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MINI REVIEW

The fast and effective transfer of technologies from the research laboratory to the
farmer’s field has always been one of the biggest challenges facing those in agricul-
tural development. All too often, new technologies are successfully developed only

to fail in reaching those who need them most—the farmers—because of inadequate or
underdeveloped government extension services. This unfortunate situation is made worse
when the new technologies are neglected and forgotten because they are not used.
Nongovernment organizations (NGOs) have started to play an important role in the area
of extension, but most do not have the resources to develop their own technologies and
must rely on access to institutes like IRRI to provide what they need.

Into this yawning gap between research and impact has stepped the Rice Knowledge
Bank. Not only is it one of the world’s first digital extension services for those who pro-
vide information and support for farmers (such as NGOs), it is also the first comprehen-
sive, digital rice production library containing an ever-increasing wealth of information
on training and rice production.

More importantly, it provides this service using a breakthrough format that sets a
new standard for knowledge and information access within the agricultural development
community. Taking the very latest and best ideas from the private sector’s work in this
area, the Rice Knowledge Bank is providing government extension officers, NGOs, and all
others interested with unprecedented access to rice knowledge and training information.

The Rice Knowledge Bank at IRRI:
Strengthening Training Capacity1

by A. Atkinson

1The entire contents of this article may be accessed as an eBook by pointing your browser to http://www.knowledgebank.irri.org/rkb.
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Background and purpose
First and foremost, IRRI is a rice science and research
institute. However, IRRI’s founders knew that, to
get the science and research out of the laboratory
and into farmers’ fields, there had to be an educa-
tional component. This belief manifests itself on the
bronze plaque in front of the headquarters build-
ing, “IRRI ... an educational and research institute.”
Therefore, education and training are seen as the
conduit through which IRRI’s science becomes prac-
tice, the kind of practice that ensures that farmers
can continue to grow more rice on less land, with
fewer chemical inputs and that the world’s rice-con-
suming poor will continue to have an adequate food
supply.

Over the past 40 years, IRRI training has
pushed a variety of instructional methodologies and
technologies through the conduit. Printed materials,
photographic slide-audio tape modules, instruc-
tional video, early attempts at computer-aided in-
struction, video-conferencing, and information pre-
sented on stand-alone CD-ROM have supported
face-to-face classroom instruction, in-country and

in-field (hands-on) training, and scholar and part-
nership development.

Now, IRRI training is developing and adding
another set of tools to its training toolbox: those that
are collectively known as information and commu-
nication technology (ICT), which include distance
learning and the Internet. The Rice Knowledge Bank
is the physical manifestation of this development
and, since its official launch in September 2002 at
the International Rice Congress in Beijing, China, it
has received critical acclaim and provided “thought
leadership” to the entire Consultative Group on
International Agricultural Research (CGIAR) re-
garding the use of ICT.

The shift from atoms to bits
The Rice Knowledge Bank is more than just a way
to deliver instructional content using ICT. For IRRI
training, the Knowledge Bank is changing the very
nature by which training materials are collected,
organized, managed, published, and delivered. The
best way to conceptualize this shift is to consider
the nature of instructional materials as either atom-
based or bit-based. Atom-based instructional materi-
als are those that are composed of incompatible
atoms, while bit-based materials are composed of
compatible bits: the zeros and ones that form the
basis of Internet-enabled ICT.

For example, print materials are the product
of the atoms and compounds that create ink and

Digitizing existing atom-based learning materials and preparing new content using bit-based technologies ensure an Internet-compatible
future.

The world’s rice knowledge repository... freely

sharing knowledge.
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paper, while photographs and video are the prod-
uct of the atoms that create film. These formats are
adequate but limited due to their atom-based struc-
ture. It is impossible to link a location within a
printed document to a place in a videotape. Like-
wise, to find a piece of information within a set of
printed documents requires an exhaustive search
of the documents’ indexes and tables of content.
Moreover, if one audience required a printed ver-
sion of the content, while another audience wanted
to access the content via the Internet, conventional
wisdom would suggest the creation of two sepa-
rate versions.

In contrast, bit-based instructional technolo-
gies are all composed of zeros and ones. By con-
verting legacy instructional materials to bit-based
technologies and creating new materials in a digi-
tal format, the ability to link and cross-reference
materials—whether they are video, print, or
graphic—becomes a reality.

To explain this concept, Nicholas Negroponte2

of the MIT Media Lab suggests the following:

The best way to appreciate the merits and con-
sequences of being digital is to reflect on the dif-

ference between bits and atoms. While we are
undoubtedly in an information age, most infor-
mation is delivered to us in the form of atoms:
videotape, newspapers, magazines, and books.

The information superhighway, on the other
hand, is about the global movement of weight-
less bits at the speed of light. To get onto the
superhighway, we must either produce content
from the start in a bit-based digital form, or con-
vert legacy atom-based content into 0’s and 1’s
by using optical scanning and analog to digital
conversion devices.

The rendering of information and media in digi-
tal form, combined with personal computing
power and networks in everything from PCs to
home appliances, allows computers to become
full and active participants in all aspects of our
lives.... The move from atoms to bits in the class-
room will be a move from passivity to active par-
ticipation and exploration.

The shift at IRRI is spearheaded by its Com-
munication and Publications Services (CPS). Over
the past 25 months, CPS has digitized 340 publica-

2Negroponte N. 1998. The new engines of learning. Exec. Educ. 17(1): 25-27.

Single-source publishing allows the Knowledge Bank’s content to be generated in whatever
form is required by the audience requesting its materials.
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tions (approximately 70,550 pages), audited and
classified more than 135,000 photographs and
slides, and, from these, scanned and digitized more
than 4,000. Using the fruits of CPS efforts, the Rice
Knowledge Bank adds value to the digitized bits
by brokering them into eLearning courses, refer-
ence materials, decision support tools, and data-
bases.

Since these instructional materials are created
in a bit-based format, their delivery via the Internet
is a given. But what if a user does not have access
to the Internet? This is where the power of bit-based
instructional materials is most apparent. All con-
tent within the Rice Knowledge Bank is built on a
concept known as single-source publishing. Sim-
ply put, single-source publishing allows the Knowl-
edge Bank’s content to be produced in whatever
form is required by the audience requesting its ma-
terials. In other words, if a user has a computer but
no Internet connectivity, the Knowledge Bank’s con-
tent can be easily delivered via CD-ROM. If a user
has no computer whatsoever, the Knowledge
Bank’s content can be printed from the digital
source and delivered via mail. The point is, rather
than having multiple versions of the same content
in multiple delivery formats, all content is produced
from a single source. This ensures that the informa-
tion is always consistent and eases the task of up-
dating content as the updating is always accom-
plished at one location.

Anatomy of the Rice Knowledge Bank
Content within the Rice Knowledge Bank is classi-
fied into six categories: (1) eLearning, (2)
KnowledgeBytes, (3) reference materials, (4) field
practices and diagnostic tools, (5) rice biological da-

tabases and geographic informaion systems (GIS)
maps, and (6) training materials. Within each cat-
egory, content is structured as reusable learning and
information objects; meaning that objects contained
within one category can be cross-referenced and
shared with items from other categories. For ex-
ample, while the Rice Grain Quality course is lo-
cated within the eLearning category, it reuses mul-
tiple objects from the Bank, including
the field practices and diagnostic tool TropRice
and various reference materials.

To provide consistency and ease of use, all as-
sets within the Knowledge Bank share a common
navigation structure and color scheme. The colors
chosen for the Rice Knowledge Bank are based on
the four biodiversity colors of yellow, orange, green,
and blue. These colors correspond to the sun, earth,
plant life, and water. Since IRRI is an organization
dedicated to preserving Earth’s natural resources
while growing more food on limited land using less
water and less chemical inputs, the four biodiversity
colors and their respective shades are a good basis
for the Knowledge Bank’s color scheme and are seen
throughout the entire repository.

IRRI is known for its Rice Germplasm Bank:
the largest repository of rice germplasm in the
world, containing more than 120,000 species of rice
and its genetic relatives. During the Knowledge
Bank’s conception, it was decided to use the anal-
ogy of the Rice Germplasm bank to describe the
Knowledge Bank’s functionality. Just as the
germplasm bank contains different species of rice
that can be crossed to create new varieties of rice,
so too can the individual learning objects within the
Knowledge Bank be used in different ways to cre-
ate new understanding.

The Rice Knowledge Bank categories

Category Description

eLearning eLearning courses present structured content to the learner in a lin-
ear sequence on a specific topic. For example, the eLearning course
Rice Grain Quality takes learners from basic knowledge and compre-
hension to higher levels of synthesis and application through the dura-
tion of its 42 lessons divided into seven separate learning modules.
The Rice Knowledge Bank eLearning courses have a theoretical basis
in Robert Gagne’s Conditions of Learning and mirror best-in-class mod-
els used by leading private-sector eLearning providers.

KnowledgeBytes A KnowledgeByte is a term that describes a specific topic in a concise
manner using a popular perspective. For example, the KnowledgeByte
Golden Rice provides users with a quick overview of golden rice with-
out overloading them with details.
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The Rice Knowledge Bank logo
The Knowledge Bank’s logo rep-
resents a stylized chromosome in
the shape of a K (for the K in
knowledge; knowledge is em-
powering and it is IRRI’s mandate
to empower farmers with the
knowledge to grow rice more ef-
ficiently). The colors on the K are
yellow and green. This represents the green associ-
ated with rice and science and the enlightenment
(yellow representing the sun) that comes with
knowledge.

The Rice Knowledge bank’s audience
For IRRI’s internal audience at the institute level,
scientists are using the Knowledge Bank to prepare
materials for traditional courses. Rather than rein-
venting the wheel, they can search the Knowledge

Continuation from p. 7

Category Description

Reference materials Using a book-chapter-page analogy that is enhanced with search and
index capability, Knowledge Bank reference materials typically focus
on a single subject and are designed to provide factual information
concerning a specific topic within the subject. Reference guides are
more informational than instructional, meaning that their content has
not been structured to support sequenced learning and that they are
not intended to be read from start to finish. Rather, they are designed
to allow users to search for specific information by using the search
field or by navigating the books, chapters, and pages that are displayed
in the reference guides’ navigation window.

Field practices and diagnostic tools Just as the category’s name implies, this group of tools provides deci-
sion support to farmers and extension workers by providing decision
trees for diagnosis, such as those found in RiceDoctor, or field practices,
such as those found in TropRice.

Rice biological databases and GIS maps This category launches the International Rice Information System da-
tabase, which is the rice implementation phase of the International
Crop Information System (ICIS), which is a database that provides
integrated management of global information on genetic resources
and crop cultivars. This includes germplasm pedigrees, field evaluations,
genetic  (quantitative trait locus [QTL]) maps, structural and func-
tional genomics data (including links to external plant databases) and
environmental GIS data. The GIS map link in this category provides
access to various maps produced by IRRI’s GIS unit.

Training materials The training materials category is the largest in the entire Knowledge
Bank. Containing more than 450 files in 34 separate topic areas, the
training materials category is a staging and collection area for all in-
structional materials used in IRRI Training’s conventional face-to-face
instruction. PowerPoint presentations, handouts, brochures, and les-
son plans make up the majority of the assets stored in this category.
The content within each category is easily searched using the training
material’s search feature.

Bank for their topic, see what has already been writ-
ten or developed, then make any adjustments re-
quired to customize the material to their instruc-
tional context. When the course is complete, the
material is then uploaded to the training materials
area for use during the next training. This effort
saves hours of preparation time for future courses
and ensures that training messages are delivered
consistently.

In this regard, numerous contributions to the
training materials area are being made by IRRI sci-
entists and their partners, CAB International, the
University of Queensland, and the Royal Agricul-
tural College of Cirencester. In the Rice Grain Qual-
ity course section, students’ feedback and input and
instructor’s comments concerning grain quality are
captured, and stored, allowing them to be searched
and accessed. The collection and transformation of
this tacit knowledge into explicit knowledge are an-
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The Rice Knowledge Bank will be a big help to our
organization because it is very informative and will
readily assist our extension workers in the field who
are attending to the different problems of the rice
farmers especially in the area of principles and prac-
tices of farm management.

other first step for IRRI and the CGIAR in true
knowledge management.

For IRRI’s external audience, a concept that has
grown out of the Rice Knowledge Bank is
DigitalExtension. DigitalExtension workshops are
offered at IRRI for NGOs, national agricultural re-
search and extension systems (NARES), farmers,
and IRRI partners. The workshops focus on how to
use the Rice Knowledge Bank to build rice knowl-
edge capacity that allows participants to make more
informed rice production decisions for themselves
or their constituents. According to Anita V. Anto-
nio of the Philippine Rice Research Institute:

As a vital component of the Rice Knowledge
Bank’s external audience, partners help disseminate
Rice Knowledge Bank information by hosting in-
country training opportunities, providing transla-
tion services for Rice Knowledge Bank content, and
sharing resources through collaborative projects.
Tamil Nadu Agricultural University (TNAU), India,
has traditionally been a testing ground for IRRI in-
novations and the Knowledge Bank was no excep-
tion. As the first partner, TNAU facilitated delivery
of the Knowledge Bank’s first eLearning course, Rice
Grain Quality. According to Natarajan
Venkatachalapathy, a participant in the Rice Grain
Quality eLearning course from Thanjavur, Tamil
Nadu State, southern India,

The Rice Grain Quality eLearning course allowed
me to work at my own pace, at home, using my
own time. It was designed for scientists, millers,
consumers, and traders, and it improved my skills
in rice quality, production, costing, and identifying
quality characteristics. The course was easy to un-
derstand, interactive, and interesting. Not everyone
has the money or time to travel for training. In my
case, I was not comfortable leaving my family for
2–3 weeks to take training in another country. By
learning online, I was able to work at my leisure,
didn’t have to travel, and could easily communi-
cate with the course’s instructors even though we
were thousands of miles apart.

For another partner, Angiang University, lo-
cated in the Mekong Delta region of Vietnam, the

Rice Knowledge Bank’s ability to be delivered via
CD-ROM is ideal as Angiang University has a state-
of-the-art internal computer network but lacks good
Internet connectivity. By placing the Knowledge
Bank CD-ROM on the university’s internal network,
students can access the content as if they were di-
rectly connected to the Knowledge Bank via the
Internet.

With regard to CD-ROM delivery, more than
200 copies of the Knowledge Bank have been dis-
tributed in 11 different countries. Since the Knowl-
edge Bank will always be a work in progress with
new content being added every day, any time a CD-
ROM version is requested, it is produced at that
moment, thanks to the Knowledge Bank’s single-
source publishing methodology. This ensures that
partners using the CD-ROM version have the most
up-to-date information possible.

Accomplishments and future direction
As with any innovation, the Knowledge Bank’s con-
tinued success depends on its early adopters and
the steady stream of content provided by its con-
tributors. In its brief history, the Knowledge Bank
has

• grown to include 20 reference guides, 2 de-
cision support tools, 2 eLearning courses, 5
KnowledgeBytes, and more than 450 raw
training materials;

Vietnamese translation of Rice Doctor provided by Angiang University.
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• experienced over 1 million hits on its Internet
site;

• successfully trained and graduated 25 par-
ticipants from the CGIAR and various part-
ners using the Knowledge Bank’s two
eLearning courses; and

• established the concept and physically
trained 14 participants from Philippine re-
search institutes regarding the Knowledge
Bank in IRRI’s first-ever DigitalExtension
workshop.

The Knowledge Bank’s future will be one in
which

• The Knowledge Bank will become a coor-
dinated effort on a CG-wide scale.

• Partnerships will continue to be strength-
ened and established to disseminate the
Knowledge Bank’s content and to ensure
that its development is demand-, rather than
supply-, driven.

• Assets are continuing to be built while ex-
panding on other distance-learning meth-
odologies to bring a 360-degree learning ca-
pacity (learning anytime, anywhere, no
matter what the technological limitations)
to IRRI training.

• What is eLearning?

• Is eLearning as
effective as face-to-face
instruction?

• What are the
economics of
eLearning?

• What are the
advantages of
eLearning?

• How do you ensure the
proper design and
effectiveness of your
eLearning?

For more information, contact
irri-training@cgiar.org or visit the eLearning
for Development course at
http://www.knowledgebank.irri.org
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Plant breeding

In rice, at least 40 genes confer-
ring resistance to blast (caused by
Magnaporthe grisea) have been
described since 1985 (Sallaud et
al, 2002), but only two were
cloned (Pib [Wang et al 1999] and
Pita [Jia et al 2000]). These genes
belong to the nucleotide-binding
site-leucine-rich repeat) (NBS-
LRR) family of plant resistance
genes. Direct molecular interac-
tion between the protein encoded
by Pita and the corresponding M.
grisea avirulence gene product
AVR-PITA (a small secreted pro-
tein) has been demonstrated (Jia
et al 2000). Therefore, the recog-
nition of fungal protein produced
during the early stages of the in-
fection process is the initial step
in the resistance to blast con-
trolled by Pita. Other known M.
grisea avirulence genes encode for
small proteins that are likely to be
secreted during infection. They
are involved in nonhost resistance
either in weeping lovegrass or in
rice.

Recently, we have geneti-
cally characterized a new M.
grisea avirulence gene (AVR1-
IRAT7, Dioh et al 2000) that was
isolated by map-based cloning
and renamed it ACE1 (Böhnert et
al 2000). ACE1 was introduced by
transformation in several virulent
rice blast isolates, producing pairs
of isogenic strains that differ only
in their avirulence toward rice
cultivar IRAT7. These isogenic

Characterization of Pi33, a resistance gene in rice
interacting with Magnaporthe grisea avirulence gene
ACE1

R. Berruyer, H, Adreit, J. Milazzo, D. Tharreau, UMR BGPI, CIRAD, Montpellier, France; W. Dioh, Monsanto,
St. Louis, Missouri, USA; H.U. Böhnert, I. Fudal, M.-H. Lebrun, UMR1932, CNRS-Aventis, Lyon, France; L.
Zhu, Institute of Genetics, Chinese Academy of Sciences, Beijing, China; A. Price, Plant and Soil Sciences
Department, University of Aberdeen, Aberdeen, UK; and J.-L. Notteghem, UMR BGPI, Ensam-INRA,
Montpellier, France     E-mail: tharreau@cirad.fr

strains were inoculated on vari-
ous differential or resistant rice
varieties carrying genes with
known resistance to blast to iden-
tify the resistance gene corre-
sponding to ACE1 (see table). If a
rice variety is susceptible to the
virulent strain but resistant to the
isogenic avirulent strain carrying
ACE1, we consider this variety to
carry the resistance gene corre-
sponding to ACE1. With the ex-
ception of C101LAC (carrying the
blast resistance gene Pi1), none of
the rice differentials tested was
resistant to an avirulent strain
with ACE1 (see table), suggesting
that the corresponding resistance

gene could be Pi1 (located on
chromosome 6). The C104LAC
line that also carries Pi1 was sus-
ceptible to avirulent M. grisea
strains carrying ACE1, demon-
strating that it does carry the re-
sistance gene corresponding to
ACE1.

