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THE CEVELOPMENT AND DIFFUSION OF RICE VARIETIES IN INDONESIA!

ABSTRACT

The area planted in the major rice environments of
Indonnsia is reported and the ri-e breeding objec—
tives for each enviromment are described. The pro-
cedures in the present rice breeding efforts are
outlined and the institutional setting for varie-
tal tmprovement is discussed., Tha history of vari-

responsive rice varieties in Indonesia is discussced
in detail. Extensive tables of data show the pro-
portion of area planted to the most widely grown
varieties for the major rice-growing provinces of
Indonesia from 1976 to 1979. Indonesia's BIMAS
(extension) program ind the impact of modern

rices on yields and piroduction are discussed in
the final sections of the paper.

etal improvement is reviewed and the introduction
and diffusion of modern semidwarf, fertilizer-
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THE DEVELOPMENT AND DIFFUSION OF RICE VARILYTIES IN INDONESIA

Since 1965, the rice economy of Indonesia has
undergone a transformation attributable to nume-
rous interacting factors. New technology, in the
{rnrn of modern rice varieties, inorganic fertili-
zers, rehabilitation and expansion of irrigation
systems, and improved management practices made a
major contrihution. Much credit must alse go to
the accelerated production program (Bimas), which
took research resuits teo  tarmers' fields and
provided effective arganization of farmers'
groups,  Finally, govermment input and output
pricing policies created incentives tor farmers to
apply the available technology.

In combination these factors enahled Indonesia,
vith higher yields and cropping, intensification,
to substantially dincr_.se total rice production.

As a consequence of the changes since 1965, Indo-
nesia's agricultural milies has changed substan—
tially. Rescarchers and poliicy mekers face prob-
lems that did not exist whern farmers planted a
single crop of a local varicty and kept inputs
low. Beceuse the development and diffusion of new
technology is a complicated process, other prob-
lems will arise in the next decade.

RESEARCH OBJECTLIVES FOR MAJOR RICE ENVIRONIENTS

Rice ir grown on a wide variety of land in lndo-
nesia. The relative proportion of the land in each
rice enviroment on each island is shown in Figure
l.

The varietal improvement program of the Central
Research Institute for Food “reps (CRIFC)  has
identified high yield, intermediate amylose con-
tent, and discase and insect resistance as breed-
ing objectives in all rice environments. Within
each the varietal development propgram attempts to
incorporate specific traits cthat will increase
productivity in that environment,

Irrigated wetland

Irrigated wetland constitutes about 53% of Indone-
sia's rice area, 86% of which is in Java-Ball and

Sumatra (Table 1). Irrigation systems in Indonesia
are classified as technical, semitechnical, or
simple. About 66% of the irrigated area has tech-
nical and semitechnical systems managed by the
Public Works Department and characterized by a
well developed infrastructure. Those areas usually
grow at least two rice crops/year (Nyberg and
Prabowo 1979). The simple systems sederhana) have
small command areas aad are maint:s ned and managed
at the vlllage level. They have ., measurement of
water flow.

For the irrigated wetlands, the breaoding goals are
to develop varieties with strong secdling vigor,
moderately high tillering ability, erect leaves,
intermediate to short height (100-130 mm), lodging
resistance, 90-135 day maturity, intermediate
threshability, and responsiveness re 90-135 kg
N/ha. Also, because increased disease and insect
problens have developed with intensified produc-
tion, high priority is placed on developing rices
with resistance to bacterial leaf blight, grassy
stunt, ragged stunt, tungro virus, and brown
planthopper (Siwi and Beachell 1930).

Rainfed wetland

Rainfed wetland rice covers 267% of Indonesia's
total rice land (Table 1). A single rainfed wet-
land crop is planted at the beginning of the wet
season and intormediate- to late-maturing varie-
ties are usually grown.

In most of Indonesia, irrigation is not needed for
the first rice crop. In years when the ralns start
late, however, land preparation and transplanting
are delayed (Effendi et al 1979a). Also, some
areas frequently have early flooding. To reduce
crop damage from late rains or flooding, dry sced-
ing (gogo rancah) 1is practiced on rainfed and
poorly E?rigated farms 1n parts of Java and
Madura. For gogo rancah, seed 1s dibbled directly
into the dry soil at the beginning of the rainy
season and the crop grows as dryland rice until
ralnfall {s sufficient to submerge the fields.
During the rest of the season, the crop grows as
wetland rice (Partohardjono and ilarahap 1979).

Table 1. Areas of major rice growing environments, Indonesia, 1976.3/

Estimated area®/ (1,C00 ha)

Lnvironment Java-Bali Sumatra Kalimantan Sulawesi Nusa Tenggara Total
Irrigated wetland 2,505 (72) 493 (14) 78 (2) 234 (7) 156 (5) 3,466
Rainfed vevland 925 (54} 366 (21) 233 (14) 157 (9) 40 (2) 1,721
Rainfed ¢ ,land 254 (22) 486 (42) 230 (20) 100 (9) 83 (7) 1,153
Tidal swamp 5 (2) 103 (41) 140 (55) 4 (2) 1 (0) 253

Total 3,689 1,448 681 495 280 6,593

a/ .
— Source: BPS Luas Tanah Sawah in Nyherg and Prabowo (1979); nonirrigated dryland from BPS (1977). E/Figures
in parenthesis are percentages of row total.
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Fig. 1. Percent of rice land in major rice environments,
survey by the Central Bureau of Statistics and Department

Many of the for rvainfed wetland
rice are the for irrigated
Yet, some differences are important. Because water
control in rainfed rice is unreliable, weed prob-
lems are pgreater. As a result, varietics with mo-
derately erect leaves and as tall as or taller
than Pelita (120-150 ¢n) are needed to shade and
compete with weeds. Also, risk associated with un-
certainty of water supply implies the need for
varieties that are yield responsive at lower [er-
tilizer rvaves (60-90 kg N/ha), and are drought and
submergence tolerant (Siwi and Beachell 1980)., For
dry-seeded rice, early seedling vigor, early matu-
rity (110-120 days), and drought and submergence
tolerance are especially important (Partohard jono
and d¢ cahap 1979,)

breeding goals

same as  those rice.

High elevations

Within Indonesia's irrigated and rainfed wetland

rice environments are an estimated 250,000 ha of
rice grown abhove 500 m e¢levation. In those areas,
modern varieties take longer to mature and fre-

quently have high levels of sterility. Consequent-
ly, farmers in the areas prefer their traditional
varieties.

The primary bSreeding objective for high-elevation

areas is to identify modern varieties that have

Indonesia, based on a 1976
of Agricultu.ec.

but perform
the high-
for cold-

desirable agronomic characteristics,
well in the climate prevailing in
elevation areas. A primary need is

tolerant rices.

Rainfed dryland

Rainted dryland is the third most important rice
growing environment. It includes 17% of the land
planted in rice. Most of this area lies in Suma-
tra, Java-Bali, and Kalimantan (Table 1), Dry-
land rice is planted in the wet season on dry
upland. The dryland rice is often interplanted
with maize, cassava, sweet potato, and soybean.

For dryland rice, breeding objectives are similar
to those for rainfed. Goals include slightly
drooping leaves to compete against weeds, respon-
siveness at 45-90 kg N/ha, and most important,
resistance to blast (Siwi and Beachell 1980).

For the intensive cropping systems being developed
by the CRIFC cropping systems program, very early
(95-105 days) maturing, nitrogen-responsive varie-
ties of moderate height (110-120 c¢m) are required.



Tidal swamps

The tidal swamps ecncompass two types of rice-
growing enviconments. Coastal swamps (pasang-
surut) include areas with both the direct and
indirect -- via water infiltration through the
soll =-- iafluence of the tides. The freshwater
arcas behind the tidally influenced arcas are
known as monotonous swamps (lebak). Our data
suggest 4% of the rice area is tidal swamp with
140,000 ha in Kalimantan and 103,000 ha in Suma-
tra. Our figures may be low. Collier (1980) cites
135,000 ha in Sumatra and 165,000 ha in Kalimantan
for tidally influenced rice land. The tidal swamps
typically fiood deeply as the rainy scason pro-
gresses. Varieties grown in the areas are often
double tramsplanted and miture in 9-10 months
(Anwarhan 1980),

Within the general class tidal swamp, rice produc-
tion varies widely. Resecarch goals include develo-
ping varieties tolerant of low soil pH, acid sul-
fate soils, submergence, drought, and salinity. In
some subenviromments, short varieties are needed
but for deeply flocded areas, elongating ability
is needed (Siwi and Beachell 1980, Anwarhan 1980),

Expansion of rice produciion

It is estimated that 39.6% of the increase in rice
output during 1963-74 was [rom area expansion and
60.4% was [rom increased vyields (Barker ot al
1977). Although it is difficult to estimate future
sources of growth, some conclusions are possible.

Almost all of the expansion of area will occur
ocutside of Java-Bali. In Indonesia's Third Devel-
opment Plan (1979-80 to 1983-84) targets have heen
set for developing 766,140 ha of irrigated wetland
and 535,000 ha ot tidal swamp arca (Nyberg and
Prabowo 1979). This is only a small portion of the
estimated 4 million ha for gravity irrigation and
1.3 million ha for tidal swamp that coulc be de-
veloped (World Bank 1979). But for the tidal-swamp
areas a great deal of research is required to
identify technologies appropriate for sustained
crop production,

About 14.2 million ha of upland are identified as
having an agricultural potential. Fifty percent of
these are in Sumatra (World Bank 1979). Field re-
search by CRIFC suggests that high ylelds and pro-
fitable food crop production can be achieved on
these largely red-yellow podzolic soils (McIntosh
and Effendi 1979). The cost of developing thease
areas == cxcluding human resettlement costs -- {s
substantial, however. In Sumatra, it is estimoted
that US$3,000/ha for river diversion irrigaticn
systems, USS1,500/ha for tidal reclamation, and
US$1,000/ha for grassy upland arcas are required
World Bank 1979; poers. comm.)

These data refer only to land arca in ecach envi-
ronment but there appears tu be ample opportunity
to increasce cropped area threueh intensification.
For example, the rice cropping intensity on Java
was estimated at 1.4 in 1976-77 -- wetland area
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harvested divided by wetland area used. With the
introduction of shorter-duration varieties, dry
sceding, and minimum tillage for land preparation
for the sccond rice crop, it should be possible to
significantly expand cropped area in the irrigated
wetland and rainfed wetland areas (Effendi et al
1979b).

BREEDING AND SELECTION OF IMPROVED VARIETIES

Specific modern varieties differ from spccific
traditional types 1{n several ways, 1including
height, grewth duration, disease and insect re-
sistance, and tolerance for various soil condi-
tions. In addition, when grown in suitable emvi-
ronments, they have a greater capacity than tra-
ditvional varieties tc convert fertiliz-r nutrients
into grain.

Generally, if the specific modern variety 1is ap-
propriate for the enviromment 1in which 1t 1is
grown, it will give the same or greater yileld at
zero fertilizer than traditional varieties and a
higher yleld at all fertilizer application rates.
Based on data collected in 85 trials in farmers'
irrigated filelds in Central Java {1973-74 wet
season) where Pelita I, C4-63, and PBS were grown,
an average response to nitrogen was estimated by
the relationship:

Y = 3100 + 19.63 N - 0.43 N2 (FAO 1979).

The dcvelopment of new varieties with desired
characteristics 1is systematic. After deciding the
attributes required in a variety, existing genetic
resources are reviewed to ldentify sources of
these characteristics. With this information, a
crossing and selection plan is developed (Fig. 2).
From the Fg population, a group of true breeding
plots (lines) are selected by harvesting all seed
in each pedigree plot tn obriin the promising
lines.

