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Foreword

Convincing evidence shows that the yields of Asian rice
farmers would be substantially higher if they took full advantage
of the new rice technology. But even in areas where modern
varieties are used, farmers®" yields are frequently lower than they
could be. The constraints studies reported in this volume have
attempted to determine why rice farmers are continuing to produce
less than the known potential.

A network of cooperating researchers from Thailand, Indonesia
Sri Lanka, Bangladesh, Taiwan, and IRRI was organized in late 1974
to jointly plan and conduct coordinated studies of the constraints
that keep rice yields on farmers®™ fields low. The papers in this
volume, originally presented at a workshop in April 1978, form a
comprehensive report of the results of the network®s studies.

The lead paper by Randolph Barker reviews the constraints
problem as conceptualized by various researchers and recounts the
rationale underlying the formulation of the project methodology.

The second paper, by the IRRI researchers, discusses the methodology
evolved over the life of the project. The subsequent papers report
the results obtained in specific locations. The final paper
summarizes the results of the entire network.

Some of the research results for 1975 and 1976 are reported
in greater detail in an earlier interim report, but all of the
important earlier findings are contained in this volume. 1In
addition to the interim report and the present volume, the
methodology used in the project has also been summarized in an
IRRI publication, A Handbook on the Methodology for an Integrated
Experiment-Suvey on Rice Yield Constraints.

Researchers studying the same problems in South America, India,
Pakistan, and Malaysia have adopted the approach and some of the
methodology used here. Scientists conducting research on other
crops have also found the methodology to be of value.

Network cooperators in a number of Asian countries continue
to use the research pattern developed in this study. The
International Rice Research Institute is pleased to have the
opportunity to participate in the network.
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The four IRRI researchers with major |eadership responsibility
for the project during its initial phase were Randol ph Bar ker,
agricul tural econom st; Kwanchai A. CGonez, statistician; Surajit
K. De Datta, agronom st; and Robert W Herdt, agricultural econom st.

The I nternational Devel opnent Research Centre (1DRC) of
Canada provided funds to initiate the network activities and
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Adoption and Production Impact of New Rice Technology —
The Yield Constraints Problem

Randolph Barker

Dr. Robert F. Chandler recently wote, "Onretiring from
IRRI in 1972, the only real disappointnent | felt was that
sonehow we did not understand sufficiently why the Asian
farmer who had adopted the new varieties was not doing better
Sonehow, | felt that the rice scientists who had obt ai ned
yields of 5 to 10 netric tons per hectare on the IRRI farm
still could not explain why so many Filipino farmers (for
exanpl e) obtained, on the average, |ess than one netric ton
per hectare increase in yield after shifting fromthe
traditional to the high- yieldingvarieties. Al of us were
a bit nystified as to why not nore than 25%of the rice |and
in the | ess devel oped Asian countries was planted to the new
varieties" (Chandler 1975, p. 15).

Through the research conducted by the International Agroeconom c
Net wor k (1 RAEN) over the past 4 years, much of which is presented
in this volune, we have cone to understand nore clearly the yield
constraints problemdescribed by Chandler. This paper discusses
t he background and nature of the constraints probleminits

br oadest context. The objectives are:

1. to review the changes taking place in adoption of new
ri ce technol ogy, production, and yield

2. to discuss the concept of yield potential and yield gap;
3. to define the yield constraints problem
4, to suggest why a new approach is needed for an understandi ng

of the nature of the problem

THE | MPACT OF NEW TECHNOLOGY

Ri ce production in Asia has al ways expanded by applying | abor
and traditional cultural practices over a larger area. As long
as | and was avail able, this process provided the neans for
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1. Trends in regional production (rough rice), area and yield, 1955-1976.

suppl ying food to an expanding population. In fact, in the
later part of the 19th century, the opening up of new | ands
in three major river deltas - the Irrawaddy, the Chao Phraya,
and the Mekong - had led to a sizable surplus for export.
There continued to be an adequate supply of newrice land to
develop into rice paddies until a decade or nore after Wrld
War II. But, by the 1960s, a turning point was bei ng reached
wi th the expandi ng popul ation encountering a |l and constraint.

The devel opnent of the new short- staturedfertilizer- responsive
varieties of rice in the 1960s provided the vehicle for the
introducti on of nodern inputs and the subsequent shift to
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dependence on yield increase rather than area expansion as the
maj or source of increased production (Fig. 1). The gross
cropped area continued to expand with the expansion of irri-
gation and the area doubl e cropped, but with a few exceptions,
the area of rice land in South and Sout heast Asia has expanded
very little over the past decade. In nost of the countries
fertilizer, newvarieties, and irrigation becane the major
sources of growth in production. For those contries whose
production grewnore than 2% per annum only in Thailand

did new |l and area continue to be the major source of output
growh (Table 1).

The nodern varieties released in the md- 1960shad spread to

a little over a quarter of the rice- growi ngarea in South and
Sout heast Asia by 1975. |t was soon apparent that the varieties
did best in areas with good water control. Anbng countries,
rate of adoption, percent of area irrigated, fertilizer per
hectare, and percent increase in yield over the decade fromthe
early 1960s to the early 1970s tended to be cl osely associ at ed
(Tabl e 2).

The national |evel statistics, however, obscure nuch of the
variation. A survey of farnms in 36 predom nantly irrigated
villages in 14 locations in Asia for the 1971- 72crop year

(I'RRI 1978) shows a general positive correlation between yield
and nitrogen input (Fig. 2). Yields in excess of 4 tons were
confined largely to those areas where nodern varieties were

pl anted and 90 kg/ ha of nitrogen or nore were applied. However,
there were al so many vill ages where 100% of the sanple farners
had adopted the nodern varieties but were applying very |ow

l evel s of nitrogen (Fig. 3). These findings tend to corroborate
Chandl er' s observation that the average yi el ds of nany Asian
farmers who had adopted the nodern varieties were well bel ow
the 5 to 10 tons per hectare obtained at | RRI and at nany ot her
experiment stations.

MAXI MUM PGSSI BLE YI ELDS AT EXPERI MENT STATI ONS

The maxi mum possible yield of a variety is sonetinmes defined as

the highest yield a variety has attained at any experiment
station or during any season at one station. The nmaxi mumyield

recorded at IRRI is 11 t/ha. The maxi numrecorded yi el d obtained
in South and Southeast Asia is 13 t/ha in Pakistan. This
information has very limted applicability to the probl emof
increasing rice production on farnms.

A second definition is the average yield of a variety or set of
varieties when grown by the best avail able nethods and with
maxi muminputs in trials on experinment stations in a given
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Table 1. Estimated proportion of growh in rice output attributed
to components of area an*d yield for selected Asian countries,
m d- 1960sto early 1970s

Annual Percentage points (% attributed to
rate of Area Yield
Country Peri od produc- lrri- Unirri- Ferti- Resi -
tion gat ed gat ed lizerad dual P
growt h
(%
Paki st an 1965- 73 7.9 1.4 0 1.7 4.8
Mal aysi a 1965- 73 5.7 3.7 0.1 1.4 0.5
Sri Lanka 1965- 72 5.6 0.5 0.1 3.5 1.5
I ndonesi a 1965- 72 4.8 2.2 -0.3 1.1 1.8
Phi i ppi nes 1965- 73 3.4 1.2 -0.3 1.5 1.0
I ndi a 1965- 70 3.2 0.6 0.2 1.5 0.9
Thai | and 1965- 72 2.1 0.2 1.7 0.3 -0.1

Production, total area, and yield data are from U S. Dept. of
Agriculture (USDA), except for Indonesia and Thailand, which use
national sources. Irrigation data are from national sources.
Fertilizer data are estimated from FAO Annual Fertilizer Review,
national sources, and special studies. For a nore detail ed

expl anation of sources of irrigation and fertilizer data, see

Pal acpac, Wrld Rice Statistics (IRRI Agricultural Econom cs
Dept., April 1977).

@ Calculated on the basis of 10 kg yield for every 1 kg of
fertilizer.

® | ncludes the contribution to yield of inproved quality of |and
attributable to higher proportion of irrigated area.
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Tabl e 2. Percent of area in nobdern varieties, percent area
irrigated, kg NPK/ha of rice, and rice yield increase, 1961- 65
to 1971- 75, selected countries of Asia.

Country Area in W Area Fertilizer I ncr eased
1974-75 irrigated applied to yield
(% m d- 1970s rice 1961- 65to

(% 1973- 74 1971- 75
( NPK/ ha) (%
Paki st an 40 100 25 62
Sri Lanka 55 50 113 43
Phi | i ppi nes 62 43 23 27
I ndonesi a 40 39 33 24
Mal aysi a 36 63 83 19
I ndi a 30 39 23 15
Vi et nam 31 13 - 11
Thai | and 7 24 7 9
Bur ma 7 16 6 6
Nepal 19 17 - 2
Bangl adesh 15 11 5 2
South and SE Asia 26 32 20 15

season but over a nunber of years. At IRRl, maxi numyield was
determ ned on the basis of 154 fertilizer trials conducted by

t he Agronony Departnent between 1966 and 1972 (IRRl 1974). A

mean maxi mumyield of 4.8 t/ha was obtained in the wet season
with 75 kg of N ha and nean maxi numyield of 6.6 t/ha was obtained
in the dry season with 112 kg of N ha.

The International Rice Yield Nurseries (IRYN report yield data
fromlocations throughout Asia for a series of test lines and
varieties. The top 5 nmediummaturity lines grown in the wet
season at each of 14 stations were averaged over a 3- year period
1975- 1977 (Table 3). The two top- yieldingsites, Coinbatore

and Hyderabad, are not typical nobnsoon rice- grow ngareas, the
dry climate permitting extrenely high yields in sonme years.
Oritting these two sites, the average of the remaining 21 is
4.7 t/ ha.

Data obtained fromfertilizer response studies at several
experiment stations provide nuch the sane picture for the wet
season (Table 4). Fromthese data it can be observed that

maxi mumyield tends to be obtained on the Indian sites at
nitrogen | evel s consi derably higher than for other |ocations.

Maxi mumyi el d averages 5.7 t/ha for the dry season sites

(Table 5) conmpared with 4.9 t/ha for the wet season sites.

Anot her set of data fromexperinments tends to confirmthe
general ly higher maxi mumyield level in the dry season (Table 6).
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2. Relationship between average farm yield of rice and nitrogen applied
per hectare by village, by season, and by varietal type, 36 villages in
Asia, 1971-72 wet and dry seasons. MV = modern varieties; LV = local
varieties (IRRI 1978).

However, none of the above data provide a basis for judging
that the yield potential is higher in one location or in one
country than another. Aw de range of factors, including the
variability in the managenent of the experinents, could
contribute to the differences observed in Tables 3 and 6.
However, evidence points to a naxi mumwet season yield of about
4.5 to 5.5 t/ha and a maxi mumdry season yield of 5.5 to 6.5
t/ha, withyields in excess of this being exceptional.

YI ELD GAP

It is difficult to identify the potential yield under experinent
station conditions, but there is nuch nore confusion when one
tal ks about the yield gap. This confusion stens fromthe fact
that there is not a single yieldgap but a whole range of yield
gaps or differences between actual and potential yields. The
problemis one of definition rather than neasurenent. It is,
therefore, useful to trace out the various concepts and
definitions of yield gap used in the literature.
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hectare by village, wet and dry seasons, selected areas of Asia, 1971-72 (IRRI 1978).

Tabl e 3. Average of top 5 lines by location,
International Rice Yield Nursery, Medium (IRYN-M,
1975- 77wet season. IRRI, 1975- 77.
Locati on Yield
(t/ha)
Coi nbatore, T.N., India? 7.1
Hyderabad, A.P., India 6.8
Suphan Buri, Thailand 5.8
Pantnagar, U.P., India? 5.5
Bogor, Indonesia 5.2
Los Bafios, Phili ppines 5.2
Pat na, Bihar, India? 5.1
Conmilla, Bangladesh 4.6
Yezin, Burma 4.6
Chinsura, W Bengal, India 4.5
Joydebpur , Bangl adesh 4.4
Fai zabad, U.P., India?® 4.3
Par awanpur, Nepal 4.0
Cuttack, Orissa, India 3.4

a2 years only.