The resistance gene corre-
sponding to ACE1 was detected
in several resistant varieties, in-
cluding IR64 and Bala. The IR64/
Azucena and Azucena/Bala
crosses were used to map this re-
sistance gene. In both crosses, this
gene maps to a single locus on
chromosome 8, close to the G1010
RFLP marker. Since the two spe-
cific blast resistance genes Pi11(t)
(=Pi-zh; Zhu et al 1993) and Pi29(t)
(Sallaud et al, 2002) were already
mapped on this chromosome, al-
lelism tests were conducted. In
both cases, we could identify sev-
eral recombinants (see figure),
showing that the resistance gene
corresponding to ACE1 is neither
Pi11(t) nor Pi29(t), but a new rice
resistance gene located on rice
chromosome 8. Following the no-
menclature in use for blast resis-
tance genes, we named this gene
Pi33. Fine mapping of this locus
is in progress.
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resistance
to ACE1

Detection of a major resistance gene corresponding to avirulence gene ACE1 in several rice differentials and resistant cultivars.

Rice cultivar R genes Reaction to inoculation with  Specific

Guy11 PH14 PH14- PH19 PH19- 2/0/3 2/0/3-
ACE1 ACE1 ACE1

Maratelli
  (susceptible control) S S S S S S S N

Resistant IRAT 7 Pi33 R R R S R Y
  controls DJ8-341 Pi33 R R R S R Y

Parents of IR64 Pi29 + others R S R S R R R Y
  progenies Azucena S S S S S S S N
  used in this Bala R Y
  work ZYQ8 Pi11(t) S R S R R R Y

JX17 R R R R S S N

C101LAC Pi1 R S R S R Y
C104LAC Pi1 S S S S S N
C103TTP Pi1, Pi1b S S S S S N
C101A51 Pi2 S S S N

Isogenic lines C102A51 Pi2 S S S N
  made from C105TT9-4 Pita S S S N
  CO 39   (L-24)
  (Mackill and C101TTP-3 Pita S S S N
  Bonman C105TTP-1 Pita S S S N
  1992) C105TTP-2 Pita S S S N

  (L-9)
C104PKT Pita S S S N
C105TTP-2 Pi3 S S S N
  (L-23) Pita S S S N

Fukunishiki Piz Pish S S S N
K1 Pi-a R R R ?
K59 Pit S S S N
K60 Pikp S S S N

Japanese Kanto 51 Pik S S S N
  differential Norin 22 Pish S S S N
  cultivars Pi-no. 4 Pita2 S S S N
  (Kiyosawa Reïho Pita, Pita2 S S S N
  1984) Shin 2 Piks, Pish S S S N

St1 Pif S S S N
Toride 1 Pizt S S S N
Tsuyuake Pikm S S S N
Zenith Piz Pia S S S N

R = resistant, S = susceptible, Y = yes, N = no.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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The semidwarfing sd1 gene, the
most common height-reducing
gene in rice, is present in most
modern cultivars. It was intro-
duced into indica rice varieties in
the 1960s with IR8, the corner-
stone of the Green Revolution.
Independently, a different sd1 al-
lele was identified in a japonica
background following mutagen-
esis (Mackill and Rutger 1979).

The presence of sd1 can be
determined only from the final
height of the plant, which is
scored late in development, and
is influenced by environmental
factors. Furthermore, sd1 is a re-
cessive gene, and heterozygosity
at the sd1 locus can be determined
only by progeny testing. The de-
velopment of a molecular marker
for sd1 would therefore provide
breeders with additional options
to test for the presence of short or
tall alleles rapidly and at any
growth stage.

The gene encoding sd1 has
recently been cloned (Monna et al
2002, Spielmeyer et al 2002). The
semidwarf stature is due to a ge-
netic mutation in a gene involved
in the production of the growth
hormone gibberellin (Os200x2).
Using the Os200x2 gene sequence,
we combined polymerase chain
reaction (PCR) and restriction di-
gestion of PCR products to pro-
duce specific markers for the two
major semidwarf and tall alleles
of sd1.

PCR was set up in a total
volume of 20 mL and contained
100 ng of template DNA, 2 mL
Hotstar buffer (Qiagen), 4 mL Q
solution, 0.4 mL 10 mM dNTP, 2
mL 10 mM Sd1-F primer, 2 mL 10
mM Sd1-R primer, and 0.2 mL

“Perfect” markers for the semidwarfing gene sd1 in rice

M.H. Ellis and W. Spielmeyer, CSIRO Plant Industry, GPO Box 1600, Canberra ACT 2601, Australia
E-mail: marc.ellis@csiro.au

Hotstar Taq. The primers used
were
Sd1-F: 5′ – CAC GCA CGG GTT
CTT CCA GGT G-3′
Sd1-R: 5′ – AGG AGA ATA GGA
GAT GGT TTA CC-3′

The cycling conditions were
94 °C, 5 min; five cycles (at 94 °C,
30 s; 55 °C, 30 s, and 72 °C, 1 min
30 s), 30 cycles (at 94 °C, 20 s;
55 °C, 20 s, 72 °C, 1 min); and 25
°C,  1 min.

To determine the Calrose 76
allele, 2 mL of digestion enzyme
XhoI was added to the PCR prod-

ucts and the mixture was incu-
bated at 37 °C for 1 h. The PCR
and digestion products were
separated by agarose gel electro-
phoresis and visualized after
ethidium bromide staining using
standard protocols.

The sd1 allele present in in-
dica rice (originating from Dee-
geo-woo-gen [DGWG]) was
found to contain a 383-bp deletion
in the genomic sequence of
Os200x2 (Monna et al 2002,
Spielmeyer et al 2002). We de-
signed PCR primers that spanned

(A) PCR strategy to test for the DGWG allele
of sd1. (B) Strategy to test for the Calrose 76
allele of sd1. (C) PCR analysis of sample
cultivars. Nipponbare, Kyeema, and Calrose
are tall rice varieties; Doongara, IR36, and IR8
contain the DGWG allele; Calrose 76 and
Amaroo contain the Calrose 76 allele of sd1.

B

sd1F sd1R

sd1F sd1R

626-bp fragment
105-bp

fragment

Xhol

Point mutation
removes        site

Tall rice
(e.g., Calrose)

731-bp PCR product

       rice (c76)
(e.g., Calrose 76, Amaroo)

731-bp PCR product

sd1F sd1R

383-bp
deletion

sd1Rsd1F

348-bp PCR product

Tall rice
(e.g., Nipponbare, Kyeema)

      rice (DGWG)
(e.g., Doongara, IR8, IR36)

A

sd1

Xhol

sd1

C

Nipponbare
Kyeema

Doongara

IR8

IR36

Calrose
Calrose 76

Amaroo

X
hol



14 December 2002

With the rapid development of
molecular biological technology
in the 1990s, the transfer of for-
eign genes into crops has become
a routine, making it possible to
introduce genes that encode the
C4 photosynthesis enzyme into
C3 plants. Ku et al  (1999) were
the first to successfully introduce
the intact gene of maize
phospho-enolpyruvate carboxy-
lase (PEPC), which is the key en-
zyme in the C4 photosynthesis
pathway in maize, into a C3 crop
such as rice. They obtained
plants that express a high level
of photosynthetic activity, even
exceeding that in maize. We thus
propagated and identified
transgenic rice plants in every
generation and are now in the 7th
generation.

Recently, hybridization be-
tween a PEPC transgenic rice

Photosynthetic characteristics of PEPC transgenic rice

Zhang Yunhua and Jiao Demao, Institute of Agrobiological Genetics and Physiology, Jiangsu Academy of Agricultural
Sciences, Nanjing 210014, China     E-mail: photosyn@public1.ptt.js.cn

this deletion as illustrated in the
figure (A). In tall rice containing
the full-length gene, a 731-bp
product was obtained (as shown
for Kyeema and Nipponbare, see
figure, C), whereas in cultivars car-
rying the deletion, a smaller band
was produced (Doongara, IR36,
and IR38).

The allele of sd1 present in
japonica rice contained a single
nucleotide substitution in the
coding sequence of Os200x2,
which abolished an XhoI restric-
tion site. This can be exploited in
the strategy outlined in the figure
(B), whereby the region surround-
ing the mutation was amplified
by PCR, then digested with XhoI.
In tall rice cultivars, the PCR

product was cut by the enzyme
(e.g., Carlos, see figure, C),
whereas in cultivars containing
the point mutation (Calrose 76,
Amaroo), the fragment remained
uncut. Because the test does not
rely on single nucleotide poly-
morphism discrimination by
PCR, this procedure should be
robust in terms of variation in
experimental conditions.

Both of the above PCR
markers were codominant, allow-
ing heterozygous plants to be dis-
tinguished by the superimposi-
tion of the “short” and “tall”
banding patterns. These markers
are expected to play a useful role
in marker-assisted selection,
particularly in cases where desir-

able traits from tall landraces are
introgressed into adapted semi-
dwarf backgrounds.
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plant and high-yielding cultivars
from Jiangsu and Anhui prov-
inces was done and some prog-
enies with good physiological
characteristics were obtained.
Based on available good plant
types and heterosis, the C4 pho-
tosynthesis enzyme gene intro-
duced into high-yielding rice cul-
tivars through genetic manipula-
tion is expected to open up a new
approach to physiological breed-
ing in rice.

The parameters of chloro-
phyll fluorescence are good indi-
ces to estimate the activity of pho-
tosystem II (PSII). The figure
shows that, with increases in light
intensity, PSII, primarily photo-
chemical efficiency (Fv/Fm),
drops. Under strong light, Fv/Fm
in PEPC transgenic rice decreased
by 10.5%, while Fv/Fm in
untransformed rice (WT) de-

creased by 45.4%. The PEPC
transgenic rice exhibited a better
adaptive capability and higher ef-
ficiency of energy conversion and
tolerance for photoinhibition un-
der strong light compared with
WT.

The figure (B) shows that,
under low light intensity, the pho-
tosynthesis of PEPC transgenic
rice was similar to that of WT.
However, with an increase in light
intensity, the light-saturated in-
tensity and the light-saturated
photosynthetic rate varied. In
PEPC transgenic rice, the light-
saturated intensity was 1,200
mmol m–2 s–1, which increased by
55%, higher than that in WT rice.
PEPC transgenic rice exhibited a
higher photosynthetic capability
under high light intensity after
the PEPC gene of maize had been
introduced.
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The figure (C) shows that
the photosynthetic rate of PEPC
transgenic rice was higher than
that of WT rice at lower tempera-
ture. For instance, at 15 °C, the
photosynthetic rate of untrans-
formed rice was 17.53 µmol m–2 s–

1, while that of PEPC transgenic
rice was 18.62 µmol m–2 s–1. The
optimum temperature for
untransformed rice was from 30
to 35 °C, while the highest photo-
synthetic rate was observed in
PEPC transgenic rice at 35 °C. The
photosynthetic rate of PEPC
transgenic rice was 17.5% higher
than that of untransformed rice at
35 °C. When the temperature was
above 35 °C, the photosynthetic
rates of both transgenic and
untransformed rice decreased,
but the photosynthetic rate of
PEPC transgenic rice decreased
less. At 40 °C, the photosynthetic
rate of PEPC untransformed rice
was 74.1% of that at 35 °C, while
the photosynthetic rate of PEPC
transgenic rice was 87.2% of that
at 35 °C. These results showed
that the photosynthesis of
transgenic rice had better adap-
tation to high and low tempera-
tures.

Measurements of the physi-
ological parameters of photosyn-
thesis in PEPC transgenic rice and
WT (see table) revealed that PEPC
activities in the segregated popu-
lation from the former were stable

Changes in Fv/Fm (A) and net photosynthetic rate (B and C).

at 1,400 µmol mg–1 Chl.h–1 and 20-
fold higher than those in WT.
Moreover, carboxylation effi-
ciency and the light-saturation
photosynthetic rate in PEPC
transgenic rice were 50% and 55%
higher than those in WT, respec-
tively. The CO2 compensation
point decreased by 27% com-
pared with that of WT, which in-
dicated that PEPC transgenic rice
can assimilate CO2 under high
light intensity. It has also been
observed that Fv/Fm in PEPC
transgenic rice under strong light
was 42.3% higher than that in WT;
the indices of active O2 such as O2

generation rate and membrane-
lipid peroxidation product MDA
under strong light in PEPC
transgenic rice leaves were 12.5%
and 9.7% lower than those in WT

leaves, respectively, which im-
plies that PEPC transgenic rice
was efficient in converting light
energy under strong light. The
stronger capability of CO2 assimi-
lation and the greater efficiency
of light energy conversion under
high light intensity or limited CO2

conditions may contribute to the
22% higher productivity of PEPC
transgenic rice over WT.
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Enzyme activities and physiological indices of photosynthesis and grain yield in PEPC
transgenic rice and untransformed rice.

Untransformed rice PEPC transgenic rice Enhancement

PEPC activity
  (µmol mg–1 Chl.h–1) 69.7 + 5.8 1,421 + 117 20.4-fold
Photosynthetic rate, Pn
  (µmol m2 s–1) 20.3 + 1.0 31.3 + 1.4 55.0%
Carboxylation efficiency
  (µmol mol–1) 0.077 + 0.003 0.115 + 0.005 50.0%
CO2 compensation point
  (µmol mol–1) 66.3 + 2.1 52.2 + 1.3 –21.0%
Fv/Fm (strong light) 0.422 + 0.03 0.732 + 0.04 42.3%
O2

  (nmol mg-1 protein min–1) 0.417 + 0.04 0.365 + 0.03 –12.5%
Malondialdehyde (MDA)
  (nmol g–1 FW) 15.94 + 1.5 14.14 + 1.2 –9.7%
Grain yield
  (g pot–1) 24.6 + 2.1 30.0 + 1.8 22.0%

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Hybrid rice technology is being
used as a key approach to increase
national rice production in the
Philippines. Hybrid combina-
tions from PhilRice, IRRI, and
AgroSeeds are entered in national
trials and to date, three have been
released: PSBRc26H or Magat
(IR62829A/IR29723-143-3-2-1R)
in 1994, PSBRc72H or Mestizo
(IR58025A/IR34686-179-1-2-1R)
in 1997, and PSBRc76H or Panay
(AgroSeeds hybrid) in 1999.
PhilRice, the lead and coordinat-
ing agency for all rice research,
development, and extension in
the country, has been collaborat-
ing with hybrid rice programs of
other countries to expedite hybrid
rice technology development and
use. The IRRI-Asian Develop-
ment Bank-funded project Devel-
opment and Use of Hybrid Rice
in Asia, for example, has fostered
and strengthened collaborative
ties between the Philippine pro-
gram and those of India and Viet-
nam.

To determine the potential
of using hybrid rice introductions

Performance of elite Indian rice hybrids in northern
Philippines

E.D. Redoña, T.E. Mananghaya, I.A. de la Cruz, and S.A. Ordoñez, Plant Breeding and Biotechnology Division, Philippine
Rice Research Institute (PhilRice), Muñoz, Nueva Ecija 3119, Philippines      E-mail: edredoña@mestizo.philrice.gov.ph

directly in Philippine agriculture,
seven elite hybrids released from
India APHR1, APHR2, CNRH3,
CORH2, HRI 6201, HRI 643027,
and PHB71 were tested under
transplanted and irrigated condi-
tions during the 1998 wet season
(WS) and 1999 dry season (DS) at
PhilRice, Muñoz, Nueva Ecija, in
northern Philippines (15° N,
120° E, 48 m above sea level). The
hybrids, obtained from Dr. K.
Krishnaiah, project director of the
Directorate of Rice Research,
Hyderabad, India, were evalu-
ated using a randomized com-
plete block design with three rep-
lications and 8-m2 plots. Two
popular and high-yielding inbred
varieties (PSBRc18 and PSBRc28)
and the local hybrid PSBRc26H
were used as checks.

Highly significant yield
differences were observed
among the hybrids in the WS but
not in the DS (Table 1). For hy-
brids APHR1, PHB71, HRI-
6201, and CORH2––outyielded
the checks during the WS. None
of the test hybrids performed bet-

ter than the highest yielding
check during the WS. Across sea-
sons, only PHB71 outyielded all
three checks, but CORH2, HRI-
6201, and CNRH3 performed bet-
ter than two of the three checks.
All introduced hybrids per-
formed better in the DS than in
the WS; the average seasonal
yield difference was 0.7 t ha–1.
Rank shifts were noted for yield
across seasons but were most pro-
nounced (>1 t ha–1) for APHR1
and HRI-6201. APHR2, CNRH3,
and the three checks had the most
stable yield performance across
seasons. The combined analysis
of variance for yield, however,
revealed highly significant differ-
ences between seasons but an in-
significant season × variety inter-
action. For yield as a function of
maturity, highly significant differ-
ences were also observed in the
WS but not in the DS. Yield per
day was higher in the DS than in
the WS, probably because of
higher solar radiation and more
favorable growing conditions.
APHR1 produced the highest

Table 1.  Absolute yield, yield as a function of growth duration, and yield heterosis of entries evaluated at PhilRice during 1998 WS and 1999
DS.

Entry Yield (t ha–1) Yield (kg d–1) Av yield heterosis (%)

 DS WS Mean Difference  DS  WS Mean Difference   DS WS Mean

APHR1 6.4 4.0 5.2 2.4 60 37 48 22 20 –23 –1
APHR2 4.4 4.2 4.1 0.2 41 37 39 3 –17 –19 –18
CNRH3 5.3 5.1 5.2 0.2 55 51 53 3 0 –3 –2
CORH2 5.8 5.2 5.5 0.7 52 47 50 5 10 –2 4
HRI 6201 6.0 4.5 5.2 1.5 53 39 46 14 13 –15 –2
HRI 643027 5.4 4.5 5.0 0.9 48 40 44 9 2 –14 –6
PHB71 6.3 5.3 5.8 1.0 55 46 50 9 18 2 10
PSBRc14 5.6 5.5 5.6 0.01 50 49 50 1 – – –
PSBRc26H 5.2 5.2 5.2 0.07 49 46 48 2 – – –
PSBRc28 5.2 5.0 5.1 0.2 48 47 48 1 – – –
   Mean 5.6 4.8 5.2 0.7 51 44 47 7 7 –10 –2
   LSD (0.05) 1872 697 1081 – 17 7 10 – – – –
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yield across seasons, but it also
exhibited the greatest reduction
during the WS. Again, APHR2,
CNRH3, and the three checks
gave the most stable perfor-
mance. CNRH3 has the highest
average yield across seasons. In
the Philippines, varieties have
mostly been released based on
both WS and DS data that could
lead to a bias toward stable per-
formance over season-specific
performance.