During the F3 through Fg, the 1indilvidual Llines
are screcned for various problems, stresses, and
characters (e.g. brown planthopper, green leafhop-
per, tungro, and blast resistance; sallnity,
drought, and submergence tolerance, etc). Only the
plants that perform well move to the next geacra-
tion for further evaluation. In addition to the
stresses listed, the material 1is continially se-
lected for growth duration, plant type, plant
height, eating quallty, and many other visual and
measurable traits.

The Directorate of Plant Protection, Ministry of
Agriculture, plans multisite yield trials in close
cooperation with CRiFC. Sever.l hundred trials are
conducted annually by the l,cal extension agents
in farmers' fields throughout the country. The
plots are 15 mz, replicated 4 times, have 12
entries, 1Including a popular 1local or modern
variety as a check. Other {irputs are set at
standard lecvels.
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INSTITUTIONAL SETTING

FOR VARIETAL IMPROVEMENT

Data from these trials go to the Directorate of
Plant Protection for analysis. The results guide
varictal release by the National Seed Board Com-
mittee. A minimum of 7 years from the time a cross
is first made to the time certified sced {s avail-
able for farmers to grow is generally required.

Rice breeding work in Indonesia began In 1905 with
the establishment of the & »ral Agricultural Re-
search Station (GARS) at Bogor. GARS included the
Agronumy, Pests and Diseases, Soils, Botany, and
Trdustrial Crops Institutes, In 1956 the rice pro-
gram was given higher priority with the creation
of the Rice Institute, foeusing primarily on



Table 2.

In 1963 a reorganization of
integrated rice, maize, and
sorghum breeding, and agronomy research, into the
Cereals Institute. In 19606 research on tubers, le-—
insects and phvsiology were
rename d

breeding and agronomv.
the research program

diseases, and
institute, which was

Institute for Agriculture

sirce 1971, in Sukamandi,
West  Sumatra;  Maros, South
Sulawesi; East  Java; and  Banjarmasin,
South Kalimant vn. This reorganization strengthened
the rice propgram by forming, within CRIA, a mulci-
disciplinary team of scientists, including breed-
apronomists, entemologists, plant physiolo-
gists, and economists, In 1981 CRIA was expanded
to inctude horticulvural research, and renamed the
Central Research Institute for Food Crops (CRILFC).
CRIFC's regional institutes autonomy,
enabling each to better respond to resnearch
priorvities.

gumes,
added to the Cereals
the Central
(CRIA) with
West  Javag

Research
branches
Padang,

Malang,

ers,

given
local

were

Suceess in varictal requires a well-
trained staff. After independence, Indoncsia faced
an extreme shortage of trained personnel to manage
In response to that shortage,
established in 1952,
completed the
intensive pro-
through short

improvement

the research systiem.
a J-year academy course was
The first class of 30
course in 19%. After the
gram, staff developaent was
conrses, uitiversity  training, and
training, Over the past decade staff{ development
was piven high priority, with the number of Ph D
and MS degree holders increasing from 2 and 5 in
1970 to 20 and 13 in 19530, In addition, 22 sraff
members o 1980 were studving for o Ph ) 8 for a
MS depree (Table 2).

rescarchers

initial
pursued

in-service

Because varietal improvement requires an interdis-
Lhe strengthening of staff ca-
contributed to the
development of In addition, 42
CRIFC staflf members have participated in a 6-month
varietal International

Rice Research

ciplinaryv approach,
pabilities in all
improved varieties.

ficlds has

improvement course at  the
Institute (LRRI).
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The genetic evaluation
and utilization approach

Varietal improvement at the CRIFC involves scien-
tists from several disciplines. With the severe
outbreaks of brown planthopper, ragged stunt, and
grassy stunt in the mid-1970s, the need tur better
coordination of breeding activities became appa-
rent. In response, a national multidisciplinary
varietal Improvement program was established in
1975 ard named the Genetic Evaluation and Utiliza-

tien (GEU) program.

The CEU program provides varieties for the more
than 8 million ha of Indonesia's extremely diverse
rice-growing cnvironmente. Because it is imposzi-
ble to breed a single variety suitable for all
environments research goals were established for
cach group.

The GEU program is coordinated by a national team
lecader at Sukamandi with close linkages between
the regional units at Bogor, Padang, Sukamandi,
Malang, Maros, and Banjarmasin. Extension service
sub ject-matter specialists, national sced corpo-
ration representatives, and representatives from
other institutlons frequently attend the monthly
GEU wmeetings.

A diverse germplasm collection is required as a
genetic source of desirable characteristies for
the GEU program. Collection of indigenous germ-
nlasm started in the 1930s (Siwi and Kartowinoto
1976) but much of the collection was lost due to
improper storage. Most of the collection was,
however, sent to IRRL in the 196Us and is in the
IRRI germplasm bank.

planting of wmodern varieties,
there has been a rapid genetlc erosion 1in many
areas of Indeonesta during the past 10 years.
Because both traditional varieties and introduc-
tions are Important sources of the required gene-
tic characterlstics a  systematlc collection

With the increased

Stalf development by discipline for crop research at the Central Rese.rch Institute for Agriculture

(CRIA), Indonesia, 1970 and 19803/
e 1970 R 1980
Discipl ine __Ms L Ph D L MS Ph D

e Complete In process  Complete  In process  Complote  Tn process  Complete  In process
Agronomy 0 9 0 0 i 26 6 4
Breeding 4 1 1 1 5 13 7 6
Plant pathology 0 0 1 0 2 7 2 4
Entomology 1 1 0 0 2 10 3 4
Plivsiclogy 0 1 0 0 2 17 0 1
Soc Locconomics 0 0 0 0 1 4 2 1
Postharvest technology 0 0 v 0 0 4 0 2

Total 5 3 2 1 13 6l 20 22

al.
“Source:

CRIFC Secretariate, Bogor.

7
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program was [Initiated in 1970 (Siwi and Harahap
1977).  Presently, the CRLFC germplasm collectlon
has 3,496 1local indicas and 1,491  javanicas
(bulus). Cooperation with TIRRI's germplasm col-
lection work continues and all collected cultivars
dare stored at both Bogor and IRRT.

Indonesian rice scientists are capable of screen-
ing breeding lines for most of the characteristics
to be incorporated into improved varieties. Due to
a shortage of greenhouses and personnel, Indonesia
has been assisted by IRRI in screening for brown
planthopper and grassy stunt virus resistance,
eating quality evaluaticn, and other information.
Some cold=tolerance screening of Indonesian lines
is done in Korea and the Philiprines. Thailand has
assisted in screening deepwater breeding miterial
for elongation ability and submergence tolerance.

In turn, Indonesia has reciprocated by screening
matertals from [RRI and other countrics for rice
tungro virus, blast, and gall midge.

The stronyg organizational foundation laid through
the establishment of the GEU program has enabled
CRIFC to produce an extromely large amount of
breeding material, In 1979, the program produced
711 crosses, 4,116 bulk hybrid populations, 91,472
pedigree  nursery  entries, 2,018 observational
trial entrics, and 501 replicated yield trial
eatries prown in varietal improvement nurseries.

International Linkayes:

progress_through cooperation

An Important component of the GEU program is its
participation in the TInternational Rice Testing
Program (IRTP), which anmially discributes aboul
20 uniform nurseries for growing in more than 50
countries. The participating countries and [RRI
provide the entries for the nurseries. IRRI coor-
dinates preparation and distribution of seed of
the nurseries to interested countries, summarizing
of resnlers, and che reporting of results to the
participating conntries, The nurseries are divided
fnto  yield trials, observational trials, and
stress screening trials (disease and insects, low
temperature, drought, salinity-alkalinity, and
other soil deficiencias or toxicities). Since 1976
Indonesia has annually grown an average of 9 yield
trials, 9 observational trials and 20 stress
screening trials (Table 3),

The fact that TRIP nurseries are fprown in many
countries cach vear give country programs the bene-
fit of varictal reactions to insccts and diseases
and stress tolerances that would require several
vears' testing if each country had to depend only
on its own facilities. Indonesia has entered more
than 50 strains annually in IRTP nurseries for
evaluation throughout the network. This has re-
duced considerably the number of vears required for
the evaluation of promising lines.

Indonesia has used several hundred IRTP entries as
parents in the national breeding program. Many

Table 3. 1International Rice Testing Program nurse-
ries grown in Indoresia, 1976-80.

No. grown

Nursery type 1976 1977 1978 1979 1980

Yield trials 6 9 9 7 12

Observational 8 9 10 6 12
trials

Stress screening
Cold, drought, 4 4 2 2 6
problem soils

Diseases, 16 21 12 13 19
insects
Total 34 43 33 28 49

IRTP entries have also been evaluated for new
variety potential and with good success. These
included [R26, TR28, IR29, 1R30, IR32, [R34, IR36,
TR38, and 'R42, all IRTP entries that were ulti-
mitely released as varieties in Indonesia.

Lines developed in [ndonesia have been released as
varieties in several countries of Asia, Africa,
and lLatin America. Likewise Indonesia's contribu-
tion in providing test information on material
from other countries has been helpful to other na-
tional programs, especially the tungro evaluation
of breeding lines.

HISTOGRY OF VARIETAL IMPROVEMENT

Indonesia has a long and distinguished record in
rice varietal improvement. A high percentage of
the improved-plant-type varleties reiecased by IRRI
and national programs during the 1960s and the
1970s trace to at least one and sometimes several
Indonesian varieties (Hargrove et al 1979). The
Indonesian varieties Peta, Intan, and Sigadis were
used by IRRL primarily as sources of sturdy stems,
crect leaves, and plant vigor (Harahap et al
1981).

Varieties grown in Indonesia may be classified as
traditional, national improved, and modern. Among
the last group, varieties susceptible to brown
planthopper are dffferentiated as modern nonre-—
sistant, those resistant to BPE blotype 1 but not
to blotype 2 as modern biotype | reslstant, and
those resistant to hoth BPH biotypes | and 2 as
modern blotypes | + 2 rosistant.

Traditional varietics

Traditional varieties (TV) grown in Indonesia num-
ber more than 8,000 (Siwi and Harahap 1977). His-
torically, the bulus or javanica varleties were
found only in Java, Bali, and hill terrases of
Banaue, Philippines. These varieties have long
panicles, low tillering capacity, stiff straw,
bold and nonshattering grains, wide leaves, 1low


http:assist.ed

photoperiod sensitivity, awned glumes (except for
a subclass of bulus known as gundils), and inter-
mediate amylose content (Siwi and Harahap 1977).
The bulu varieties were probably preferred by
early inhabitants of the inner islands because
they were high vielding and did not lodge when
planted on the fertile volcanle soils. They were
grown almost exclu<ively on Bali and Lombok but
were grown in equal proportion to indicas in Java,
Southern Sumatra, and Southern Sulawesti
(Parthasarathy 1972).

In the early years at the General Agricultural
Research Station, breeders focused on screening
local material at many sites and on mass selection
and purifyving of strains oi local varieties. Indi-
ca types were also introduced from other countries
(Marahap et al 197.2) but most of those were never
released because thev were photoperiod sensitive
and had undesirable apronomic characteristics. On
the other hand, a «uceesstul  example was Tjina
(from China in 1914), which was adopted oaver a
wide area due to its photoperiod insensitivity,
vield, and high wrain quality (Parthasarathy
1972). Tjina was later used in the hybhridization
program and propenies trom Tjiina/lLatisal crosses
led to the development of  such  varieties as
Bengawan, Peta, Intan, and Mes,

National improved varictics

Rice hyvbridization in Indonesia started about 1920
using the gene pool that had been built up through
foreign acquisitions (Harahap ct al 1972), During
the period 1926-45, six regional branch stations
were established, each representing a mijor soil
type arca. Selections made at cach station were
tested at all stations and numerous trials were
conducted in farmers' fields (Parthasarathy 1972).
During World War 11 and the Indonesia War of Inde-
pendence, research progressed slowly. The founding
of the Food and Agriculture Organization (FA0O) and
the estabiishment of the International Rice Com-
mission in 1949 pave a new impetus to rice re-
search. In the 1960s Indonesian brecders partici-
pated in international Aactivities, including
training and germplasm exchange. Indonesia's lead-
ing rice breeder, Dr. Hardrian Sircepgar, introduced
several modern breeding procedures, such as the
pedigree method, which led to the more rapid
development of new varfeties. bDuring the period
1940-65, many national improved varieties were
selected and released.