7
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Table 4. Maxi mum yield and nitrogen input at nmaximumyield for
sel ected nodern varieties of rice at selected experinment stations
in Asia, 1967-75 wet season (Barker 1978).

Locati on Vari ety Peri od Maxi mum Nt rogen of
) maxi mum
yield el d
(t/ha) yre
(kg/ ha)
I ndi a
Maruteru, A P. | R8/ Jaya? 1967- 68, 4.1 119
1970-72
Pant nagar, U.P. | R8/ Jaya 1967- 68, 7.0 143
1971-73
Fai zabad, U.P. | R8/ Jaya 1967-70 5.3 206
Cuttack, Oissa | R8/ Jaya 1967- 69, 4.6 143
1971-72
Coi mbatore, T.N. | R8/ Jaya 1967-73 6.2 227
| ndonesi a
Pusakanegara, W Java PB5 (1R5) 1969-71 6.0 140
Phi | i ppi nes
Mal i gaya, Central Luzon | R20 1968- 75 4.8 91
Vi sayas | R20 1968- 75 5.6 87
Thai l and
Suphan Buri RD1 1969- 70, 4.0 98
1974

% n India, data used for 1967-68 are for IR8; data for 1969- 73
are for Jaya. Because of the close sinmilarity in their basic
characteristics, |IR8 and Jaya are considered as one variety.
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Tabl e 5. Maxi mum yield and nitrogen input at maxinum yield for
sel ected nodern varieties of rice at selected experinment stations
in Asia, 1967-75 dry season (Barker 1978).

Locati on Variety Peri od Maxi mum Nitrogen at
yield maxi mum
(t/ha) yield (kg/ha)

I ndi a
Maruteru, A P. I R8/ Jaya @ 1968- 70, 5.8 163
1972- 73
Cuttack, Orissa | R8/ Jaya 1968- 69, 8.5 208
1971
Coi mbatore, T.N | R8/ Jaya 1967- 68, 6.8 285
1972- 73
Phi | i ppi nes
Mal i gaya, Central Luzon |R8 1968- 75 6.4 143
Vi sayas I R8 1970- 75 5.2 151
Thai | and
Suphan Buri RD1 1970- 71, 5.6 119
1974

8pata used for 1967- 68are for IR8; data for 1969- 73 are for Jaya.
Because of the close simlarity in their basic characteristics,
IR8 and Jaya are considered as one variety.

A systematic study of the relationships between yields on farns
and at experinment stations was undertaken for Australia by

Davi dson and Martin (1965). For a nunber of crops, including
rice, they discovered that the gap between farmyiel ds and
experinmental yields varied according to the grow ng season.

In good years the yield at the experinent station increased

nmore rapidly than the yield of farnms in the sanme district. They
concluded that this was because farners were linited in their

i nput investnent by the desire to maximze profit, while the

experinmenter, with little, if any, cost restraint, attenpted to
maxi m ze yi el d.

It is common to find the yield gap defined as the difference
bet ween the highest yield on a farmor at an experinent station
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Tabl e 6. Average maxinmum rice yields recorded at experinent
stations.

Wet season Dry season

Experi- Yield Experi - Yield
Count ry ment s (t/ha) ment s (t/ha)

(no.) (no.)
India (1CAR 27 5.4 12 6.8
Bangl adesh (BRRI) na 4.9 na 6.6
I ndonesia (CRIA) 10 4.8 12 5.9
Phi I'i ppines (BPlI - I RRI) 64 4.6 54 5.9
Vietnam (I RRI) 9 4.1 12 5.8
Sri Lanka (Dept. of Agric.) 32 5.3 24 5.7
Thailand (Dept. of Agric.) 80 3.7 80 4.4

and the national average yield. This kind of conparisonis
frequently used in the press, since it |leads to newsworthy (but
scientifically worthl ess) statements such as the foll ow ng:

"Mraclerice which can produce up to 10 tinmes as
much as the old varieties, have (sic) given India a new
hope of bani shing forever the shadow of famne." (Manila
Tines, 8 COctober 1967, cited by Castillo 1967).

A slightly different version of this approach has recently been
utilized in India (Mukherji 1977). The gap was defined as the
rati o between the potential yield as found in the national
denpnstrations in a given state and the average state yield.

Rati os were cal cul ated using data fromthe 1975- 76Kharif season
(Table 7). The conclusion drawn by Mikherji is that when the
gapratio is low (i.e., the state average yi el d approaches the
yield of the denonstration plots), farners' technical conpetence
is high and vice versa. However, it could be argued that the
highratio found in states |like Bihar and Orissa reflects the
fact that denonstration plots are normally located in irrigated
areas, while nost of the rice in these states is grown under

rai nfed condi tions.

A nunber of scientists fromdifferent countries of South and
Sout heast Asia were recently asked to estinmate the follow ng for
the different water control environnents,in their countries:
the present yield level, the present potential yield level, and
the potential yield level in another ten years. The gap between

the present and potential yield levels is shown for each
envi ronnment by averagi ng the results of questionnaires submtted
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Table 7. Estimate of the gap analysis value or ratio of national
denonstration plot yield to the average state yield. I ndi a,
1975- 76Kharif (wet) season (Mikherji 1977),

Gap anal ysi s Range of
State ratio gap on farners'
techni cal know edge

Pondi cherry 1.53 10. 0- 19. 9%
Tammu and Kashmir 1.58

Punj ab 1.77

Tam | Nadu 1.84

CGoa 1.86

Mahar astra 1.92

Raj ast han 1. 96

Kar nat aka 2.15 20. 0- 29. 9%
Hi machal Pradesh 2.16

Andhra Pradesh 2.56

Har yana 2.57

West  Bengal 2.97

Madhya Pradesh 3.05 30.0- 39. 9%
Quj ar at 3.20

Uttar Pradesh 3.80

Bi har 5. 48 50. 0% and above
Oissa 6. 07

by 8 country del egations (Table 8). The scientists as a group
estimate that, even after 10 years, the yield potential for
irrigated rice areas in their country will be |ower than the
present yield potential at the experinment station. These

esti mat es suggest the existence of a gap between the yields that
can be achi eved at the experinent station and in the farners'
fields

A nunber of studies have not only defined gap but have attenpted
to explain the factors accounting for the gap. Herdt and W ckham
(1975) defined gap as the difference between the yield potenti al

at the experinment station during the dry season in a good year

and the average national yield. For the Philippines they estimted
the high experinment stationyield to be 8 t/ha as conpared with

a national yield average of 1.8 t/ha. Using data froma nunber



12 Farm-level constraints to high rice yields in Asia: 1974-77

Table 8. Average of responses on present and potential yield
based on the judgnment of rice scientists from 8 country

del egations® attending the International Rice Research Conference.
Phi li ppines, April 1977.

\Wat er Present Pr esent Future Present Future
envi ronment yield potenti al potenti al gap gap
(t/ha) yield yi el dP
(t/ha) (t/ha)
(1) (2) (3) (2)- (1) (3) (1)
Irrigated- wet 2.6 3.6 4.3 1.0 1.7
Irrigated- dry 3.1 4.2 4.9 1.1 1.8
Shal | ow RF 1.7 2.3 3.0 0.6 1.3
Internediate RF 1.5 2.0 2.5 0.5 1.0
Sem - deep RF 1.2 1.6 2.2 0.4 1.0
Deepwat er 1.0 1.5 2.0 0.5 1.0
Upl and 1.1 1.7 2.3 0.6 1.2
8] ncl udes Bangl adesh, Burma, India, |ndonesia, Nepal, Philippines,

Sri Lanka, and Thail and.
bafter 10 years.

of sources, they partitioned the gap into year- to- yeayield
variation, seasonal effects (dry vs wet), water control, economc
constraints, and a residual including |ack of available inputs

and nonadoption of technology (Fig. 4). Approximtely 40% of

the yield gap was estimated to be the result of socioeconomc
factors described in the latter two categories, while 60%was the
result of environmental factors and | ack of water control.

There is a reasonably cl ose associ ati on between the |evel of
nitrogen input and yield. For any given year, the |evel of
nitrogen input may provi de a good projection of anticipated yield,
whereas the actual yield may vary considerably at a site, depending
on weat her conditions and other factors. Barker and Anden (1975),
ina study of changes inrice farmng, identified the gap in

ni trogen i nput between the high and the average of sites, based
on observations from36 irrigated Asian rice villages (36
observations for the wet season and 29 for the dry season). Their
anal ysi s suggests that environnment (solar energy and rainfall)

and irrigation accounted for the major differences in nitrogen
use between the top 20 and the average of 65 sites (Fig. 5).

Al but 4 villages were irrigated. However, there was enornous
variability inthe quality of irrigation, and it is not

surprising that farmers with good water control should be
expected to use nore fertilizer.
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4. A preliminary identification of factors constraining rice
yields in the Philippines (Herdt and Wickham 1975).

Part hasarat hy and Prasad (1977) anal yzed the differences in the
rate of growth of the yield of rice in 583 districts in India.
Top districts with nore than 2% gromhrates were conpared with
districts showi ng negative growth rates. They al so concl uded
that this gap in performance was associated with a difference

in environnental factors. They noted a high correl ati on between
envi ronnent, infrastructure devel opnent, |evel of input use, and
devel opnent of institutions on the one hand and growth rates on

the other. No causal relationships could be established with
their data, but they concluded that there was a need to study
t he sequence of the growth process.

The Al'l |ndia Coordinated Rice | nprovenent Project (Al CRI P 1974)
ran a set of nmanagenent mni kit experinents in Andhra Pradesh.
They hypot hesi zed that the yield gap was caused by variability in
cultural practices - |and preparation, depth of transplanting
seedl i ngs, and weeding. Simulating farners practices (suboptimal),
t hey showed that by changing fromsuboptimal to optimal practices,
yi el ds coul d be increased by over 700 kg/ha at the sane |evel

of nitrogen and by 250 kg/ha or nore even when the nitrogen

level was cut in half (Table 9). |In concept and procedure,

the AICRIP work was sonewhat simlar to | RAEN However, there
was no assurance that the AICRI P suboptinal practices used in
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Top 20 Av
Yield 36
(t/hd 53 )
Nitrogen
% | (kg/ha) 129 68

100

80

60

40

20

Average vs top 20

5. Factors explaining differences in
level of nitrogen inputs between average
and 20 highest users of nitrogen
(Barker and Anden 1975).

t he experinments accurately sinulated the farmers' practices,
and therefore no assurance that the gap being neasured was in
fact the gap between actual and potential yield.

The discussions in this section illustrate that there are many
ways of defining a gap. However, there are two common
conceptual i zati ons. One is to conpare a potential yield from
experiment station or denpnstration plots with the present
yield (Mikjerji 1977, Herdt and Wckham 1975). The other is

to conpare the yield of the best farns, best villages, or best
districts with the average or the poorest (Barker and Anden
1975, Parthasarathy and Prasad 1977). Al though the size of the
gap will vary trenmendously according to the definition of the
gap, as well as to actual neasurenent of yield, it seens
reasonabl e to expect that environment will be an inportant
factor contributing to the gap in both of the above

conceptual i zations. This is nmentioned because of its policy
inmplications. The physical environment can be altered, but usually
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Table 9. Profitability of increased fertilizer conpared wth
i mproved managenment, mni- kit data. West Godavari, Kharif 1973.
(Al India Coordinated Rice |nprovenment Project, Hyderabad).

Added Added Add i tional
Managenent @ N |evel yield cost i ncone
(kg/ha) (kg/ ha) (Rp/ ha) (RP/ ha)
Java, Delta (18 I|ocations)
Good 0 - - -
Subopt i mal 60 126 238 -62
Good 30 387 346 196
Good 60 873 761 461
Java, Upland (14 | ocations)
Good 0 - - -
Subopt i mal 80 311 417 17
Good 40 712 598 398
Good 80 1269 1088 688

2land preparation, depth of transplanting seedling, weeding.

at high cost; therefore the inplications of the environnental
constraints are inportant for policy making.

Sone of the gap anal yses descri bed above indi cate why sone
farmers in better environments get higher yields and are nore
receptive to the use of the nodern rice technol ogy than others.
But they do not explain whether or howthe farnmer in the context
of his own environnent and resource constraints can profitably
achi eve a higher yield. It is this issue which| would judge
to be the focal point of Chandler's query.