Highly significant differ-
ences among test entries and sea-
sons were also noted for days
to maturity and plant height
(Table 2). Growth durations of test
hybrids ranged from very early
(<100 d) to early (100–120 d), were
generally comparable with those
of the checks, and satisfied Fili-
pino farmers’ preference for early
maturing varieties. Although sea-
son × variety interaction for
growth duration was highly sig-
nificant, with most hybrids ma-
turing later during the WS, rank
shifts in days to maturity were too
minimal to be of practical signifi-
cance. Large seasonal differences
were observed in plant height,
with test entries taller by an aver-
age of 25 cm during the WS. An

increase in plant height was gen-
erally observed during the WS at
PhilRice because of ambient en-
vironmental conditions.

Differences in number of
productive tillers among test en-
tries were insignificant during
both the WS and DS. Tiller num-
ber during the WS, however, was
significantly greater than in the
DS because of an environment-
induced increase in vegetative
growth. For percentage of filled
spikelets, top-yielding hybrids
PHB71, HRI 6201, and APHR1
also showed the highest percent-
age fertility. The weight of 1,000
seeds was generally stable across
seasons but varied among test
entries. The hybrids CNRH3,
PHB71, and CORH2 had seed
weights most comparable with
those of the checks. Consumers in
the Philippines prefer the me-
dium-length and slender-grain
type, just like what IR64 has.

Current Philippine varietal
release procedures require hy-
brids to exhibit at least 15% het-
erosis or yield superiority over
high-yielding inbred check culti-
vars before they can be approved
for commercial release. Only two
hybrids, APHR1 and PHB71, met

Table 2. Growth duration, plant height, percentage fertility, and 1,000-seed weight of entries evaluated at PhilRice during 1998 WS and 1999
DS.

Entry Maturity (d) Plant height (cm) Tiller (no.) Fertility (%) 1,000-seed weight (g)

DS WS Mean DS WS Mean DS WS Mean DS WS Mean DS WS Mean

APHR1 107 108 108 78 109 93 11 14 13 81 79 80 26.2 25.7 26.0
APHR2 109 114 112 77 102 89 13 16 14 59 60 59 20.4 20.1 20.2
CNRH3 97 99 98 78 96 87 12 19 16 76 76 76 21.6 23.1 22.3
CORH2 112 109 111 95 110 103 10 14 12 73 71 72 22.3 21.7 22.0
HRI 6201 114 116 115 90 120 105 11 16 13 80 79 80 24.2 23.9 24.0
HRI 643027 113 114 114 82 109 96 11 14 13 73 70 72 20.7 20.0 20.4
PHB71 115 116 116 97 113 105 11 15 13 83 82 83 22.7 22.2 22.4
PSBRc14 112 112 112 80 109 94 12 17 15 79 78 79 23.4 23.1 23.2
PSBRc26H 106 113 110 75 108 92 14 14 14 76 74 75 22.6 21.7 22.2
PSBRc28 108 105 107 80 101 90 13 17 15 77 79 78 22.8 22.2 22.5
   Mean 109 111 110 83 108 95 12 16 14 76 75 75 22.7 22.4 22.5

this criterion; yield was calculated
relative to the average of the three
checks, but only during the DS
(Table 1).

Released hybrids from India
appear to be suited for use only
during the DS in the Philippines.
The test hybrids, except for
APHR2, generally surpassed the
average yield of the three checks
during the DS. PHB71 was the
only hybrid with positive hetero-
sis during the WS. Hence, out-
standing hybrids such as APHR1
and PHB71 can be considered
only for season-specific release in
the Philippines. The relatively
poor performance of introduced
hybrids during the WS could be
explained by the high incidence
of pests and diseases, which are
usually more prevalent in the WS
than in the DS. However, since
PhilRice is just one of the 12 sites
used for evaluating hybrids in the
varietal release pipeline and since
biotic and abiotic conditions at
different sites vary, potential ex-
ists for using selected Indian hy-
brids directly in Philippine agri-
culture, particularly in DS crop-
ping.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Genetic resources

Early maturing rice varieties are
predominantly grown in favor-
able uplands in rice-tobacco and
rice-maize sequences. Attitudes
of farmers about varieties have
subtly changed. Farmers now
prefer higher quality grain vari-
eties, mainly as a result of food
sufficiency. However, the choice
is limited. A new variety, Prabhat,
released a few years back with
long slender grains, became
popular. However, being an early
duration variety (100 d),
Prabhat’s ripening stage occurs
during the rainy period. To de-
velop high-yielding varieties with
115–120-d duration that will ma-
ture after cessation of rains and
with superior grain quality, sev-
eral crosses involving Type 3, a
pureline selection from crosses
using traditional Basmati rice as
one of the parents, were made
and their progenies evaluated in
1995-96. RAU1400-5-7-9-B-1, de-
rived from Gautam/Type 3 with
115-d duration and long slender
grain, was found to be superior
and was subsequently evaluated
in a multilocation trial. Its yield
ranged from 4.2 to 4.5 t ha–1 in a
state varietal trial (Table 1) and
from 2.9 to 6.0 t ha–1, with an av-
erage of 3.9 t ha–1 (Table 2), in the
all-India coordinated trial con-
ducted across the country. The
average yield of national check
Sasyasree was 4.3 t ha–1. The test
entry RAU1400-5-7-9-B-1, how-
ever, was 10 d earlier than the
check and has long slender grain,
similar to that of Type 3 (length
[L] 7.15 mm, breadth [B] 1.73 mm,

Saroj, an early maturing rice released in Bihar, India

R. Thakur, A.K. Singh, R.S. Singh, N.K. Singh, S.B. Mishra, U.K. Singh, and V.K. Chaudhary, Rice Research Unit,
Rajendra Agricultural University, Pusa, Samastipur 848125, India   E-mail: rau@bih.nic.in

and L/B 4.15), and is conse-
quently superior to Sasyasree. It
has been named Saroj.

The performance of Saroj in
on-farm trials in different districts
in different years was exceedingly
good, recording a yield as high as
6.5 t ha–1 at one location (Table 3).

Table 1.  Yield (t ha–1) performance of Saroj (RAU1400-5-7-9-B-1) and check variety Saket 4
at different research stations, 1998-2001.

Year Location RAU 1400- Saket 4 CD at CV (%)
5-7-9-B-1    5%

1998-99 Pusa 4.2 4.0 0.17 15.9
Jhanjharpur 5.1 4.0 0.15 16.8

1999-2000 Pusa 4.4 4.3 1.90 18.2
Jhanjharpur 5.1 4.0 1.56 16.8

2000-01 Pusa 4.5 3.7 2.70 15.3
Jhanjharpur 4.3 3.8 1.90 18.8

Pooled mean 4.6 4.0 – –

Table 3. Performance of Saroj in on-farm trials, 1999-2000.

Sites Yield range (t ha–1) Av yield (t ha–1)
Year District (no.)

Saroj Check Saroj Check

1999 Samastipur 10 4.5–5.3 3.4–4.3 4.8 3.6
2000 Samastipur 12 3.8–6.5 3.1–4.2 4.3 3.4
1999 Muzaffarpur 5 3.8–5.1 2.9–3.8 4.4 3.1
2000 Muzaffarpur 9 3.6–5.3 2.7–4.0 3.9 2.9
1999 Darbhanga 8 3.9–5.6 3.5–4.1 4.1 3.7
2000 Darbhanga 7 4.0–5.1 3.7–4.3 4.2 3.9

This variety outyielded checks
Saket 4 and Pusa 2-21 at all loca-
tions. This is the first early matur-
ing, semidwarf variety with high
yield potential and excellent grain
quality for the upland. It is ex-
pected to be popular.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Table 2.  Yield (t ha–1) and maturity (d) of Saroj and check variety Sasyasree at different
locations in the all-India coordinated trial, 2000 wet season.

RAU1400-5-7-9-B-1 Shasyashree CD at 5% CV (%)

Yield Maturity Yield Maturity

Kaul 4.7 130 5.5 150 0.40 4.0
Patna 3.5 115 4.4 158 0.15 20.7
Jabalpur 4.1 113 3.8 127 0.09 13.3
GER 3.5 117 5.2 134 0.06 8.0
Karijat 3.1 107 2.4 125 0.11 19.4
Nawagam 3.2 115 4.4 132 0.04 6.2
Directorate of Rice 3.9 120 3.1 130 0.08 12.9
   Research
Maruteru 2.9 109 3.0 119 0.14 21.2
Coimbatore 3.3 116 3.7 114 0.04 7.2
Mandya 4.7 118 5.4 116 0.13 12.7
Pondicherry 6.0 117 6.1 117 0.08 7.6

Pooled mean 3.9 116 4.3 126

Location
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Areas cultivated to existing high-
yielding varieties with 120-d ma-
turity in irrigated transplanted
areas are shrinking because of dis-
ease (bacterial leaf blight and
sheath rot) and insect (Gandhi
bug and leaffolder) pressure in
eastern Uttar Pradesh. New vari-
eties for such areas are needed.
NDR2030 (IET15084) was devel-
oped following the pedigree
method from the cross Ratna/
Saket 3//IR36. It had stable yields
from 1996 to 1999, outyielding
national checks Shasyashree and
IR64 by 25% and 19.2%, respec-
tively, in multilocation tests con-
ducted at 64 locations in various
states (Table 1). Grain yield of

NDR2030: a promising new rice variety for mid-early
transplanted irrigated areas of eastern India

R.S. Verma, J.L. Dwivedi, and R.N. Vishwakarma, Crop Research Station, Narendra Deva University of Agriculture and
Technology, Masodha, Faizabad 224133, Uttar Pradesh, India   E-mail: nduat@up.nic.in or jldwivedi@rediff.com

NDR2030 ranged from 6.2 t ha–1

(Moncompu in Kerala State) to 9.5
t ha–1 (Karnal in Haryana State),
with an all-India average yield of
5.1 t ha–1. NDR2030 has interme-
diate plant height (100 cm), pos-
sesses strong and sturdy culms,
and flowers in 90-95 d. It is
resistant to gall midge 1, moder-
ately resistant to whitebacked
planthopper (WBPH) and gall
midge biotype 2, and moderately
resistant to bacterial leaf blight
and sheath blight. Besides its
proven yield potential and high
degree of disease and insect resis-
tance, it has long slender grains
(length-breadth ratio of 3.06) with
transluscent kernel appearance

Table 1. Yield and agronomic characteristics of NDR2030 (IET15084) and check varieties in
multilocation trials during 1996-99.

Days to Plant Maturity Grain yield (t ha–1)a   Av   Yield
Variety flowering height (d) yield increase

 (cm) 1996 1997 1998 1999 (t ha-1) over
 (10) (9) (11) (34) (64) checks (%)

NDR2030 90–95 100 120–125 4.6 4.5 4.7 5.0 4.7 –
Shasyashree (NC)b 95–100 96 122–125 3.8 4.2 4.2 4.0 4.0 15.8
IR64 (RC)c 85–90 102 115–120 3.7 3.2 3.2 4.2 3.6 30.7
Narendra 80 (LC)d 85–90 106 115–120 4.0 4.6 4.2 4.4 4.2 10.1

aNumbers in parentheses represent no. of locations. bNC = national check. cRC = regional check. dLC = local check.

Table 2. Yields of NDR2030 and check
varieties in farmers’ fieldsa during 2000 in five
districts of eastern Uttar Pradesh.

Variety Mean yield Yield increase over
(t ha–1) checks (%)

NDR2030 6.3 –
Narendra 80 5.2 21.1
   (check)
Saket 4 (check) 4.8 31.4

aMean grain yield in 13 farmers’ fields.

and 1,000-grain weight of 26 g.
With its consistent perfor-

mance nationally, NDR2030 was
recommended to the Variety
Identification Committee during
the 35th All-India Rice Group
Meeting held at the Directorate of
Rice Research, Hyderabad, in
April 2000, for mid-early trans-
planted irrigated areas of differ-
ent states. This promising new
variety may be a good substitute
for cultivated varieties Narendra
80 and Saket 4 as it showed supe-
rior yields in trials conducted in
13 farmers’ fields in Faizabad,
Gonda, Sultanpur, Barabanki,
and Ambedkar Nagar districts
(Table 2).

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Kanak (BK773-10), a high-yield-
ing rice variety, was evolved by
the pedigree method following
hybridization of Chambal and
Annapurna at ARS (Rajasthan
Agricultural University), Kota. In
coordinated trials conducted
from 1988 to 1991 at 41 locations,
Kanak yielded 7.2% higher than
national check Ratna. In state tri-
als conducted for 7 y, Kanak gave
a mean yield of 5.4 t ha–1; com-
pared with that of Ratna, the in-
crease in yield was 15.2%. In five
districts of Rajasthan Kota,
Bundi, Baran, Sriganganagar, and
Udaipur Kanak showed a yield
improvement of 21% in 375 mini
kit demonstrations (Table 1).

The effect of seedling age on
grain yield of different varieties
(including Kanak) was also stud-
ied in 1997-98. Results revealed
that 25-d-old seedlings gave the
maximum grain yield, with
Kanak being first in rank among
the varieties (Table 2). Likewise,
response to N (up to 120 kg ha–1)
was also studied in 1999-2000.
Results showed a maximum grain

Kanak—a new mid-early duration rice variety

K.B. Agrawal and C. Prakash, Agricultural Research Station (ARS), Ummedganj, Kota, India   E-mail: arskota@yahoo.com

Table 1. Yield performance of Kanak in
different trials.

Mean grain Yield increase
yield (t ha–1) over check (%)

Coordinated trials, 1988-91, 41 locations
Kanak 5.0
Ratna (check) 4.7 7.2
State trials, 1985-91
Kanak 5.4
Ratna (check) 4.7 15.2
Mini kit demonstrations, 1993, 375 locations
Kanak 5.6
Ratna (check) 4.6 21.0
   Grand mean
      Kanak 5.4
      Ratna (check) 4.7 14.5

yield of 5.4 t ha–1 at 120 kg N ha–1.
Among the varieties, Kanak was
again first (Table 3). Kanak is a
mid-early duration variety that
grows in 125–130 d under trans-
planted conditions. It is a dwarf
variety with very good early plant
vigor. Its 1,000-grain weight is
24.31 g. The kernels are long, slen-
der, white, and translucent. The
variety is resistant to neck blast and
is moderately resistant to brown
spot, leaf blast, and sheath rot.

India, the home of the long-
grained aromatic rice Basmati,
has established a monopoly in
exporting basmati rice, which
fetches a price two to three times
higher than that of regular rice.
The country earns as much as
Rs 18 billion annually in foreign
exchange. Although several aro-

Vasumati—a new Basmati variety released in India

N. Shobha Rani, G.S.V. Prasad, S.P. Singh, K. Satyanarayana, T. Kondal Rao, P. Bhaskar Reddy, and B. Krishna Veni,
Directorate of Rice Research (DRR), Rajendranagar, Hyderabad 500030, India   E-mail: n_shobha@yahoo.com

matic rice varieties  are grown and
consumed as basmati, only a few
types, such as Basmati 370, Type
3, Taroari Basmati, and Pakistani
Basmati, are considered economi-
cally important as they possess
the quality features required of
exported rice (IARI 1980). The tra-
ditional basmati varieties are tall,

low-yielding, and susceptible to
a range of pests and diseases.
Efforts to develop short-statured,
nonlodging, high-yielding bas-
mati varieties, insulated with pest
and disease resistance and pos-
sessing distinct quality features,
resulted in the release of Kasturi,
Pusa Basmati 1, and other variet-

Variety

Table 2. Effect of seedling age on grain yield
of rice varieties.

   Grain yield (t ha–1)

1997 1998

Seedling age (d)
25 5.3 5.2 5.3
32 4.7 4.7 4.7
39 4.0 4.4 4.2
46 3.8 3.9 3.8
   CD (P = 0.05) 0.18 0.28
   CV (%) 8.11 5.60
Variety
Kanak 5.3 5.4 5.3
Ratna 4.5 4.8 4.6
IR64 4.6 4.8 4.7
   CD (P = 0.05) 0.21 0.25
   CV (%) 5.16 6.22

Treatment Mean

Table 3. Effect of different N levels on grain
yield of rice varieties.

               Grain yield (t ha–1)

1999 2000

N level (kg ha–1)
0 3.3 3.4 3.3
30 3.8 4.0 3.9
60 4.6 4.7 4.7
90 5.0 5.1 5.0
120 5.4 5.5 5.4
   CD (P = 0.05) 0.22 0.27
   CV (%) 5.46 4.15
Variety
Kanak 5.4 5.5 5.5
Ratna 4.4 4.6 4.5
IR64 4.5 4.6 4.6
   CD (P = 0.05) 0.19 0.18
   CV (%) 8.11 6.25

Treatment Mean

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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ies in the early 1990s (Shobha
Rani 1992). This was followed by
several other varieties. But many
of these varieties had few basmati
characteristics. With the rise in ex-
ports of basmati from India since
the 1990s, varietal improvement
efforts received further impetus.
Through coordinated efforts, 10
elite lines were identified, includ-
ing IET15391 (RP3135-17-12-8-
8) released by the Central
SubCommittee on Crop Stan-
dards, Notification and Release of
Varieties, a national body as
Vasumati for traditional basmati-
growing areas of northwestern
India.

Overall, Vasumati recorded
a mean grain yield of 4.1, 4.3, 3.3,
and 3.7 t ha–1 in 1996, 1997, 1998,
and 2000, respectively, establish-
ing a significant yield superiority
of 12.4% over the best check Pusa
Basmati 1 and 46.9% over Taroari
Basmati, a traditional export-
quality check (Table 1). In 17 out
of 19 trials pooled over years in
the states of Haryana, Punjab,
Delhi, Himachal Pradesh,
Jammu, and Kashmir, and
Rajasthan, it was at the top and
was superior to checks Taroari
Basmati and Pusa Basmati 1 in 11
and 9 trials, respectively.