Modern varieties (nonresistant)

The strategy {ollowed in the curvent breeding
program dates to the 2arly 1260s. Before then,
varieties in Indonesia werve developed for cultiva=-
tion on soils with moderate o low fertility
(Harahap et al 1972), In the early 1960s breeders
came to realizc the importance of nitropen ferti-
lzer in increasing vields in  tropical  Asta
(Parchasarathy 1972). VWith the development of
Taichung Native 1 -- the first indica that re-
sponded tc fertilizer--as wetl as the japonica
varieties (ponlais) from Talwan, - brecders saw it
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was possible to breed short, stiff-strawed nitro-
gen-resporsive varieties that were rcesistant to
lodging (Dalrymple 1974).2/ 1n 1962, the progeny
of a backcross between Bengawan and Sigadis was
crossed with Randa Tjupak (pedigree breeding me~
thod) to produce the first Indonesian moderately
short-strawed wvaricty, Dewi Ratih, whieh was
released in 1969 (Harahap et al 1972),

Many modern varieties were released from the late
1960s to the early 1970s (Tahle 4). After beling
screened in Indonesia, two short or intermediate
height stiff-strawed cultivars (PB5 and PBB)E
developed by IRRI were released in 1967. The suc-
cess of these varieties, especially PB5, led In-
donesian hreeders to concentrate their efforts
toward the development of intermediate-stature
(100 to 130 cm), fertilizer-responsive cultivars
with taste characteristics preferred by local
consumers. Before these efforts were successful,
two additional modern varleties (C4-63) from the
Philippines' national program and PB20 from 1RRI
were  released. C4-63 was  particularly popular
among farmers because of its pood eating quality.
In 1971 Pelita I-1 and Pelita I1-2 ~-- selections
from a cross between IRS and national improved
Syntha =-- were released and widely adopted by
farmers., These two Introductions established
CRIFU's capacity to breed modern varieties accept-
able to Indonesian consumers.

Modern variety
(resistant to BPH biotype 1)

Wicth the the introduction of modern varieties in
the late 1960s farmers applied higher rates of
nitrogen fertilizer to tap the 1increased yield
potential. In oaddition, government investment in
irripation infrastructure mde 1t possible for a
preater proportion of the lowland area to pro-
duce :two or three wetland rice crops per year,
eliminating the traditional dry fallow period
between crops  In many arcas. This required
varieties that matured carlier.

Although the brown planthopper (BPH) was first
recorded in 1854, heavy infestation did not occur
unti{l around 1970 in Java and in 1972 and 1973 in
North Sumatra, Ry 1977 almost all parts of Indo-
nesia, except Maluku and Irian Jaya, were affected
(Mochida 1979). Because all varieties grown in
Indonesia before 1975 (traditional, national im-
proved, and modern) were BPH susceptible, genetic
source of resistance had to be found. After evalu-
rtion by CRIFC scientists, PB26 was found to yield

E/Nitrogen—responsivc japonica wvarietles (pon-—
lais) were developed in Taiwan in the early 1920s,
but were not widely accepted outside Talwan due to
disease susceptibility and undesirable grain cha-
racterlstics.

g/IRRI varieties released in Indonesia were
named Peta Baru (PB) meaning new Peta.
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as much as Pellta in most areas and to be resist- aext generation of hoppers. By 1976 BPH biotype 2
ant to the BPH biotype 1, which was widespread at had appeared in the intensively et leivated fields
the time PB26 was officially released to Ffarmers of PB26 in North Sumatra and on both PB26 and PB28
In the 1975-76 wet season. In the next 2 years, 4 in Bali and parts of FHast Java (Oka 1979), The
additional varleties from IRRI were found resist- hectarage attacked by BPH and grassy stunt or
ant to BPH biotvpe 1 (PB28, PB29, PB30, PB34) and ragged stunt (virus diseases carried by the BPH)
were released to broadea the varietal resistance increased yearly, with damage to an estimated
pase. Simultaneously with the testing of intro- 347,000 ha in the 1976-77 wet season and 216,000
duced materials, CRIFC breeders were developing ha in the 1977 dry season (Mochida 1979). This
BPH=-BPH-resistant  varieties in  their crossing brought about the rapid evaluation anc¢ release in
program. In 1977 these efforts resulted in the 1976 of PB32, which was resistant to the new
idectification  of  four  high vielding lines biotype, followed by PB36 and PB38 (n 1977
(Brantas, Serayu, Asahan, and Citarun) from the (Mochida 1978). wWith the widespread adoption of
Indonesian research program. Those were resistant these varieties BPH losses were reduced, except
to BPH biotype 1| and were released in 1978 (Oka where farmers planted traditional or other sus—
1979), ceptible varicties (Harahap et al 1981).

Because PB32, PB36, and PB38 are wetland varie-

Modern variety ties, they were not adopted 1in high-elevation
{resistant_to BPH biotvpes | and 2) areas. The CRIFC varictal improvement program re-
sponded to this need, releasing in 1980, Semeru --
As increasingly large areas were planted to HBPH a varfety resistant to BPH blotypes 1 and 2 and
biotype l-resistant varieties, the probability of suitable for high—elevation (below ! ,000 m) agro-
the evolution of a new hiotype increased. This was climatic zones. Clmandiri, a variety with good
expected because only those few BPH indlviduals eating quality, «yune, a2 glulinous va riety, and
surviving on the resistant varieties p.oduced the Cisadane (intermedlate amylose), a locally bred
Table 4. Data for major varieties rcleased Lo Indonesia, 1967-80.
T T T T T T T T S s e e e TG oG Pomet omdl R . T _{lll N
Variety Year Maturity Stature -- Discase reactiond T big';;[t):; reaction gﬁiz;:
released (days) (em) BLB  BLS RTV GSV ————— GLH GM N
B L 2 3 o (%
Modern (nonvesistant)
PBS 1967 135 130 MR MS 5 S S S S MR S 27
PB8Y 1967 125 1CO 5 - S S S S S MR S 27
C4-63 1969 125 115 MR S MR S S S S MR S 22
PB20 1970 120 90 R MS MR S S S S R S 25
Pelita 1-1, I-2 1971 135 130 MR MR S S S N S MR S 23
Gemar. 1976 145 125 R R s s s s s s s 24
Adilb/ 1976 135 101 R R 8§ s s s s S s 28
Makmurb/ 1976 135 100 R MR § S S s s S s 27
Gatal/ 1976 120 75 R R 5 s s s s 8 S 23
Gavis/ 1976 115 80 R MR § § s s s S s 26
Modern (resistant to BPH b iotype 1)
PB26 1975 125 85 MR MR MR S R S R R S 27
PB28 1975 109 80 R MS R R R S S R S 27
PB30 1976 112 73 MR MS MS MS R S S R S 27
PB34 1976 130 117 R MR R R R S S R S 28
Brantas 1978 127 109 R S MR R R S R S S 27
Serayu 1978 126 105 MS S S R R S R S S 27
Citarum 1978 120 110 MS S MR MS R S MR MR S 22
Asahan 1978 130 90 R MR R R R S MR S S 16
Modern (resistant to BPH biotypes 1| and 2)
PB3. 1976 140 88 R MR R R R R S R R 27
PB36 1977 118 81 R R R R R R S R R 27
PB38 1977 128 97 R R R R R R MR R S 25
Semeru 1980 130 85 R - - MR R MR - R - 28
Cisadane 1980 140 110 R - - S R MR R - - 20
Cimandiri 1980 125 103 R - - R R MR R - -
Ayung 1980 136 108 R - - R R MR R - S -

i/HLH = bacterial Icaf blight, BLS = bacterial leaf streak, RTV = tungro virus, GSV = grassy stunt virus,
BPH = brown planthopper, GLH = grecn leafhopper, GM = gall midge. R = resistant, MR = moderately resistant,
M3 = moderately susceptible, S = susceptible. A dash indicates data not available. 2/Also for dryland areas,

L£/Also for high-elevation areas.



variety with superior eating quality were released
in 1980 for wetland arcas. Cisadane's sup-rior
eating quality has been confirmed by the m -
comparable to the price of C4-63 -- that fo:.crs
recelve for it.

Modern varfety
(resistant to BPH biotypes 1 and 3)

BPH biotype 3 has oot vet evolved in farmers'
fields i{n Indonesia, but CRIFC scientists have
anticipated this possibilitv. Bv screening hreed-
tng  lines for BPH-3 resistacce, four varieties
(Brantas, Serayu, Asahan, and Citarum) were iden-
tified and released in 1978, Rescarch to develop
additional BPH biotype J-resistant varieties is in
progress.

THE DIFFUSLON OF MODERN RICE VARIETIES

Studies on the diffusion of agricultural technolo-
gy are tvpicatly done by social scientists who in-
vestipate characteristics of adoptors and nonadop-
tors in an attempt to better understand how these
phenomena intinence adeption. Such factors as age,
education, tarm size, social position, resources,
and  similar social dimensions are often consi-
dered. [o Iedonesia,  mny farm-level  adoption
studies  of modesn varicties have bheen reported.
Several ol these were reviewed by Palmer (1977),

In diffusion stadies, the perspective of the bio-
logical scientists who participated in developing
the technology has seldom been considerod, Without
denying the importance of social phenorena, prima-
ry emphasis is gfven here to identirving the bio-
Llogical and agroclimatic factors affecting the
adoption of modern wvirieties in Indonesia during
the 1970s.

Data sources

During the period 1971-72 through 1975, data were
collected by Bimas authorities. Beginning in the
1975-76 wet seasun, the Directorate for Plant Pro-
tection (Direktorat Perlindungan Tanaman Pangan)
assumed responsibility for data compilation. With
this transfer of responsibility, the quality of
the raw data improved substantially and the area
planted to each vartery was published by districts
(ﬁanupatens) at the end of cach season. Unfortun-
atE1y, in each scason some districts falled to
file reports. Consequently, vrovincial summaries
=- particularly for Indonesia’s outer islands --
sometimes unde' 2stimated the total arca planted.
Yet, in most se.~ons the data are relatively coa—
plete and missing data do not seriously affect
thelr interpretation. The area in dryland rice was
not inciuded in the daca.

New varietics before 1929

In 1966 LkRI sent CRIFC 5 kg of PB8 and PBS. They
were tested by CRIFC sclentists at 18 substations
in 5 provinces. After multiplication on 300 exten-
sion seed farms, these varieties were released 1n
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1967 and became a key component of the govern-
ment's production program (Bimas Baruj. By the
1968 dry scason 21,300 ha were planted te PBS and
PB8 (Hawes 1970). PBS spread more rapidly than PB8
because of UBS's intemmediate plant height, suita-
bility to Indonesian conditions, superior milling
quality, preater resistance (moderately resistant)
to bacterial leaf blight, bhetter adaptability to
diverse enviroments, and superior eating quallty
(Siwi 1976).

In 1968 President Ferdinand E. Marcos of the
Philippines visited Indonesia and gave 88 kg of
C4-63 to the government (Hawes 1970). C4-63 was
officially released in 1969 and spread rapidly.
Although moderately susceptible to bhacterial leaf
blight and neck blast, farmers accepted it because
of its earlier maturity (125 days compared to 135
days for 1P5), excellent milling, and superior
eating quality -- compared to both PB> and PB8
(Siwi 1970).