THE Yl ELD CONSTRAI NTS | SSUE | N BROAD PERSPECTI VE

Constraints to high yield can be classified into two categories:
those that affect the yield potential of the crop under the
farmer's environnent; and those that affect the farmer's ability
and willingness to achieve the yield potential on his own farm
The first category of constraints is related directly to the
devel opnent of new technol ogy and, hence, the organization of
research. The second is concerned on the one hand with the
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realization of the production potential, given the existing
technol ogy and physical environment, and on the other with the
degree of equity anmong farmers and | andl ess workers in access

to resources and inputs. These include such issues as diffusion
of know edge anong farners, input and credit availability, and

| andowner shi p patterns.

The increasing popul ati on pressure on the | and encourages the

use of yield- increasingnodern technology. But the grow ng nunber
of landless workers creates a problemw th respect to both
production and enpl oynent. From the production perspective, the

i ssue is one of avoiding the increasing fragnentation of |and-

hol dings, leading to inefficient use of thelimted | and

resour ces.

The introduction of a newtechnology creates a yield gap and what
econom sts sonetinmes refer to as economic slack (Evenson 1976).
Econom c slack is the difference between the present product of
a sector and the product that could be realized if all resources
were optinmally utilized. Research activities produce technol ogy
that increases economic slack. It is reduced by such factors

as expansi on of extension activities and inprovenent in rural
infrastructure, the incentive for such changes coning from
access to nore productive technology. However, such changes

do not occur imediately, and it is the delay in or constraints
to the process of change that materialize in a gap between the
actual and potential yield in the farner's field.

The agricul tural production process can be viewed as containing

t hree subsystens: farner- producer, i nput delivery, governnent
regulating and facilitating (Gai kwad et al 1977). The farmer
produces the crop and bears the risks and uncertainties of
production. |Increasingly, governnents control the supply of inputs,
i ncluding seeds and credit. Governnent al so has the responsibility
of providing the wide range of incentives and services - research,
extension, irrigation devel opment and water nmanagenent, price
supports, and input subsidies. The shift toward nodernization of
agriculture seems to have left nobst governnents much nore in
control of the rate and process by whi ch economic slack both is
created and reduced. Strategies range from short- termcrash
progranms to long- term nvestnents inrural infrastructure and
institutional changes such as |and reformand agricul tural

research. Research that can precisely define the causes of |ow
farmyield can be useful to the appropriate agency - research,
extension, input delivery - in establishing its priorities.

The gap between the actual and potential yield in farnmers' fields,
and the factors that explain this gap formthe central focus of

| RAEN r esearch. The physical environment - soil, climte, water
control - and the institutional environnment - farmsize, tenure
status - are taken as given in the research that has been
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conducted to the present. Also, omtted fromconsideration is
the alternative of increasing total farmproduction through
cropping intensification. Thus, IRAENis concerned only with

a limted aspect of the broad issue of production and yield
constraints. Yet it is this core of the constraints probl emover
whi ch farners and governnment agencies are able to exercise sone
control. At the sane tinme, by identifying the yield potenti al
inthe farmer's environnent, this research can provi de feedback
to researchers on the efficiency of their technol ogy under farm
fieldconditions.

To define the focus of | RAEN research on constraints to high
yield, two hypothetical situations are depicted in Figure 6. In
Case | (the top of the graph), the yield potential has been
shown to be 5 t/ha under experinment station managenent and that the
sane potential exists for all farns depicted. But there are sone
farmers who obtain very lowyields conpared with their own farm
potential, and there are a feww th very good managenent whose
yi el ds exceed the experinent stations'. |t would appear in this
situation that the domi nant constraints to highyield are

soci oeconomic inorigin. One of these constraints is the
econom zi ng behavi or of the farnmer, which causes himto naxi m ze
profits rather thanyield. Because thereis little l|ikelihood
of renoving this constraint, it is appropriate to consider the
economically recoverable yield gap as the relevant portion of
the gap that can be reduced. When this econonically recoverable
gap has been renoved, econom c slack has been el i m nated.

O her socioecononi c constraints may include i nadequate supply of
inputs or credit, unfavorable prices faced by sonme farners, |ack
of know edge, or even differences in the farners' responses to
risk or preference for |eisure.

Case || shows a situation in which the high potential yields occur
at the experinent station and on a few farns, some of which may

be located in an even nore favorabl e rice- grow ngenvironnent

than that at the experinent station. But there is a w de
variability in the potential yield anpobng farns. (I'n the constraints
research in the Philippines, it has been fairly common to find

that the yields obtained at high Il evels of inputs from experinmental
plots in farmers' fields have varied widely, the yield of the

low site being half that of the yield of the highsite). The

smal | gap of 0.5 t/ha that does exist in each case is assuned

not to be econonmically recoverable. For this situation we

can conclude that farners are in fact responsive to the technol ogy,
but that the potential yields are nuch higher on sone farns than
on ot hers.

Bi ol ogi cal scientists are often inclined to feel that Case | is
the prevalent situation, that the fault sonehowlies with the
farmer or the institutional systemand not the technol ogy.
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6. Two hypothetical situations for high level and farmers' levels
of yields on a group of farms. Experiment station yield is 5 t/ha.
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Social Scientists, on the other hand, are often quick to suggest
that the technol ogy devel oped under experinent station conditions
is not appropriate for the farmer's environnent. Thus, a plant
breeder in India will nmake a case that Oissa farners sinply

are not as progressive as the farners in Andhra Pradesh, where the
newrice technology is nore widely utilized. But it is reasonable
to respond by aski ng whether the Orissa environnent is as

suitable for the newtechnol ogy as the Andhra Pradesh environnent.

Many who area convinced that Case | is the prevailing situation
argue that the solutionto the problemlies in an expanded
extension effort. However, there are others who argue that

vari ance in response anong farners is the result of institutional
constraints that affect some farners (e.g., small farnmers or
tenants) nore seriously than others. Arecurring thene of the
Asi an Devel opnent Bank's Second Asian Agricultural Survey is that
institutional constraints, not |lack of technology, is the major
factor slowing the rate of agricultural and econom c devel opnent.

The problemin fact is that different constraints may prevail
indifferent situations and at different tines. It is, therefore,
i mpossible to identify the dom nant constraints w thout careful
research. The success of this research depends upon the

devel opnent of an appropriate research nethodol ogy.

THE METHODOLOGY | SSUE

At. the first neeting of the International R ce Agroeconanic
Network (1 RAEN) held in April 1974, there was general agreenent
that a better understanding of why farnmers' yields are | ow despite
the adoption of inproved varieties is needed. However, there

was consi derabl e controversy about the appropriate nethodol ogy

for identifying and measuring constraints to highyields in farners'
fields. This sectionattenptsto trace out sone of the origins

of this controversy and the conpronises that had to be reached

by the various disciplines involved: conprom ses that eventually
led to the devel opnent of the nmethodol ogy on constraints to high
yi el ds adopt ed by | RAEN.

Econoni cs provides us with a theory of efficient resource use
based upon the concept of the production function. Figure 7
portrays the gap between potential yield and actual yield. This
gap can be further partitioned into three segnents. The first
segment due to profit seeking behavior reflects the difference
bet ween maxi mumyield and yield at maxi mumprofit. Farrell (1957)
was among the first to distinguish between price, or allocative
inefficiency - - the failure to maximze profit, and technical
inefficiency -- the failure to produce on the nost efficient
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production function. He defined technical efficiency as the
measure of a farnmls "success in producing maxi mum out put from

a given set of inputs." There has been considerable work in
recent years to define the concept of technical inefficiency and
to separate the effects of technical and allocative inefficiency
(e.g., Timrer 1970, Lau and Yotopoul os 1971). It is also
possible to introduce into this franework the concept of external
constraints |ike inadequate supply of fertilizer.

Thi s approach, however, had two major obstacles. First, the
tradi tional methodol ogi cal procedure used by the econom sts
consisted of fitting a production function to data of questionable
accuracy obtained through traditional farmsurvey techni ques.

It is difficult or inpossible to separate technical from

al l ocative efficiency with such data. Second, technical
inefficiency can result fromfactors that are within the managenent
capacity of the farnmers, and those factors, both physical and

soci al, over which the farnmer has no control. The problemlies

in being able to identify the cause of technical inefficiency
inorder to be able to suggest the appropriate sol ution.

In 1973 the IRRI Statistics Departnent had begun to devel op and
test a procedure for quantifying the factors limting rice yields
infarnmers' fields (Gomez et al 1973). The procedure
involved identifying the gap between farners' yield and potenti al
yield in farmers' fields and quantifying the contribution of
management factors to the yield gap. Mnagenent factors were
considered to be those factors over which the farmer had sone
control, such as the level of inputs or the cultural practices
used. The partitioning of the gap between high | evel and
farmers' |evel was acconplished gby cal cul ati on of the main
effects in the experinments.

The econonmists at the first workshop objected to the selection
of only two managenent levels - the farners' |evel and the
maximum potential yield - on the grounds that it did not permt
the determi nation of the point of maxi mumprofit by marginal
anal ysis. The yield gap could not be partitioned in the manner
described in Figure 7. However, there were two strong advant ages
to this approach. First, the experinents to be conducted in
farmers' fields could be kept fairly sinple with 2" treatnents,
n being the nunber of managenent factors. Second, given the
expl oratory nature of the work, it was inportant initially to
identify the magnitude of the yield gap and the contribution

of managenent factors to the yield gap. This would at | east

poi nt out the general nature of the constraints and indicate
the direction for subsequent research.

To provide a basis for estimating an economc optimum it was
al so agreed that management package experiments woul d be
conducted. A managenent package net hodol ogy had been devel oped
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7. Three economic components of the yield gap.

by the IRRI Agronony Departnment (De Datta et al 1976). These
managenent packages woul d contain internmediate | evels of inputs

in fixed conbinations approxi mately al ong the opti num expansi on
path. The relationship between the managenent package treatnments
and the factorial treatments is illustrated in Figure 8.

There was much di scussion at the workshop about how the farmers’
actual yield input level, the maximum potential yield i nput

| evel, and the internedi ate managenent package | evel shoul d

be defined and specified. A first approxi mati on was reached
(Tabl e 10) .

It was envisioned that once the managenent factors contributing
to the yield gap had been identified, follow upfarmsurveys
woul d make it possible to pinpoint the socioeconomc factors
that m ght prevent the farners fromusing a higher |evel of

t hose specific inputs found to have the potential to increase
yi el ds.

The strength of the conprom se in nethodol ogi cal approach from
the outset has rested with the power of the experinments conducted
infarnmers' fields to provide an accurate neasurenent of the
yield gap and the cultural practices or input factors contributing
to the gap. Despite the difficulties of conducting controlled
experinments in farners' fields, the rewards have cone from
placing the scientist inthe farners' field, thus bridging a
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conmuni cation gap. Subsequent refinenment of the experinental
approach has been largely with the objective of sinplifying the
experinmental design to enlarge the nunber of experinments possible
and to gain a nore representati ve coverage of the study area.

I dentifying the socioeconom c factors explaining farnmer behavior
is anore difficult task. No agreenent on nethodol ogi cal
procedure was reached at the initial workshop, although there

was general recognition that analysis of experinental data,
conbined with survey results, would provide nore neani ngful
answers than the traditional survey approach. Analysis of the
experimental results had nade it possible to identify the

economi cally recoverable yield gap and to neasure the probability
of achi eving higher profits fromsite to site and fromyear to year.
Beyond this point, the identification of soci oeconom c factors
accounting for the yield gap still remains nore of an art than

a sci ence.

CONCLUSIONS

I ntroduction of the newtechnol ogy has raised the yield potenti al
under experiment station conditions to at least 4.5 t/ha in the
wet season and 5.5 t/ha in the dry season throughout nost of

Sout h and Southeast Asia. It is clear that, evenin the irrigated
areas, farmyields are well belowthis potential.
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Tabl e 10. Level of inputs to be used in initial |RAEN design,
based on first workshop, April 1974.

I nput |evel of Managemnent I nput | evel of
variabl e factors@ Factori al package fixed factors

" Actual yi el d" i nput

| evel X X Farmers' |evel
Somewhat hi gher X Maxi mumyi el d
| evel
I nternedi ate | evel X I nt ernedi ate
| evel
Agrononi ¢ opti mum X Farmers' |evel

Maxi mum " potenti al yield"

i nput |evel X X Maxi mumyi el d
| evel
Qvariabl e factors m ght include fertilizer, weed control, insect
control, land preparation, seed, and variety.