Vasumati is a semidwarf
(110 cm), compact, and non-
lodging ideotype that matures in
135 d. In addition to its long slen-
der, highly aromatic, and translu-
cent grains, Vasumati is endowed
with all the unique quality fea-

tures of basmati varieties (Table
2). It has intermediate amylose
content (25.2%) and alkali value
(4.2, 4.1). It recorded excellent lin-
ear elongation with a desirable
slender, flaky texture upon cook-
ing, which is on a par with checks
Taroari Basmati and Pusa Basmati
1. In panel tests where appear-
ance, cohesiveness, tenderness on
touching, chewing, taste, aroma,
and elongation were scored,
Vasumati achieved consistently
high ratings and was on a par
with standard checks (see figure).
In addition, Vasumati possesses
moderate resistance to leaf blast
and brown spot, high resistance
to gall midge biotypes 1 and 4,
and moderate resistance to
whitebacked planthopper. With
its resistance to/tolerance for
major pests, Vasumati can be pro-

duced pesticide- and residue-free
for export and can replace tradi-
tional and evolved varieties in
Punjab, Haryana, Uttaranchal,
Jammu and Kashmir, Himachal
Pradesh, Western Uttar Pradesh,
and Rajasthan because of its
unique basmati quality traits and
higher yield advantage.
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Rough rice and cooked rice of  Vasumati (left) compared with traditional check  Taroari Basmati
(right).

Table 1. Yield performance of Vasumati
(IET15391) in traditional basmati-growing
areas.

Grain yield (t ha–1)

IET15391 Taroari Pusa
Basmati Basmati 1

1996 2 4.1 3.2 3.4
1997 4 4.3 2.9 4.1
1998 6 3.3 1.8 2.8
2000 7 3.7 2.7 3.6
   Overall mean 19 3.9 2.6 3.5

Year of
testing

Trials
(no.)

Table 2. Grain quality characteristicsa of Vasumati.

Taroari   Pusa
Basmati Basmati 1

Milling (%) 69.7 67.1 65.3
Head rice recovery (%) 55.3 45.9 54.6
Kernel length (mm) 7.23 7.30 7.34
Length/breadth 3.96 4.04 4.11
Kernel length after cooking (mm) 13.5 14.3 14.4
Elongation ratio 1.86 1.95 1.98
Alkali valueb 4.2, 4.1 5.4, 5.3 7.0, 7.0
Amylose content (%) 25.19 23.15 23.93
Water uptake (mL) 157 202 302
Volume expansion ratio 4.2 4.3 4.4
Aroma Strongly Strongly Strongly

scented scented scented
aAnalyzed at the Directorate of Rice Research, Hyderabad. bAlkali values measured in a scale of 1–7.

Characteristic Vasumati
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The leading aromatic, fine-qual-
ity rice varieties, popularly
known as Basmati in world trade,
have traditionally been grown in
the north and northwestern parts
of the Indian subcontinent for
centuries on either side of the
Indus River. The traditional tall
Basmati varieties such as Basmati
370 (Punjab Basmati), Type 3
(Dehradun Basmati), Karnal lo-
cal, Taroari Basmati, and Paki-
stani Basmati fulfill the quality
norms required for export. But
these cultivars are poor grain
yielders and lodge under high
doses of nitrogenous fertilizers.
Sustained and systematic
research efforts at ARS
Ummedganj, Kota (Rajasthan Ag-
ricultural University), resulted in
the development of a Basmati
high-quality rice variety, Surabhi
(BK843-7). It is a derivative of the
cross Pusa Basmati 1/Baran
Basmati.

Surabhi showed a good
yield performance in both coor-
dinated and state trials. In coor-
dinated trials conducted for 3 y,
it had a mean yield of 3.5 t ha–1,
with a yield improvement of
20.8% over Taroari Basmati in tra-
ditional Basmati locations. In
state trials conducted for 5 y,
Surabhi yielded 4.8 t ha–1, with a
yield improvement of 87.0% over
Taroari Basmati. In on-farm dem-
onstrations conducted at 29 loca-
tions, Surabhi yielded 4.3 t ha–1,
with a yield improvement of
37.7% over Taroari Basmati
(Table 1).

Surabhi is a dwarf photope-
riod-insensitive indica rice vari-
ety that grows in 134–138 d from
seed under transplanted condi-

Surabhi—a high-quality rice variety
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tions. It is resistant to lodging.
Surabhi has synchronized flower-
ing and leaf senescence. The
panicles are long, compact, fully
exserted, and drooping at matu-
rity; the awns are dirty silver in
color. The grains are long, slender,

Table 1. Yield performance of Surabhi in
different trials conducted at traditional
Basmati locations.

Grain yield (t ha–1)
Surabhi Taroari

Basmati

Coordinated trial
1993 3.5 (7)a 3.2
1994 3.4 (12) 2.4
1995 3.5 (9) 3.0
   Mean 3.5 2.9 20.8

State trial
1992 6.1 –
1994 4.9 –
1995 4.2 2.6
1996 4.1 2.4
1997 4.4 2.7
   Mean 4.8 2.5 87.0

On-farm demonstration
1997 4.3 (29) 3.1 37.7
   Grand mean 4.2 2.8 46.7

aNumbers in parentheses indicate the number of locations
where trials were conducted.

Table 2. Quality characteristics of Surabhi.

Characteristics Surabhi Taroari Basmatia

Hulling (%) 71.3 72.0
Milling (%) 62.4 61.6
Head rice recovery (%) 47.7 49.4
Kernel length (mm) 7.03 7.22
Kernel breadth (mm) 1.66 1.64
Length/breadth 4.24 4.14
Grain type Long slender Long slender
Alkali value 7.0, 7.0 6.2, 6.2
Water uptake (mL) 247 193
Volume expansion (ratio) 4.05 4.32
Kernel length after cooking (mm) 15.13 14.30
Elongation ratio 2.15 1.97
Amylose content (%) 25.14 22.13
Aroma Strongly scented Strongly scented

aMean of 3 y (1993, 1994, and 1995); Directorate of Rice Research, Hyderabad.

and straw-colored. The mean
1,000-grain weight is 18.5 g com-
pared with 19.2 g for Taroari
Basmati. Its kernels are white and
long slender, translucent, and
strongly scented. Being a strongly
scented cultivar with intermedi-
ate amylose and low gelatiniza-
tion temperature, Surabhi consis-
tently exhibited higher kernel
elongation upon cooking than
Taroari Basmati (Table 2). In the
panel test, it was rated as a highly
desirable cultivar better than
Taroari Basmati with its cooked
rice being scented, well sepa-
rated, highly elongated, fine-tex-
tured, and slender. Its overall ac-
ceptability of 3.7 is higher than
Taroari Basmati’s 3.5. The new va-
riety has shown moderate resis-
tance to brown spot and sheath
rot and tolerance for leaffolder.
Surabhi responds well to fertili-
zation up to 120 kg N ha–1. Better
yield is obtained when 25–30-d-
old seedlings are planted with a
row × plant spacing of 20 × 10 cm
at 2–3 seedlings hill–1.

Year of
testing

  Increase
over check
     (%)

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○
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Pest science & management

The root-knot nematode,
Meloidogyne graminicola, is one of
the main pests of rice in the Phil-
ippines (Prot et al 1993) and other
Asian countries (Bridge et al
1990). In the Philippines, this
nematode can be found in irri-
gated as well as in upland rice. Its
pathogenic effect, however, is
more important on upland and
rainfed rice than on irrigated rice
(Prot and Matias 1995).

Banana trees are a very com-
mon and striking element of the
landscape in most rice-growing
areas in the Philippines. They are
often planted very close to rice
fields and are often the only big
plants growing on bunds be-
tween plots. In Surinam (South
America), banana trees have been
reported to be a good host for the
other rice root-knot nematode, M.
oryzae. This species, found only in
South America at the moment, is
very close in taxonomy and biol-
ogy to M. graminicola (Segeren
and Sanchit 1984). Therefore, the
possibility of banana trees in the
Philippines becoming hosts of M.
graminicola was investigated.

Six suckers of each of three
common banana cultivars in the
Philippines were obtained from
the Institute of Plant Breeding of
the University of the Philippines
Los Baños. One cultivar was Saba,
a cooking banana, and the other
two were Lakatan and Latundan,
which are sweet bananas. These
18 plants were collected from a
nonsterilized soil and therefore
were probably contaminated with
nematodes. All roots were care-
fully removed by cutting them
with a knife as close as possible

The potential role of bananas in spreading rice root-
knot nematode, Meloidogyne graminicola

G. Reversat (seconded from IRD, France) and I. Soriano, IRRI   E-mail: g.reversat@cgiar.org

to the corm. The number of leaves
of each banana tree was reduced
to two or three. The surface area
of these remaining leaves was re-
duced by cutting them to half
their length to reduce transpira-
tion and to avoid their drying be-
fore new roots grow. Each plant
was replanted in a bucket with
the appropriate amount of pas-
teurized soil, from 8.5 to 30 L,
depending on the size of the
sucker. Five weeks later, the suck-
ers resumed growth, as evi-
denced by the development of
new leaves.

Each bucket was inoculated
with 10,000 infective juveniles (J2)
of M. graminicola (strain I-LB of
the IRRI nematology laboratory),
recovered from infested roots of
rice with the help of a mistifier.
Ten weeks after inoculation, the
banana trees were uprooted and
the roots were examined to detect
the presence of galls. The roots
were then placed in the mistifier
for 2 wk for nematode extraction.
Each root sample was weighed
(fresh weight) at the end of the
extraction period.

Roots of the 18 banana suck-
ers, recovered before replanting

for inoculation, were found to be
infested with nematodes specific
to banana (Gowen and
Queneherve 1990): Radopholus
similis and Helicotylenchus
multicinctus, but also Hoplolaimus
spp. and Meloidogyne spp. To rap-
idly check the group of
Meloidogyne coming from these
initial roots, nematodes obtained
from each sucker were inoculated
on one pot planted with rice
(UPLRi5) and one pot planted
with tobacco. These pots were
maintained in the glasshouse for
5 wk and the roots were collected
for examination. There were no
galls at all on rice or on tobacco.
This result demonstrated that the
native Meloidogyne extracted from
banana roots was neither M.
graminicola nor M. incognita.

Roots of banana trees were
harvested 10 wk after inoculation
with M. graminicola: they were
severely galled and important
populations of second-stage juve-
niles of Meloidogyne were recov-
ered from the mistifier (see table).
Since the size of the suckers was
quite variable within each culti-
var (3–12 kg), the range of root
population and root weight was

Final population of nematodes extracted from roots of banana trees cut out 10 wk after
inoculation with 10,000 infective juveniles of Meloidogyne graminicola (numbers per sample;
mean and range: max and min; six replications of each cultivar).

Nematode species Cultivars

Saba Lakatan Latundan

Meloidogyne Mean 92,000 74,580 17,630
   graminicola Min 29,500 36,500 5,500

Max 272,800 124,000 24,500
Radopholus similis Mean 0 35,700 0

(min-max) (106–162,000)
Fresh root weight Mean 476 228 184
   of sample (g) (min-max) (116–1,533) (172–353) (91–246)
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given rather than the standard
error. To check whether the recov-
ered juveniles belonged to the M.
graminicola species, juveniles
coming from each of the 18 ba-
nana trees were inoculated in 18
pots planted with rice (UPLRi5).
Five weeks later, roots of these
pots were washed out from the
soil and examined for galls: all 18
root systems were severely galled
with “hooked” terminal gall,
characteristic of infestation of this
rice variety with M. graminicola.
Thus, the developed nematodes
were M. graminicola and the three
banana cultivars were scored as
highly susceptible.

The most common banana
cultivars in the Philippines (Saba,
Lakatan, and Latundan) are able
to multiply and carry the rice
root-knot nematode M.
graminicola on their roots. Suckers
of banana are often moved from
one place to another in the Phil-
ippines. When banana trees are
planted near rice fields, the dis-
tance between the banana trees
and the first row of rice is usually
less than 2 m. Considering the
extension of the root systems of
both plants, reciprocal contami-
nation by nematodes between
rice and banana appears possible.
The dissemination of these pests
in this way can be much faster

than natural dispersion of nema-
todes, which move by about 10
cm per year. This possible fast dis-
semination could result in low
variability of this nematode spe-
cies throughout the Philippines.

Some additional studies are
needed. Our study demonstrated
the presence of M. graminicola in
the roots but not in the corm of
the suckers. If a sucker is moved
from one place to another, the re-
maining parts of the roots can
carry the nematode if there is no
paring of the corm after uproot-
ing. Carefully cutting out all the
roots at the corm level could
avoid transmission if the corm is
not infested. This last possibility
could be investigated by inocula-
tion with M. graminicola of nema-
tode-free suckers coming from tis-
sue culture. The contamination of
corm tissues of inoculated suck-
ers could be checked by histology.
Radopholus similis infests the roots
and the corm of banana (Gowen
and Queneherve 1990). This ex-
plains why this nematode species
was found in our inoculation ex-
periment (see table) despite the
paring of the corms. The treat-
ment for M. graminicola would be
the same as for R. similis: disin-
fect the corm by dipping in hot
water or use nematode-free ba-

nana seedlings from tissue culture
(Gowen and Queneherve 1990).
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Fish are potential predators of
snails (Slootweg et al 1994,
Halwart 1994). However, studies
on predation by freshwater fish
on the golden apple snail (GAS)
(Pomacea canaliculata Lam.) in rice
fields are limited (Halwart 1994,

Predation of freshwater fish on golden apple snail, Pomacea
canaliculata Lam., under screenhouse conditions
A.G. Cagauan, Freshwater Aquaculture Center, Central Luzon State University; and R.C. Joshi, Philippine Rice Research
Institute (PhilRice), Maligaya, Muñoz, Nueva Ecija 3119, Philippines   E-mail: p-fish@mozcom.com; rcjoshi@philrice.gov.ph

Cagauan 1999). At the PhilRice
screenhouse, we investigated the
predatory effect of four freshwa-
ter fish: Oreochromis niloticus,
Cyprinus carpio, red-bellied pacu
Piaractus brachypomus, and Asian
catfish Clarias macrocephalus on

GAS. O. niloticus eats mostly
plankton, C. carpio consumes de-
tritus and benthic organisms, and
P. brachypomus feeds on zooplank-
ton, insects, snails, and decaying
plants. These fish are exotic in the
Philippines. C. macrocephalus, a
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native of many Asian countries,
is carnivorous. Currently, O.
niloticus, C. carpio, and C. macro-
cephalus are cultured as food in
many Asian countries, including
the Philippines.  P. brachypomus,
a native of Brazil, was introduced
to the Philippines from Singapore
between 1980 and 1989 as an or-
namental aquarium fish.

Two experiments used a
high GAS density of 32 snails m–2

with O. niloticus and C. carpio,
whereas three used a low GAS
density of 8 snails m–2 with C.
carpio, P. brachypomus, and C. mac-
rocephalus. Each test run involved
one fish species in three sizes,
small (<10 g), medium (11–20 g),
and large (21–30 g for O. niloticus,
C. carpio, and C. macrocephalus and
30–50 g for P. brachypomus), with
three densities (one, two, and
three fish m–2). Fish were stocked
1 wk after rice transplanting and
cultured for 3 wk. Initial and fi-
nal individual length, weight, and
mouth opening of the fish were
measured. Thirty microplots (1 ×
1 m) planted with 21-d-old rice
seedlings (spacing: 25 × 25 cm)
were infested with two sizes of
GAS, <10-mm and 10–20-mm
shell height, immediately after
rice transplanting. In experiment
2, snails were color-coded by size.
Half of the total GAS density
plot–1 consisted of small-sized
GAS and the other half had large-
sized GAS. Missing and damaged
rice plants were recorded before
fish stocking and harvest. GAS
were counted and measured at
the end of 4 wk. The main effects
of the absence and presence of
fish were analyzed by ANOVA in
a randomized complete block de-
sign with three replications. Fish
effect was further partitioned into
effects of fish density, size, and
their interaction. The least signifi-
cant difference was used to com-
pare means.

In Experiment 1 (high GAS
density), the presence of O.
niloticus and C. carpio significantly
reduced GAS density after 3 wk
by 52% and 35%, respectively.
However, GAS densities of more
than 10 m–2 with the two fish spe-
cies were not desirable as they
could cause heavy damage to the
rice plants. The effects of fish den-
sity, size, and their interaction
were not significant.

In Experiment 2 (low GAS
density), C. carpio significantly re-
duced the mean GAS density by
43%. C. carpio reduced <10-mm
GAS density by 57%, whereas the
decrease in large-sized GAS (10–
20 mm) was not significant. Based
on the regression analysis of fish
mouth opening and body weight,
that is, Y = 4.394 + 0.174X (n = 68,
R = 0.923, P<0.001), a fish with an
initial body weight of 5–40 g had
a mouth opening of 5–12 mm.
This range of mouth opening was
not suitable to GAS with a shell
height of >12 mm. For GAS with

10–20-mm shell height to be con-
trolled, the body weight of the
fish must be >30 g so that the
corresponding mouth opening is
>10 mm. Fish density, size, and
their interaction did not contrib-
ute any significant variation to
GAS density.

P. brachypomus significantly
reduced the density of both sizes
of GAS by about 63% (see table).
The corresponding reductions in
small and large GAS were 63%
and 58%, respectively. Based on
the relationship of mouth open-
ing to body weight, that is, Y =
7.607 + 0.132X (n = 170, R = 0.865,
P<0.001), fish used had an initial
body weight of 5–62 g and a
mouth opening of 8–15 mm. This
range of mouth opening was suit-
able to GAS with shell heights of
4–16 mm. After 21 d, about 21%
of the GAS had shell heights of
12–18 mm; 7% had 20–40 mm;
53%, 31–40 mm; and 19%, 40–48
mm. In the same period, fish body
weight ranged from 6 to 68 g

Effect of freshwater fish on the density of golden apple snail (GAS), Pomacea canaliculata,
compared with control rice microplots (no fish) at PhilRice screenhouse, Mar to Dec 2001.

Experiment Treatment Mean GAS density 21 d
after fish stockinga (no. m–2)

High GAS density
   (32 snails m–2)

Without O. niloticus 28.7
With O. niloticus 13.9

P = <0.001**

Without C. carpio 27.0
With C. carpio 17.6

P = 0.040*
Low GAS density GAS shell height (mm)
   (8 snails m–2)

<10 10–20 Total
Without C. carpio 3.7 3.3 7.0
With C. carpio 1.6 2.5 4.1

P = 0.023* P = 0.227 ns P = 0.011*

Without P. brachypomus 3.0 3.7 6.7
With P. brachypomus 1.1 1.6 2.7

P = 0.004** P = 0.0138 P = 0.005**

Without C. macrocephalus 2.0 2.7 4.7
With C. macrocephalus 2.3 2.5 4.8

P = 0.666 ns P = 0.840 ns P = 0.902 ns

aP = significance level. ** = significant at P<0.01, * = significant at P<0.05, ns = not significant.
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(mouth opening: 9–17 mm). The
effects of fish density, size, and
their interaction were not signifi-
cant.

