur Kustia
Bogra Barisal
Pabna

and Khulna––and we divided the country
into four regions centered on each. The
table shows associated markets. Nominal
monthly average wholesale coarse rice
prices from January 1992 to December
1997 for these 19 markets were examined.
We tested for market integration by test-
ing for the LOP first between each market
in each region and second between the
main city markets.

In the first stage, we tested for unit
roots in each series using the Dickey-Fuller
test (Dickey and Fuller 1981). All were I
(1) except for that in Barisal, which was
excluded from further analysis. In the sec-
ond stage, we tested for stationarity in the
difference between each pairwise price
again using the Dickey-Fuller test and all
were stationary. Thus, pairwise prices were
cointegrated and the LOP held universally.

We have three main results. First,
the rice price in each city market was
cointegrated with prices in other city mar-
kets. Second, the price in each city market
was cointegrated with prices in associated
markets. Third, each market in each region
was cointegrated with all other markets in
the same region, except for Barisal in the
Khulna region. Thus, with the exception
of Barisal, all markets in all regions were
cointegrated by extension, and the LOP
held. In contrast, the Barisal market ap-
peared segmented, possibly because of
geographical isolation.

In conclusion, following the liberal-
ization and privatization of the food-grain
sector in Bangladesh in 1992, rice markets
were integrated. The government can
therefore rely on market forces to supply
food to deficit regions from regions pro-
ducing a surplus. Moreover, its food policy,
which aims to achieve the goals of food
and nutritional security, appears efficient.
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The International Rice Functional
Genomics Working Group

To facilitate collaboration and transfer of
new findings from genomic research to
applications, IRRI organized the
International Rice Functional Genomics
Working Group. The Working Group has
the following objectives:
· Build a research community with a

shared vision on rice functional
genomics

· Create a common resource platform to
broaden access to new knowledge and
tools in functional genomics

· Accelerate application of functional
genomics to rice improvement
The Working Group is intended to be a

broad-based collaborative network that will
benefit participants by pooling expertise
and resources. To date, several institutions
have expressed interest to participate in
this working group.

Through a series of meetings and
consultations, three activities that are
considered high priority by the rice
research community were identified:
1. Create an information node to communi-

cate information related to functional
genomics

2. Promote the sharing of genetic stocks
3. Facilitate sharing of resources for

microarray analysis
A Web-based information node was

established as an entry point for finding
and sharing information and providing
links to individual laboratories or organiza-
tions with interest in rice functional
genomics. For more information about the
site and the Working Group, go to:
http://www.cgiar.org/irri/

To send comments, inputs, and
suggestions, write or e-mail:
genomics@irri.exch.cgiar.org
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Spikelet sterility/grain
discoloration in rice
in Andhra Pradesh, India
P.R.M. Rao, B. Bhavani, T.R.M. Rao, and
P.R. Reddy, Department of Entomology,
Agricultural Research Station, Maruteru
534122, Andhra Pradesh, India

Spikelet sterility or grain discoloration was
observed in all 24 villages that were surveyed
in the West and East Godavari districts of
Andhra Pradesh in the 1999 wet season. Af-
fected varieties included MTU1001,
MTU2067, MTU2077, MTU7029, BPT5204,
and PLA1100. The pest problem  had a patchy
distribution in 23 villages and 1–21% of the
rice area was affected. In one village, J.R.
Gudem, 50% of the rice area was affected.
The condition is referred to in the local lan-
guage as “nallakanki tegulu.”

Four types of visual symptoms were
observed on affected plants: mite damage
alone; mite + saprophytic fungus; mite +
saprophytic fungus + sheath rot fungus; and
mite + white-tip nematode + other
saprophytic fungal damage. After a careful
examination of many samples, we concluded
that the mite is the dominant organism in all
cases. The mite was identified at the Central
Rice Research Institute (CRRI) as
Steneotarsonemus spinki Smiley
(Tarsonemidae). Aphelenchoides besseyi, the
white-tip nematode, was identified at the
Directorate of Rice Research, Hyderabad.