Pri xed factors included water control , agroclimtic zone,
soci oeconomi ¢ envi ronnent .

Many studi es have identified a gap between the actual or the
average yield performance and the potential as neasured by
experinment station results or by the performance of the best
farms, villages, or districts. But they fail to explain whether
or howthe farners, within the contexts of their own environments
and resource constraints, can profitably achi eve higher vyields.

There is a wide range of constraints to high yield, including
those factors that affect the yield potential of the crop under
the farnmers' environnent and those that affect the ability and
wi I lingness of the farnmer to achieve the potential yield on his
own farm The research of IRAENfalls into the second category,
dealing as it does with the gap between actual and potenti al
yield in farners' fields. The focus of this research is further
narrowed by the decision to accept the physical environnent and
the institutional setting as it exists in order to focus on that
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core of the constraints probl emover which farners and gover nnent
agenci es can exercise the nbst control - the nmanagenent of inputs
and cul tural practices.

The first task of | RAEN research has been to deternmine the size
and extent of the gap between actual and potential yield in the
farmers' fields. Does the technology really offer the potential
for increasing yields? |s the farmer already using the new
technol ogy to best advantage? The answers to these questions
have inportant inplications for research.

Identifying the yield gap and partitioning the factors explaining
the yield gap required a new net hodol ogi cal approach. The
production function anal ysis of econom cs based upon unreliable

data obtained fromtraditional survey techniques was sinply not
adequate. The net hodol ogy devel oped by | RAEN has the capacity

to accurately deternmine the yield gap, the cultural practices

or input factors contributing to the yield gap, and the econonmically
recoverabl e portion of the yield gap.
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A Methodology for Identifying Constraints to High Rice
Yields on Farmers* Fields

Kwanchai A. Gomez, Robert W. Herdt, Randolph Barker,
and Surajit K. De Datta

This paper outlines the objectives, nethodol ogy, and procedures
followed in the International Rice Agroeconomn ¢ Network (IRAEN),
an international and interdisciplinary research project established
in 1974 to coordinate research work undertaken at IRRl and in
several Asian countries for the study of factors preventing rice
farnmers from getting higher yields. The procedures described here
have evolved from a 5- year experience based on studi es undertaken
by IRRI and by national research teans participating in the | RRAEN
project. For nore detailed discussion see A Handbook on the
Methodology for an Integrated Experiment-Survey on Rice Yield
constraints (De Datta et al 1978).

THE PROBLEM

During the decade following Wrld War 11, a grow ng gap between
popul ati on growth and food producti on becane apparent in many parts
of the world. MNunerous efforts were made to increase food
production by encouraging farmers in the devel oping countries to
adopt scientific farm ng techniques, efforts largely frustrated

by a lack of technol ogy adapted to tropical farm ng conditions.
When agricultural technology fromthe tenperate areas was tried,
even under experinental conditions, crop yields were not
substantial lyincreased.

During the 1950s, the conviction grewthat the |ack of tropical
farm ng technol ogy coul d be sol ved by concerted scientific research
sharply focused on a single crop. |IRR was a result of that
conviction, and IRRI's overriding objective during its early years
was the devel opnent of a technol ogy that woul d give high rice yields
in the tropics. That objective was achi eved by 1966, and by 1969
rice varieties with yield potential two or three tines those of
previously available varieties were being grown by farners

t hr oughout Asi a.

It was estimated that 30% of tropical Asia's rice |and was pl anted
to nodern rice varieties by 1978, and in sone countries the
proportion reached over 50% But still, the average farmyields
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of the modern varieties are far below the level denonstrated to
be possible on experinent stations. Instead of reaching the
experinmental levels of 6-8 t/ha, good farners get 3-4 t/ha, and
many farnmers get as little as 2 t/ha.

In this situation tw questions arise:

1. Wy are some farmers still not growing the nodern varieties,
while many others have accepted then®

2. Wiy are nany farmers unable to achieve the full potential
yields of the new technol ogy?

The first question has received considerable attention from many

workers and is becoming increasingly well understood. The second
question has received very little attention, and we still have a
poor grasp of the factors responsible for low yields of the new
varieties under farm conditions. O course, if the rice plants

are provided with all their biological needs, and if they are
adequately protected from danmge, they will give high vyields. But
those conditions, which can be net on experinent stations, are
apparently nore difficult to nmeet on the farns.

The factors preventing farnmers from applying all the necessary
inputs may be physical, economc, or social. The physical conditio]
prevailing on some farms may prevent the farmer, or anyone else,
from exploiting the full potential of the mpbdern rice technol ogy.
Perhaps under the prevailing water availability, or given the
farmer's soil, or with the prevailing climte, the nodern technology
may not give higher yields than the farmer's own technol ogy.

In sone cases high yields may be physically possible but unprofitable
In still other cases social or institutional problems my exist

that cannot be controlled, or that require inputs that are not
available to farners. Lack of credit nmay prevent farmers from
using available inputs, or certain aspects of the technology nmay
not be understood by farners. Thus, there may be a conbination

of reasons, sone physical, some econonmic, and sone social, that
explain why farmers are not getting the high yields that should be
possible with the new varieties.

It thus becones inportant to identify the limting factors at the
farm level and to determine how those factors can be overcone.

Study by a conmbination of disciplines is required. Partici pants

in an April 1974 IRRl workshop strongly supported the idea of a
coordinated agronomc- economc project to identify vyield constraint
under a range of environmental conditions.
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GENERAL APPRCACH AND BASI C CONCEPT

The approach used is an i ntegrated experinent- survey, i nvol vi ng
the conduct of both controlled agronom c experinents on farners'
fields and farmsurveys. A research teamis usually conposed of
agronom sts, agricultural econom sts, and at tinmes, statisticians.

The conceptual nodel on which the approach is based is illustrated
inFigure 1 (Gonmez 1977). The nodel breaks the difference between
the actual farmyield and the experinment station yield (the yield
gap) into two distinct parts by introducing an internediate yield

| evel representing the potential farmyield or yield obtained in
farmers' fields using the nodern technology. The first part,

yield gap I, is the difference between experinment station yield

and potential farmyield. It exists mainly because of environnental
di fferences between experinment stations and the actual rice farns.
The technol ogy that gives high yields on experinent stations may

not give nearly as high yields in the | ess favorable environnments
that exist in nuch of the rice- growi ngareas of Asia. There may

al so be sone components of the technology that are not transferable
fromthe experinment station to the farners' fields. The primary
objective of the | RAEN project is not to exanine yield gap |
(although its size can be assessed). |Its main focus of research is
onyield gap Il -- the difference between the potential farmyield and
the actual farmyield. This gap exists because farners use inputs
or cultural practices that result in lower yields than those possible
on their farns. It is possible to explain the gap in two ways.

One is to identify what biological or physical inputs or cultural
practices account for the gap. The other is to identify why farners
are not using the inputs or cultural practices that would result in
hi gher yields on their own farns.

The bi ol ogi cal expl anation of yield gap Il shows that farners'

yi el ds woul d be higher if they would use the highest- yielding
variety, apply maxi mumyield levels of fertilizer and insecticide,
correct existing soil problens, and use the best cultural practices.
The nost critical factors differ fromone region to another, but
before any renedy can be taken (e.g., recomendi ng a package of

i mproved practices) the biological nature of the gap nust be
understood. Experinments on farners' fields are essential to obtain
this infornation.

The soci oeconom ¢ constraints explain why farmers do not use the
practices and inputs necessary to obtain maxi numyields. The
reasons may i nclude econom c cal cul ati ons of costs and returns,

| ack of know edge of how to use the technol ogy, |ack of credit,
poorly operated irrigation systems (nonavailability of inputs) or
traditional beliefs. The inportance of these factors will differ
fromarea to area, but understanding themw Il help in designing
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1. The concept of yield gaps between an experiment station rice yield, the
potential farm yield, and the actual farm yield (Gomez 1977).

prograns to provide the m ssing biological conponents to overcone
the yield gap. Farmsurveys provide the main research inputs for
t hi s aspect.

The general objective of the nethodology - to identify the factors
that explain the difference between actual and potential rice yields
inthe study area - includes the follow ng specific objectives:

® to neasure yield gap Il or the difference between the actual
farmyield and the potential farmyield (i.e., the yield
obtained in the farners' own environnments but with i nproved
t echnol ogy);

® to identify major production techniques or factors responsible
for the existence of yield gap Il and to determne their
contributions;

® todeternmne the extent to which use of each production factor
can be profitably increased;

® toidentify the social and institutional factors that prevent
farmers fromusing technol ogy that gives higher and nore
profitabl e yields;
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® to deternmine the extent to which it is possible to renove the
physi cal, socioeconomc, and institutional factors constraining
yi el ds.

EXPERIMENTS

Field experinents are conducted on farmers' fields. Procedures

for selection of experinental farns are described under the SURVEYS
section.

The primary objective of the field experinments is to accurately
estimate the potential farm yield, the actual farmyield, and the
internediate yield levels representing varying conbinations of

i nput use. Two types of treatments are usually tested in each
experiment: the factorial conmponent and the nanagenent- package
component .

Factorial component treatments

The mmjor objectives for testing the factorial conponent are (a)
to neasure the size of yield gap Il by determining the potential
farm yield and the actual farm yield and (b) to separate and
measure contributions of individual production factors to yield
gap Il by a systematic addition or wthdrawal of one or nore
production inputs.

The concept of "test factors” The accuracy of the estimate of

the yield gap' is greatly dependent upon the choice of the
production inputs to be tested (test factors). Normally, as the
nunmber of test factors increases, the nore accurate the estimte
of potential farmyield beconmes and, consequently, the better the
estimate of yield gap. However, the nore test factors there are,
the nore conpl ex the experinent becones. The size of the experinent
shoul d be kept as smmll as possible, not only to facilitate

actual tests in farmers' fields but al so because the small size
woul d all ow the evi dent possible representation of farmconditions
in the study area. A proper choice of test factors is therefore
essential. Only the nost inportant production inputs hypothesized
by the researchers to be the nmajor causes of lowyields in farners'
fields in the study area should be included. Such information is
generally obtained fromthe results of the prelimnary survey
described in the SURVEYS Secti on.

4n all subsequent discussions, yield gap refers to yield gap II.
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Four criteria commonly used for including any factor as a test
factor are: (a) it is expected to be a npjor yield constraint;
(b) the technol ogy involving the factor is well established; (c)
it is required for the success of another test factor; (d) its
inclusion as a test factor does not unduly conplicate the conduct
of the experinent. A factor |ike water nmanagenment is suited for
inclusion as a test factor in the experinent because water |evel
cannot be easily manipulated in farnmers' fields (IRRl 1974).

Three to 5 test factors are usually used. The 4 nost conmonly

used test factors anmpbng | RAEN participants are fertilizer, insect
control, weed control, and |and preparation. \Wether or not a
proper choice of the test factors has been nmade shoul d be ascertai ned
at the end of the test. This is done by judgi ng whether the |evel

of potential farmyield obtained is sufficiently high and by

exam ning the relative contributions to the yield gap of the test
factors.

The 'levels" of each test factor. Two levels of each test factor
must be tested in the factorial conponent of the yield constraints
study: the farner's level and the high |evel.

The farner's level refers to what the farnmer is actually doing in
the current crop season, and varies fromone farmto another. The

high level is one that the researchers expect w |l produce maxi num
yield in the study area. It is fixed for all farms in the study
ar ea.

Al t hough these two standard | evels are the only ones required for
nmeasuring the yield gap and the contribution of individual test
factors, there are cases where it is also desirable to test sone
internedi ate | evel s. For exanpl e, when researchers are not certain
of the right choice for the "highlevel"™ of sone test factors, or
when there is a need to pinpoint an economcally optinmmlevel

of test factors for recomendation to farners. The inclusion of
many |levels for each test factor in the test could result ina

| arge nunber of treatnents. To nmaintain a reasonably snall
experinment size, the technique of two- stagetesting may be enpl oyed.
The first stage should attenpt to test as many factors as are

hypot hesi zed to be inportant yield constraints, each at two |evels:

the farner's and the high. In the second stage, those test factors
identified fromthe first- stagetest as really inportant yield
constraints will be nore thoroughly tested, each at several |evels,

probably through i nconplete factorial treatnment conbi nations.
Information obtained fromthe first- stagetest about the probable
absence or presence of certain interactions anong test factors is
useful in choosing the specific set of inconplete factorial
treatnents to be tested in the second stage.
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Factorial treatment combinations. Treatments in the factorial
conponent are either conplete or inconplete factorial combinations
of the test factors, each at two standard | evels.