In 1969, a severe tungro virus outbreak occurred
in South Kalimantan and South Sulawesi. PB20 was
released and adopted in these and other areas
because 1t was resistant to tungro. In addition,
PB20 woe popular in West Sumatra where consumers
prefer high amylose-type (dry cooking) varieties
(Siwi 1976).

By 1971 CRIFC's effort to breed modern fertilizer-
responsive varieties was successful, resulting in
the release of Pelita 1=l and Pelita I-2. These
varicties were selections from the same cross
(PB5/Syntha), but diftered slightly == Pelita 1-1
wias higher yielding and performed better across a
wider range of enviromments. Farmers accepted
“hese varieties because they were intermediate in
height, Llike PB5, but had greater resistance to
barterial Jeaf blight and satisflied Indonesian
taste preferences better.

Leading varieties throughout
Indonesia in ‘he 1970s

The proportlon of the rice arca planted to speci-
fic widely adopted varieties shifted substantially
over the 1970 decade (Tables 5 and 6.

I'B5. Just 5 years after its release (1971-72 wet
season) PB5 had spread to 23.3% of the area (Table
5). PB5's widespread adaptabllity and compatibili-
ty with farmers' prefcerences was confirmed by the
fact that until the 1979-80 wet season, no other
single varlecy was grown on a larger percentage of
the land arca during a single wet season. PB5 re-
mained the top variety until 1974-75. After that
it was rapldly replaced by new releases, especial-
ly the FPelitas.

LB8. P88, released in the same year as PBS, was
never widely accepted by Indonesian farmers. The
adoption level never exceeded 2% of the areca and

PB3 dropped from amony the top S5 varietles by
1975-76. During the ecarly years when the only
modern varieties were PE8 and PB5, farmers dls-

criminated apainst PB8 because of its poor eating
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quality and short stature, Later, as production years, it commanded on the average of 7% of the
Intensified, the short rices such as IR36 were not area. Consequently, it was Che most persistent
discriminated agalnst. variety after Pelita I-l. The early popularity of

C4-63 was due Lo its superior taste character-
isties and earlier maturitv, when compared to PB5

C4-63. The variety C4-b3 never became extremely and PB8, Even though C4-63 was tungro susceptible
popular and reached its maximum adoption level 1in it continued to be grown in the dry season because
1974-75 == 6 vears after its release. C4-63 was, tungro was a problem onlyv in the wet season. When
however, among the top 5 rices in 6 out of the 9 Pelira 1-1 became available, C4-63 consistently
wet  seasons  considered  (Table 5). During these covered fewer hectares than Pelita 1-1,

Fable 5. Indonesia's most widely planted modern varieties and pereentage of toral planted area (in paren-

thesis), 1971-72 through 1979-80 wet seasons.a/

-,b/

Rank 1e7l-72 l972—73£/ V97 3-74 1974-75 1975-76 1976-77 1977-735 197870 1979-80
! PB5 PB5 PB5 PBS P.l-1 P.i-1 PB30 Hazielo} P336
(23.3) (1h.3) (17.0) (21.6) (18.0) (14.5) (8.6) (19.6) (36.0)
2 C4~63 C4-03 r.1.-1 P.I.-1 PBS PR2S PB36 P.I-1 PB38
(6.4) (6.2) (15.8) (20.0) (9.7) (12.8) (8.1 (7.1) (10.4)
3 PR8 P.I-1 C4~63 C4-63 C4-63 PB30 P.1-1 PB38 PR32
(1.2) (4.5) (8.6) (9.2) (7.8) (5.2) (7.9) (5.6) (4.6)
4 P.I-1 p.1-2 P.1-2 P.I-2 PB26 C4-63 PB32 PB32 P.I-1
(0.1) (2.1) (6.4) (5.2) (6.4) (5.2) (7.9) (5.1) (3.1)
5 - PR8 PB& PB8 P.I1-2 PBS PB26 PB30 Citarum
(1.0) (1.5) (1.0) (4.9) (5.0) (7.1) (4.5) (2.2
Total area 30.1 30.1 49.3 57.6 46.8 42,7 39.2 41.9 56.2

(%)

Ll-/Suur(:u: 1971-72 through 1975, Bimas and Sub-Directorate for Sced Production; 1975-76 through 1979-80 Sub-
Direktorat Pembinaan Mutu Benih, Direktorat Perlindungan Tanaman Pangan, Penyebaran Varietas Padi. Raw data
summarized by authors. b/A dash indicates less than 0.1%. </p.[-1 = Pelita I-1, P.1-2 = Pelita [-2.

Table 6. Indonesia's most widely planted modern varieties and sercentage of total planted area (in parenthesis
VoI I P I s

1972-79 drv scasons.2
b/ . c/ ) ) _
Rank 1972~ 1973 1974 1975~ 1976 1977 1978 1979
1 PB5 PB5 P.1-1 -~ P.1-1 PB26 PB36 PB36
(19.7) (17.4) (14.1) (15.06) (13.7) (17.0) (30.5)
2 C4-63 P.T-1 PB5 - PB26 PB30 PB30 PB38
(8.4) (9.7) (13.9) (13.3) (10.2} (8.1) (10.4)
3 PB8 C4-63 C4-63 - C4-63 P.1-1 PB26 PB32
(1.7) (8.4) (8.3) (7.0) (10.2) (6.7) (6.8)
4 P.I-1 P.1-2 P.1-2 - PB5 C4-63 PB32 PB26
(1.1) (4.5) (6.1) (6.7) (5.3) (5.6) (2.8)
5 P.1-2 PB8 PB8 - P.1-2 PBS P.1-1 P.I-1
(0.3) (2.1) (1.3) (4.4) (4.6) (5.2) (2.0)
Total area 30.9 42.1 44,0 - 47.0 44.0 42,6 52.5
%)

E/Source: 1971-72 through 1975, Bimas and Sub-Directorate for Seed I'roduction; 1975-76 through 1979-80 Sub-
Direktorat Pembinaan Mutu Benih, Direktorat Perlindungan Tanaman Pansan, Penyebaran Varietas Padi. Raw data
summarized by authors. D/pP.I-1 = Pelita I-1, P.1-2 = Pelita I-2. £/Data not available.
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Pelita I-i and I1-2. The sister Pelita selections
were the most popular releases during the 1970s,
Farmers preferred the Pelitas because theyv vielded
higher and pertormed well across a wider range of
envitomnents than previone releases. Also, farmers

accepted them becanse they were intermediate in
height (150 em) bike PBS, had ereater resistance
to bacterial dear blight, and had a preferred
cating quatitve By the 1974 dry season and  the
L975=70 wet season thev replaced PBY as the most
widely vrown winele variote, tntortamately, both
Pelitns were sweceoptibhle to rungre virns, BPH, and
prassyostunt virns and asoa resualt, declined in
popularity an these problons became more wide-
spreads In TO7HE=79 0 hovev e, atver 4 vears of in-
tensive BPH fafestation throughont Indonesia Lhese
Pelita varicties still occupivi wore than 77 of

the woet-scasen ared.

PB26. PB26 was veleased ia 1979570 in an attempt

to control BPH fa arcas cxiperiencing heavy damage,
Although the arca planted donbled  the following
wel season, the BPH piotvpe 2 developed and PB2G

was rapidlv replaced by PBIZ, Mo, and PBIS,

PB30. T an attenpt to broaden the base of penet ic
reststance to BRI bictvpe 1, PB3O was reloased in
1976 -= & vear atter PB20. PB3G Qs similar to

PB26,  bat  watures  about 2 weeks carlier, is
slightly shorter in Ledght, and s more resistant
Lo grassy stual virus. Consequently, adoption of
PB30 was especially vapid o the double=cropped
lrrigated arcas 9ne year after it was introduced,
it surpassed PB2o. Yot

y as biotvpe 2 bhecame more
extensive, B30 was  also replaced by bhiotype
mresistant variet jes,

PB With the cvolution of BPH biotvpe 2, there
was an imiediate need for g new source of genetic
resistance.  PB32,  released 0o the 1976-77 wet

season, wias the tirst varietv to meet this demand.
After spreading teo 7.5 o1 the area in 1977-78, it
declined in ifmportance, partly dne to its long ma=~
turity (40 davs), a tendency to lodge, and the
almost simultancous release of additional BPH
biotype 2-resistant cultivars —= PB36 and PBIS,

PB34, PB34, a BPH hiotvpe I- and tungro-resistant
variety with a plant height similar to that of
Pelita, was released in 1976, Hovever, because of
tts tendency to lodpe and the appearance of bio-
type 2 soon after PB34's release, it had only
limited planting.

PB36. First available to farmers in the 1977-78
wet season, PB36 spread rapidly, covering 367 of
the arca fn 1979=80, In fact, PBI6 was planted on
a larger share of the rice area in a single scason
than any previously released varicety. lts popular=
ity was primarilv dne to its resistance to BPH
biotype 2 indicated by its concentration in Java
and Bali where biotype 2 was mcst important, 1In
addition farmers preferred PBY6 because it matured
almost 3 weeks carlier than PB3I2 (the previously
introduced BPH biotype 2-resistant variety), re-
duced the risk of drought damage in double=-cropped
rice, and allowed farmers to grow a third nonrice
crop such as soybean,
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PB38, PBIB was released at the same Uime as PB36

B

and also had BPY biotype 2 resistance. 1t was

never as popular as PB36 because PB38 mitured
almost 2 weeks later.

General trend. The total overcentage of the area
—;—>l<mL«:dTTlTv Lop Tive varietics caclh season is
An indicator of the genetic diversity pruevailing
in ecach season. The percentage of the area in the
top 5 varicties increased from 1971-72 to 197475
when wodern varieties covered 57.6% of the arca.
From 1974=75 vto 1978=79, the percentage share i
the top 5 varieties declined. Apparently, as new
varieties were introdoced, some farmers preferred
Lty continue to plant the carlier releases such as
Ci=03 and Pelita -2, Fipgure 3 indicates that {rom
1974=75 vo 1975=76, the percentage share in tradi-
tional rices actually increased, probably out of
the erroncous helicl that only the modern varie-
ties were susceptible to BPH, Yer, these reverse
adoptors soon learned  that  the local varicties
were not resistant. With the protection against
BPH biotype 2 provided by the iatroduction of
PB32, PB36, amd PB33, the total area in modern
rice apain Jucreased. Tn fact, in 1979-80 the
widespread adoption of PB36 led to the highest
concentration (3n7) in a single variety ever ob-
served  in Indonesia). Although  the  extensive
planting of P36 contribated subscantially to the
record production level achjeved in 1980, the nar-
rowing of the peretic diversity also created a
potentially dangerous situation because a new BPH
biotype or disease to which FB36 has limited
resistance could spread rapidly throughout
Indonesia.

Although the general pattern of varieeal replace-
ment in the dry scason {Table 6) was the same as
in the wet season (Table 5), one differeice should
be noted. There was little change in the total
arca share planted to the top five varieties from
1975 to 1979 dry ccasons.

Fifteen Tndonesian-b:.d variecties have been re-
leased by CRIFC since 1971. "aly Pelita was widely
adopted.  As most of the other releases became
available, a new BPH biotype appeared and forced
farmers to plant a new PB variety with resistance
to the new biotypes Although not appearing in the
list of top varieties, because it was released in
1980, Cisadane, a superior quality biotype 2=
resistant variety, is expected to be widely adopt-
ed over the next few years.

Distribution by varictal class in the 1970s

By prouping varieties into classes as traditional,
national improved, modern (nonresistant), modern
(resistant to BPH biotype 1), and modern (resist-
ant to BPH biotype 2) it is possible to betrer
understand the overall pattern of varietal adop-
tion durins the 1970s.