Visual symptoms such as black lesions
in the leaf sheath, discolored grains, com-
plete/partial chaffy grains, and various defor-
mities were observed (Reissig et al 1986,
Chein 1980, Rao and Prakash 1992, Rao et al
1993).

Clear mite symptoms were observed
on leaves of young plants that were raised
from the infested seed material, indicating
that the transmission of tarsonemid mite
from seed to plant is possible.
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Traditional medicinal
knowledge about green
leafhopper, Nephotettix
spp., in Chhattisgarh (In-
dia)
P. Oudhia, Department of
Agronomy, Indira Gandhi
Agricultural University,
Raipur 492001, India
E-mail: pankaj.oudhia@usa.net

Green leafhoppers (GLH), principally
Nephotettix nigropictus (Stål.) and N.
virescens (Distant), are found in all rice-
growing regions of India. These species
are also known pests of rice in Japan,
the Philippines, Taiwan (China), and Sri
Lanka. In Chhattisgarh, Nephotettix sp.,
commonly known as Hara Maho or
Saunt Keda, is one of the problematic
pests of rice. To farmers and agricultural
scientists, GLH is a serious pest, but to
folk doctors, it is a source of additional
income. Native peoples of Chhattisgarh
use many problematic weeds (Oudhia
1999a), insects, spiders, and mites
(Oudhia 1998, 1999b) as a source of
medicine.

An ethnozoological survey was
conducted in Raipur, Bastar, Bilaspur,
Durg, Sarguja, Mahasamund, and
Rajnandgaon districts of Chhattisgarh
during 1998-99 to list the medicinal uses
of common and problematic pests of dif-
ferent agricultural crops including rice.
The study focused on folk doctors older

than 60 y. In all, 20 folk doctors were in-
terviewed and some common medicinal
uses of GLH were compiled.

The survey revealed that folk doc-
tors in the region use GLH as an  additive
to  make traditional  herbal drugs more
effective. Van Bhengra (Tridax
procumbens), a common rice weed, is
used to stop any type of bleeding, and folk
doctors mix fresh GLH with Tridax to in-
crease its efficacy. Similarly, dried leaves
of the upland weed Kukronda (Blumea
lacera) are used to reduce the intensity
of asthma attack. Dried leaves of Blumea
with GLH are burned and the patient is
advised to inhale the fumes of the mixture.

GLH was also a common major in-
gredient in many popular herbal combi-
nations to treat fever and diseases such as
gonorrhea. GLH that have fed on medici-
nal rice var. Kalimoonch were reported to
be useful for treating skin problems.
Freshly crushed GLH is prepared as a paste
and applied on the affected area. GLH is
also popularly used as a poultry feed in the
region. A folk doctor from Sarguja said that
GLH and brown planthopper Nilaparvata
lugens (Stål.) combined can cure more
than 40 diseases. The medicinal uses of
GLH have not been previously reported.

This survey covered only a small
number of the more than 2,000 folk doc-
tors in Chhattisgarh practicing and using
traditional systems of healing and medi-
cine. A detailed survey is in progress and
is expected to provide information on the
medicinal uses of GLH and other rice pests.
In this survey, folk doctors said that useful
insects with high medicinal value can be
easily identified through their specific be-
havior and feeding habits.
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CARDI is inaugurated

 The Cambodian Agricultural Research and
Development Institute (CARDI) in Phnom
Penh was inaugurated on 21 November.
CARDI is a multidisciplinary research in-
stitute that manages and leads all research
activities to enhance agricultural
development.ÊIt is the fruit of many years
of work involving the Cambodia-IRRI- Aus-
tralia Project (CIAP) in collaboration with
Cambodia’s Ministry of Agriculture, For-
estry and Fisheries and Department of
Agronomy and Land Improvement. Tech-
nical and financial support came from the
Australian Government via AusAID.

During the ceremony, Prime Minister
Hun Sen presented six awards to IRRI and
ex-IRRI personnel. Drs. Glenn Denning
(former head of IRRI’s International Pro-
grams Management Office or IPMO) and
Harry Nesbitt (CIAP team leader) received
the Distinguished Collaboration Award and
Drs. Ram C. Chaudhary (former coordina-
tor of the International Network for the
Genetic Evaluation of Rice or INGER),
Edwin Javier, and Peter White, and  Joe
Rickman received the Officer Award for
Collaboration. After the inauguration, the
“Exchange of Letters” revising the CIAP

memorandum of understanding (MOU),
was signed.