If a reasonabl e experinent size is to be nmaintained, the choice
of treatnments to be tested is crucial. Too nany treatnents
make the experinent unwi eldy and too few treatnments can result
inaworthl ess experinent .

The three sets of treatnents tested by | RAEN participants are
conplete factorial, mnifactorial, and supplenmental (see Table 1).

If the nunber of test factors, n, is large, the use of the 2N
complete factorial treatnent conbinations requires a very large
nunber of treatnents resulting in an unwi el dy experinent. |Its
use is necessary, however, if interaction effects anobng sone or
all test factors are deened appreciable and their effects need
t o be neasured.

For cases where interaction effects anong test factors are not
expected to be appreciable, minifactorial treatment canbinations
are commonly used. For the minifactorial, the nunber of treatments
to be tested is always two nore than the nunber of test factors.
They consist of a treatnment with all the test factors at the high
level, another with all test factors at the farner's |level, and
treatnents correspondi ng to keepi ng each of the test factor one

at atineat the farmer's level (i.e., all other test factors are
at the high level).

The supplemental set of treatnents consists of only two treatnents:
one with all test factors at the high level and another with all
test factors at the farmer's |evel.

Because the size of the yield gap depends on the | evel of technol ogy
actual |y used by the individual farnmer, and because this |evel
varies greatly fromone farmto another, experinents nust be
conducted on a | arge nunber of farnms in the study area if
representati ve and nmeani ngful information is to be produced. To
cover as nany farns as may be required and still be able to obtain

t he needed information, a proper conbination of the nunber of

farms testing each of these three sets of treatnents is essential.
(For nore detailed discussion, refer to the section on nunber of
farms and nunber of replications.)

Management package component treatments

The managenent package conponent tests the different input
conbi nati ons selected to represent different yield |l evels and
production costs. Treatnents are designed to represent |evels
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Tabl e 1. Three sets of treatnments commonly tested in the
factorial component of the |IRAEN yield constraints project,
assuming three test factors: fertilizer, insect control, and
weed control.

Input |evels? Treatment included in

Treat- Fertil- Insect Weed Conpl et e M ni — Suppl e-
ment izer control control factorial factorial nment al
no.

1 H H H X X X

2 F H H X X

3 H F H X X

4 H H F X X

5 H F F X

6 F H F X

7 F F H X

8 F F F X X X

84 = high level; F = farmers' |evel.

internedi ate between the farmers' practices and the high | evel of
practices. The increnmental steps between treatnents usually

i nvol ve a sinultaneous change in nore than one input. Hence, this
conponent does not neasure the individual contribution to the

yield gap of a particular input (this is the purpose of the
factorial conponent), but it allows a neaningful |ook at the
question of cost and returns for each managenent package. Moreover,
one or nore managenent packages may be suitable for inmediate
reconmmendation to farmers.

Any nunmber of managenment packages can be tested. The farner's
practices, which are tested in the factorial conponent are usually
designated as M; the high level of all inputs are called M; The
three other packages that are tested in the | RAEN project are:

M, o2 nodest | evel of inputs that may be chosen by attenpting to
obtain the greatest added yield per added unit of input.

M : alevel of inputs with a cost about m dway between the cost
of M, and M, This mght be the technol ogy package being
currently recommended to farmers in the area.

M, the level of inputs that is expected to give nmaxi numprofit
under good weat her conditions and will not result in excessive
| ushness, 1odging, or other yield reductions if poor weather
occurs during the crop season.
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The managenent package conponent is to be integrated with the
factorial conponent into a single experinment. Theoretically it
can be integrated with any one of the three sets of factorial
treatnents: the conplete factorial, the mini- factorial and the
suppl enental. In practice, it should be tested either together
with the mnifactorial set or the supplenental set of both
because adding to the conplete factorial set (which is generally
already large) will result in a very large experinment and wll
make it difficult to incorporate the whole set of experinental
plots into a single paddy.

Other treatments

Inaddition to testing the treatnents fromthe factorial conponent
and t he managenent package conponent, other treatnments are
sonmetines tested. \Wen the researcher is uncertain about whether
or not the choice of the test factors used was correct, a
treatnent withall factors thought to affect the yield (i.e., test
factors plus others), each set at the high level is usually added.
A small difference inyield between this treatnent and the one
with only the test factors at the high I evel would give an
indication that the researcher has already nade a proper choice
of the test factors. QOher additional treatnents commonly tested
are one where all test factors are at the high level plus a high

| evel of certain cultural practices (like age of seedlings and

pl ant spacing); and another where all test factors are at the
high l evel plus a micronutrient, say, Zn, if Zn is suspected

to be deficient in the area.

Experimental procedures

Other practiced besides test factors. In the experinent, all

ot her managenent and cultural practices besides the test factors
are the same as those of the farmer on whose farmthe experinent
is located, and as much as possi bl e they are nanaged by the farner
in the same manner that he uses for the rest of his farm

Simulation of farmer's level of each test factor. There are two
i mportant concepts in the | RAEN approach to the yield constraints
study that differ significantly fromnost experinental research.

(1) The inproved technology is conpared with the farner's | evel and
not to the zero level. There is nore interest in finding out
what i nprovenent can be nade over that of the farmer's inputs
than in studying the effects of various inputs per se. For
exanpl e, while we may be convinced that proper weed control
is better than no weedi ng, we do not know whether a certain
treatnent for weed control is better than the farmer's nethod
under his own environnent.
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(2) Aconparison (or test) is made within each farm \Wile
bot h physi cal environnment and production practices affect
yield, it is the changes in the production practices that
are of inmedi ate i nterest. In other words, the fitting of
technol ogy to a given physical environnment is enphasized
rat her than changi ng the environnent itself. Hence, by
maki ng conparisons withina given farm the difficulty posed
by the differences in the physical environnments anong farns
i s avoi ded.

The key ingredient in achieving the above two concepts is to
establish and i nplement the farnmer's level of each test factor in
the experinent. The farner's level is expected to vary fromfarm
to farm The farner's |evel nust be established separately for
each farm

The inproved | evel of each test factor is specified before the
start of the experinment on each farm The farner's |evel of each
test factor, on the other hand, is not known i n advance and needs
to be determ ned though observation of the farner's actual
operations throughout the cropping season. Because farmer's
practices may vary fromone paddy to another, even on the sane
farm the comparable paddy technique is used to determ ne the
farmer's | evel of each test factor (IRRI 1977). That is, the
sane paddy i n which the experinent is |ocated, or a nearby paddy,
is chosen as the conparabl e paddy before the experinent is set
up. \Whatever the farmer does in the conparabl e paddy is used

as the farmer's level in the experinent.

The task of establishing and i nplenmenting the farner's |evel of
each test factor in the respective experinental plots can be
done either conpletely by the researcher, conpletely by the
farmer, or partly by each. Three major difficulties when the
researcher is the one performng the simulation tasks are:

(i) the researcher cannot determine the farmer's | evel of a test
factor fromwhat the farnmer says he will do; he nust
determne it fromwhat the farner actually does. This
foll ow- upis quite ti ne— consum ng;

(ii) theunavoidable tinme lag infollowing the farmer's
operations can at tinmes produce a difference in the outcone
(inparticular, frominsecticide application);

(iii) the exact |level of certain operations, such as hand weedi ng,
cannot be easily duplicated.

Thus, in establishing the farmer's level in experinmental plots, as
many test factors as possible should be done by the farnmer hinself.
Factors that are anenable to having the farner's |evel perforned
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by the farnmer are insect control and nechani cal weed control .
For fertilization, the researcher should be the one to perform
the simulation, but he nust enploy a procedure that can give an
accurate determnation of the farner's fertilizer rate such as
t he mar ked- cont ai nert echni que.

Number of farms and number of replications. In a yield constraints
study there are two maj or sources of variation: variation anong
farns and variationwithin farns. The use of several farns takes
care of the first, and replication within farnms takes care of

the second type of variation. O the two mpjor sources, variation
anong farns is expected to be larger. Consequently, yield
constraints experinents should be conducted with enphasis on
including a sufficiently large nunber of farns rather than on having
a | arge nunber of replications per farm Under normal conditions

it is not necessary to have nore than two replications per farm

The 3- year experience of | RAEN participants indicates that at

|l east 20 farns are needed for a study area, if an acceptable
degree of precisionin estimation of yields is to be achieved.
Because yi el ds and yield gap can be estimated fromeither the
suppl enental trial, themnifactorial trial, or the conplete
factorial trial, a decision on an appropriate canbi nation of
these trials making up 20 farns nust be nade, The suppl enental
trial is the sinplest to conduct, followed by the mnifactorial,
and finally the conplete factorial trial, whichis the |argest
insize. On the other hand, only themnifactorial or the conplete
factorial trials can provide informati on on the contribution of
test factors; and only the conplete factorial trial can provide
information on interactions anong test factors. Hence, an
appropriate canbi nati on of these 3 types of trials has a | arger
proportion of supplenmental trials and a smaller proportion of

m nifactorial and conplete factorial trials. The conbination
used by the IRAEN participants is 12 supplenental, 4 mnifactorial,
and 4 conplete factorial trials giving a total of 20 trials. The
total nunber of farnms, as well as the proportion of the 3 types
of trials, should be nodified to suit a specific condition. The
maj or factors affecting the choice are the resources avail abl e,
the farm- to-farnvariation, and the inportance of interaction

ef fects between test factors.

Experimental design and plot layout. The choice of specific plot
| ayout to be used depends upon
® whether or not plots have |evees;

® whether the farnmer's level is sinulated by the researcher or
actual ly inplenented by the farner;
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® whether one or nore of the test factors require a special
pl ot arrangenent (e.g., application of a high level or a | ow
I evel of insect control in adjacent small plots is expected
to bias the effect of insect control).

For a conplete factorial trial or a mnifactorial trial,
especially with the managenent package conponent, |eveed plots are
generally used. An experinent is laid out innuch the sane way
as one at an experinment station except that as much as possible
al | operations managenent and cultural practices except the
test factors should be performed by the farmer hinself as a part
of the whole field. For operations |ike transplanting or |and
preparation (if neither is a test factor) where the presence of

| evees coul d considerably alter the farnmer's normal operation

t he researcher may decide to take over the operations. |n such
cases it is essential for the researcher to sinmulate as closely
as possible the farmer's procedures.

Yield froma |l eveed plot tends to be higher than that froma non-

| eveed plot (Rahim 1978). Leveed plots retain water and

chem cal s better. Thus, whenever the nature of the test factor
permts, nonleveed but |arger plots should be used. Elimnating

| evees reduces costs of constructing and mai ntai ning than

t hroughout crop growth and provi de nore uniform operation of the
farmer's level for suchpractices as |and preparation, transplanting
and wat er managenent. Consequently, a better estinmate of the
various yield | evels desired is obtained.

A nonl eveed pl ot should be used for a supplenental trial. A

pl ot of size 60- 100n? is placed at one end of the field (under
irrigated conditions, preferably opposite to the entrance of
irrigation water). The treatnent with a high level of all test
factors is applied to this plot by the researcher. Al other
practices are kept at the farner's |evel and are perfornmed by
the farmer. The actual farmyield (withall practices, including
the test factors, at the farner's level) is obtained by
harvesting fromone or nore nearby sanple areas (crop cutting).