Wet seasons. By the [971-72 wet season, the first

season for which time se:ies data are avallable,
nonresistant modern varieties were already wldely
adopted and covered almost 1,2 milllon ha or more
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grown in Indonesia, 1971-72 through 197086 wet
1971-72 throush 1975, Bimas and Sub-Directorate
1975-76 through 1979-80 Sub=Dircktorat
Dircktorat Perlindunsan Pangan, Penvebaran Varietas Padi.
data summarized by authers.

SUdsons.

Table 7. Arca plantad (1,000 ha)
1979-80 wet sceasons.
through 1[979-80 SubhbDivektorat

Varictas Padi, Raw data swmmarized by authors.

Sonree:

Vear non-

197172 1, 1ol
19/2-73 1,227
197 3-74 2,083
1974-75 2,244
1657576 2,118
1976-77 1,694 400 2,094 1,504
1#77-78 1,862 343 2,205 1,075
1978-79 1,812 294 2,106 yyQ
1979-30 1,526 122 1,648 489

vesistants’

Source:
for Sced Production,
Pembinaan Mutu Benih,

Raw

to rajor tvpes of wetland rice varieties in Indonesia, 1971-72 through
1971-72 throagh 1975, Bimas and Sub-Divectorate for Seed Production; 1975-76
Pembinaan Mutu Benih, bircktorat Perl indungan Tanaman Pangan, Penyebaran

__Medern AL

Resistant Lo ReSistant to Total varieties
biotype i% biotypes 1 & 22/

1,161 3,754
1,227 4,085
2,083 4,209
2,244 4,216
304 2,422 4,634
1,170 13 2,687 4,781
1,078 836 2,989 5,194
598 1,614 3,202 5,308
304 1,559 3,352 5,000

al. oo S L
~"Traditional varictics Livdigenous to Indonesia.

1968,  Includes Bengawan, Sigadis, Svntha, Remaja, Jelita,

b . . — ; .
-'/lmprovud - nationil improved varjeties selected prior to

Qewi Tara, and others. © Susceptible to brown

planthepper (BPHY biotvpes | and 2. Includes Pelita I-1, Pelita 1-2, C4-63, PB5, PB8, PB20, Gemar, Adil,

Maknur, Gati, and other lines.

PR2G,

Gata,

BPH biotvpes I and . Includes B2, P36, PE3I8, Semeru,
than 30% of the rice area (Tahle 7). 1un each suc-
cessive wet scason, the area in modern varieties

increased, reaching 674 in 1979-80,

While area planted both traditional and
national improved vacicties declined cver the de-

the tn

PB28, PB29, Y330, PB34, Braatas, Seravu, Citarum, and Asahan.

47 R¢cistant to BPH biotype 1 but susceptible to biotype 2. Includes
Introduced in 1975. €/Resistant to
and Cisadane.  Introduced in 1976.

cade, the greatest change occurred with respect to
the national improved varieties falling from 24 to
27 of the area over the period. Initially, they
were grown primarily on Java and Bali and in other
intensified production areas. As a consequence,
they were replaced by the higher yielding modern



varieties that were targeted thrwgh Bimas
(government production program) for those 2 -eas.
In contrast, much of the area still in traditional
varieties in 1971-72 was probably in the less
intensively cultivated arcas such as high eleva-
tion, wetland tidal=swamp
enwiroments, for which hizh vielding modern rices

rainfed, dryiand and

were nnt available.

Within the modern varie v group, the distcibution=
al shift has been towari a rapid decline in modern
nonresistant type:, falting from 534 ia 1974-75 vo
onlv 104 in 1979-80. The decline in tla popularity
of nonresistant varieties was largely the conse-
quence of the increase in insect and discase pre-
blems especially BPH. From 1975-76 to 1976-77, the
area in biotype 1= resistant varicties quadrupled
(Tavle 7), but *fell sharply a: the Increasing pre-
sence of BPH biotype 2 resulted in severe yield
losses. By 1979-80 the adoption of modern BPH bio-
type 2-resistant varicties reached 7672 of the mo-
dern variety area and had alwost completely re-
placed all previously released mocern varietles,
except Ln arcas where BPH had probably not been a
slgnificant problem.

It is important to note that in the 6 years from
1367-6&, when modern rices were first released,
until 1973-74, the acea planted to those varieties
[ncrcased to 2.1 milllon ha (Table 7). 9ver the
next 6 wet scasons, the percentage of the area in
modern rices rose by only 17 percentape points --
leaving about one-third of the planted wetland un=-
touched by 15 years of varictal iImprovement. Con-
trary Lo what might be expected, most of the area
still planted to traditional rices is not on the
outer islands. During the 3 most recent wetl sea-
sons (1977-78 to 1979-80), about 63% of the tradi-
tional rice area was in Java.

Table 8.
dry seasuns.

Source:
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Ury seasons. Almost all of the area planted in the
ary season is irrigated. Givern that about 727 of
the irrigated area {s on Java-B 1i (Nyberg and
Praiowo 1979, Table A-3) where extension services
are strongest, we would expect a "ore rapid and
extensive adoption pattern in the dry season. Yet,
the differences are not substantial (Table 8). ™n
the 1972 dry season, modern r:ces covered about
314 of the area and rose to about 69% by 1979,

As in wetl seasons, the dry season area in national
tmproved varieties fell over the period -- from
254 din 1972 tn 2.3 in 1979, During the same
ariod, the area in traditional rices fell from
about 44 to 294,

Within modern varieties, the distributional shift
occurred somewhat more rapidly in the dry season.
Because must varieties were first released ir the
wet seasons, apparently farmers who adopted BPH
biotype l-resistant varieties in the wet season
planted them the following dry season. This is 1u-
dicated by the data showlng that in both the 1976
and 1977 dry secasons, about a 10/ greater propor -
tion of the area was planted than in the preceding
wet seasons. Again, farmevs who planted biotype
2-resistant varieties in tire wet scason appeared
to have also planted them during the rollowirg dry
season. This 1s reflected by the data showing an
average of 137 preater use of blotype 2-resistant
rices in the 1978 and 197Y% dry seasons than 1in tne
preceding wet seasons. Furthermore, by the 1979
drvy season, 704 of the modern rice arca was plant~
ed to biotype 2-resistant rices compared to only
507 in the preceding wet season, as illustrated in
Figure 4.

Area planted (1,000 ha) to major types of weuland rice variecties in Indonesia, 1972 through 1979

1971-72 through 1975, Bimas and Sub-Directorate for Seed Production; 1975-76 through
1979 Subdirektorat Pembinaan Mutu Benih, Direktorat Perlindungan Tanaman Pangan, Penyebaran Varietas Padi.
Rav data summarized by quthors.

Local Modern AlT T
Yeard/ Tradirronal®’ Improvedt/ Total Non- Resistant tg  Resistant to Total varieties
resistantd’ hiorype 1Y/ bLiotypes 1 & 2f/
1972 966 552 1,518 687 687 2,205
1973 1,084 343 1,427 1,052 1,052 2,479
1974 1,059 348 1,407 1, 144 1,144 2,551
1976 943 170 1,113 953 409 0.7 1,362 2,475
1977 779 167 946 024 779 04 1,463 2,409
1978 Y36 120 1,056 529 542 740 1,811 2,867
1979 833 80 913 392 222 1,400 2,014 2,927
E-/197'5 data not available, ll/'l‘r;nlit'mnal varieties indigenous to Indonesia. E/lmprove(l - national improved

varieties selected prior to 1968,
='Susceptible to brown planthopper (BPH) biotypes 1 and 2.
PB20. Gemar, Adil, Makmur, Gata, Gati, and other lines,.
Includes PB26, PB28, PB29, PB30, PB34, Brantas, Serayu, Citarum, and Asanan.
PB38, Semeru, and Cisadane.

%}otype 2.

L/Resistant to BPH biotypes | and 2.

Includes PB32,

Includes Yengawan, Sigadis, Syntha, Remaja, Jelita, Dewi Tara, au
Tncludes Pelita 1-1, Pelita I-2, C4-063, PL . PBS,
¢/Resistant to BPH biotype 1 but susceptible to

PB36,

thers.

Released 1n 1976.
Released in 1976.
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PROVINCIAL TREADS: 1975-76 THROUGH 1980

The ditferential adoption of modern varieties due
te inseets and discases and cultural and environ—
mental factors can be observed in data documenting
varietal adoption in the leading rice productior.
provinces,

Inner islandg

West, Central, and East Java, Yogyakarta, and Bali
produced about 604 of the rice crop in the 1979-80
wet and dry secasons. In that replon, the overall
adoption of modern varieties was highly associated
with the distribution of irrigation. Althougb a
map of the irrigaced avea is not available, Figure
5 shows the distribution of lowland areas, which
ineludes all technical, semitechnical, and simple
irvigation system=, but probably excludes vi.lape
systems and rainfed rice in less=intensivelv cul-
tivated areas. By comparing tie relative concen—
tration of modera variety planting (Fig. 6) to the
distribution of lowland it is ceen that throughout
Java these tvo phenomena caincide. Tn addition to
irrigation, elevation is also an important macro-
factor explaining low adoption of modern rice
varietics., Figure 7 shows tnat in areas with an ele-
vation of 100-700 m, and especiallv in areas with
an elevation of more than 700 m, traditional varie-
ties tend to prevail. In terms of pests, BPH has
been the major factor determining the succession of
varieties adopted by farmers in Java and Bali.

West Java. By the 1475-76 wet season, the Pelitas
had become the preferred varieties, planted to
about 40z of West Java. in 1974-75 about 60,000 ha
were iufcested with BPH.  1n response, BPH biotypc
l-resistant PB26 was widely introduced in 1975-76
aud PB30 in 1976-77. Those varieties were soou
replaced because by 1977, BPH biotype 2 had devel-
oped and a new set of biotype 2-resistant varie-
ties was required. To meet that need, PB36 and
P332 were introduced in 1977-78 and covered almost
17% of West Java. 1n the following 2 wet seasons

AL

Fig. 4. Percentage of reported area in
5] wetland rice varieties grown in lndone-
i sia, 1972 through 1979 dry seasons.

| Source: 1971-72 through 1975, Bimas and
| Sub-Directorate for Seed Production;
1975-76 through 1979-80, Sub-Direktorat
Pembinaan Mutu Benih, Dirckto:at Per-
Lindungan Tanaman Pangan, Penyebaran
Varietas Padi. Raw data summarized by
authors.

resistant

i

1979-80

I

1978-79

the area in biotype 2-resistant varieties increased
to nearly 40% of the planted area.

Although the pattern of adoption was similar during
the dryv scasons, there was a tendency for a larger
share of the area to be planted to BPH biotype 1-
and biotype-? resistant varieties more rapidly tha
in the wet seasons, probably because older nonresis
tant varieties continued to be planted during the
wet seasons in rainfed and high-elevation environ-
merts where BPH damage was not as intensive.

Central Java. Adoption of modern varieties 1in
Central Java followed a pattern similar to West
Java's. Yet, by 1975-76 the Pelitas had been adop-
ted on only 22.5% of the arca, suggesting a per=
sistent preference for local varieties (Table 9).
As a result of BPH damage in 1974-75 and a greater
area heavlly damaged in 1975-76, the pgovermment
widely  introduced PB26  (1975-76) and PB30
(1976-77) to replace the popular Pelitas. As blo-
type 2 developed, the resistant varieties PB36 and
PB38 were distributed to replace previous intro-
ductions and covered 78% of the province's area by
1979-8

Last Java. 1In East Java, the Pelltas, which co-

Vered 31%4 of the wetland area In 1975-76, were
targeted for replacement by PB20 (1975-76) and

PB30 (1976-77), following the damage of 62,500 ha
in 1974-75 and 70,000 ha in 1975-76 (Mochida
1978). In che 1977 dry scason, PB32 was widely in-
troduced to counter the development of BPH biotype
2 (Table 10). The area 1in blotype 2-resistant
varletles (PB32, PB36, and PB38) increased rapidly

during the following three wet seasons. At the
same time, it is slgnificant to note that in 1979-

80, 75% of the area was planted to a single varie-
Ly == PB36. PB32 persisted in East Java because it
performed well in ear’y demonstrations ond was
promoted locally. Many observers credit the high
adoption rate of modern varleties in Fast Java to
the strong interest and support given by the
governor and provincial adminlstration.
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Fig. 5. Distribution of lowland
area in Java-Bali, Indonesia.
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Fig. 6. Concentration of nodern
rice varieties in Java, Indonesia,
by district, 1979-80 wet season.