C. macrocephalus was not
able to reduce the total GAS den-
sity or both sizes of snails. This
could be explained by its feeding
behavior: it prefers moving ob-
jects as its prey.

Density, size, and the inter-
action effect of the two factors in
both C. carpio and P. brachypomus
had no significant effect on GAS
density. The initially used fish
sizes (5–30-g C. carpio and 6–49-g
P. brachypomus) and densities of
one, two, and three fish m–2 did
not make a difference on preda-
tory selectivity of fish for snail
sizes. This may be explained by
the fish body weight and mouth
opening in relation to GAS size.

Missing and damaged hills
of rice plants caused by GAS were
generally mitigated in the pres-
ence of fish. Remarkably, O.
niloticus and C. carpio did not
cause any rice damage, but P.
brachypomus did. Large-sized P.
brachypomus (initial weights 42–49
g) and densities of two-three fish
m–2 damaged (i.e., two-three hills

plot–1) 20-d-old rice plants from
transplanting. The damage
caused by this fish mimics that
caused by rats. Treatments with
medium-sized P. brachypomus
(initial weight 13–16 g) also had
rice damage (i.e., one hill plot–1).
It was observed that plots with
rice damage caused by P.
brachypomus did not have any
snails after 21 d. Perhaps there
was not enough GAS for the fish
to eat; hence, the rice plants be-
came a diversion. It was notable
that treatments stocked with
small-sized P. brachypomus (initial
weight <10 g) with densities of
one-three fish m–2 did not dam-
age the rice plants. Interestingly,
the treatment with large-sized
fish (initial weight 33–42 g)
stocked at one fish m–2 did not
damage the rice plants. The GAS
density after 21 d in plot 1 was 7
GAS m–2, while plots 2 and 3 had
no snails.

The predatory action of O.
niloticus, C. carpio, and P.
brachypomus on GAS was exhib-
ited in this experiment. However,
their predation on different GAS
sizes depended on fish mouth
opening as a function of body

size. P. brachypomus had the high-
est predatory effect among the
three fish tested. Whether the
damage to rice plants caused by
P. brachypomus may have been the
result of food pressure brought
about by the lack of GAS in the
plot resulting in opportunistic
feeding behavior needs further
investigation. Further studies are
needed before P. brachypomus can
be recommended for GAS control
in rice fields.
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The invasion of golden apple
snail (GAS), Pomacea canaliculata
Lam., in Asian rice farms pro-
pelled the misuse of synthetic
commercial pesticides. The use of
pesticides increased production
costs and destroyed the
biodiversity of aquatic flora and
fauna (DA-FAO 1989, Halwart
1994).

Ovicidal effect of a molluscicide on golden apple snail
in the Philippines

R.C. Joshi, M.S. de la Cruz, and A.V. Duca, Crop Protection Division, Philippine Rice Research Institute (PhilRice),
Maligaya, Muñoz, Nueva Ecija 3119, Philippines   E-mail: rcjoshi@philrice.gov.ph; joshiraviph@yahoo.com;
rcjoshi@affrc.go.jp

In the Philippines, niclo-
samide and metaldehyde are the
only two commercial mollusci-
cides recommended by the Fertil-
izer and Pesticide Authority
(FPA). Both are applied immedi-
ately after crop establishment
against GAS juveniles and adults.

Nonchemical methods are
highly recommended in commu-

nity-wide actions, but farmer-
groups seldom employ them.
GAS egg masses are rarely col-
lected but are crushed to reduce
their numbers in subsequent rice
cropping (Joshi et al 2001).

To our knowledge, there is
no published information on
chemicals lethal to GAS eggs.
PhilRice’s strategy is to reduce the
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exposure of nontargets and envi-
ronments to chemicals by selec-
tive application. A preliminary
test on GAS egg masses of un-
known ages collected from rice
fields assessed whether commer-
cial molluscicides had ovicidal
properties. The treatments—
niclosamide 250EC, metaldehyde
75WP, and metaldehyde 300FL at
recommended rates were repli-
cated 20 times in a complete ran-
domized design (CRD).

For the main test, GAS were
collected from irrigation canals,
fishponds, and waterlogged por-
tions of rice fields. They were re-
leased in 25-m2 microplots inten-
tionally planted to rice stubbles
free from GAS egg masses. High
bunds, maintenance of constant
standing water, and the presence
of rice stubbles within the
microplots prevented GAS from
moving out. Rice stubbles served
as a substrate for released GAS to
oviposit. Egg masses laid on the
rice stubbles overnight after the
first day of GAS release were
tagged with water-resistant color
codes representing age groups (1,
2, and 3 d). Collection continued
until the third day.

On the fourth day, all egg
masses tagged from day 1 to day
3 were treated simultaneously
with niclosamide 250EC at the
FPA-recommended rate (100 mL
16 L–1 of water) using a knapsack
sprayer. Untreated checks for
each treatment application date
and egg mass age were main-
tained. Treated and untreated egg
masses in rice stubbles were de-
tached in the test area. The egg
masses and an extended portion
of rice stubbles were transferred
into sterilized glass test tubes
(2.54 cm) containing small
amounts of distilled water. To pre-
vent desiccation, one end of the
rice stubble with the egg masses
was submerged in water con-

tained in a test tube. Care was
taken to keep the egg masses dry.
Each treatment was replicated
seven times in a CRD. Daily ob-
servations were made for all egg
masses using a stereoscopic mi-
croscope. At the end of the hatch-
ing period, untreated egg masses,
hatched eggs, unhatched eggs,
and total eggs in each egg mass
were counted to determine the
percent egg hatch. To assess ovi-
cidal action, the corrected mortal-
ity (%) was calculated using
Abbot’s formula:

% mortality in treated plant – % mortality in untreated check
Corrected mortality (%) =        × 100

100 – % mortality in untreated check

To quickly separate un-
hatched eggs from the egg mass
without damaging their egg-
shells, the whole egg mass was
immersed in 2% NaOH solution
for 30 min. Individual eggs also
became easier to identify. The
eggshell covering easily identi-
fied the unhatched eggs.

The preliminary test showed

that, although the age of GAS egg
masses varied (1–4 d old),
niclosamide 250EC had the high-
est level of ovicidal activity
(Table 1). Thus, in all subsequent
tests, we used only niclosamide
250EC on fixed ages of egg
masses. In niclosamide 250EC-
treated egg masses, the percent
hatched eggs was 0–5.3% for 1-d-
old egg masses and 0% for both
2- and 3-d-old egg masses (Table
2) compared with the untreated
egg masses. However, it is inter-
esting to note that, in 1-d-old egg

masses, the percent hatched eggs
was low (21.2% and 7.2%), even
in untreated egg masses. This is
probably because repeated water
vapor accumulation inside the
test tube interfered with egg in-
cubation. Corrected egg mortal-
ity was almost 100% up to 3-d-old
egg masses (Table 2). To our
knowledge, this is the first report

Table 2. Effect of niclosamide 250EC at recommended rate (100 mL 16 L–1 H2O) on GAS egg
masses of fixed age(s), DA-PhilRice, Nueva Ecija, Philippines, Jun-Jul 2001. a

Treatment Age of Eggs (no.) Hatched Corrected egg
egg masses eggs mortality

Hatched Unhatched Total (%) (%)

Treated 1 d old 77 1,377 1,454 5.3 75
Untreated 340 1,264 1,604 21.2 –

Treated 1 d old 0 777 777 0 100
Untreated 77 992 1,069 7.2 –

Treated 2 d old 0 562 562 0 100
Untreated 446 324 770 57.9 –

Treated 2 d old 0 756 756 0 100
Untreated 1,390 188 1,578 88.1 –

aSeven egg masses/treatment.

Table 1. Effect of commercial molluscicides on field-collected GAS egg masses, DA-PhilRice,
Nueva Ecija, Philippines, May-Jun 2001. a

Commercial Formulated product at Eggs (no.) Hatched Corrected egg
molluscicide recommended rate eggs mortality

(mL or g 16 L–1 H2O) Hatched Unhatched Total (%) (%)

Niclosamide 250EC 100 mL 543 2,972 3,515 15.4 68.1
Metaldehyde 75WP 100 g 877 2,271 3,148 27.9 42.2
Metaldehyde 300FL 260 mL 926 2,112 3,038 30.5 36.8
Untreated – 1,618 1,732 3,350 48.3 –

a20 egg masses/treatment.
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of ovicidal action of a mollusci-
cide on GAS.

This technique would likely
reduce the total consumption of
molluscicide by 80% ha–1, ulti-
mately increasing farmers’ sav-
ings on labor, time, and energy
while reducing other unforeseen
environmental hazards. In addi-
tion, a drastic reduction in early
first-generation GAS eggs to
hatch, combined with other
known management options,

would push the multiplication of
destructive GAS back 1–2 mo,
when rice plants are not vulner-
able to them anymore.
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Economic factors, such as the ris-
ing labor cost for transplanting
and recent changes in rice pro-
duction technology by intensifi-
cation through double or triple
cropping, have improved the de-
sirability of direct seeding of rice
under puddled conditions, al-
though transplanting is still a
major traditional method of
crop establishment under low-
land conditions (Pandey and
Velasco 1999). Direct sowing of
pregerminated seeds after pud-
dling in lowlands is termed “wet
seeding.” Competition from
weeds is a major constraint to the
productivity of wet-seeded rice
because rice has no growth ad-
vantage over weeds, as in trans-
planted rice. Grass weeds are also
more difficult to hand weed at the
transplanting stage because of
their similar morphology to that
of rice. Weeds have been reported
to reduce the yield of wet-seeded
rice by 15–70%. Direct-seeded rice
covers 26% and 28% of the total
rice area in South Asia and India,
respectively (Pandey and Velasco

Evaluation of preemergence herbicides for weed control
in wet-seeded rice

M.N. Budhar and N. Tamilselvan, Regional Research Station, Tamil Nadu Agricultural University, Paiyur 635112,
Dharmapuri District, India   E-mail: dpi@dharma.tn.nic.in

1999). It may become more popu-
lar if an effective weed control
system is developed. The
nonavailability of labor at the
critical period of crop-weed com-
petition and increased labor costs
present problems at weeding in
wet-seeded rice. At present, al-
though many herbicides are
available for transplanted rice,
their effectiveness in wet-seeded
rice has not been evaluated as a
replacement for the traditional
hand weeding, with its high la-
bor requirement. This study was
thus conducted to evaluate the
performance of different pre-
emergence herbicides for effective
weed control in wet-seeded rice
in places where labor is scanty
and costly.

The experiments were done
at the Regional Research Station,
Paiyur, on red sandy loam soils.
The first was in the 1999 wet sea-
son (Aug to Dec) and the second
in the 2000 dry season (Dec to
Apr). Five preemergence
herbicides butachlor at 1.0 kg ai
ha–1 (T3), butanil at 1.0 kg ai ha–1

(T4), pretilachlor at 0.4 kg ai ha–1

(T5), pretilachlor + safener at 0.4
kg ai ha–1 (T6), and anilophos at
0.3 kg ai ha–1 (T7) were com-
pared against hand weeding at 20
d after sowing (DAS) (T2) and no
weeding (T1). The trial was laid
out in a randomized block design
with three replications. The dwarf
(65 cm) indica variety, ADT43 (110
d), was direct-seeded through a
drum seeder at 60 kg ha–1. The
required quantity of herbicide
was mixed with sand at 50 kg
ha–1 and applied 8 DAS as a nor-
mal recommended practice.
Weed samples were collected ran-
domly from four places in a plot
in a 1-m2 area and weed dry
weight was assessed on an oven-
dry-weight basis. Data on various
parameters were statistically ana-
lyzed; wherever treatment differ-
ences were significant by the F
test, critical differences were com-
puted at the 5% probability level
and compared.

The dominant weeds found
in the experimental field were
Cyperus rotundus, C. iria, C.
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difformis, Cynodon dactylon,
Echinochloa crus-galli, E. colona,
Marsilea quadrifolia, Eclipta alba,
Monochoria vaginalis, and
Astracantha longifolia. The applica-
tion of butanil, pretilachlor, and
anilophos significantly resulted in
less weeds and dry weight of
weeds at 40 DAS compared
with the unweeded check and
hand-weeded plot (Table 1). The
weed control efficiency (WCE)
was higher in all herbicide-ap-
plied plots compared with the
unweeded check and hand weed-
ing. However,  WCE was com-
paratively higher in butanil,
followed by anilophos and
pretilachlor. In direct-seeded
puddled rice, Angiras and Rana
(1998) found butachlor (2 kg ai
ha–1) + safener (0.188 kg ai ha–1)
to be the most effective combina-
tion for controlling weeds.

In general, the application of
herbicides resulted in a signifi-
cantly higher grain (3–12%) and
straw yield over hand weeding.
Anilophos, pretilachlor, and
butanil recorded a maximum
mean grain yield of 5.3 t ha–1 com-
pared with other herbicides.
However, Nandal and Hari (1998)
found that the treatment of
pretilachlor at 1.0 kg ai ha–1 regis-
tered the highest grain yield in
direct-seeded rice. Straw yield
followed the same trend as grain
yield. The harvest index was
highest in anilophos and it was on
a par with that of other herbicides
and hand weeding (Table 2). In
India, herbicide usage is increas-
ing because of the high labor re-
quirement for hand weeding (50
labor days ha–1 × Rs 45) and scar-
city of labor during peak periods
of weeding. Also, herbicides are

available locally at a cheaper cost
(Rs 250–300 L–1, US$1 = Rs 48) in
emulsified concentration, which
does not require a sprayer and
can be applied easily as a sand
mix by farmers. Hence, it could
be concluded that all the herbi-
cides, preferably anilophos (0.3 kg
ai ha–1), pretilachlor (0.4 kg ai
ha–1), and butanil (1.0 kg ai ha–1),
could be applied as preemergence
herbicide at 8 DAS for better WCE
and higher grain yield in wet-
seeded rice.
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Table 2. Effect of weed control treatments on yield and harvest index of wet-seeded rice.

Grain yield (t ha–1) Straw yield (t ha–1) Harvest index

Wet  Dry Mean Wet Dry Mean Wet Dry    Mean

T1 = unweeded check 3.9 3.2 3.5 8.5 8.0 8.1 0.32 0.29 0.30
T2 = hand weeding 5.3 4.2 4.8 8.6 8.6 8.6 0.38 0.33 0.36
T3 = butachlor  (1.0 kg ai ha–1) 5.0 4.8 4.9 9.0 8.9 8.9 0.36 0.35 0.36
T4 = butanil  (1.0 kg ai ha–1) 5.4 5.1 5.3 9.6 9.1 9.3 0.36 0.36 0.36
T5 = pretilachlor (0.4 kg ai ha–1) 5.4 5.2 5.3 9.6 9.1 9.4 0.36 0.36 0.36
T6 = pretilachlor + safener 5.2 4.8 5.0 9.4 8.9 9.1 0.36 0.35 0.35
      (0.4 kg ai ha–1)
T7 = anilophos  (0.3 kg ai ha–1) 5.4 5.2 5.3 9.4 9.1 9.2 0.37 0.36 0.37
   CD (P = 0.05) 0.19 0.24 0.19 ns 0.20 0.45 0.03 0.01 0.02

CD = critical difference.

Treatment

Table 1. Effect of weed control treatments on weed flora and weed control efficiency in wet-seeded rice.

Weed number Weed dry weight Weed control
(no. m–2) (g m–2) efficiency (%)

Wet Dry Wet Dry Wet Dry Mean

T1 = unweeded check 1.5a 2.5 1.49 2.31 – – –
(29.5)b (344.0) (31.4) (206.4)

T2 = hand weeding 1.3 2.4 1.36 2.04 38.0 33.7 35.9
(18.3) (228.0) (23.3) (109.9)

T3 = butachlor (1.0 kg ai ha–1 ) 1.2 2.3 1.29 1.33 43.1 44.8 44.0
(16.8) (190.0) (19.6) (22.0)

T4 = butanil (1.0 kg ai ha–1 ) 1.1 2.2 1.27 1.41 59.0 57.9 58.4
(12.1) (144.7) (18.7) (25.5)

T5 = pretilachlor (0.4 kg ai ha–1) 1.1 2.2 1.15 1.32 56.3 55.1 55.7
(12.9) (154.3) (14.2) (21.1)

T6 = pretilachlor + safener 1.3 2.2 1.27 1.47 38.6 58.6 48.6
      (0.4 kg ai ha–1  ) (18.1) (142.7) (19.0) (29.7)
T7 = anilophos (0.3 kg ai ha–1 ) 1.2 2.1 1.16 1.31 51.5 63.6 57.6

(14.3) (125.3) (14.5) (20.3)
   CD (P = 0.05) 0.09 0.07 0.13 0.11 nac na na

aLogarithmic transformed values. bNumbers in parentheses indicate original values. cna = not analyzed.
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Treatment
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Soil, nutrient, & water management

Iron toxicity is a widespread nu-
trient disorder that affects wet-
land rice growing in the humid
tropical regions of Asia and Af-
rica. It has been estimated that 30–
40% of the inland swamps in the
humid forest and savanna zones
in West Africa are affected by
varying degrees of iron toxicity
stress. The disorder is caused by
the accumulation of excessive
amounts of iron in rice plants
growing under rainfed and irri-
gated lowland conditions. In West
Africa, iron toxicity causes rice
yield losses varying from 12% to
100%, depending on the intensity
of the stress and the iron tolerance
of the variety (Sahrawat et al
1996).

Rice cultivars differ in their
tolerance for iron toxicity and the
selection of rice cultivars with
superior tolerance for iron toxic-
ity is an important component of
research for reducing iron toxic-
ity. However, sustained increased
rice productivity on iron-toxic
soils can be achieved only
through the integrated use of tol-
erant genotypes with nutrient
and water management. Scope
for sustained increases in lowland
rice yields is especially high un-
der irrigated conditions through
a combined use of iron-tolerant
cultivars and the application of
plant nutrients.