Wen insect control is used as a test factor, plots receiving the
farmer's level and the high | evel should not be placed side by
side. Yields fromplots under the farmer's |evel of insect
control adjacent to high insect control plots could be expected
to be higher than those in plots |located a distance away. Thus,
an experinmental design like the split- plotdesign should be

enpl oyed, because it allows for greater separation of the two
sets of plots: one with the farner's |evel and another with the
hi gh I evel of insect control,

Data to be collected. Data from two units of observation are
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collected, one with the conparabl e paddy as the unit and anot her
with each experinmental plot as the unit. The first type of data
describes the farner's practices, the correspondi ng grow ng
conditions, and crop performance. The second describes the sane
but under varying levels of the test factors. Data collection
inan on- farnyield constraints experinment need not be as detailed
as that normally collected in agronomic trials at experinent
stations, either in terns of the nunber of characters neasured

or in the neasurenent procedures used. Only data that are
essential for explaining the contributions of the test factors
shoul d be collected inyield constraints experinments. For exanple,
if insect control is a test factor, data on pest and di sease
incidence are essential. Simlarly, if weed control is a test
factor, data on weed incidence are essential. On crop perfornmance,
data such as plant height and tiller nunber should be collected
periodically; data on yield conponents are not generally required.
For nmpbst practical purposes, only grain yield data are needed.

SURVEYS

The soci oeconam ¢ aspects of the investigation are carried cut at
the sane tine as the experinents and with the assunption that the
avai |l abl e technology will result in higher yields under farner's
conditions. The objective of the socioeconam c investigationis
to determ ne why farners are not using the new technol ogy at

the I evel needed to achieve potential yields. [|f, after the crop
season the experinents on farners' fields prove that potenti al

yi el ds are not substantially higher than actual yields, then

the soci oeconam ¢ reasons are not needed to explain farner

behavi or. However, the experinental and the survey aspects proceed
si mul t aneousl y.

Preliminary survey

A prelimnary survey is conducted to (i) describe the farms in
the study area, (ii) provide a basis for selecting farnms on which
to place the experinents, and (iii) gain an idea of the yield
constraints perceived by the farmers. Farns are descri bed by
size, tenure, irrigation, and production of rice and other crops.
If this informati on and that about perceived constraints are
already available to the researchers, the prelimnary survey may
be di spensed with. Oherwi se, a sinple one- pagei nstrunent nmay
be used for gathering data.

For the prelimnary survey, the farners are selected by a
stratified sanpling procedure. The strata may include units |ike
agroclimatic area, nunicipality, and village, perhaps with the
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subvill age as the final stratum Because the objective is to
represent an entire area and not specific villages or subvillages,
proportional sanpling may be used. The total nunber of farners
interviewed in the prelimnary survey should be roughly twice

the nunber that will be interviewed in the foll ow upsurvey.
There should be at |east 100 farnmers for the prelimnary survey
in each area. Sufficient units of final strata are chosen to
represent the diversity in the study area. Farners are sanpl ed
at randomfromthe final strata.

Farms sel ected for the experinents should represent the spectrum
of tenure, size, and production conditions encountered in the
presurvey. O course, relatively fewof the survey farns will
have experi nents.

Follow-up survey

In general, the follow upsurvey sanple includes all farns with
experinments plus atleast an equal nunber of nonexperinental
farms. The total nunber should be | arge enough to represent

t he study area.

Figure 2 illustrates the constraints research process and the
relationship of the nethodology to the goals of agricultural
devel opnent -- increased production, profit, and rural

enpl oynent . Attaining these goals requires that new technol ogy

appropriate to the environnment be extended to farnmers. An
opportunity for profitable sales of farm output nust al so exist.
If production does not increase or does not increase at an
appropriate rate, the reasons are sought by asking the follow ng
questi ons.

e Wien the new technology is used in farmers' fields, are yields
increased over fields under the farnmers' technology? If not,
what factors restrict yields? Answers to these questions cane
fromthe experinents described above.

e |Is the new technol ogy nore profitable than the technol ogy now
used by the farnmers? |If not, it is not reasonable to expect
the new technol ogy to be adopt ed.

e |Is the level of profitability restricted by governnment policies?
If so, can the policies be changed, or can the technol ogy be
redesi gned? The answers provide feedback to policy nmakers and
researchers.

e Do farmers have a |evel of know edge adequate for effective use
of the technol ogy? Are the necessary inputs and cash or credit
required for use of the technol ogy available to farners? |If
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not, howcan prograns ensure the availability of such inputs?
The answers provi de feedback to government prograns and to
t he ext ensi on system

In the surveys, attention is given to the econonmc, institutional,
soci al, and psychol ogi cal constraints. The major issues
addressed by the survey and subsequent anal ysis are:

® |s the maxi mumyield |l evel of one of the managenent packages
tested in the experinents nore profitable than present
practices (given prevailing costs, prices, tenure, market
di scrimnation) on the farns where experinents are conduct ed,
or on other typical farns?

® Are inputs available at the tine needed and in markets
accessible to the farners?

® Do farners have the cash needed to use inproved technol ogy from
institutional credit sources, fromnoninstitutional credit
sources, or fromtheir own resources?

®* How well do farmer understand the foll owi ng conponents of the
technol ogy: brands, chem cals, problens; use of the technol ogy;
where to get materials and their costs; what inputs to use
for what probl ens?

® How do farnmers perceive the reasons for their present |evels
and net hods of input application, especially the three or four
critical inputs tested in the factorial experinents? Wat do
farnmers believe are the major factors that keep their yields
| ow?

The foll ow- upurvey focuses on this limted set of questions.
Only data that answer the questions are included. |In this respect
the constraints survey is much nore limted than the usual

soci oeconom c research survey. The follow- upsurvey is reproduced
in the HANDBOOK.

ANALYSI S OF DATA

The three major types of constraints data anal ysis usually perforned
are:

(i) estimation of yield gap and contributions of test factors
to the yield gap;

(ii) costs and returns anal ysi s;

(iii) identification of socioeconom c constraints contributing
to the yield gap.
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The first analysis utilizes experinental data from suppl emental ,

m nifactorial, and conplete factorial trials. The second anal ysis
utilizes all experinmental data (including the nanagenent package
conponent) and sane survey data. The third primarily utilizes

t he survey dat a.

Procedures for the first and second anal yses have largely been
standardi zed; those for the third analysis are still quite

fl exi bl e and depend greatly upon the specific biological constraints
identified. For the third analysis, therefore, only procedures
common to nost conditions are di scussed here.

Estimation of yield gap and contribution of test factors to the
yield gap

The yield gap for each farmis conputed as the difference between
the potential farmyield and the actual farmyield of that farm

Data fromall three types of trials (supplenental, ninifactorial,
and conplete factorial) are used to calculate the nean yield gap
over all farnms which represents the estimate of the yield gap for
t he study area.

The contributions of test factors to the yield gap can only be
determined fromthe conplete factorial or mnifactorial treatnents.

The conput ati onal method for the contributions depends upon the
presence or absence of interaction effects anong the test factors.
Interaction effects are exam ned through standard anal ysis of

vari ance technique, using data from the conplete factori al
treatnments.

Wen interaction is absent, only the individual contributions of
each test factor need to be deternmined one at a tine. Usi ng
the data of the conplete factorial treatnments, the individual
contribution of a factor is conputed as the difference between
the average yield of all treatnents with that factor at the
farmer's level and the average yield of all treatnents with that
factor at the high level. Using the data of the mnifactorial
treatnents, the individual contribution of a factor is conputed
as the difference between the potential farmyield and the yield
of the treatnent with only that factor kept at the farnmer's | evel
and all other test factors at the high |evel.

When interaction is present, both individual contributions and
joint contributions should be determ ned. Fromdata of conplete
factorial trials, the individual contribution of a factor is
conputed as the yield increase over the actual farmyield when
that particular factor is raised to the high level. The joint

contribution of any two factors is conputed as the increase in
yield over the actual farm yield when the |levels of these two
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test factors areraised to the high level. Unlike the individual
contributions which can only be conmputed fromthe conplete
factorial treatnments, the joint contributions can be conputed
fromboth the conplete factorial and mnifactorial treatnments.

Determining the profitability of the technology

It is a basic economc hypothesis that farners will not adopt
technol ogy wi thout sane incentive; that is, the new technol ogy
must carry with it sane advantage over their existing technol ogy.
Per haps the neasure that npst accurately reflects incentive is
the return to famly- ownedresources. The returns to famly-
owned resources with the actual technol ogy and the technol ogy
necessary to get potential yields nust be cal culated. Costs and
returns data from the survey are used to determ ne such returns.

One of the difficulties inbroadly interpreting the profitability
of physically effective technology is individual variationin

the economc attributes of farns. Farnms are owner - operatedor
operated under various forms of rental; sonme use a |arge and others
use a small labor force. There is no a priori reason for the

physi cal effectiveness of technology to vary anong farnms with
different economic attributes, but the returns to famly resources
wi Il differ dependi ng upon how | arge a share of the total resources
is contributed by the famly.

Partial budgeting to conpare the economcs of the actual with the
al ternative technol ogi cal packages is carried out for each farm
on which a constraints experinment is conducted and for each
typical or representative farmtype. Returns to famly resources
are cal cul ated by subtracting " pai d- out'costs of test factors
fromgross returns. On farns where experinents are |ocated,
actual pai d- outcosts associated with the test factors are noted
and returns to fam | y—- ownedresources are cal cul ated for the

actual farmers treatnents. For the alternative treatnents,

a judgnent about which costs woul d be paid out and which woul d

be net fromfanmly resources is nmde. (The nature of certain

| abor costs will depend upon the tenure and size of the farm

whil e other costs always involve paynents off the farm For

exanpl e, innobst cases transplanting and harvesting are done by
hired labor.) Partial budgeting is used to conpare both conplete
packages and single factors. This may |lead the anal yst to concl ude
that a package is not profitable but overcom ng one constraint is.

Identifying socioeconomic constraints

One of the major purposes of the survey aspect of the research is
to understand why farmers are not using the inputs needed for high
yields or are not using themat the recommended rates. Farners'
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perceptions of the inportant constraints are val uable for
understanding farnmers' actions. |f farners do not see a particul ar
factor as a constraint, one would not expect themto take action
to overcone it.

Representativeness of experimental farms. |t is inportant to know
whet her the farns with experinents are simlar to or different
fromthe average farnms in the area being studi ed because the
researcher would like to generalize his results. A canparison of
the type of farmand |evel of input use and reported yield of
farms with experinents and farns w t hout experinents is the best
way to determne this,

Si ze, input use, and tenure of the two groups may be canpared.
Irrigation status mght al so be shown. The average and standard
deviation of the farmers' levels of the test factors included in
the experinent are calculated. The levels can be tested
statistically to determ ne whether the differences are significant
or not. If the two groups are substantially different, the

resear cher must be cautious in drawi ng conclusions fromthe
experinental farnms to the other farns.

Availability of technology requirements. Appropriate varieties,
fertilizer, chemcals, know edge, credit, and narkets are necessary
condi tions for successful use of the new technology. Wthout then
hi gh yi el ds woul d not be expected. Suitable varieties or
fertilizer can be classed as available or not; in the case of

credit or know edge degrees of availability exist. In either case
there is a nethodol ogical problemin neasuring their availability
to farners. The net hodol ogy used is a series of index nunbers

or scales. Each scale neasures a distinct condition that is

hypot hesi zed to necessary for successful use of the new technol ogy.

Scal es reflecting each of the followi ng are constructed for each
farnmer studied:

(a) <cashor credit to buy each input evaluated in the experinents;

(b) input availability and the availability of |abor and/or capital
requi red for using each input;

(c) know edge of howto use each i nput;

(d) belief inthe effectiveness of the technol ogy.

Construction of b, c, and d depends directly upon the experinental
vari abl es. For exanple, if the experinments test insect control
as a variable factor, the survey nust be designed to determ ne
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the availability, know edge, and belief of the farner about

insect control, and possibly even about the specific types of

insect control used in the experinent. Thus, the design of

factor- specificsurvey questions depends upon the fixed and variabl e
factors for the experinents.

The functioning of input and product markets is al so studied.

Issues related to the functioning of the input markets nay

i nclude possible discrimnation against farners of certain sizes

or tenure classes, the tineliness and availability of credit and
inputs, and narketing costs inaddition to the posted prices.

Sone insight into these issues is obtained in the farminterviews.
In addition, visits to the local input and product markets help

to determne the extent to which substantial increases in production
coul d be absorbed. Interviews with market internediaries help

to describe the marketing system Data on product prices are
ascertained frominterviews with market internediaries. Simlar
prices are obtained fromfarnmers. Marketing charges are determ ned
fromthe differences between these two prices.