Fig. 7. Elevation of Java,
Indonesia.
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Table 9.

authors .2/

Five most widely planted modern rice varieties on Indonesia's
total planted area, bty province, 1975-76 through 1979-80 wet seasons.
Mutu Benih, Direktorat Perlindungan Tanaman Pangan, Penyebaran Varietas Padi.

Source:

inner islands and percentage of
Subdirektorat Pembinaan
Raw data summarized by

DKT Yogyvakarta

Bali

Year West Java Central Java East Java
1975-76 21,43 19.2 21.3
P.1-1 (31.7) P.I-1 (14.3) P.1-1 (28.1)
P.1-2 (8.1) PB26 (11.0) PBS (16.6)
C4-63 (8.1) PBS 9.1 C4-63 (9.7)
PB26  (5.3) P.I-2 (8.2) PB26 (8.6)
PBS (3.2) C4-63 (7.3) P.I-2 (3.1)
1976-77 20.3 20.1 20.5
P.I-1 (29.6) PB26 (19.3) PB26  (27.1)
PB30 (6.9) P.1~1 (12.2) P.I-1 (16.1)
PB34  (6.2) PB30 (5.3) PB30 (8.8)
C4-63 (5.6) P.1-2 (5.2) C4-63 (7.6)
PB26  (4.8) C4-63 (4.4) PB5 (5.7)
1977-78 19.6 16.8 19.8
PB30 (17.2) PB36  (18.4) PB3 (22.4)
PB36  (10.2) PB3C (15.1) PB36 (10.8)
F.1-1 (9.2) PB26 (9.8) PB26  (10.1:
PB32 (6.3) PB26  (5.9) PB30 (10.1)
PB34  (4.4) P.I-1 (5.8) P.I-1 (7.0)
1978-79 21.2 16.9 19.8
P836 (13.1) PB36  (34.4) PB36 (36.8)
P.I-1 (11.4) PB38 (9.3) PB32 (6.9)
PB38  (8.0) P.I-1 (7.4) PB38  (6.3)
PB30 (7.9) PB30  (6.1) P.I-1 (5.7)
C4-63 (4.3) C4-63 (4.4) PB28 (1.0)
1979-80 19.6 14,4 20.0

PB36  (20.5)
PB38  (19.2)
P.I-1 (7.8)
PB20 (2.4)
Citarum(2.1)

PB36  (67.4)
PB38  (10.9)
P.I-1 (1.2)
P.1-2 (0.8)
C4-63 (0.6)

PB36  (75.1)
PB38  (7.4)
PB32  (4.4)
C4-63 (0.6)
P.1-1 (0.3)

L.a
PB5 (135.8)
P.l1-1 (26.4)
C4-63 (13.1)
P.1-2 (12.6)
PB26  (2.1)

1.3
PB26 (33.5)
PB34  (18.7)
P.I-1 (13.0)
PB30  (6.0)
PB5 (5.72)

L1
PB26  (24.6)
PB36  (19.5)
PB32  (10.0)
PB30  (9.1)
PB38 (4.8)

.1
PB36 27.4)
PB38  (16.0)
PB26  (3.6)
PB30  (1.2)
P.1-1 (0.7)

Ly
PB36 (57.1)
PB38 (11.1)
P.1-1 (0.3)
PB32 (0.2)
PB29  (0.1)

ro

2.1
PB26  (23.7)
P.I-1 (12.7)
C4-63 (10.3)
PB5  (8.0)
P.I=2 (2.3)

1.9
PB30 (32.5)
PB26  (18.9)
PB28  (6.0)
C4-63 (3.7)
P.1-1 (3.6)

1.8
PB36  (21.1)
PB32  (17.4)
C4-63 (10.2)
PB26  (7.9)
P.I-1 (6.4)

3.5
PB36  (46.2)
PB38 (12.7)
PB32 (8.1)
P.I-1 (2.3)
C4-63 (1.1)

1.8
PB36  (73.7)
PB38 (4.7)
PB32 (2.2)
P.I-1 (0.8)
C4-63 (0.4)

a/ . . . . .
— Numbers underlined indicate the wetland rice area planted in the province, as a percertage of the total

area in Tndonesia planted in the respective wet seasons.

in parenthesis are percentages of total.

Yogyakarta. The adoption pattern in Yogyakarta is
particularly interesting because of its variabili-
ty. In 1975-76 the Pelitas covered 39% of the pro-
vince's area. By the following wet season, biotype
l-resistant varieties PB26, P§34, and PB30 comi-
nated (Table 9). In the 1977 dry season, biotype
l-resistant varieties covered 76.8% of the wetland
rice area (Table 10). With the development of BPH
biotype 2, PB32, PB36, and PB38 were widely intro-
duced in 1977-78, increasing from 34 to 68% of the
area in the next 2 years. Although the adoption of
resistant varieties was dramatic over the period,
it is interesting to note that by 1979-83, only
69% of the area was planted to the top 5 varie-
ties, compared to 93% in 1975-76 (Table 9). Thls
wat due to farmers’ strong preference for their
traditional varieties =-- especially Rojolele —--
which commanded a higher price than modern culti-
vars, After several years when BPH damage was not
significant, farmers have tended to revert to
planting the traditional varieties.

P.T-1 = Pelita I-1, P.1-2 = Pelita I-2. Numbers

Bali. In Bali heavy BPH infestation occurred in
1974-75. 1In respsnse, BPH biotype l-resistant PB26
was widely planted by the 1975-76 wet season
(Table 9). In the following wet season, 57% of the
area was planted to BPH biotype l-resistant varie-
ties (Table 10). As bilotype 2 appeared, resistant
varieties were rapidly introduced. By 1979-80,
about 74% of Bali was planted to PB36 alone.

Many observers attribute the rapid adoption of mo-
dern varieties in Bali to the existence of an in-
digenous water users' association (subak), which
constitues a highly organized social system that
was mobilized for the introduction of new techno-

logy.

Outer islands

The major rice-producing provinces of the outer
islands -~ South Sulawesi, North Sumatra, South
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Table 10. Five most widely planted modern varieties on Indonesia's inner islands and percentage of

total planted area, by province, 1976 through 1979 dry seasons.
Benih, Direktorat Perlindungan Tanaman Pangan, Penyebaran Varietas Padi.

Source:

Subdirektorat Pembinaan Mutu
Raw data summarized by

19

authors.
Year West Java Central Java East Java DK1 Yogyakarta Bali
1976 2613/ 13.9 13.9 1.2 2.2
P.I-1 (34.8) PB26  (27.4) PB26  (30.3) PB26  (24.0) PB30  (26.3)
P.I-2 (9.2) P.I-1 (12.9) P.I-1 (18.8) PBS  {22.5) PB26 (24.7)
C4-63 (8.2) P.1-2 (4.9) PB5  (12.3) P.T-1 (18.9) PB23  (4.7)
PB26  (7.0) PB5  (4.6) C4-63 (6.1) P.I-2 (10.5) P.I-1 (3.1)
PB5  (3.0) C4-63 (2.9) PB30  (3.8) C4-63 (6.8) C4-63 (2.5)
1977 27.3 12.7 14.4 1.4 2.6
PB30 (18.0) PB26  (15.3) PB26  (33.7) PB26  (43.7) PB26  (20.9)
P.I-1 (15.5) P.1-1 (14.6) PB30 (17.1) PB30  (lb.1) PB32 (18.2)
PB26 (6.0) PB30  (11.5) P.I-1 (9.6) PB34  (10.3) PB30 (13.8)
PB34  (5.5) rB28  (7.9) PB28  (8.3) PR28  (6.7) P.1-1 (6.2)
C4-63  (5.5) PB34  (4.6) PB32  (5.6) PB29  (5.0) C4-63 (4.7)
1978 26.0 13.1 13.1 2.1 2.6
PB36  (24.4) PB36  (20.6) PB36  (38.1) PB36  (16.3) PB36  (35.6)
PB30  (14.9) PB30  (10.3) PB30  (11.4) PB26  (15.4) PB38 (14.3)
P.I-1 (5.3) PB26  (7.9) PR32 (10.0) PB38  (8.6) PB32  (11.6)
PB38 (4.8) P.1-1 (5.9) PB26  (7.5) C4-63 (7.4) P.1-1 (3.7)
C4-63  (3.3) PB28  {5.8) PR38  (5.9) P.I-1 (7.1) PB26 (3.1)
1979 25.5 15.4 13.8 1.4 2.7
PB36  (18.4) PB36 (54.5) PB36  (74.0) PR36  (70.2) PB36  (73.9)
PBI8  (17.7) PB38  (19.0) PB38  (10.5) rB38  (26.7) PB38  (5.9)
PB30  (6.6) P.1-1 (4.0) PB32  (4.9) PB26  (0.4) PB22 (2.6)
Citarum(4.8) PB30 (1.4) I'B30 (1.1} PB29  (0.3) P.I-1 (1.2)
P.1-1 (4.8) PB32  (1.2) PB28  (0.6) PB32 (0.1) P.I1-2 (0.6)
a/

arca 1n I[ndonesia planted in the respective dry seasons.

Kalimantan, and West Sumatra -- produced about 207
of Indonesia's rice crop In the 1979-80 wet and
dry seasons. The outer islands have a great deal
more ecological and cultural diversity than the
inner 1slands. Conscquently, single rice varieties
have generally never predominated to the same
degree.

South Sulawesi. In South Sulawesi, the miin rac-
tors 1influencing the adoption pattern have been
the spread of tungro dlscase and BPH, localized
flooding problems, and farmers' desire to reduce
rlsk in double-cropped arcas. The available varie-
ties have been widely accepted by farmers. In the
wet season, the zrea covered by the top five vari-
eties has remained relatively constant (Table 11).
In the dry scasons, the proportion of the area in
the leadlng 5 modern varieties declined from 617
in 1976 to 557 in 1979 due to the greater number
of wvarileties from which farmers could choose
(Table 12). Areas still planting traditional and
national lmproved varieties are primarily those in
higher elevations, areas under tidal influence,
and those with toxlc solls.

In the 1675-76 wet season C4-63 was the preferred
variety due to its good eating quality. Yet, as
tungro disease became more widespread, C4-63 was
gradually replaced in the mld-1970s by PB20 and
PB26, which gzave high ylelds and had tungro resis-

Numbers underlined indicate the wetland rice area planted in the province, as a

percentage

of the total

P.I-1 = Pelita I-1, P,1-2 = Pelita -2,

tarce. Even though

P85 and Pelita 1-1
susceptible to tungro, the percentage of the area
planted to them remained high. These were grown 1in
areas without major tungro problems because farm-
ers preferred the leafy plant type,

height, and superior eating quality.

