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Abstract

Rice is the most important food grain in developing countries. Rapid
population growth in developing countries during the 1950s and 1960s presented
a massive challenge to rice producers. Rice production would have to be
expanded at historically unprecedented rated to maintain per capita rice
consumption levels. That challenge was met. Rice production expanded more
rapidly than population. The challenge was met primarily by increased yields
per hectare of land. This paper documents the role of varietal improvement
and of genetic resources in achieving yield improvement. It shows that
varietal improvement was international in character with the International
Rice Research Institute in the Philippines playing the leading role. More
than 100 national rice breeding programs contributed to the pool of
approximately 2,000 rice varieties constituting the "green revolution" in
rice. Access to and the international exchange of genetic resources in the
form of farmer selected "landraces" was vital. More than ninety percent of
the green revolution rice varieties were developed from genetic resources
originating in more than one country.
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Rice Varietal Inprovement and International Exchange
of Rice Germplasm

Robert E. Evenson

Varietal improvement occupies center stage in rice research programs. Rice breeding
programs are maintained in the International Rice Research Institute (IRRI) as well as in
national agricultural research systems (NARSs), and many NARSs also maintain regional
(subnational) breeding programs. Rice breeding programs are directly supported by ex situ
germplasm collections at IRRI and in NARSs. They also receive considerable support
from research in plant pathology, entomology, and agronomy, which places considerable
emphasis on achieving host plant resistance to insects and disease and host plant tolerance
to abiotic stresses.

Genetic resources in the form of original landraces, wild species, and related materials
have been exchanged freely and readily between breeders at IRRI and in national research
programs. The international rice germplasm collection (IRGC) is a large collection that
includes duplicates of materials in national rice germplasm collections (NRGCs). Much of
the IRGC collection has been evaluated for agronomic traits, and this information and the
genetic resources themselves have been readily available to rice breeders in NARSs.

"Advanced" genetic resources are also exchanged internationally. These materials
consist of advanced breeding lines and varieties, the descendants of original landrace and
related genetic resources, which have been crossed (and recrossed) for many generations.
Some of this germplasm is exchanged under the aegis of IRGC and NRGCs. The
development in 1975 of the International Network for the Genetic Evaluation of Rice
(INGER), a system of specialized rice nurseries, provided a vehicle for exchanging as well
as evaluating advanced genetic resources.

This paper reviews economic studies of rice research programs and attempts to identify
the contributions of rice varietal improvement to changes in rice productivity. I also report
some new work specifically addressed to the contributions of genetic resources (and thus
of IRGC, INGER, and plant breeding programs) to the production of rice varieties. The
paper begins with a discussion of how varietal improvement research is organized, what
breeding strategies are used, and how the varieties are produced. Next, general rice
research studies are reviewed, followed by an overview of rice "trait value" studies and
new evidence from India and Indonesia on how qualitative trait breeding has contributed
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to the productivity of rice. This is followed by a description of a recent study of the
INGER system. The concluding section of the paper discusses the implications of
biotechnology tools for future varietal improvement.

Rice Improvement Organizations and the Production of Rice Varieties

Gollin and Evenson (1995) studied releases of indica and japonica rice varieties over
1962-91. A total of 1,709 releases were classified according to releasing country and
release date. The genealogies (parentage) of each release were analyzed, which enabled
breeding strategies and the landrace complexities of these releases to be characterized
further.

Table 1 summarizes these varieties by releasing country. Note that IRRI made a
number of the crosses from which these varieties were selected, but officially released only
a few varieties. India, with 26 rice breeding programs, led all countries in number of
releases (643). Varieties from more than 100 breeding programs were released.
Approximately 20 varieties were released each year in the early green revolution period;
this number rose to nearly 80 per year in 1976-80 and has remained steady at around 75
per year since.

Appendix table 1 provides an indication of the scope of the international exchange of
varieties by comparing the location of the breeding program where a cross was made with
the location of the program that released varieties based on that cross. Panel I of Table 2
summarizes these data, which show that IRRI was an important producer of the crosses
from which releases subsequently were made. In the early green revolution period, 1966—
70, IRRI made 25% of all crosses leading to varieties. This percentage has declined to
12% in the most recent period, but IRRT's plant breeding program remains a potent
contributor to varietal development. Appendix table reports instances in which the
releasing unit first obtained a cross via an INGER nursery. As mentioned earlier, the
INGER nursery system was introduced in 1975; by the 1980s, more than three-fourths of
the crosses from IRRI and other NARSs that led to released varieties were obtained
through INGER.

Appendix table 2 reports comparable data for varietal parents (summarized in Panel II,
Table 2). Here we see that IRRI produced the crosses from which 24% of varietal parents
were selected. Other NARSs produced the crosses from which an additional 18% of
varietal parents were selected. By the 1980s, INGER was the source for 80% of IRRI-
based parents and more than half of NARSs-based parents.
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Further data on breeding strategies in Panel III, Table 2 show that the most frequent
(successful) breeding strategy over this period can be described as "one parent from IRRI,
one from the NARS." The importance of international exchanges in rice breeding is shown
by the relatively low percentage of varietal releases for which all parental material came
from national sources (most of these releases were made in India).

The landrace content of released varieties has increased: the average number of
landraces in a given release has risen from under 3 to around 8, although some recently
released varieties contain more than 25 landraces in their genealogies (Panel IV, Table 2).
More than 70% of these landraces were brought into the genealogies through an IRRI
ancestor.

Panel V of Table 2 shows another dimension of IRRI’s role in breeding by reporting
the number of new landraces introduced into the landrace pool by period and by
originating source. Here we note first that genetic resources consisting of an impressive
number of new landraces (and one or two wild species) have been introduced into the pool
of successful varieties. The fact that the 1,709 releases included 838 landraces that were
not contained in the landrace pool prior to 1965 shows that genetic resource collections
have been valuable to breeding programs.

Second, the data in Panel V reveal that IRRI has actually introduced very few landraces
into the pool. Only 80 of the 838 new landraces were introduced via IRRI crosses. By
contrast, all of the landraces in released varieties, roughly 70%, were introduced via an
IRRI cross. This is the result of two factors. First, IRRI's powerfill breeding lines
incorporate many landraces that were first brought in through a NARS cross. Second, the
widespread use of IRRI crosses as breeding lines multiplies the use of the landraces they
contain.

Gollin and Evenson (1993, 1995) have noted that a small set of landraces were built
into IRRI breeding lines possessing the original semidwarf plant design. To date these
lines have served as the basis for much of the varietal development research described
here. IRRI, which had excellent access to genetic resources, did not invest heavily in
efforts to exploit more landraces and was not highly successful in doing so, partly because
the combinability and use of new landraces was limited by the “narrowness” of the original
plant design. The national research systems, even though they had poorer access to
genetic resource collections, had somewhat broader plant design bases and were
somewhat more diligent in searching for landrace-based traits.