MOU signatories were H.E. Chea
Song, minister of agriculture, and Ambas-
sador Louise Hand, Australian ambassador
to Cambodia. Also present during the sign-
ing were Mr. Blair Exell, AusAID country
representative; Dr. Ron Cantrell, IRRI di-
rector general; H.E. Teng Lao, under
secretary of state responsible for CARDI;
and Dr. Men Sarom, director of CARDI.Ê

IRRI reaches out to regional
media

IRRI recently signed an MOU with the Con-
federation of ASEAN Journalists (CAJ) that
calls for strengthening CAJ-IRRI collabora-
tion through training, better access to in-
formation, and the building of greater pub-
lic awareness on the importance of rice re-
search and production. The MOU was
signed at CAJ’s 13th General Assembly and
Press Convention in Singapore on 23–25
October.Ê

Dr. William Padolina, IRRI’s deputy
director general for partnerships, and Ivan
Lim, CAJ president, signed for their respec-
tive organizations. The other CAJ cosigna-
tories were Secretary General Norman

Suratman, Permanent Secretary Adbul
Razak, the Indonesian Chairman Tarman
Azzam, the National Union of Journalists-
Malaysia President Norila Mohd Daud,
National Press Club of the Philippines
President Antonio Antonio, Vietnam Jour-
nalists Association President Hong Vinh,
and Lao Journalists Association President
Bouaban Vorakhoun.Ê

The MOU aims to ensure greater rice-
related training opportunities for all CAJ
members as well as special status as attend-
ees at IRRI-sponsored international or re-
gional events and conferences. IRRI is com-
mitted to helping media organizations
across Asia provide the most up-to-date
and accurate information available on the
rice industry. In return, CAJ will encour-
age greater reporting of rice-related issues
and assist IRRI in getting its message out
to its many different stakeholders, such as
farmers, other researchers, government
officials, and the general public. The MOU
will be implemented through work plans
to be developed jointly by IRRI and CAJ.

IRRI has also been working closely
with a relatively new organization called
the Asia Rice Media Advocacy Network
(ARMAN). Composed of journalists and
media professionals with a strong interest
in promoting rice, ARMAN has already es-
tablished national chapters in the Philip-
pines (IRRI-Thailand 40 yrs Rice Media Ad-
vocacy Network), India (India Media Agri-
culture Network), Bangladesh (Forum for
Information Dissemination on Rice), and
Indonesia (Dewi Seri). Thailand and Viet-
nam are currently organizing their own na-
tional ARMAN chapters.

ARMAN was organized as an offshoot
of the Asian Media and Rice Conference
held in December 1998 by the Asia Rice
Foundation in Bangkok where 45 media
representatives from 11 Asian countries
signed a declaration recognizing the need
to enhance rice reporting and urging the
establishment of a rice media network to
boost interest in rice advocacy among
media practitioners and professionals in
the region.

Memo of understanding signatories His Excellency Chea Song, Minister of Agriculture (seated,
right) and Ambassador Louise Hand,  Australian Ambassador to Cambodia (seated, left). Behind
Ms. Hand is Mr. Blair Exell, AusAID country representative, and at the rear are IRRI Director
General Dr. Ronald Cantrell, H.E. Teng Lao, Undersecretary of State responsible for CARDI,
CIAP team leader Dr. Harry Nesbitt, and Dr. Men Sarom, Director of CARDI.
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IRRI Filipino scientist wins
CGIAR Award

Dr. Alberto Barrion, senior associate sci-
entist of the Entomology and Plant Pa-
thology Division (EPPD) of IRRI, was
named Outstanding Local Scientist for
2000 by the Consultative Group on In-
ternational Agricultural Research
(CGIAR). Dr. Barrion received the award
consisting of a plaque and a cash prize at
the CGIAR, during International Centers’
Week in Washington, D.C., in October.