Possi bl e credit constraints are investigated fromthe farm survey
data and by exami ning the functioning of institutional credit
sources. Interviews with the lending officers of |ocal institutional
credit sources help determine the total amount of credit that could
be avail abl e under present regulations for the area being considered.
The farm surveys provide i nformation for determ ning the cost of
credit frominstitutional and noninstitutional sources as well as
farmers' preferences for credit fromeach source.

Cul tural valuation of the outconme of the innovation process may
slow its acceptance. An attenpt is nade to determ ne: whether
farmers believe that the technology will increase their yields,
incomes, and wel | - bei ng; whether the use of certain practices or
inputs is socially acceptable; whether the | abor tasks that are
part of the potential package are socially acceptabl e; whet her

the increase in | abor use or change in type of |abor are acceptable;
the general assessnent by individuals of the social stature of
innovators; and the value to individuals of higher incones and

hi gher output (whichmay be related to the alternative consunption
goods avail abl e).
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Constraints to High Rice Yields, Bangladesh, 1975to 1977

M. Zahidul Hoque, Ekramul Ahsan, and Mukarram Hossain

Rice domi nates Bangladesh agriculture, occupying about 80% of

the country's total cropped area and yielding about 1.8 t/ha.
Bangl adesh agriculture has a low resource base and traditional
production technology, resulting in inadequate |ocal production
of food grains. Because Bangl adesh has reached the limt of its
land potential, the only hope for increased food production
appears to be technological innovation.

Successes in developing new rice varieties are particularly

significant. Results at research stations reveal that nodern
rice varieties, wth inproved cultivation technology, have the
potential to produce up to 6.5 tons of paddy per hectare. But

few farmers' fields yield up to the known potential.

Modern rice varieties in Bangladesh

Mbdern rice varieties were introduced in Bangladesh in the md-
1960s when about 400 hectares were planted to IR8. That variety
showed its tremendous yield potential, but it was not adapted to
many of the rice- grow ngconditions encountered in Bangl adesh.
Since that time, with the intensive effort of rice scientists

in Bangl adesh, in cooperation with IRRl scientists, a nunber of
other rice varieties have been devel oped. The nodern varieties
presently in fanners' fields are IR5, IR8, Irrisail (IR20),
Purbachi, Chandina (BR-1), Mala (BR-2), Biplab (BR- 3), and
Brrisail (BR-4). Some of these varieties are specifically adapted
to particular conditions and seasons. During 1976- 77 the nodern
varieties were grown on about 13% of Bangladesh's total rice area
and contributed about 26% of the total rice production (Table 1).

The socioecononic characteristics of Bangladesh rice farners
appear to be conplex. There is wide variability in the prices

of inputs and output and in the availability of inputs and credit.
The prices o inputs -- seed, fertilizer, and pesticides -- are
determ ned by the governnent and are supposed to be fixed for

all farnmers. In reality, however, the price levels of various
inputs, particularly fertilizer, is influenced by the distribution
system and the supply at any given tine.
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Paddy price is partially determ ned by market forces and partly
by governnent purchases. The purchase price set by governnent
isusually a little higher than the market price at the tine of

harvest. However, since the governnment procurenment is small, t he
governnent price has little inpact on market price. Prices are
usual Iy | owest during harvest, increasing until the tinme of the

next harvest. The |ow paddy price at harvest is a disincentive
to the rice fanners in Bangl adesh because that is also the tine
of planning for the next crop. In fact, harvesting the current
crop and | and preparation for the next crop are simultaneous.

Research Objectives

The constraints research has the general objective of determ ning
the potential contribution of nbdern rice technol ogy and the
status of adoption of newvarieties and i nproved technol ogy

anong the rice farmers of Bangl adesh. There were five specific
obj ecti ves:

1. to determine the yield potential of the nbdernrice varieties
when grown wi th i mproved technol ogy on farners' fields;

2. todetermne the gap between farnmers' yields and the potential
yields of nodern rice varieties with the inproved technol ogy;

3. todetermne the relative contribution of different production
factors to the yield gap on farners' fields;

4. to determne the level and efficiency of technol ogy adoption
and the inpact of adoption on productivity;

Tabl e 1. Area and production of nodern varieties and all rice.
Bangl adesh, 1969- 70to 1974- 75. (Bureau of Agricultural Statistics,
Mnistry of Planning, Bangladesh).

Rice area (1000 ha) Ri ce production (1000 t)
Al Moder n % of All Moder n % of
Year rice varieties nodern rice varieties nodern
to total to total

1969- 70 10, 318 264 2.6 952 8.1
1970- 71 9,917 420 4.2 1, 505 13.7
1971- 72 9,302 624 6.8 1,791 18.3
1972- 73 9,634 1,065 11.1 14,895 5,729 25.0
1973- 74 9,883 1,549 15.7 17,581 2,924 33.7
1974- 75 9,796 1,452 14.8 16,663 5,091 30.6
1975- 76 10,330 1,552 15.0 18,840 5,549 29.4
1976- 77 9,881 1,329 13.4 17,350 4,533 26.1
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5. to identify the factors associ ated with adopti on of nbdern
rice production technology for increasing rice yields.

Methodology

The net hodol ogy for the project included coordinated field trials
and soci oeconom ¢ farmsurveys in the study areas. The study
areas were within the Bangl adesh Ri ce Research Institute project
area, a consolidated block conprised of 9 unions of 4 thanas in
the Dacca district (Figure 1). The area represents one of the
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agroclimati c zones of Bangl adesh in whichrice is the main crop.
Trials were conducted during all three of the rice- grow ng
seasons -- aus, aman, and boro. The aman trials were grown as
transplanted rice and are referred to as t. aman.

Beginning int. aman 1975, experinents in farners' fields enabled
measur enent of the influence of sonme of the physical and bi ol ogical
factors on the yield of nbdern rice varieties. Experinents were
carried out on rainfed, partially irrigated, and fully irrigated
fields. The major criteria used in the selection of the
experinmental sites were: the representativeness of the site for
the type of rice- grow ngsituation, the willingness of the farner
to cooperate, and the accessibility of the site.

The type and nunber of trials, experinmental factors, and varieties
used in the constraints project studies in different seasons are
presented in Table 2. A total of 83 trials were successfully
conpleted in 7 seasons. The experinental factors tested included
variety, fertilizer (N, P, K, S), weed control, insect control,
and | and preparation. Eleven varieties of rice were grown by
farners on whose fields the trials were conduct ed.

The experinmental designs were consistent with the decisions of
the worki ng group of the | RAEN project. The nethodol ogi es

devel oped and presented in the | RAEN conferences were used in
conducting the studies. However, sone designs other than those
presented in the | RAEN worki ng papers were used for specific
purposes (e.g., sinple factorial experinents and replicated
trials withnmnagenent levels). Data analysis and interpretation
of results were done in accordance with the | RAEN net hodol ogy.

The soci oecononi ¢ sanple survey was conducted in el even vill ages
during the three seasons of 1976. Al farmers growing rice in
each season were first recorded and 10% of the total was sel ected
at randomin eachvillage. This gave a sanple of 70 in the boro,
105 in the aus, and 121 in the t. anman seasons.

In 1977 a random sanpl e of 10 farmers was sel ected for interview
fromeach of the 6 villages having t. aman experinents. I'n
addition to these 60 farns, all of the 18 farns witht. aman
experinments were al so i nterviewed. The sanme 18 were interviewed
a second time to obtain information about their boro and aus
crops. Socioeconom c interviews were al so conducted on 23 farns
in boro and 11 farnms in aus on which experinments had been
conducted. For each farm a first interviewand a foll ow- up
interviewwere conducted to obtain information about the other
rice crops the farmers produced in that year.

Thus, the total nunber of interviews in 1977 was 34 for boro,
69 for aus, and 85 for t. aman, conprising a total of 188
interviews involving 96 farnmers (Table 3).
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Table 2. Types of trials, test factors, varieties, and nunber
of farms on which constraints experinents were conducted in the
BRRI pilot project area. Bangladesh, 1975- 77.

No. of Test
Year Type of trial trials factors? Varieties

Bor o season

1975- 76 Constraint series 6 F, W | R8, BR3, Chandi na
Managenent package 1 F, W
1976- 77 Suppl enent al 14 F, W I R8, BR3, Miktahar
M ni f act ori al 4
Conpl ete factorial -
managenent package 5
Aus season
1976 Conpl ete factorial 9 F, W I I R8, Chandi na
Pukhi
1977 Suppl enent al 5 N, P, K, |R8, BR3, Chandina,
W Pukhi
M ni f act ori al 4
Conpl ete factorial -
managenent package 2
T. aman season
1975 Constraint series 3 F, w | IR0, Pajam
Bai ragi sai |
Managenent package 1 F, W I
1976 Conpl ete factori al 11 F, W BR4, | R20,
Paj am Ni zersail,
1977 Suppl enent al 9 N S | BR4, Pa am
Ni zersail,
Chandr asai |
M ni f act ori al 5
Conpl ete factorial -
managenent package 4
a8W= weed control, | = insect control N = nitrogen, P = phosphorus,

K = potassium S = sulfur, F = fertilizer where N, P, K were
vari ed t oget her.
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A foll ow- upinterview covering the entire year on the sane set

of farms was conducted rather than shifting the sanpl e by season,
for the following reason. Farnmers nornally plant a t. anman

crop and either a boro crop (if water is available in the dry
season) or an aus crop. |If the farners planted an aus crop, the
choice of at. aman variety, input use, and yield would be
affected by the nmanagenent practices and date of harvest of the
aus. For exanple, if the aus were harvested |late and the t. anman
were transplanted late, then the t. aman yields woul d be | ow.

For this reason, it is inportant to examnmi ne the cropping pattern
on a given farmfor the entire year.

Physical and biological constraints

The results of the | RAEN experinents neasuring the yield gap,
contribution of different factors to the yield gap, and managenent
packages are di scussed bel ow. The experinments conducted during the
1976 t. aman, 1976- 77boro, 1977 aus, and t. anman seasons are
di scussed in detail, while the previous seasons’ experinents,
which were reported in the Interim report, are briefly summarized.

Input levels and yield gaps

The gap between the farners’ yield and the potential yield is
nmeasur ed t hrough experinents that conpare the farnmers’ technol ogy
and the input |evels needed for potential yields. |In this section,
the results of experiments are reviewed for each of the three

Table 3. Total number of interviews nade of experinmental and
sanple survey farms in three seasons. Bangl adesh, 1976- 77.

Kind of farm Bor o Aus T. Aman Total
1976- 77 1977 1977

Experinental farnms

boro experinent 23 - 3 26

aus experi nment - 11 4 15

t. man experiment 3 5 18 26
Subt ot al (26) (16)  (25) (67)
Sanmpl e survey farns

t. aman 8 53 60 121

Grand total 34 69 85 188
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seasons, showing first the input |levels and then the yield gap.

Baro. Farners applied fertilizer levels 40- 70%l ower than the

| evel judged to be needed to get potential highyields (Table 4).
Both farners and researchers used higher fertilizer levels in
1976- 77 than during the first year. Farnmers' |evels of weed
control were lower in the second year than the first. Insect
control was a test factor in the second year but not in the first.

The potential yield with nodern varieties in the boro season was
found to be about 5 t/ha (Table 5). On the 5 farms still grow ng
local varieties, the potential yield was only 3.3 t/ha. Farners'
yields averaged 3.8 t/ha for nodern varieties and 2.5 t/ha for

| ocal varieties.

The yield gap was 0.8 t/ha for nodern varieties during 1976- 77
and 0.9 t/ha for local varieties. This is a surprising change

Table 4. Farners' level's and high levels of inputs in yield
constraints experinents in farners' fields. BRRI pilot project
area, Bangladesh, 1975- 77.

Variety Farms |nput Fertilizer @ (kg/ha) Weed | nsect
type (no.) level N P,0; K,O control control
(no.) (no.)