Iron toxicity is a physiologi-
cal disorder and the application
of other plant nutrients plays a
physiological role in the rice plant
to overcome the stress and grow

Comparative tolerance of Oryza sativa and
O. glaberrima rice cultivars for iron toxicity
in West Africa

K.L. Sahrawat and M. Sika, West Africa Rice Development Association (WARDA), 01 BP 2551
Bouaké 01, Côte d’Ivoire   E-mail: klsahrawat@yahoo.com

normally under high concentra-
tions of ferrous iron in soil solu-
tion (Yoshida 1981). The high
amount of iron in the growing
medium causes an imbalance in
nutrients such as P, K, and Ca, and
applying these nutrients corrects
this imbalance, reduces iron tox-
icity, and increases yield in low-
land rice (Ottow et al 1983). How-
ever, in irrigated rice on mineral
soils, Ca deficiency is rare, except
on acid sulfate soils. P, K, and Zn,
along with N, therefore play a
more important role in reducing
iron toxicity (Sahrawat et al 1996).

Recently, we observed that
some Oryza glaberrima cultivars
adapted to lowland rice-growing
conditions have a higher toler-
ance for iron toxicity than their O.
sativa counterparts. This report
describes results of the compara-
tive evaluation of promising O.
sativa and O. glaberrima rice vari-
eties for iron tolerance in field
experiments conducted for two
seasons at an iron-toxic site at
Korhogo in the savanna zone of
Côte d’Ivoire. The varieties tested
were selected from a large num-
ber of cultivars through an initial
screening for iron toxicity toler-
ance.

The soil at the experimental
site was an Ultisol (pH water, 5.2;
pH KCl, 3.9; organic C, 12 g kg–1;
Bray 1 extractable P, 9 mg kg–1; ex-
changeable K, 0.08 cmol kg–1; ex-
changeable Mg, 0.30 cmol kg–1;
DTPA extractable Fe, 325 mg
kg–1; DTPA extractable Zn, 5 mg
kg–1). The contribution of ferrous

iron through interflow from up-
per slopes in this gently sloping
experimental site was low and
less important than the release of
ferrous iron in situ in causing iron
toxicity in wetland rice. More-
over, the interflow of iron does
not occur in the dry season (be-
cause of no rain), although iron
toxicity intensity is higher in the
dry season than in the wet season
(Sahrawat and Singh 1998). Fol-
lowing submergence under wa-
ter, the soil releases ferrous iron
concentrations ranging from 50 to
150 mg L–1 in soil solution during
3–10 wk after flooding (Narteh
and Sahrawat 1999).

Field experiments were con-
ducted under irrigated conditions
in the 2000 dry (Jan-May) and wet
(Jul-Nov) seasons. The lowland
rice varieties tested were CK4, an
iron-tolerant variety; Bouaké 189,
an iron-susceptible cultivar; and
CG14, a tolerant variety that does
not show iron toxicity symptoms.
While CK4 and Bouaké 189 be-
long to O. sativa, CG14 belongs to
O. glaberrima and is native to Af-
rica. Each season, the effects of
nine nutrient treatments (no fer-
tilizer, N, N + P, N + K, N + Zn, N
+ P + Zn, N + K + Zn, N + P + K,
N + P + K + Zn) were tested in a
randomized complete block de-
sign with four replications. The
plot size was 24 m2. Nitrogen was
applied at 100 kg N ha–1 as urea
in three splits; P at 50 kg P ha–1 as
triple superphosphate; K at 80 kg
K ha–1 as potassium chloride; and
Zn at 10 kg Zn ha–1 as zinc oxide.
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All nutrients, except N, were
added as basal applications. Rice
seedlings (3–4 wk old) were trans-
planted using a spacing of 0.25 ×
0.25 m. For this paper, only nutri-
ent treatments with no fertilizer
and N + P + K + Zn were used.

During the two seasons of
evaluation, although CK4 and
Bouaké 189 plants showed iron
toxicity symptoms in varying de-
grees, CG14 plants did not show
any iron toxicity symptoms at all
as measured by iron toxicity
scores (ITS). The intensity of iron
toxicity based on the extent of
bronzing symptoms on leaves 60
d after transplanting (DAT) was
higher without nutrient applica-
tion. Applying nutrients reduced
iron toxicity as indicated by a
lower ITS.

In general, rice yields were
higher in the wet season than in
the dry season, and the applica-
tion of P, K, or Zn with N in-
creased grain yield and total bio-
mass production over the control
(no nutrient). The combined ap-
plication of N + P + K + Zn sig-
nificantly increased grain and to-
tal biomass (grain plus straw)
yields in the three varieties. With-
out the application of nutrients,
CK4 had the highest biomass and
grain yield, followed by CG14
and Bouaké 189. With the appli-
cation of nutrients, CK4 had the
highest biomass and grain yield,
followed by Bouaké 189 and
CG14 (see table). A comparison of
the performance of the three va-
rieties based on the two seasons’
pooled data showed that, without
applying nutrients, all varieties

had similar grain yields, but, with
the application of plant nutrients,
CK4 and Bouaké 189 had signifi-
cantly higher yields than CG14.
The grain yields of CK4 and
Bouaké 189 were on a par.

Although CG14 did not
have high grain yields because of
its lower harvest index, lodging
of the crop, especially under the
application of nutrients, and shat-
tering of seeds at maturity, the
variety showed remarkable toler-
ance for iron toxicity stress. Re-
sults show that CG14 has a high
tolerance for iron toxicity and re-
mains an obvious choice as a do-
nor for iron tolerance in a breed-
ing program. An integrated use of
a tolerant variety and plant nu-
trients is needed for sustained
productivity in irrigated lowland
rice on soils where iron toxicity
exists.

Iron toxicity scores (ITS) of rice plants at 60 d after transplanting, and grain and grain plus
straw yields.

CK4 Bouaké 189 CG14

Grain Biomass ITSa Grain Biomass ITS Grain Biomass ITS
(t ha–1)   (t ha–1)  (t ha–1)   (t ha–1) (t ha–1)   (t ha–1)

2000 dry season
No nutrients 2.0 5.4 5 1.6 3.9 6 1.8 3.7 1
N + P + K + Zn 3.2 8.5 2 2.6 5.9 3 2.0 6.0 1
   Mean 2.6 6.9 2.1 4.9 1.9 4.8
   LSD (0.05) 0.42 1.60 0.41 1.65 0.31 1.15

2000 wet season
No nutrients 2.9 5.6 5 2.4 5.0 5 2.8 5.6 1
N + P + K + Zn 5.9 11.0 2 5.9 12.2 3 3.7 7.8 1
   Mean 4.4 8.3 4.2 8.6 3.3 6.7
   LSD (0.05) 1.11 2.01 0.75 1.95 0.67 2.11

Av of dry and wet seasons
No nutrients 2.5 5.5 5 2.0 4.4 6 2.3 4.7 1
N + P + K + Zn 4.5 9.8 2 4.2 9.1 3 2.9 6.9 1
   LSD (0.05) 0.77 1.91 0.58 1.80 0.50 1.63

aThe iron toxicity scoring system is based on the extent of bronzing symptoms on rice plant leaves and uses a scale from
1 to 9. A score of 1 indicates normal growth and 9 indicates that most plants are dead or dying.

Treatment
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Zinc (Zn) deficiency is a well-rec-
ognized nutritional constraint to
rice productivity around the
world. Although zinc sulfate
(ZnSO4) field application is quite
effective in alleviating the defi-
ciency (Takkar and Walker 1993),
rice farmers are constrained from
adopting this remedial measure
because of costs involved and
additional labor required for uni-
form broadcast of ZnSO4 in
puddled fields. Consequently, the
crop keeps suffering substantial
yield losses because of Zn defi-
ciency. Recent research conducted
in this scenario has established
that Zn deficiency in transplanted
flooded rice can be effectively
controlled by using a Zn-enriched
nursery (Rashid et al 2000). The
nursery enrichment technology is
much cheaper and requires less
labor than the conventional
method of field-broadcast ZnSO4.

Apart from other manage-
ment factors, an inadequate plant
population is a major factor con-
tributing to low rice productivity.
In fact, attaining an adequate
plant population manually in
puddled conditions is practically
impossible predominantly be-
cause of the acute labor scarcity
at transplanting. To cope with this
problem, mechanical transplant-
ing was considered to be a prom-
ising option. However, in me-
chanical transplanting, the rice
transplanter requires a special-
ized mat-type nursery instead of
the conventional one. The mat-
type nursery, grown in a limited
soil volume and spread as a thin
layer on a plastic film, may differ
in nutrient acquisition and/or
accumulation compared with the

Zinc enrichment of the mat-type rice nursery

A. Rashid and M. Yasin, Land Resources Research Institute, National Agricultural Research Center, Islamabad 45500; M.
Ashraf, Crop Sciences Institute, National Agricultural Research Center, Islamabad, Pakistan   E-mail: sfs@isb.sdnpk.org

conventional nursery grown in
field beds. Therefore, we evalu-
ated the effectiveness of a Zn-en-
riched mat-type nursery for cur-
ing the deficiency in transplanted
flooded rice.

Two replicated field experi-
ments (RCBD) with four replica-
tions were carried out in 1999 at
Islamabad (Gujranwala soil se-
ries, Udic Haplustalf) using cul-
tivars KS-282 (medium-long
grain/coarse grain) and Basmati
385 (basmati type). In 2000, four
nonreplicated field experiments
(treated as four replications) were
conducted in the major rice-grow-
ing area of Punjab Province, Pa-
kistan. The soils of all experimen-
tal fields were alkaline (pH, 7.6–
7.9), calcareous (CaCO3, 1.9–
2.7%), and low in organic matter
(0.54–0.95% OM). Their AB-DTPA
(ammonium bicarbonate-diethyl-
ene triamine pentaacetic acid) ex-
tractable nutrients were P, 6.0–8.3
mg kg–1; K, 98–178 mg kg–1; and
Zn, 1.15–1.65 mg kg–1. Mat-type
nurseries of both cultivars were
raised in 2.54-cm-thick soil paste
(mat) with two Zn treatments, the
control and 20 kg ha–1 of nursery
area (equivalent to 0.8 kg Zn ha–1

field area). Experimental treat-
ments were (1) the control (i.e.,
control nursery, no Zn applica-
tion); (2) the control nursery, 10
kg Zn ha–1 field-broadcast; and (3)
the Zn-enriched nursery, no Zn
application. In all experiments,
basal fertilization consisted of 120
kg N ha–1 (urea) and 80 kg P ha–1

(DAP). Also, crop management
was the same in all treatments,
except for Zn.

Both technologies i.e.,
field-broadcast ZnSO4 and the
Zn-enriched nursery increased
rice yield over the respective con-
trols in all experiments. The yield
increase ranged from 17% (with
field-broadcast ZnSO4 in Basmati
385 during 2000) to 31% (field-
broadcast ZnSO4 in KS-282 dur-
ing 1999). Yield increases were
similar in both methods during
both years (Table 1). In contrast,
straw yield increases were lesser
with the Zn-enriched nursery
than with field-broadcast ZnSO4

(Table 1).
Zinc application in the mat-

type nursery as well as in
puddled fields resulted in en-
hanced Zn concentration in the
diagnostic plant parts. However,

Table 1. Rice and straw yield (t ha–1) as affected by Zn management technologies.a

Rice yield Straw yield

KS-282 Basmati 385 Basmati 385 KS-282 Basmati 385 Basmati 385
(1999) (1999) (2000) (1999) (1999) (2000)

Control 4.1 b 2.8 3.8 b 4.1 c 4.3 c 5.5 b

10 kg Zn ha–1, 5.4 a 3.4 4.4 a 5.4 a 6.2 a 6.8 a
field-broadcast

20 kg Zn ha–1, 4.9 a 3.3 4.6 a 4.8 b 5.3 b 6.5 a
mat-type nursery
area

   LSD (0.05) 0.7 ns 0.5 0.5 0.6 0.7

aValues followed by different letters are significantly different at P<0.05. ns = not significant.

Treatment
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the increase in Zn concentration
was relatively greater with field-
broadcast ZnSO4 than with nurs-
ery enrichment (Table 2). This
variation in Zn concentration in
the rice plant parts confirms our
earlier results where a Zn-en-
riched nursery was grown under
a field situation (Rashid et al
2000). The use of micronutrient-
rich cereal grains (Zn and Fe in
rice) is considered to be the best
approach in trying to overcome
micronutrient malnutrition, espe-
cially in resource-poor popula-
tions of developing countries
(Graham et al 1997). Both Zn
management technologies signifi-
cantly increased the Zn content in
rice grains, the staple food for
50% of the human population.

The ZnSO4 fertilizer require-
ment as well as the labor require-
ment were much lesser for the
nursery enrichment technology
compared with ZnSO4 field-
broadcast method. According to
our estimates, the value-cost ra-
tio was 62–120:1 for nursery en-

Table 2. Zinc concentration (mg kg–1) in rice plant parts as affected by Zn management
technologies.a

KS-282 (1999) Basmati 385 (1999) Basmati 385 (2000)

Whole Flag Grains Whole Flag Grains Whole Flag   Grains
shoots leaves shoots leaves shoots leaves

Control 21.2 b 27.4 b 10.5 b 21.9 25.6 b 12.8 b 19.1 b 22.0 b 19.4 b

10 kg Zn ha–1, 25.1 a 30.0 a 12.5 a 26.4 31.1 a 15.7 a 24.5 a 26.7 a 26.3 a
field-broadcast

20 kg Zn ha–1, 21.7 b 28.4 b 11.6 ab 22.3 27.9 b 14.6 a 26.7 a 28.0 a 25.5 a
mat-type nursery
area

   LSD (0.05) 2.45 1.16 1.35 ns 2.9 1.9 2.97 3.99 4.98

aValues followed by different letters are significantly different at P<0.05.

Treatment

richment and 7–9:1 for field-
broadcast ZnSO4. Thus, consider-
ing the effectiveness, economics,
and prospects of adoption by
farmers, the Zn-enriched nursery
technology, even the mat-type
nursery used in mechanical trans-
planting, appears to be much su-
perior to field broadcasting.
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Crop management

At present, blanket recommenda-
tions are being adopted for N ap-
plication to rice. Although these
recommendations have been
based on the nutritional status of
the soil and crop response stud-
ies, they cannot fully match the
actual crop need under a given
situation. The SPAD meter and
the leaf color chart (LCC) have
been found to be very effective
tools for N management in rice
based on actual crop need. The
LCC is simple and easy to carry
and is a cheaper tool than the
SPAD meter. It can be easily in-
troduced into the farmer’s field.
The threshold value of the LCC
is known to differ with location,
season, rice ecosystem, and vari-
ety.

A study was undertaken at
the Agricultural Research Station,
Mugad, India, on N management
in dry-seeded rainfed lowland
rice through the LCC during the
1998 and 1999 wet seasons. The
trial was laid out in a split-plot
design with four replications. The
recommended rice varieties for
rainfed lowlands—Abhilash (V1)
and Intan (V2)—were the main-
plot treatments. Subplot treat-
ments consisted of N manage-
ment based on LCC threshold
values of 2.00, 2.75, 3.50, 4.25, and
5.00 (M1 to M5) in addition to the
recommended practice (M6) of
applying 100 kg N ha–1 in three
equal splits at 20 and 40 d after
rice emergence (DARE) and just
before panicle initiation. The LCC
reading was taken every week
from 15 DARE to flowering. In
each plot, LCC observations were

Determining the leaf color chart threshold value for
nitrogen management in rainfed rice

V.V. Angadi, S. Rajakumara, Ganajaxi, A.Y. Hugar, B. Basavaraj, and S.V. Subbaiah, University of Agricultural
Sciences, Dharwad 580005, India; and V. Balasubramanian, IRRI

taken from five leaves and an av-
erage of four replications was
considered in deciding about N
application for a particular treat-
ment. In treatments with N man-
agement based on the LCC, the
quantity of N applied each time
during early growth (21–28
DARE), rapid growth (35–49
DARE), and late growth (56
DARE to flowering) stages was
20, 30, and 20 kg ha–1, respectively.

The soil at the experimental
site was clay, with initial values
of pH 7.2, 485 kg N, 31 kg P, and

500 kg K ha–1, respectively. The
total rainfall received during the
crop season was 840 and 954 mm
in 1998 and 1999, respectively.

Abhilash responded signifi-
cantly up to higher LCC thresh-
old values of 4.25 and 5.00 dur-
ing 1998 and 1999, respectively,
whereas Intan responded only up
to an LCC threshold value of 3.50
in both years (see table). In both
years, Abhilash recorded a signifi-
cantly higher grain yield than the
recommended practice (100 kg N
ha–1) at the highest LCC thresh-

N-use efficiency, grain yield, net returns, and lodging as affected by N management in direct-
seeded rice obtained based on the leaf color chart, Mugad, Karnataka.

 Agronomic N-use Lodging
efficiency (kg grain scoreb

Treatment kg–1 N applied1) at harvest

1998 1999 1998 1999 1998 1999 1999

V × M (variety × management)
Combination
V1 M1 – – 3.3 b 2.9 c 326.23 311.30 0.0
     M2 78.5 156.3 3.1 b 4.7 b 339.02 558.64 0.0
     M3 39.2 68.0 4.3 ab 4.8 b 507.46 582.10 0.0
     M4 22.7 35.4 5.2 a 5.3 b 567.16 622.60 0.3
     M5 20.3 30.7 5.5 a 6.4 a 611.94 820.90 1.3
     M6 39.7 44.7 4.0 b 4.5 b 428.57 541.60 0.3
V2 M1 – – 2.9 b 2.9 b 358.21 360.34 0.0
     M2 – 79.5 2.9 b 3.2 ab 341.15 388.01 0.0
     M3 26.1 58.7 4.4 a 4.1 a 603.41 637.53 0.3
     M4 10.1 18.8 2.5 b 2.6 b 339.02 400.85 6.8
     M5 8.0 10.4 2.2 b 2.2 b 260.12 300.64 9.3
     M6 27.8 41.4 2.8 b 4.1 a 381.66 592.75 5.5

S S
DMRTc-V/M S/S S/S
Variety V1 (Abhilash) 4.2 4.8 a
           V2 (Intan) 3.0 3.2 b
           t-test ns S
N management (M)
M1 (LCC 2.00) 3.1 b 2.9 b
M2 (LCC 2.75) 3.0 b 3.9 a
M3 (LCC 3.50) 4.4 a 4.4 a
M4 (LCC 4.25) 3.9 ab 4.0 a
M5 (LCC 5.00) 3.8 ab 4.3 a
M6 (recommended N) 3.4 b 4.3 a
DMRT S S
aUS$1 = Rs 46.90 (India). bOn a scale of 0 – 10, where 0 = no lodging, 10 = 100% of plants lodged or completely touched
the ground. cDMRT = Duncan’s multiple range test, S = significant, ns = not significant.