PB2U was

eventually

declined in

1978-79

Intermediate

relatively

flooding,

its niche

short duration

second crop.
1979-80 (2

Prestdent

height,

harvesting
difficult in the wet season.
planted to a major proportion of the area,
double-cropped
(112 days)

throagh 1977-78 because of its
tungro resistance, but as BPH infestation spread,
It was gradually
became
importance.

replaced

suscepiible

of its

maturity

resistant to BPH biotype 1,

tungro
and high

carly

this

PB26. Yet PB26
to tungro and
PB32 was widely grown 1in
resistance,
yleld. Also, 1ts
(140 days) made
particularly appropriate for areas susceptible to
varieties was
PB30, although never
found
areas because 1its
enabled farmers
reduce the probability of drought demage to the
rapld adoption
) was the consequence of a visit by
Soeharto who provided
release to local officials (Table 11).

of Citarum in

were also

intermediate

Indonesian
Citarum is
but has poor eating
quality and {s likely to be replaced by future
introductions.
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Table 11.

province, 1975-76 through 1979-80 wet seasons. Source:
Perlindungan Tanaman Pangan, Penyebaran Variectas Padi.

Five most widely planted modern varieties in selected provinces on Indonesia's outer islands, by
Subdirektorat Pembinaan Mutu Benih, Direktorat
Raw data summarized by authors.

Year S. Sulawesi N. Sumatra S. Kalimantan W. Sumatra
1975-76 5. 28/ 5.7 2.5 3.1
C4-63 (17.0) PB26  (6.6) PB5  (24.0) PBS ~ (24.4)
PB20  (14.5) C4-£3  (4.7) C4-63 (3.2 PB20 (12.0)
PBS  (8.6) PBS (4.5) P.I-1 (3.0) P.I-1 (4.8)
P.1-1 (3.6) P.I-1 (3.4) P.1-2 (1.8) PB8  (3.8)
PB26 (3.2) P.1-2 (1.8) PB20 (1.2 PB26 (3.2)
1976-77 6.2 6.3 3.1 1.0b/
Co-63 (13.7) PB26  (8.5) PB5 ~ (25.0) PBS ~ (44.2)
PB20 (13.3) PB34  (4.8) C4-63 (3.4) PB26 (19.8)
PBS  (8.1) C4-63  (2.7) P.I-1 (2.9) PB20  (8.8)
PB26  (6.0) PB5 2.2 P.I-2 (1.4) P.I-1 (5.7)
P.I-1 (2.5) P.I-1 (1.7) PB26 (0.8) P.1-2 (3.4)
1977-78 5.6 5.7 4.1 1.6b/
PB2O° (12.1) PB32 (11.7) PBS ~ (18.1) PBS ~ (31.5)
PB26 (10.9) PB36 (3.5) Ch-63 (6.8) PB26 (24.7)
C4-63 (10.3) PB4 (2.7) P.I-1 (2.8) PB20  (10.4)
PBS  (7.4) C4-63 (1.8) PB26 (1.6) P.1-1 (8.1)
P.i=1 (3.1) PBS  (1.6) P.1-2 (1.3) PB23  (5.3)
1978-79 5.8 4.8 3.4 3.0
PB327 (20.6) PB36  (18.5) PBS  (15.9) PBS  (18.1)
C4=63  (9,0) P32 (17.3) Ch-63 (3.0) PB26  (11.5)
PB26  (8.2) PB34 (7. Pol-1 (1.6) PB20 (4.1)
PB5 (h.1) C4-63  (1.4) PBS  (1.6) P.I-1 (3.9)
PB30 (4.7) P.I-2 (1.0) PB32 (1.4) PB28  (3.8)
1979-80 7.2 5.8 2.7 2.9
Citarum(22.9) PB36 (19.4) PBS  (23.2) PB5 (13.5)
PB32  (16.1) PR32 (11.4) C4-013 (2.7) PB32  (12.3)
PBS .M Ch-673 (1. 8) PB3Y (2.4) PB36  (12.0)
Ca-03 (2.9) PB26O (0.2) "R8 (1.9) PB26 (10.9)
PoI-1 (1.7) PB38  (£.4)

PB26 (1.8)

PR35S (0.2)

= Numbers underlined indicate the wetland rice area planted in the province, as a pevcentage of the total area

in Indonesia planted in the respective wel seasons.
Pelita 1-1, P.I1-2 = pPelita 1-2.

Because PB36 was introduced only {n 1979-830 in an-
ticipation of the developuent of HPH biotype 2, it
is not Pive variceties planted. Yet,
it Is similar in duration as PB3O, has better ecat-
ing wualits than PB32, and i< tunpgrs resistant,
Consequentlv, the planted to PB3b will pro-
bahly ot ficiallv reloased
and  conscquently not reported by farmers but it
was known to bhe widely pgrown becavse of its high
ylelding abllity and adaptapility to a wide varie-
ty of enviromments. In addition, its resistance to
tungro and BPH biotype 2 ts sought by local farm=
ers.

amone the top

dared

increase, FBA2 was oot

The general pattern of adoption in the dry seasons
is similar to that in the wet Almost  all
of the areas planced te a second crop are irriga-
ted and are where extension (Bimis) support is
concentrated., Consequently, in each dry season the
percentage of areas planted to the five most wide—

Seds50n,

b/Extensive underreportivg of planted area.

P.1-1 =

ly grown varieties wag greater in
The difference appears,

the dry season,
however, to be declining
== falling from a2 2% difrerential in 1975-76 vs
1976 to 2 72 ditferential  in 1978-79 vs 1979
(rables 11 and RSN

North Sumatra. In Noren Samatra, heavy BPH infes—

tation first ocearred in 1972-73 (Mochida 1978).
HPl-resistant PB2b wis  introduced and ravered
ahout 74 of the area in 19/9-76 (Tahle 11). By the

end of 1976, this hecame  susceptible to
BPH blotype 1, requiring the introduction of hio-
type Z=resistant varicties in rh 1977 dry season
(Table 12). The arca planted to biotype 2-resist-
ant PBIZL, PB36, and PB38 rose steadily -— from 157

in 1977-78 to 317 in 1979-80),

viriety

Although modern varieties have been adopted wide-~
ly, BPH-susceptible C4-63, PB5, and traditional
varieties still cover as much as b5 of the wet



season and 0% of the dry season area. These have
persisted because of local farmers' taste prefer-
ence and the existence of environmental niches
where the BPH is not a major problem.

South Kalimantauw. In South Falimantan the major
factors explaining the adopcion pattern have been

an absence of serious discase problems because of
extensive rather than production,
and absence of water control
to plant modern varicties.

intensive rice
which made it risky

Throughout the S=vear period considered, PB5 has
remiined the most widely adopted cultivar. Tt has
persisted because BPH has npever been a significant
problem in South Kalimantan. Also, PBS's helght
makes it suitable for deepwater areas that charac—
terize much of the province. In addition, farmers
have obscerved that this variewy has o particularly
strong abilitvy to recover from init:al damage --
such das rat attack ~= and still give good vield.
Ci=0673 remiined the second wmost popular cultivar
throughout the period. 1t is grown particualarly in
rainfed areas where its leafy characteristics pro-
vide good weed control. In addition, the cating
quality of C4=-63 s compatible with local taste
preferences.

Table 12.
1976 through 1479 drv scasons.
Tanaman Panyan, Penvebarsn Varitetas Padi.

Source:
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The Pelitas are grown in deepwater areas where
their 1intermediate height dawage from
periodic flooding. Although the Pelita's taste is
considered good, they have spread to only a smatl
part of the area because they have less ability to
recover from early damage, compared to PBS. PB20
and PB26 have never berome important because of
their poor eating quality and shert stature, which
made them valnerabie to fluctuarions iu the water
level. Yet, PB2b has heon prown in limited areas
affected hv tungro virus.

reduces

The dry season pattern of adoption was similar to
that observed in the wet seasons. 1t is noted,
however, that a much smaller percentage of the
areas is planted to modern varijertles in the dry
season, compared to the previous wet season.

In general, available modern varieties have not
been widely adopred in South Kalimantan, claiming
only about 304 of the area in the wet scasons and
less thin 2074 in the dry secasons. This suggests
that modern varieties presently available perform
poorly, relative to local varieties, in most of
the existing environments.

West Sumatra. In West Sumatra, modern varieties
have been widely adopled, in both growing seasons.
As in South Kalimantan, the absence of serious

Five most widely planted modern varieties in selected previnces of Indonesia's outer islands,
Subdircktorat Pembinaan Mutu Fenih, Dircktorat Perlindungan
Raw dava summarized by authors.

Year S. Sulawest N. Sumatra S. Kalimantan W. Sumatra
1976 12,98/ 7.4 2.5b./ 0.907
C4-63 (19.2 PB26  (14.8) PB5 ~ (12.5) PBS  (34.1)
PBZ0 (18.9) C4-63 ( 4.0) C4=C3 (5.2) PB20 (18.9)
PBS  (13.4) PB5  ( 3.4) P.I-1 (2.4) PB26 (16.0)
PR26 ( 7.3) P.i-1 ( 2.3) P.I-2 (2.4) PB8  ( 7.4)
pPuI-1 ( 1.8) PB34 (1. 1) PB26 (1.2) P.I-1( 1.5)
1977 9.6 7.4 0.9 4.6
C4-63 (lu.4) PH26 ( 7.4) PB5 (47.4) PB5S (18.9)
PB26 (15.4) PB32  ( 7.0) C4-63(10.7) PB26 (15.5)
PB5  (14.0) PE34 ( 6.6) PB8  ( 8.0) PB20 { 7.5)
PR20 (12,2 C4-63 ( 2.8) P.I-1 (3.9) P.1-1 (5.8)
PB3S ( 1.0) Pol-1 ( 2.4) P26 (1.0) PB28  (3.8)
1978 104 5.9 4.6 4.4
PB26  (18.5) PR32 (25.1) PB5 ( 4.3) PB5  (14.5)
Ca=67 (12.0) PR36  (15.6) C4-63 (2.6) PB26 (12.3)
PB2O ( 9.4) PB34 ( 3.9) PB36 (0.9) P.1-1( 3.9)
PBS  ( 8.9) C4-63 ( 2.2) PB8  (0.8) PB20 ( 3.7)
PB30 ( 4.2) P.I-1 ( 1.A) P.1-1 (0.4) PB28 ( 3.1)
1979 10.9 6.4 4.6 3.3
PR32 (26.4) PB26  (23.4) PBS  ( 4.4) PB36 (i5.4)
PB26 (1U.3) PR32 {21.%) C4-63 (2.0) PR D)
C4-63 ( 8.0) P.I-1 ( 0.8) PE36  (1.4) | )
PBS  ( 5.4) P.I=2 ( 0.3) PB32  (1.1) Piio ( 7.0)
PB30  ( 5.0) PB38  ( 0.3) PB8  (0.7) PB5  ( 6.5)

a/ . . . . .

= Numbers underlined indicate the wetland rice area pé?nted in the province, as a percentage of the total area
in Indonesia planted in the respective dry seasons. — Extensive underreporting of planted area. P.,I-1 =
Pelita I-l, P.I-2 = Pelita 1-2.
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insect and disease problems enabled farmers to
continue to widely plant such varicviles as Pelita,
PB5, and PB20 in many arcas through the 1979-80
waet sedson (Table 11). Althoush there has been no
serious BPH pro dem in West Sumatra, biotype 2
varicties were introduced in 1979-80 as a precau-
tionary measure because of serious outbreaks in
nearby provinces.

DELIVERING NEW TECHNOLOGY TO FARMERS

In the early 1960s, Indonesia's populiation grew
rapidly but rice production remained retatively
constant. tonsequently, the goverament sought ways
to stimalate rice output. Agricultural fntensifi-
cation plaved an important rope,

The foundation of the existing program {s the
1963-64 Action Research project develeped by the
Bogor Institute of Apriculture and tested at Kara-
vang. In  this experiment, university students
lived in the vitlages and provided technical ad-—
vice, credit, and faputs to cooperating farmers.
during the tollowing vear, this effort was expdand-
ed to include about 440 students fron 9 apricoleu-
ral  colleges working in 2720 viilages (Birowo
1975). In 1965-66 the program was implemented
nattonwide and renamed  Bimas, meaning  mass
cuidance.