The Outstanding Local Scientist
Award is given to a locally recruited pro-
fessional of any nationality who has made
an outstanding scientific contribution in
any research field. Dr. Barrion is recog-
nized as one of the top entomologists in
Asia. He is also an acclaimed araneologist,
taxonomist, research scientist, and
teacher/trainer.

At IRRI, he led the development of
illustrated, easy-to-use insect identifica-
tion kits for rice pests and their natural
enemies, which have now become an im-
portant tool for rice scientists, techni-
cians, crop protection specialists,
biodiversity researchers, ecologists, and
integrated pest management (IPM) ex-
perts, as well as biology and zoology stu-
dents. He has also made outstanding sci-
entific and technological contributions to
the fields of systematics and the biology
of rice and rice-based arthropods, espe-
cially insect pests and their natural en-
emies.

Through his efforts, farmers, scien-
tists, and the public now recognize the
importance and benefits of friendly in-
sects in rice fields. He is the head of the
IRRI Taxonomy Laboratory, curator of the
Arthropod Reference Collection at IRRI,
and is an adjunct curator of the Univer-
sity of the Philippines Los Baños (UPLB)
Museum of Natural History.

Dr. Barrion’s impressive contribu-
tions have benefited both national and
international programs in areas such as
IPM, biodiversity, and pest modeling.

More importantly, his work provided cru-
cial and accessible information to small and
resource-poor farmers. His work on
friendly insects has significantly contrib-
uted to the scientific framework for
ecorational pest management with natu-
rally occurring and diverse communities of
biocontrol agents that maintain and regu-
late rice insect pests and increase farm
profits without the use of ecologically dis-
ruptive insecticides. His work is well docu-
mented in more than 150 publications.

Dr. Barrion holds a BS in agriculture
(entomology), MS in systematic entomol-
ogy, and PhD in entomology from UPLB.
This multiawarded entomologist was the
recipient of the Philippines’  Ten Outstand-
ing Young Men Award in 1990, Outstand-
ing Young Scientist Award from the Na-
tional Academy of Sciences and Technol-
ogy (NAST) in 1991, Pest Management
Award from the Pest Management Coun-
cil of the Philippines, and the President
Estrada Special Citation Gawad Saka Award
from the Department of Agriculture in
2000, among others.

He is also a member/officer of many
professional organizations, such as the In-
ternational Organization of Biological Con-

trol (Southeast Asia Group), American
Arachnological Society, National Re-
search Council of the Philippines, Weed
Science Society of the Philippines, Phil-
ippine Association of Systematic Biolo-
gists, Biological Control Specialist Asso-
ciation of the Philippines, Philippine As-
sociation of Entomologists, Inc., Pest
Control Council of the Philippines, UP
Gamma Sigma Red Scorpions, Gamma
Sigma Delta Honor Society, IRRI Filipino
Scientists Association, and the UP Ento-
mological Society.

The CGIAR Chairman’s Science
Awards were established in 1996 to
honor scientific excellence and achieve-
ments in several categories. Other
awards given by the CGIAR are in the
following categories: Outstanding Local
Scientific Support Staff, Promising Young
Scientist, Outstanding Scientific Partner-
ship, and Outstanding Scientific Article.

In 1996, two IRRI staff received the
CGIAR Science Awards: Dr. Shaobing
Peng, crop physiologist, for the Promis-
ing Young Scientist Award, and Dr.
Thelma Paris, affiliate scientist/gender
specialist, for the Outstanding Local Pro-
fessional Award.
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IRRI and Thailand celebrate
40 years of rice research
collaboration

IRRI and Thailand marked 40 years of col-
laboration in rice research and develop-
ment this year. In pursuing its mission of
undertaking rice research that benefits
poor farmers and consumers worldwide,
IRRI has had the full cooperation of the
government and the national agricultural
research system (NARS) of Thailand.Ê

IRRI has about 40 collaborative
projects with Thailand. The intensive re-
search activities at the Ubon and Samoeng
rice research centers in Thailand and the
respective key sites of the Rainfed Lowland
Rice and Upland Rice Research Consortia
will be extended to other national rice re-
search systems. The other projects involve
INGER being coordinated by IRRI, hybrid
rice, integrated pest management, and
biotechnology.