Grain yield
(t ha–1)

Net returnsa

 ($ ha–1)
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old value of 5.00. The grain yield
of Intan at an LCC threshold
value of 3.50 was significantly
higher than that of the recom-
mended practice during 1998, but
was on a par with that during
1999 with a reduced quantity of
N applied (70 kg ha–1).

The different responses of
varieties to a higher N application

were mainly due to the variation
in their susceptibility to lodging.
Abhilash did not lodge even at
the highest LCC threshold value
of 5, but Intan showed severe
lodging beyond a threshold value
of 3.5. Net returns were also
higher with LCC threshold values
of 5.0 and 3.5 in Abhilash and
Intan, respectively, compared

with those in the respective rec-
ommended practice.

The 2-y results indicate that
N management based on the LCC
is a highly efficient method for
rainfed environments and that
the optimum threshold values for
Abhilash and Intan are 5.0 and
3.5, respectively.

India is one of the major growers
of basmati and nonbasmati (in-
digenous) groups of aromatic
rice. The nonbasmati rice is
grown in almost all parts of the
country (Singh et al 2000). With
the growing demand for aromatic
rice in the international market,
emphasis is being placed on
breeding for the long slender
basmati class of rice. No major
attention is given to nonbasmati
rice, although some nonbasmati
varieties may be superior to or on
a par with basmati rice varieties
in quality traits. Because of the
better milling yield, aroma, ker-
nel elongation, and taste of these
indigenous varieties, their market
demand is higher in India as well
as in neighboring countries.

The physical properties of
grains (length, width, and thick-
ness), moisture content, environ-
mental conditions, and degree of
polish are the major factors re-
sponsible for the milling and
cooking quality of rice. The com-
mercial value of the rice grain is
influenced by its milling quality
and physical appearance. The
degree of polish is governed by
the time of milling (Pandey and

The influence of extended milling on the head yield profile
of aromatic rice

K. Rayaguru and J.P. Pandey, Department of Post Harvest Process and Food Engineering, G.B. Pant University of
Agriculture and Technology (GBPUAT), Pantnagar 263145, Uttaranchal, India

Sah 1990). During milling, the
bran, consisting of the pericarp,
aleurone layer, and germ, is re-
moved. Polishing/milling also
causes breakage, which reduces
the head rice yield (Bajaj and
Sidhu 1985, Sahay et al 1980).
Considering these items, experi-
ments were carried out to inves-
tigate the influence of degree of
polish (extended milling) on the
milling quality of aromatic rice
grown in northern parts of India.

Pusa Basmati 1 (basmati va-
riety) and Tilak Chandan
(nonbasmati variety) were se-
lected based on their high yield
and consumer preference. Rice
varieties were collected from rice
breeders in GBPUAT to maintain
genetic purity. Collected samples
were thoroughly cleaned and
dried to a moisture content of 13
+ 0.5% on a dry basis. Physical
properties were measured by us-
ing a photo enlarger and a stan-
dard method was applied to clas-
sify rough and milled rice. Before
milling, samples were stored in
double-layered polyethylene
bags to avoid moisture migration.
Shelling was done in a Satake rice
sheller (Model THU 35, Japan).

After separating unhusked
grains, brown rice samples were
milled (polished) in a Satake rice
whitener (Model TM 25, Japan).
Milling was carried out from 0 to
105 s at an interval of 15 s. The
degree of polish was computed
based on the brown rice. Brokens
were separated from milled rice
by hand picking just after shell-
ing and after various times of
milling.

The length, width, and
thickness of the grains of Pusa
Basmati 1 and Tilak Chandan
used for the experiment were
11.32, 2.34, and 1.86 mm and
11.32, 2.96, and 1.98 mm, respec-
tively. The length-to-width ratios
were 4.84 and 2.51, respectively.
The bulk density of Tilak Chandan
was higher (0.554 g cm–3) than
that of Pusa Basmati 1 (0.449 g
cm–3). Based on their length and
length-width ratio, Pusa Basmati
1 and Tilak Chandan are classified
as long slender and medium
types, respectively. The results of
the experiment indicated that ex-
tended milling plays an impor-
tant role in milling yield recovery.
The effects of extended milling on
physical characteristics and head
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yield are shown in Table 1. Degree
of polish varied from 0% to 12.4%
and 0% to 10.8% for Pusa Basmati
1 and Tilak Chandan, respec-
tively. The amount of bran re-
moved increased significantly as
milling time was extended from
30 s to 105 s for both rice variet-
ies. However, Tilak Chandan was
more resistant to polishing as it
yielded 10.78 g of bran vis-à-vis
12.41 g for Pusa Basmati 1 out of
100 g of brown rice after 105 s of
milling. The medium-length
grains possess more resistance to
polishing than long grains. There
was a considerable and progres-
sive amount of breakage with the
degree of polish affecting the re-
covery of head rice. The length,
width, and thickness of the grains
decreased, whereas bulk density
increased with the degree of pol-
ish. The percentage decrease in
length, width, and thickness was
higher in Pusa Basmati 1 (Table
1). Various mathematical models
(linear, exponential, and power
series) were used to describe pol-
ishing. The following interrela-
tion was developed to correlate
the degree of polish (DP) with the
time of milling (TM).

DP = A* [1 – exp (–B*TM)] (1)

Equation 1 describes the cor-
relation between DP and TM.
Pandey and Sah (1993) reported
linear and nonlinear (power
model) expressions for polishing.
This study includes all these mod-
els. Table 2 lists the statistical pa-
rameters of the models. From this,
it is observed that equation 1 is
more appropriate as its associated
error (standard error of estimates,
SEE) is less (0.136 – 0.161) and it
has a higher correlation coeffi-
cient.

Head yield ratio (HYR) can
be defined as the relative decrease
in head rice  recovery at p degree
of polish (Hyp) of brown rice

(Hyb). Regression analysis was
performed to correlate the head
yield ratio with DP. The model
with a maximum r value and
minimum SEE was accepted.

HYR = P*DP^Q (2)

Equation 2 describes the
head yield profile with DP. The
head yield ratio was correlated
nonlinearly with DP. Data shown
in Table 2 show that equation 2
describes this relation the most
precisely among all the attempted
models as it possesses the mini-
mum SEE.
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Table 1. Physical and milling characteristics of Pusa Basmati 1 and Tilak Chandan.

TMa DPb Length Width Thickness Bulk density Head yieldc

(s) (%) (mm)  (mm)   (mm) (g cm-3) (%)

Pusa Basmati 1
0 0 8.52 2.01 1.51 0.771 70.9
15 2.2 8.10 1.95 1.50 0.773 65.7
30 4.1 7.72 1.85 1.48 0.780 62.1
45 6.3 7.46 1.83 1.42 0.830 58.2
60 8.2 7.42 1.80 1.40 0.856 54.0
75 9.7 7.21 1.78 1.38 0.892 52.1
90 11.2 7.12 1.76 1.38 0.921 48.8
105 12.4 7.10 1.76 1.38 0.912 46.1
Tilak Chandan
0 0 5.36 2.33 1.56 0.835 75.0
15 2.0 5.18 2.28 1.51 0.842 71.7
30 3.4 5.03 2.22 1.48 0.872 70.3
45 4.7 4.95 2.18 1.40 0.898 66.7
60 6.2 4.89 2.16 1.38 0.925 64.2
75 7.8 4.85 2.14 1.35 0.952 62.5
90 9.5 4.80 2.14 1.34 0.982 60.0
105 10.8 4.80 2.14 1.34 0.996 58.2
aTM = time of milling, bDP = degree of polish. Brown rice basis. cRough rice basis.

Table 2. Statistical parameters of mathematical models used.

Modela Correlation SEEb Coefficient Constant
coefficient

Pusa Basmati 1
DP = A*[1 – exp(–B*TM)] 0.999 0.136 0.005 28.810
DP = K* TM 0.993 0.490 0.125 –
DP = P*TM^Q 0.998 0.234 0.240 2.852
HYR = A* [1 – exp (–B*DP) 0.998 0.007 0.028 –
HYR = P*DP^Q 0.999 0.005 0.034 0.924
Tilak Chandan
DP = A*[1 – exp(–B*TM)] 0.999 0.161 0.002 55.467
DP = K* TM 0.998 0.195 0.105 –
DP = P*TM^Q 0.998 0.187 0.132 0.946
HYR = A* [1 – exp (–B*DP) 0.996 0.008 0.030 0.802
HYR = K*DP 0.996 0.007 0.021 –
HYR = P*DP^Q 0.997 0.007 0.025 0.935
aDP = degree of polish, TM = time of milling, HYR = head yield ratio, A and Q are constants where B, K, and P are
coefficients of the respective mathematical models. bSEE = standard error of estimates.
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Rice is the most important staple
food in West Java, where it pro-
vides 50–70% of total calorie in-
take (Suryana and Budianto
1998). More than 90% of the rice
supply in West Java comes from
0.9 million ha of irrigated low-
land. However, productivity
growth may be difficult to sustain
because of limited tractor avail-
ability and improper water distri-
bution. This has led to improper
land preparation, nonuniform
rice growth, increasing pest and
weed populations, and yield loss
during harvest. Such conditions
have made minimum tillage with
the use of herbicide, such as
paraquat, much more viable. Re-
search has shown that minimum
tillage reduces costs in both di-
rect-seeded and transplanted rice
because of less labor cost for hand
weeding and land preparation.
Minimum tillage is viable in irri-
gated systems if cost-effective
herbicides are used to control
weeds (Puslitbangtan 1996).

To assess the performance of
minimum tillage in accelerating
planting time and achieving op-
timal weed control, two field ex-
periments were conducted in
farmers’ fields during the wet sea-
son from October 2001 to Febru-
ary 2002 under irrigated condi-
tions in the Subang District,
West Java, Indonesia. The first ex-
periment was conducted in large
plots of 5 ha with and without
minimum tillage and invol-
ving 7 cooperating and 10
noncooperating farmers, respec-
tively. The farmers were consid-

Minimum tillage—an alternative preplanting technology
to accelerate planting time and achieve optimal weed control
in irrigated lowland rice

S. Bachrein, N. Sutrisna, and Suwalan, West Java Assessment Institute for Agricultural Technology, Kayu Ambon 80,
Lembang 40391, West Java, Indonesia

ered as replications. Cooperating
farmers implemented minimum
tillage with the use of paraquat 10
and 8 d before transplanting
(DBT) at 400 and 200 g ai ha–1, re-
spectively, followed by rototilling
of the soil once at 3 DBT.
Noncooperating farmers imple-
mented existing farmers’ prac-
tices (i.e., intensive tillage, which
consists of plowing, harrowing,
and rototilling before planting,
followed by the application of
triasulfuron 20% [5 g ai ha–1] and
2,4-D [360 g ai ha–1] 14–21 d after
transplanting [DAT] as a weed
control).

The second experiment (su-
perimposed trial) involved six
treatments in smaller plots of 30
m2: intensive tillage + no weed-

ing (T1); intensive tillage + hand
weeding twice at 21 and 45 DAT
(T2); intensive tillage + mixture of
2,4-D natrium (15 g ai ha–1) and
2,4-D (360 g ai ha–1) at 14 DAT (T3);
intensive tillage + mixture of
triasulfuron (360 g ai ha–1) and 2,4-
D (360 g ai ha–1) at 14 DAT (T4);
minimum tillage + paraquat ap-
plied 10 and 8 DBT at 400 and 200
g ai ha–1, respectively (T5); and
minimum tillage + hand weeding
at 21 DAT (T6). These treatments
were tested in a randomized com-
plete block design with five rep-
lications. Observations on weed
parameters were collected from
12 1-m2 quadrats in opposite di-
agonals of each plot.

Results from smaller plots
(Table 1) showed no significant

Table 1. Influence of tillage system and method of weed control on weed population, yield,
and economics of lowland irrigated rice.

Tillage system Weed population at 40 DATb (g m–2) Grain Net Revenue-
and weed control yield  incomec cost ratio
methoda Grass Sedge Broadleaf (t ha–1)   (Rp 000

  ha–1)

Intensive tillage
T1 = no weeding 3.2 a2 0.0 14.8 a 6.5 ns 5,775 1.9

T2 = hand-weeded 1.3 b 0.0 0.1 c 6.6 5,726 1.8
   twice at 21 and
   45 DAT

T3 = 2,4-D natrium 0.3 c 0.0 0.4 c 6.1 5,102 1.7
   (15 g ai ha–1) +
   2,4-D (360 g ai
   ha–1) at 14 DAT

T4 = triasulfuron 1.3 b 0.0 2.8 b 6.5 5,669 1.8
   (360 ai ha–1) +
   2,4-D (360 g ai
   ha–1) at 14 DAT

Minimum tillage
T5 = no weeding 1.4 b 0.0 3.7 ab 6.4 6,374 2.8

T6 = hand weeded 0.0 c 0.0 0.0 c 6.8 6,791 2.9
   once at 21 DAT

   CV 18.3 0.0 16.5 12.9
aNumbers in a column followed by the same letter do not differ significantly at 5% by Duncan’s multiple range test; ns =
not significant. bDAT = days after transplanting; minimum tillage: paraquat at 400 and 200 g ai ha–1 10 and 8 d before
transplanting, respectively. cUS$1 = Rp 10,000.



38 December 2002

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

differences in weed population
and grain yield between mini-
mum and intensive tillage with
and without various additional
weed control methods, including
the use of herbicide for intensive
tillage. However, for both mini-
mum tillage treatments, with and
without an additional hand
weeding, the land preparation
and weed control costs were less
than for intensive tillage; the re-
duced labor cost translated into
an increase in income and rev-
enue-cost ratio. The net income

and revenue-cost ratio were the
highest for minimum tillage with
an additional hand weeding at 21
DAT, closely followed by mini-
mum tillage without hand weed-
ing.

The experiment in bigger
plots proved the adaptability of
minimum tillage in farmers’
fields. Results clearly showed that
minimum tillage is a low-cost
practice that facilitates faster
planting while maintaining the
same levels of grain yield and
weed control as with intensive

tillage (Table 2). Planting time
was accelerated in minimum till-
age systems (from 3.8 h ha–1)  be-
cause of a 400% reduction in the
time needed for land preparation
when compared with intensive
tillage systems (12.8 h ha–1) (Table
3). This dramatic savings in time
and labor costs makes paraquat
use both economically and so-
cially attractive. Suyamto et al
(1991) reported similar benefits of
minimum tillage using paraquat
over intensive tillage. Such ad-
vantages are expected to make
minimum tillage widely adapt-
able in West Java, Indonesia,
where land preparation is mainly
done by small tractors and where
tractor availability is limited.
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Table 3. Effect of tillage system on time of land preparation and economics of lowland irrigated
rice.

Tillage system

 Intensive  Minimum
tillage (IT) tillage (MT)

Land preparation
   Time (h ha–1) 12.8 3.8 –9.0
   Value (Rp 000 ha–1)a 250.0 62.2 –187.8
Herbicide application (Rp 000 ha–1) 623.5 37.4 –586.1
Net income (Rp 000 ha–1) 4,611.8 4,894.7 282.9
R/Cb 1.7 1.9 0.2
MBCRc 1.7 2.8 1.1

aUS$1 = Rp 10,000. bR/C =revenue-cost ratio. cMBCR = marginal benefit-cost ratio.

Parameter
Difference
(MT – IT)

Table 2. Influence of tillage system on weed population and rice yield.

Weed population at 40 DATa (g m–2)
Tillage system   Grain yield

Broadleaf Sedge Grass       (t ha–1)

Before application
  Minimum tillage 146.1 29.5 97.1   nrb

  Intensive tillage 164.5 43.8 101.8 nr

40 DAT
  Minimum tillage 0.7 0.0 1.5 5.5
  Intensive tillage 1.5 0.0 0.2 5.3
aDAT = days after transplanting. bnr = not recorded.
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The Po Valley is one of the upper-
most northern areas in the Boreal
hemisphere for rice. At these ex-
treme latitudes, water submerg-
ing the rice field significantly af-
fects meteorological variables. In
particular, water affects soil and
canopy temperature by smooth-
ing the differences between ther-
mal extremes (Fig. 1). Cold shocks
or strong changes between day
and night temperatures can nega-
tively affect rice cycle and produc-
tion, particularly when they oc-
cur during emergence and at the
preflowering phase. For this rea-
son, European rice growers tradi-
tionally consider water level as
the most important factor during
these phases. Few studies have
been carried out to improve
knowledge on water influences
on canopy temperature. Rice
growth and development models

Analysis of temperature profiles in flooded rice field:
preliminary results

R. Confalonieri, L. Mariani, M. Facchetti, and S. Bocchi, Department of Crop Science, Section of Agronomy, University of
Milano, Via Celoria 2, 20133 Milano, Italy     E-mail: roberto.confalonieri@unimi.it

used to simulate the behavior of
the rice crop require only air tem-
perature as a daily input, whereas
the meristematic apex and global
plant behavior depend on water
temperature, at least up to the
stem elongation phase.

This note presents (1) some
preliminary results of a modeling
process that describes a tempera-
ture profile (soil, water, canopy,
air) in a rice field during a period
in which the field was not com-
pletely covered by the canopy by
using temperature data collected
in a standard weather station in
1989-91, and (2) a description of
a method used to collect data af-
ter the closed canopy stage in
2002. In temperate (mid-latitude)
rice areas, the proposed model
could be used to predict crop phe-
nological stages strongly influ-
enced by water temperatures

(Confalonieri et al 2001). More-
over, water temperature influ-
ences the life cycles of all the spe-
cies living in rice fields. For ex-
ample, the mortality and devel-
opment of the aquatic stages of
mosquito species (Aedes, Culex,
Anopheles, etc.) are strongly influ-
enced by surface water tempera-
ture, which determines the num-
ber of emerging adults (Jetten and
Takken 1994, Lucassen 1996).

Data collected from Rosate
(Milan Province, Italy) in three
seasons (1989, 1990, 1991) at a
standard agrometeorological sta-
tion (Bocchi 1992) were used for
modeling. Data on air tempera-
ture at 1.5 m above the soil sur-
face, temperature of water in con-
tact with the soil, global solar ra-
diation, and albedo were ob-
tained. At present, the course of
water temperature between sow-
ing and the “closed canopy” stage
(when the canopy completely
covers the water-soil) is modeled
using two different approaches:
empirical and mechanistic. The
empirical model simulates tem-
perature in the bottom of the wa-
ter profile as a function of air tem-
perature of the last 5 d. The
mechanistic approach simulates
hourly values of surface water
temperature by solving the equa-
tion of surface energy balance.