The basic program has been modifted several times
Lo response to a variety ot circumstavces. To ac-
commodate farmer participants who no longer needed
credit because vields and income had increased,
Tnmas was  initlated in 1967-68. When the first
modern varictics (PS5, TR8) became available 1in
1968, the program was renamed Bimas Baru  (new
Bimas).

AL the same time os farmer participation In bimas
increazeld, Tudonesia suffered from a shortage of
foreipn exchamge which made {t dlfficult to import
fnputs. Conseguently, Bimas Gotong—Rovong (mutval
cooperative Bimas) was iantroduced in 1968-69. Fo-
reign private enterprises were recruited to pro—
vide techuival puidance and required inputs to the
Covernment on l-year credit. By the 1970 wot sea-
son,  however,  this  assistance was no  longer
needed,

In 19n9-70 improved Bimas was started and the unit
villape lnﬁchr wis introduced. This represents
the curreat wodel. The awpricaltural arca was divi-
ded Zato blocks of 600-1,000 ha each, which became
the organicational unit for acttvities to support
intensification == facluding credit, loput retail-
ers, extension oftticers, and product marketing. In
1972=73 the improved Bimas program was expanded to
include food crops other than rice.

The Bdimas program 1is built around three princi-
ples.

e First, participating farmers are encouraged
to use modern production practices, includ-
lng good land preparation, seeds, effi~
clent irrigation practices, fertilizer, and
insecticide.

e Second, noncollateral credit {s made
avallable to obtain a package of inputs
that presently Includes a recommended mo-
dern variery, 100-250 kg urea/ha and 35-75
kg triple superphosphate/ha (depending on
area), 2 liters of insecticide, 100 g of
rodeaticide, and a nominal cost-of-1iving
allecwance. Inputs are provided in kind and
the Hving allowance in cash, with an inte-
rest rate of l7%Z/month charged on the out-
standing balance.

e Third, technical assistance is provided by
extension agents (PPL) through a three-tier
system. Bach PPL works with 16 master farm-
ers, who in turn are assigned 20 farmers,
each of whom has 5 farmers to whom he
should communicate new information that 1is
passed down the chalin., Ideally, 1 PPL
reaches 1,600 farmers through the tier
structure.

Farmers accepted the Bimas progzam rapldly. Feur
years after the program was Initiated (1968) more
than 750,000 ha were enrolled. That increased to
3,086,000 ha by 1975. Bimas participation has de-
clined since hut, the total program area (Bimas
plus Inmas) has increased steadily and covered 5.9
of the slightly more than 7 million ha of the wet-
land rice cropped during the late 1970s (Table
13).

The twn most important inputs in the production
package are fertillizer and modern varieties. As
the program expanded, adoption of fertilizer and
modern warieties grew. From 1970 to 1979, urea
consumption tripled and the area planted tr w:dern
varieties {nereassd fivefold (Table |3).

As 1nput use iacreased, ylelds also rose steadily.
Over the lO-year period considered, wetland rice
yields climhed from 2.6 to 3.2 t/ha or by 22%
(Table 13). The actual magnitude of the yleld
increase in the production program area was pro-
bably even greater. While wetland is defined as
both rainfed and irrigated areas, the production
program was largely conflined to irrigated farms.

During the first yeur of the program, repayment
stood at 90Z or more. In the 1975 dry season, de-
faults on loans increased steadily. As of January
1980, only 47% of the 1978-79 wet season loans had
been repaid (Bavk Rakyat Indenesia 1980). It would
appear that even though Ffarmers w~ith outstanding
loans cannot obtain additinnal credit, this has
not had a noticeable impact on urea consumption or
modern variety adoption because inputs can still
be obtained for cash through Inmas,

The rice pricing policy of the government has also
stimulated the application of high levels of in-
puts. Since 1968 government has supported the
price of rice and subsidized the cost of {aputs.
Over the period 1968-69 to 1979-80 wet season, the
rice-urea price ratio Increased from 0.80 to 1.50
(1.e. in 1979-80 1 kg of rice pays for L.5 kg of
urea). At current world market prlces for urea



(U2$200/t, CIF),
0.11/kg) implies

of delivery costs. Insecticides are also highly rose steadilv. Despite serlous BPH

subsidized with farmers paying only 20% of the the mid-1970s, average wetland

imported cost. every year, except from 1974 to
total production reached 19.9

IMPACT OF NEW TECHNOLOGY ON YIELDS AND PRODUCTION

Until the mid=-196h0s

between 1.8 and

3l

)

the existing farm-gate price (US$
a urea subsidy of $80/t, exclusive

, wetland rice vields fluctuared Although Indonesia's populatlon

2t/ha in 1960-67 (Table 14). grow rapidly, the per capita availability of rice

Table I3. Production program coverage and complementary input use, 1970-7Y, Source:
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With the introduction and widespread adoptiou of
modern varieties in the late 1960s, wetland yields

outbreaks in

yleld 1Increased
1975, In 1980

million t (milled

rice) -- an 1% fncrease over 1979,

has continued to

Bimas Office, Pasar Minpuu, and Biro Pusat Statistics.
Yvnrﬂ/ Program area (1,000 ha) Urcah/ va?zgiizss :igiiﬁ?

e _Bimas L Inmas Total (1,006 t ) (1,000 ha) (t/ha)
1970 1,235 849 2,084 342 1,072 2.6
1971 1,419 1,467 2,886 413 1,848 .7
1972 1,243 2,020 3,261 485 2,279 2.7
1973 1,889 2,223 4,112 669 3,226 2.8
1974 2,996 1,094 4,090 604 3,244 2.9
1975 3,086 1,161 4,247 670 3,784 2.8
1976 2,974 1,500 4,474 666 4,151 3.0
1977 2,509 2,775 5,284 919 4,801 3.0
1978 2,235 3,348 5,583 975 5,216 3.2
1979 1,802 4,007 5,809 1,090 5,552 3.2

|

a/ .
= Year includes wet and dr\ 50as0n
Propram farmers only. < Wetland

Tablte th.  Rice vield, production,
1960-70 dara adj

Pusat Statisticsg

RL(( \lle

data, i.e. 1970 includes data for 1969-70 wet season and 13470 dry season.
area including nonprogram hectares. 4/Rainfed and irrigated paddies.

population, and per capita availability, Indonesia,

1960-80.
usted by Lains (1978) to take into considerarion changes in definitions,

Source: Biro

Production

Per- cnp)La

R G4t B (1,000 t) Population ava111b111tvn
Year Stalk Dry Stalk Milled (1,000) (kg/person per yr)
o paddy unhusked paddy )
1960 2.3 1.8 18,132 9,401 95, 5523/ 98.4
1961 2.8 2.2 17,111 8,872 97,387 91.1
1962 2.8 1.2 18,207 9,440 99,257 95.1
1963 2.8 2.1 16, 348 8,476 101,221 83.7
1964 2.8 2.2 17,200 8,918 103,271 86.4
1965 2.9 2.1 18,269 9,472 105,414 89.9
1966 2.9 2.2 19,198 9,954 107,645 92.5
1967 2.8 2.2 18,557 9,622 109,964 87.5
1963 3.0 2.3 20,846 10,869 112,377 v6.2
1969 3,1 2.4 21,816 11,312 114,880 98.5
1970 3.5 2.7 24,457 12,681 117,469 108.0
1971 3.5 2.7 26,392 13,684 120,149 113.9
1972 3.5 2,7 25,351 13, 144 123,115 106.8
1973 3.7 2.8 28,091 14,565 126,088 115.5
1974 3.8 2.9 29,376 15,231 129,083 118.0
1975 3.7 2.8 29,202 15,141 132,110 114.,6
1974 3.9 3.0 30,470 15,799 135,190 116.9
1977 4.0 3.0 30,472 15,829 138,342 114 .4
1978 4.1 3.1 33,702 17,547 141, 1093/ 1244
1979 4.2 3.2 34,492 17,918 143, 9313/ 124.,5
1980 b/ b/ 38,323 19,908 146.0002 136.4

a/

— Trend estimation.

b
~/Data not av

ailable, E-/Milled—rice production divided by population.


http:bCtw,.cn

24 IRPS No. 7i, January 1982

has Ilucreased at a faster rate.i/ In the period
before  modern varleties (1960-67), per capita
avallability averaged 90.6 kg compared to 136.4% ky
tn 1980, While these developments arc the result
of  numerous  contrlibuting factors, the timely
introduction of appropriate varicties hag played a
ma jor role.

CONCLUSTON

Over tre past 15 years, modern rice technology has
had o signfficant Lmpact on the rice sector in
Indonesia. Yields and production have f(ncreased
Steadilv as o consequence of several incerdepen-
dent factors, laprovements in expanding irrfgation
systems have created a physical enviromment condu-
cltve to bigh productivity. Modern viee varieties,
~ith yield potenttal substantially above that of
traditional varfettes, nave bheotn introduced
through  the wvarietal fmprovement  program.  The
wational seed production program has rapidly mul-
Liplied these varicties te meet the demand for now
cultivars,  Throaaeh  the  Biaas program,  {mproved
varietios, torrilizer, insecticides, and produc-
tion credit have been made avaiiable to a large
portion or the nation's farmers. All of  these
developments resulted from povernmental investment
indrrigation, aericultaral research, sced produc=
tion, plant protection, cxtension, and policies
that  have  supparted  the price of  rice and
subsidized the price of inputs,

Altheagh modern varieties have been widely adopted
throughour Indonesia, this has largely occurred in
the watlacd (irvigated and rainfed) enviroments.
Consequently, substantially large portions of the
rice growing area have not benefited from the new
technolopyy including the dryland, high-elevation,
and tidal enviromments, Presently, several candi-
date varicties are being screened for these areas
and during the past few years twe varfeties have
bevon released for the dryland areca and four varie-
ties for high-elevation arcas. Yet, more effort
must be made to develop wodern varfeties sultable
for tarmers in dryland and tida! enviromments
because  they represent the major share of the
untapped agricultural petenttal in Indonesia and
have been targeted tor the transmigration of the
Landless and near-tandless farmers of Java-Bali.

In the iIntensively cultivated irrivated areas
where BPH has been o persisteat problem, primary
reliance on varietal resistance for control has
led to the almost total planting of large conti-
guous dreas to the single variety PB36. This has
creataed a potentially dangetrous sltuation in which
an insect or disease outbreak ceuld spread rapidly
throughout the avea. For example, in December 1980
In Bali == where more than 75% of the wetland was

4/Per caplta availability is calculated as pro-—
duction divided by population. This 1is not equi-
valent to per capita consumption because imports,
seed requirements, and storage losses are not
considered.

planted to PB36 -+ a serlous tungro outbreak oc-—
curred on several hundred hectares. A potentially
serious problem was averted because the Director-
ate of Plant Protection's pest and disease sur-
velilance system provided an carly warning and
control measurcs waerce rapldly initiated.

Consequentlv, to reduce the likelihood of futnre
outbreaks, measures must be taken to broaien the
varietal diversity in contiguous areas and genetic
sources of resistance to major pests and diseases.
At the same time, greater emphasis must be placed
on redncing the present heavy raliance on varletal
resistance. It s eaticipated that this can be
achieved through implementation of Integrated pest
control, including cultural controls (synchronized
planting, crop roration), selective sanitation,
manipulation of natural cnemies, spraving of pes-
ticides only when insect populations reach econo-
mic damage thresholds, and an aggressive pest sur-
velllance program (Oka 1979),

Indonesia’s attempt to {ncrease rice production
has faced aumerous obstacles over the past two de-
cades.  Although  setbacks have oceurred, the
achievements hove been {mpressive. With the strong
fourdation that has been laid and the experiences
of the past as a guide, Indonesia is well prepared
to meet the challenge of self sufficiency in rice
production,
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