To mark the 40 years of strong part-
nership between the Institute and Thai-
land, the IRRI Liaison Office in Bangkok
sponsored three major events on 17–18
November. An IRRI-Thailand Rice Research
Seminar was held at Kasetsart University
on 17 November with the theme 40 years
of Thai-IRRI collaboration and partner-
ship in the new millennium. About 60 sci-
entists, agricultural researchers, represen-
tatives of academe, and Department of
Agriculture (DOA) officials attended.

Dr. William Padolina, IRRI deputy di-
rector general for partnerships, visited the
Rice Exhibition at the Pathum Thani Rice
Research Center in Pathum Thani, near
Kasetsart University. The exhibition high-
lighted the collaboration between IRRI and
Thailand and other research agencies in
germplasm collection and use, varietal im-
provement, rice biotechnology, produc-
tion technology and farming systems, crop
protection, farm machinery, and training
and technology transfer. Dr. Padolina also
visited Thailand’s rice genebank (with
22,664 accessions) at the National Rice
Seed Storage Laboratory for Genetic Re-
sources, also in Pathum Thani.

An IRRI alumni meeting at the Rice
Research Institute highlighted the events.

Dr. Padolina, assisted by Dr. Boriboon
Somrith, IRRI liaison scientist, presented
replicas of the IRRI International Rice
Award given to King Bhumibol Adulyadej
to the heads of delegations from various
research institutions.

Rice productivity conference
held in Hangzhou, China

An international conference on Increasing
Rice Productivity was held 27 November–
1 December in Hangzhou, People’s Repub-
lic of China.ÊThe meeting focused on im-
plications for pest management. Also dur-
ing the week, a satellite consultative work-
shop was conducted on Effective and sus-
tainable use of agricultural biotechnol-
ogy in integrated pest management in de-
veloping countries.

The conference provided a forum for
scientists of diverse disciplines to address
issues such as trends in production and
management for sustaining growth,
emerging pest problems, farmers’ con-
straints, and the roles of modern technolo-
gies, such as transgenic crops, information
technology, and communication science.
The conference was organized by Zhejiang
University, the Integrated Pest Manage-
ment (IPM) Network coordinated by IRRI,
and the International Organization of Bio-

logical Control (IOBC). Funding was pro-
vided by the Swiss Agency for Develop-
ment and Cooperation (SDC).Ê

Some 85 scientists from Australia,
Bangladesh, Belgium, Canada, China,
France, Germany, India, Indonesia, Japan,
Kenya, Korea, Malaysia, Pakistan, Philip-
pines, Switzerland, Thailand, United King-
dom, United States of America, and Viet-
nam attended the conference.

CGIAR centers bring “seeds
of life”␣ to East Timor

IRRI, Centro Internacional de
Mejoramiento de Maiz y Trigo (CIMMYT),
Centro Internacional de Agricultura Tropi-
cal (CIAT), Centro Internacional de la Papa
(CIP), and International Crops Research
Institute for the Semi-Arid Tropics
(ICRISAT) (all belonging to the CGIAR sys-
tem) are collaborating in the Seeds of Life-
East Timor project. The project also in-
volves non-CGIAR centers including non-
government organizations such as World
Vision International (WVI) and Catholic
Relief Services (CRS). The Australian Cen-
tre for International Agricultural Research
(ACIAR) is funding the 3-y project that is
now being implemented by a project man-
agement committee comprising represen-
tatives from ACIAR, WVI, CRS, and the Di-

Dr. William Padolina, IRRI deputy director general for partnerships, presents a medallion replica
of the International Rice Award given to King Bhumibol Adulyadej to a Thai scientist. At left is
liaison scientist Dr. Boriboon Somrith.
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vision of Agricultural Affairs of the East
Timor Transitional Administration (ETTA)/
United Nations Transitional Administration
in East Timor (UNTAET).