The comparison between
measured and simulated data us-
ing the empirical model is shown
in the table. The fitting indices
were those proposed by Loague
and Green (1991): the relative root
mean squared error (RRMSE, 0–
100%, optimum = 0%), the coeffi-Fig. 1. Daily data showing water smoothing effects on temperature during the crop cycle (data

collected in Rosate, Italy, in 1989).
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cient of determination (CD, 0–1,
optimum = 1, which indicates
whether the model reproduces
the trend of measured values or
not), the modeling efficiency (EF,
–∞ ÷ +∞, optimum = 1; if positive,
the model is a better predictor
than the average of measured
values), the coefficient of residual
mass (CRM, 0–1, optimum = 0; a
positive sign indicates model un-
derestimation), and the param-
eters of the regression equation
between observed and predicted
values. The low values of RRMSE
and the values of CD close to 1
show that the model is quite ac-
curate. The table also shows some
preliminary simulation results of
the mechanistic model. The fit-
ting indices indicate that the
model is able to simulate the pro-
cesses in a rice field and encour-
age the future activities of devel-
opment, calibration, and valida-
tion.

To model the temperature
profile in the period after the
“closed canopy” stage, data col-
lected inside (at different heights)
and over the canopy layer are re-
quired. Thus, we built a floating
structure (Fig. 2) with stems hold-
ing thermometers in the canopy
(at 20 and 60 cm from the water
surface), on the water surface, in
the bottom of the rice field, and
over the canopy (at 150 cm from
the water surface). The structure
is so light that it is able to float
and maintain the system undis-
turbed near sensors. The struc-
ture can float in very shallow
water bodies (about 4–5 cm
deep), is able to follow the water
level, and can be used for studies

Fig. 3. Temperature measured at different
levels with the floating station (Vignate [MI];
48 h starting from 1 Jun 2002, 0600) at the
soil-water interface, on the surface, and at 150
cm from the water surface. The effect of
flooding on water temperature is evident on
the second day, when water produces a
significant delay in the afternoon temperature
decrease.

on weed management, fertilizing
strategies, and crop development.
The structure is made of alumi-
num pipe connected by alumi-
num or plastic hand-made struc-
tures. The floats are little slabs of
polyurethane. Temperature data
loggers (external sensor; 12-bit
version) are located inside radia-
tion screens (Micros Technolo-
gies). Figure 3 shows some re-
sults.

References
Bocchi S. 1992. Calibration and

validation of RICAMO/LIQ, an

explanatory model for rice growth
simulation under Po Valley condi-
tion. Riv. Agron. 26(2):158–164.

Confalonieri R, Mariani L, Bocchi S.
2001. Analisi e modellizzazione
della temperatura in risaia per la
stima delle date di comparsa delle
fenofasi-risultati preliminari. Riv.
Irrig. Drenaggio 48(3):60–61.

Jetten TH, Takken W. 1994. Anophelism
without malaria in Europe: a
review of the ecology and
distribution of the genus Anopheles
in Europe. Paper 94.5. The
Netherlands: Wageningen
Agricultural University. 69 p.

Loague KM, Green RE. 1991. Statistical
and graphical methods for
evaluating solute transport
models: overview and application.
J. Contam. Hydrol. 7:51–73.

Lucassen DC. 1996. Thermische
gelaagdheid in ondiep water. MS.
thesis, Agriculture University,
Department of Meteorology. 124 p.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

Indices of agreement between observed and simulated values. TwB is the water temperature
measured at the soil-water interface.

Parameter RMSE EF CRM CD   Slope Intercept R2

TwB Min (empirical model) 6.68 0.71 0.03 0.93 0.87 2.63 0.78
TwB Max (empirical model) 4.02 0.81 0.01 0.81 0.84 3.86 0.85
TwB Min (mechanistic model) 12.35 0.56 –0.02 1.48 0.93 0.95 0.58
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Socioeconomics

Varying potentials of irrigation,
processes involved in marketing
rice and other crops, and the out-
break of pests/diseases are sig-
nificant factors that contribute to
changes in rice-based cropping
systems. Restricted moisture
availability during summer in-
variably favors the cultivation of
lightly irrigated crops such as
groundnut, vegetables, green
gram, and cowpea in place of rice.
The recent slump in market
prices, which has made rice culti-
vation less profitable, has moti-
vated farmers to adopt more di-
versified cropping systems.

To study the dynamics of
rice-based cropping systems, we
conducted a diagnostic sample
survey in 14 taluk (villages) of the
southern transition zone of
Karnataka. Primary data were
collected by interviewing 700
farmers from 140 villages selected
from 3,123 villages covering 1.3
million ha. Additional data were
provided, documented by rev-
enue officials. A comparative
study was carried out to docu-
ment the dynamic pattern of
changing areas under rice-based
cropping systems from 1985-86 to
1996-97. The reasons for the shift
in cropping systems were also
studied. Earlier, many researchers
had reported on the comparative
performance and managerial/
manurial requirements of rice-
based cropping systems (Sewa
Ram and Singh 2000, Gangwar
and Yadav 2001, Patil et al 1991).
But, literature on the dynamics of
rice-based cropping systems is
scanty.

Dynamics of rice-based cropping systems in the
southern transitional zone of Karnataka, India

M. Joshi, ECF Scheme, Regional Research Station, Mandya 571405, Karnataka State, IndiaFax no. 08232-
39211

Our results indicated that
rice area grew by 10% in the ini-
tial 4 y, and later stabilized at 0.17
million ha (Table 1). However, in
many taluk, such as Hassan,
Belur, Shimoga, and Tarikere, a
negative growth in rice area was
recorded in contrast to Alur,
Arakalgud, Channagiri, Honnali,
and H.N. Pura, which posted a
positive growth. The positive
growth was attributed to an in-
crease in irrigation potential,
while the negative growth was
caused by a short supply of irri-
gation and increased profitability
of growing other crops such as
vegetables, maize, and ground-
nut under limited moisture con-
ditions.

A comparison of areas under
rice-based cropping systems
(Table 2) revealed that the in-
crease in rice area was mainly due
to the increase in area under rice-
pulses, rice-fallow, rice-veg-
etables, and rice-maize systems.
The loss of rice area under the

rice-rice system was compen-
sated for by these systems.
Among them, rice-pulses and
rice-fallow systems were forced
upon farmers because of the wa-
ter shortage during the summer.
In an area of 4,500 ha, the rice-
vegetables system was popular
because of nearness to the mar-
ket and the good price of veg-
etables. Although rice-groundnut
is a more productive and profit-
able system under limited mois-
ture, its spread was restricted to

Table 1. Changing area under rice (ha) from 1985-86 to 1996-97.

 Change over
  1985-86 (%)

Alur 5,469 7,176 6,455 7,664 +40.1
Arakalgud 5,790 5,666 9,170 12,496 +115.8
Belur 9,815 7,600 8,410 7,359 –25.0
Bharavathi 25,212 34,800 17,092 24,424 –3.1
Channagiri 14,328 15,300 13,968 23,332 +62.8
Hassan 3,664 6,538 4,532 2,251 –38.6
H.D. Kote 8,429 6,591 4,715 7,590 –9.9
Honnali 12,443 16,300 12,701 16,295 +30.9
H.N. Pura 5,771 8,006 9,954 8,924 +54.6
Hunsur 5,710 6,408 7,967 9,580 +67.8
Periyapatna 2,942 4,375 3,470 3,364 +14.3
Shikaripur 22,918 19,800 21,221 21,106 –7.9
Shimoga 20,410 20,800 22,186 17,326 –15.1
Tarikere 11,159 10,586 9,582 7,543 –32.4
   Total 154,060 169,946 151,423 169,254 +9.8

Taluk 1985-86 1989-90 1991-92 1996-97

Table 2. Comparison of areas (in 000 ha)
under rice-based cropping systems.

Change
in area (%)

Rice-rice 67.2 59.6 –7.6
Rice-groundnut 17.1 18.9 +1.8
Rice-pulses 0.7 11.3 +10.6
Rice-fallow 0.4 12.8 +12.4
Rice-vegetables 0.8 4.5 +3.5
Rice-maize 0.6 2.5 +1.9
   Total 86.8 109.6 +22.6

Additional 67.2 59.6 –7.6
   summer rice
   area
Total rice area 154.0 169.2 +9.4

System 1985-86 1996-97
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18,900 ha; these were areas with
typical agroclimatic features (e.g.,
Honnali and Shimoga taluk)
where summer rains are delayed
and favor summer groundnut
cultivation. In all other places,
summer rains damage the sum-
mer groundnut crop.

In an analysis of reasons for
the shift in rice-based cropping
systems, it was found that
• 31% of the rice growers dis-

continued the rice-rice system
because summer irrigation
was not sufficient to grow
rice. New growers increased
by 24.6% from 1985-86 to
1995-96 as a result of in-
creased irrigation potential.

They grew rice-groundnut/
pulses/vegetables instead of
rice-rice.

• 4.8% of the rice growers (most
of them owning 2.5 ha)
adopted the rice-pulses sys-
tem because no other profit-
able crop could be grown in
the summer.

• 2.7% of the rice growers
adopted the rice-vegetables
system, in as much as veg-
etables such as okra, tomato,
eggplant, and chili were prof-
itable substitutes for summer
rice.

• 11% of the rice growers
adopted the rice-groundnut
system profitably. But this

system could be adopted only
in an area that had agro-
climatic features suitable for
groundnut cultivation.
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A study was carried out to esti-
mate the farmer performance in-
dex in Hambantota and Matara,
two rice-growing districts in
southern Sri Lanka. During the
2000-01 major rice-growing sea-
son, maha, 101 and 100 farmers
from Hambantota and Matara,
respectively, were interviewed.
The farmers were randomly se-
lected and a structured question-
naire was used to gather data.

The farmer performance in-
dex explains the extent to which
farmers exploit the potential yield
of a crop (Pingali et al 1990). If
farmers achieve this potential
yield, they are considered to have
exploited the entire potential and
the farmer performance index is
100%. In contrast, if the index is
below 100%, it means that farm-
ers have not fully exploited the
potential yield.

On average, 48% of the
farmers in Hambantota have not
exploited the potential yield in

Differences in farmer performance in two rice-growing areas

M. Wijeratne and W.N. de Silva, Department of Agricultural Economics, Faculty of Agriculture, University of Ruhuna,
Sri Lanka

the locality, which averaged 4.4 t
ha–1. In Matara, 54% of the farm-
ers had a low potential yield of
<2.4 t ha–1 (Figs. 1,2).

The study also looked into
the reasons for the differences
among farmers. In Hambantota,

water was distributed through
the Walawe canal, a major irriga-
tion scheme. Water availability
and distribution seemed com-
paratively satisfactory, but reha-
bilitation activities are needed to
minimize wastage of water. In

Fig. 1. Farmer performance index: Hambantota, 2000-01 maha season.
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Matara District, rice cultivation is
under minor irrigation schemes
and it depends on rainfall. Hence,
farmers often encounter limita-
tions in water supply and prob-
lems in water distribution sys-
tems.

Water availability and secu-
rity of irrigation facilities were
among the major factors respon-
sible for the difference in location-

Fig. 2. Farmer performance index: Matara, 2000-01 maha season.

specific yields in the two districts
as well as differences in perfor-
mance index. Additionally, the
amount of time spent in farming
also contributed to the difference
in farming performance index.
Thus, a full-time farmer could
very well have a higher perfor-
mance index than a part-time
farmer. Certain management
practices also contributed to

variation in farmer performance
index. These include the adoption
of recommended land prepara-
tion practices (planting depth:
20.32–22.86 cm) and good-quality
seed and the application of rec-
ommended seed establishment
practices, weed control tech-
niques, proper fertilization, inte-
grated pest management, and
correct timing of harvest. Farm-
ers have not adopted many of
these practices.

Training of farmers on these
aspects can lead to an increase in
the farmers’ performance index
and improved production effi-
ciency. This will contribute to en-
hanced national rice ceilings.

Reference
Pingali PC, Moya PF, Velasco LE. 1990.

The post-Green Revolution blues
in Asian rice production. Social
Sciences Division, International
Rice Research Institute, DAPO Box
7777, Metro Manila, Philippines.
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NOTES FROM THE FIELD

The occurrence of bunt of
rice in Bangladesh
I. Hossain, M.Z. Rahman, and
G.A. Fakir, Department of Plant
Pathology, Bangladesh Agricul-
tural University, Mymensingh
2202, Bangladesh
E-mail: ismail@royalten.net

Bunt of rice is caused by Tilletia
barclayana (Bref.) Sacc. and Syd.
The status of bunt at three se-
lected sites in the northern part of
Bangladesh Bogra, Rajshahi,
and Rangpur was studied over
2 y (1999 and 2000). At each site,
four upazillas (administration
units), with one village per
upazilla, were selected. Twenty
farmers were randomly selected
from each village. Just after har-
vest, farmers’ seeds of all variet-
ies were collected and brought to
the laboratory. Thousands of
seeds per sample (80 samples lo-
cation–1 each year) were tested.
Rice seeds of 1999 boro and 2000
aman were investigated. The va-
rieties/cultivars of rice were BR1,
BR2, BR9, BR10, BR11, BR14,
BR16, BR20, BR22, BR26, BR28,
BR29, BR30, IR50, China, Iraatom-
24, Pajam, Pariza-76, BRP,
Pancahabati, Type, Tipea,
Khatobada, Sarna, Gocha, Aman,
P. Kaila, and 532. Collected seeds
were tested according to detec-
tion methods described by
Agarwal and Srivastava (1985).
Moreover, collected seeds were
categorized into different grades
0 to 5, where 0 = no infection, 1 =
up to 10% area of the seed in-
fected, 2 = 11–25% area, 3 = 26–
50% area, 4 = 51–75% area, and 5
= >75% area. The study followed
a completely randomized design.

The significantly highest
samples (33.8%) were found to be
infected by bunt in Rajshahi in
1999 (boro season), with 0.14%
infected seeds (Table 1). But, in the

2000 aman season, the highest
seed sample infection (27.5%) was
recorded in both Bogra and
Rangpur, with 0.04% and 0.05%
seed infection, respectively
(Table 1).

The grading of the seeds’
level of infection revealed a wide
variation of infection, irrespective
of location and category of infec-
tion (Table 2). It has been ob-
served that most of the infected
seeds were either under grade 1

Table 2. Grades of infection of seeds.

Infection gradea

Cropping year Site
0  1  2  3  4  5

1999 Bogra 99.990 0.001 0.000 0.001 0.003 0.006
Rajshahi 99.860 0.030 0.010 0.003 0.018 0.080
Rangpur 99.996 0.000 0.000 0.000 0.000 0.004

2000 Bogra 99.960 0.010 0.004 0.003 0.001 0.020
Rajshahi 99.970 0.002 0.002 0.000 0.000 0.020
Rangpur 99.950 0.010 0.005 0.000 0.005 0.030

aInfection grade: 0 = no infection, 1 = up to 10% area of the seed infected, 2 = 11–25% area of the seed infected, 3 = 26–
50% area of the seed infected, 4 = 51–75% area of the seed infected, 5 = >75% area of the seed infected. For each sample,
1,000 seeds were inspected.

or grade 5. The findings of this
study clearly show the existence
of bunt of rice in Bangladesh.
These findings are important to
researchers as well as rice grow-
ers in the country as a basis for
further study.

Reference
Agarwal VK, Srivastava AK. 1985.

NaOH seed soak method for
routine examinations of rice seed
lots for rice bunt. Seed Res. 13:159-
161.

Table 1. Incidence of bunt of rice in Bangladesh, 1999 and 2000.a

% sample infected % seed infected
Site Rice variety

(no.) 1999 2000 1999  2000

Bogra 15 2.000 b 27.500 0.010 0.040
Rajshahi 19 33.750 a 13.550 0.140 0.030
Rangpur 13 2.500 b 27.500 0.004 0.050

a1,000 seeds sample–1 (80 samples location–1 in each year) were tested. Data in the column with a common letter do not
differ significantly at P>0.05.

About IRRI’s Library and Documentation Service

Did you know...

...that IRRI has the world’s biggest rice library?

...that it provides a free photocopy service1 to rice scientists everywhere?

...that its catalogue and rice bibliography are available on the
   World Wide Web for searching, 4 hours a day2?
...that IRRI Library staff are waiting right now to receive your requests3?

Take advantage of this free service now!

1Maximum of 50 pages per request
2Web address: http://ricelib.irri.cgiar.org
3Write to Allan Vallarta at this address: Library and Documentation Service,
International Rice Research Institute, DAPO Box 7777, Metro Manila, Philippines.
E-mail address: a.vallarta@cgiar.org
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2003 CALENDAR OF ACTIVITIESa

Course Duration Target Coordinator(s)/
(wk)  date asst. coordinator (s)

Headquarters
Natural Resource Management
Two-Week Rice Production Training Course, 1st offering 2 17-28 Feb V. Balasubramanian

Integrated Nutrient Management 2 24 Feb-7 Mar R. Buresh
Principles and Practices of Farm Management 3 Mar J. Rickman
Integrated Pest Management 3 24 Mar-11 Apr K. Heong
Rodent Management 3 19 May-6 Jun G. Singleton/K. Heong
Water Management, for Philippines only 1 Jul-Sep B. Bouman
Two-Week Rice Production Training Course, 2nd offering 2 Aug V. Balasubramanian

Integrated Germplasm Management
Genetic Engineering and Nutrition Improvement in Rice 1 May S. Datta
Rice Breeding Course 2 Aug G. Atlin
Intellectual Property Rights TBAb TBA T. Wai
Genomics/Bioinformatics TBA TBA H. Leung

Skills Development
English for Conversations * 2 10-21 Feb A. Arboleda
Basic and Conversational English Class (English for Beginners) * 8 3 Mar-25 Apr A. Arboleda

Scientific Writing and Presentation Skills Course 2 12-23 May A. Arboleda
Intensive English 1 Course * 12 7 Jul-26 Sep A. Arboleda
Intensive English 2 Course * 3 10-28 Nov A. Arboleda
e-Learning for Development 2 TBA A. Atkinson

Biometrics
Introduction to IRRIStat 1 May G. McLaren/V. Bartolome
Introduction to SAS Version 8 for Windows 1 Jun G. McLaren/V. Bartolome
Advanced Experimental Design 1 Jul G. McLaren/V. Bartolome
Introduction to the International Rice Information System (IRIS)
    for Plant Breeders’ Training 1 Aug G. McLaren/V. Bartolome

aSchedules are subject to change. Courses with asterisk (*) are offered after office hours. For details, email us at  IRRI-Training@cgiar.org.
bTBA  – to be arranged.

NOW AVAILABLE

2003 Calendar

The calendar features 14 sweeping rice landscapes in Asia.
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