The crop lines brought by CGIAR cen-
ters on 15 November are now being evalu-
ated at experimental sites in the districts
of Ainaro, Bobanaro, Baucau, Ailieu, Los
Palos, and Viqueque. These sites cover the
main soils and climatic zones common to
East Timor and reflect operational suitabil-
ity in terms of availability of staff and facili-
ties. The 15 varieties of irrigated rice, 11
varieties of rainfed lowland rice, and 13
varieties of upland rice that IRRI contrib-
uted through INGER are planted at the
sites.

These represented the first planting
activities in East Timor for the 2000-01 wet
seasons under the project. Where possible,
trials will be established near each other
to simplify security/fencing, travel, and
management. A simple weather station will
also be established at each site in associa-
tion with the ETTA/UNTAET’s program of
developing the meteorology network in
the country.

Germplasm adaptation trials will be
undertaken for 3 y, with seed multiplica-
tion of better adapted lines for distribution
to farmers in the second and third years of
the project. Adapted seed may be multi-
plied in other countries during the East
Timor dry season from April to November.
East Timorese technicians will also be
trained in evaluation, multiplication, and
distribution of improved planting material
in association with relevant CGIAR centers.
The project respects international conven-
tions such as the Convention on
Biodiversity and will not test genetically
modified organisms.

IRRI launches media
information site

IRRI has launched a new Internet media
and information tool for journalists and
members of the general public interested
in rice research and related issues. The ad-
dress of the new Media Hotline Internet
site is www.cgiar.org/IRRI/pa/. It can also
be reached by clicking on the Media

Hotline logo on the IRRI home page at
www.cgiar.org/irri.

This new service offers a wide range
of features not previously available on
IRRI’s three main Web sites, IRRI Home,
Riceweb (www.riceweb.org), and
Riceworld (www.riceworld.org). The main
aim of the Media Hotline is to provide the
latest and most up-to-date information on
IRRI and its research. The new site also
aims to enable the media to have access
to information about the Institute and its
work more easily. Journalists accessing the
site can expect to find the hottest news and
latest information released by the Institute.

In addition, the site offers a range of
other interesting services including a com-
prehensive library of all press and photo
releases issued by the Institute since 1999.
It also contains a selection of speeches by
the Institute’s senior management and sci-
entists as well as answers to frequently
asked questions about IRRI, its research,
and the rice industry in general.

The Media Hotline site also features
links to a comprehensive list of all IRRI sci-
entists with brief biographical details and
areas of particular expertise. Thus, journal-
ists can now select the scientist they may
want to interview based on their own cri-
teria.

Other features of the site are detailed
information on all of IRRI’s key donors, the
research projects they support, and the
history of their relationship with the Insti-
tute. In the same section, titled “Facts
About Cooperation,” comprehensive infor-
mation is available on IRRI’s relationships
with its important research partners in the
NARS of the world’s rice-producing na-
tions. A “Letters” section provides a library
of all letters published by IRRI in an effort
to correct any misinformation and clarify
the Institute’s position in key public de-
bates, especially in relation to biotechnol-
ogy. Certain sections of the site remain
under construction and several areas are
still to be fully updated, but a wide range
of information is already available. Materi-
als obtained from the Media Hotline, in-
cluding all photos, may be freely used and
quoted provided due credit is given to
IRRI.

Cuba will host the Second
International Rice Meeting
and Second National Rice
Congress in June 2001

The Rice Research Institute, All Union of
Rice Production, and the Latin American
Fund of Irrigated Rice are organizing the
Second International Rice Meeting that will
be held on 25–29 June 2001 at the Havana
International Conference Center, Cuba.

The meeting will take place simulta-
neously with the Second National Rice
Congress. Researchers, extension workers,
production specialists, students, and other
specialists from different countries are in-
vited to discuss recent research results,
problems, and perspectives of rice produc-
tion.

The meetings aim to promote tech-
nology transfer, stimulate the enrichment
of rice genetic diversity, discuss and ex-
change experiences on sustainable rice
production, and update knowledge about
rice production, especially that of research-
ers from Latin America and the Caribbean.
General topics for discussion include plant
breeding and phytogenetic resources,
technologies for rice production, use and
preservation of water resources, cropping
systems, vegetable production, physiology
and nutrition in rice, postharvest technolo-
gies and grain quality, rice and the envi-
ronment, rice mechanization, statistical
methods applied in rice research, and the
world and regional rice economy.

Sponsors include IRRI, the Latin
American Fund of Irrigated Rice, the Car-
ibbean Rice Association, FAO, Brazilian
Agricultural Research Enterprise
(EMBRAPA), and CIAT, in collaboration
with the Cuban Ministry of Science, Tech-
nology, and the Environment, Agricultural
Ministry, Higher Education Ministry, and
Cuba’s Science Academy.

The convention will be conducted in
English and Spanish.
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For more information, contact Mr.
Luis Alemán Manzfarroll, Director, Instituto
de Investigaciones del Arroz, Apartado 1,
Bauta, La Habana, Cuba; telephone/fax: 53-
7-335 993; or Ms. Mireya Mesa Tamargo,

Organizadora Profesional de Congresos,
Palacio de Convenciones, Apartado 16046,
La Habana, Cuba; fax: 53-7-228 382, 287 996,
283 470; e-mail: mireya@palco.get.cma.net.

Sources: Palacio de Convenciones de la Habana
(PALCO), Media Hotline, PA site (IRRI):
www.cgiar.org/IRRI/pa/, IRRI electronic bulletin

IRRI training courses, 2001
Course title Duration Target date Coordinator(s)

(in weeks)

2-wk rice production 1 (IRRI) 2 29 January–9 February R. Rosales/O. Garcia

2-wk rice production 2 (IRRI) 2 12–23 February R. Rosales/O. Garcia

International  Rice Information System (IRRI) 1 5–9 February G. McLaren/I. Ferino

Basic EDDA (online) 4 19 February–16 March G.  McLaren/I. Ferino

Integrated nutrient management (IRRI) 4 5–30 March P. Sta Cruz/R. Rosales

Scientific writing and presentation skills (IRRI) 2 2–13 April S. Avance/M. Quiamco

Management of herbicide-resistant weeds (IRRI) April M. Mortimer

Digital literacy (online) 8 2 April–25 May B. Nuñez/T. Clabita

Introduction to SAS for Windows (IRRI) 1 7–11 May G. McLaren/I. Ferino

Research station management (IRRI) 2–4 J. Rickmann/
R. Cuyno/E. Castro

Upland rice (Thailand) 2 28 May–8 June O. Garcia

Weed science and weed management (Africa) 2 June M. Mortimer

Analysis of categorical data (IRRI) 1 4–8 June G. McLaren/I. Ferino

English for agriculture (online) 12 4 June–25 August S. Avance/B. Nuñez

Instructional video production (IRRI) 4 25 June–20 July T. Clabita/G. Zarsadias

Introduction to IRRIStat, (IRRI) 1 2–6 July G. McLaren/I. Ferino

Rice seed health (IRRI) 8 9 July–31Aug T. Mew/S. Merca

G × E analysis and interpretation of results (IRRI) 2 6–17 August G. McLaren/I. Ferino

Hybrid rice seed production (China) 4 20 August–14 September S.S. Virmani/O. Garcia

Training of trainers (IRRI) 4 3–28 September G. Zarsadias/
M. Quiamco/T. Clabita

Analysis of unbalanced data 1 11–15 September G. McLaren/I. Ferino

Rice production research (Thailand) 8 8 October–30 November S. Phumiphon/O. Garcia

Genetic engineering and rice nutrition October/November S.K. Datta

IT for farmers 2 5–16 November B. Nuñez/S. Magadia

Multiagent systems for natural
   resources management 2 19–30 November F. Bousquet/S. Kam

Note: Schedules are subject to change. Changes will be reflected in the Training Center’s online calendar. Please go to the Training Center site which can be
found at the IRRI home: http://www.cgiar.org/irri for the latest information. Or e-mail p.marcotte@cgiar.org, or write to: Dr. Paul Marcotte, Head, Training,
Center, MCPO Box 3127, Makati City 1271, Philippines.
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