Boro 1975- 76

Moder n 4 Far mer s’ 25 20 0 4 -
H gh 100 60 40 4 -

Local 2 Far mer s’ 50 50 45 3 -
H gh 100 50 45 3 -

Al 1 6 Farnmers' 33 30 15 4 -
H gh 100 57 27 4 -

Boro 1976- 77

Moder n 19 Farmers' 87 55 17 2.1 0.8
Hi gh 176 80 60 3 3

Local 4 Farnmers’ 66 55 19 1.8 0.5
Hi gh 156 80 60 3 3

All 23 Farmers' 83 55 18 2 0.7
H gh 172 80 60 3 3

8 N = nitrogen, P,O; = phosphorus, K,O = potassium

b |nsect control was not tested in boro 1976- 77.
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from 1975- 76, when the gaps were 1.9 t/ha for nodern varieties
and 0.4 t/ha for local varieties. Taken together, a yield gap
of 1 t/ha is a reasonable estimate for the boro season based on
the 30 trials.

The variability in the yields and yield gap anpbng the 23 test
sites in 1976- 77 is shown in Figure 2. Farms were arranged in
order of fertilizer application, with the lowest on the left and
the highest on the right. VWiile there is no relationship between
farmers' vyields or potential yields and farners' fertilizer |Ievels,
there does seem to be a clear tendency for farns with |ow
fertilizer levels (on the left) to have larger yield gaps than
the seven farnms with the highest fertilizer |evels.

Aus. The farmers' levels and the high level of inputs and
managenent for the 1976 and 1977 aus seasons are given in Table
6. Farners' fertilizer levels were |ow. None of the farnmers
applied insecticides and, except for one farmer , all weeded.

Tabl e 5. Summary of yields with farnmers' inputs and high inputs
in constraints experinments. BRRI pilot project area, 1975- 77.
Mbdern varieties Local varieties
Trials Yield (t/ha) Trials Yield (t/ha)
Year (no.) Farners’ Hgh Yield (no.) Farmers' High Yield
i nputs inputs gap i nputs inputs gap

Boro season

1975- 76 6 3.5 5.4 1.9 1 3.5 3.9 0.4
1976- 77 19 3.9 4.7 0.8 4 2.2 3.1 0.9
Av 25 3.8 4.9 1.1 5 2.5 3.3 0.8
Aus season
1976 6 3.5 3.6 0.1 3 1.2 1.3 0.1
1977 7 2.8 3.8 1.0 4 2.2 2.6 0.4
Av 13 3.1 3.7 0.6 7 1.8 2.0 0.2
T. aman season
1975 4 1.6 2.6 1.0 0 - - -
1976 I 3.2 4.8 1.6 0 - - -
1977 9 3.6 4.6 1.0 9 2.7 3.4 0.8
Av 24 3.1 4.4 1.3 9 2.7 3.4 0.8
Overall av 62 3.4 4.5 1.1 21 2.4 2.9 0.6
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Inaus 1977, farmers applied higher levels of fertilizer and
weeded. The high level of fertilizer was also higher than in
aus 1976. During aus 1977, insect control was not a test factor.

Modern varieties averaged 3.7 t/ha with the high level of inputs
during the aus season, while local varieties, whichreceived a

|l ower "high"rate averaged only 2 t/ha (Table 5). Thus, the yield
potential seens lower in the aus than in the boro. Farners' yields
were also lower in the aus, averaging 3.1 t/ha with nodern varieties
and 1.8 t/ha with | ocal varieties.

The yield gap was slight in the 1976 aus season, perhaps because
the high level of nitrogen was rather nodest, averagi ng 60 kg/ ha.
This rate was reconended by the BRRI fertilizer task force, based

Tabl e 6. Farmers' levels and high level of inputs in yield
constraints experinents in farmers' field. BRRI pilot project
area, 1976- 77 aus season.

Vari ety Far ns I nput Fertilizer? (kg/ha) Weed I nsect
type (no.) I evel N 10 K,0 control b control ©
(no.) (no.)
Aus 1976
Moder n 6 Far ners' 21 40 10 1.7 0
H gh 60 40 40 WF 2
Local 3 Farmers' 13 21 12 1.0 0
Hi gh 60 40 40 WF 3
Al l 9 Farmers' 18 34 11 1.4 0
Hi gh 60 40 40 WF 2.5
Aus 1977
Moder n 7 Far ners' 61 40 19 1. 86 -
H gh 144 80 60 3 -
Local 4 Far ners' 50 41 4 1.75 -
H gh 76 40 40 3 -
All 11 Farnmers' 60 41 13 1.82 -
H gh 119 65 53 3 -

&N = nitrogen, P,0; = phosphorus, K,O = potassium
bW = weed- free.

Clnsect control was not tested in Aus 1977.
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3. Potential yield and actual farm yeld in constraints
experiments. BRRI project area, Bangladesh, Aus
1977. Each bar represents one test farm.

on sone previous experinental data. But during the course of
experinmentation it was felt that: this was really i nadequate to
constitute a high-inputlevel and as such m ght have limted

yield potential. 1In 1977 the high Il evel of Nwas 76 kg/ha for
local varieties and 144 kg/ha for nodernvarieties (Table 6). The
gaps were 0.4 t/ha and 1.0 t/ha respectively for the tw types

in that season (Table 5).

Figure 3 shows the variability in the yields and yield gap during
the aus season. On four farns the yield gap was snmall, but this
was not identified with any particular variety nor fertilizer
level. Maximumyield was achi eved on the one farmgrow ng | R8.

T. Aman. Farners' fertilizer levels int. aman were internedi ate
bet ween boro and aus (Table 7) . Wed and i nsect control |evels
were approxi mately the same as for other seasons. In 1977 it was
decided to use an application of sulfur instead of P,G; and K,O
in the high level of experinent.

In 1975 t. aman, all 3 farns with tests grewnodern varieties.
Farmers' yields were 1.6 t/ha and high yields were 2.6 t/ha
(Table 5). In 1976 and 1977 both farners' and potential yields
wer e nuch higher. The yield gap averaged 1.3 t/ha over the 24
trials withnmodernvarieties and 0.8 t/ha for the 9 trials with
| ocal varieties.

Variability in the yield gap in 1976 and 1977 t. anman seasons
is shown in Figures 4 and 5. Yield gaps were substantial in all
but two farns in 1976. In 1977 t. aman, the yield with farners'



60 Farm-level constraints to high rice yields in Asia: 1974-77

Table 7. Farmers' levels and high level of inputs in yield
constraints experinments in farners' fields. BRRI pilot project
area, 1975- 77t. aman.

Variety Farns | nput Fertilizer? (kg/ha) Weed b I nsect
type (no.) I evel N P,04 K,0 S control control
(no.) (no.)

T. Aman 1975°

Moder n 3 Far ner s’ 0 0 0 - 0 0
(1 R20) Hi gh 80 60 40 - WF 3

7. Aman 1976¢
Moder n 3 Far mer s’ 21 17 7 - 1 0
Hi gh 120 80 60 - 3 3
Local 8 Far mer s’ 35 35 27 - 1 0
Hi gh 80 60 60 - 2 2
All 11 Far ners’ 31 30 22 - 1 0
Hi gh 91 65 45 - 2 2

T. Aman 1977

Mod ern 9 Far mer s’ 51 43 9 0 1 1
Hi gh 108 0 0 34 0 2
Local 9 Far ners’ 47 49 7 0 1 1
Hi gh 75 0 0 34 0 2
All 18 Far mer s’ 49 47 8 0 1 1
Hi gh - 0 0 34 0 2

a
N = nitrogen, P,05 = phosphorus, K,0 = potassium S = sulfur.

PWE = weed- free
C
Conpar abl e paddy technique was not used. Low levels of fertilizer

were used. See Interim report p. 26 for conplete details.

dIn t. aman 1976, Pajam was considered to be the local variety in

terns of the use of fertilizer.

levels of inputs was higher than the yield with high levels of
inputs in four trials.

Contributions of test factors

The discussion on contributions to yield is mde quite conplex by
the changing test factors over different seasons and by the fact



Constraints in Bangladesh, 1975 to 1977 61

Yield (t/ha)
6.0

- Potential yield

Actuat farmers' yield

D Yield gop

5.0

4.0

3.0

20

IR20 PAJAM NIZERS AIL LATISAIL

4. Actual farmers’ yield, potential yield and yield gaps in different varieties and
farms of BRRI project area, 1976 T. Aman season.

Yield (t/ha)
70

|
T

|

5. Potential farm yield and actual farm yield from yield constraints experiments in
farmers’ fields, BRRI project area. Bangladesh, T. Aman, 1977. Each bar represents one

farm. The farms to the right successively represent the higher use of fertilizer at farmers’
levels.



62 Farm-level constraints to high rice yields in Asia: 1974-77

that in sone seasons interactions were found to be significant

and so had to be taken into account in calculating the effects
onyield. It should also be remenbered that in 1976- 77there

were a nunber of trials of different designs and, as a consequence,
the nunber fromwhich contributions can be neasured is |ess than
shown in Tabl e 5.

Boro. Table 8 shows the contribution of various test factors to
the boro season yield gap. For the 11 trials reported, fertilizer
was by far the dom nant factor. The main effects of fertilizer
averaged 0.85 t/ha -- 64% of the total gap. The analysis of the

Tabl e 8. Average contributions (individual and joint) of test
factors estimated from conplete factorial and minifactorial
trials.  1975- 77 boro season.

Boro 1975- 76 Boro 1976- 77 Average

v LV v
Farms (no.) 6 1 4 11
Yield at:
Farmers' inputs (t/ha) 3.50 1.18 3.48 3.28
Hi gh input (t/ha) 5.20 1.82 4.43 4.61
Yield gap (t/ha) 1.70 0.64 0.95 1.33
Yield contribution (t/ha):
Fertilizer (F) 1.30 0. 02 0. 38 0. 85
Weed control (W 0. 40 0. 05 0.10 0. 26
I nsect control (1) n.t 0. 02 0. 09 0. 08
Resi dual 0 - N -
Farms (no.) - 1 8 9
Yield effect of interactions:
(F+W (t/h) - 0. 37* 0. 65 0. 33
(F+1) (t/h) - 0. 09 0.62 0. 29
(W+1) (t/h) N -0.07 0.21 0. 08
*
Significant at the 5% | evel.
@MW = nodern varieties, LV = local varieties, n.t. = not used as

a test factor.

conplete factorial trials in 1976-77 indicated that interaction
was significant between the three factors. 2 As aresult, the
mnifactorial trials were used to calculate only the joint effects
of pairs of factors, while the 5 conplete factorials could be
used to determne both main effects and joint effects. The

% See Hossain (1978) for the conplete statistical analysis.
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interaction effects show that fertilizer interacting with the other
two factors was nost inportant, while the insect control - weed
control interaction was small.

Aus. Six different factors were tested in two seasons of aus
trials. Interactions were significant in 1977, naking the
presentation quite long (Table 9). No factor domi nated the
contributions, although nitrogen and phosphorus made rather
large contributions, alone and in conbinations. In this season

Table 9. Average contributions (individual and joint) of test
factors estimated from conplete factorial and minifactorial trials.
1977 aus season.

Aus 1976 Aus 1977 Aver age
LV w LV w
Farms (no.) 3 6 - 2 11
Yield at:
Farners' inputs (t/ha) 1.20 3.50 - 2.30 2.65
Hi gh input (t/ha) 1.30 3.60 - 3.50 2.95
Yield gap (t/ha) 0.10 0.10 - 1.20 0.30
Yield contribution (t/ha):
Fertilizer (F) -0.10 0.10 - - 0.10
Nitrogen (N) - - - 0.40 0. 40
Phosphorus (P) - - - 0. 27 0. 27
Pot assi um (K) - - - 0.10 0.10
Wed control w 0-0. 10 - 0. 09 - 0.05
I nsect control (1) 0 0 - - 0
Resi dual 0.20 0.10 - - 0
Farms (no.) - - - 2 2
Yield effect of interactions:
(N+ P) - - - 0. 47** 0. 47
(N+ K) - - - 0. 14* 0.14
(N+W - N - 0.12* 0.12
(P +R - - - 0.15 0.15
(P+W - - - 0. 20* 0. 20
(K+W - - - 0. 02 0. 02
Farms (no.) - - 2 4 6
Yield effect of interactions:
(N + P+ K - - 0.22 0.57* 0. 45
(N+P+W - - 0.09 0.61 0. 44
(N+ K+ W - - 0.22 0.45 0.37
(P+K+W - - -0.24 0.42 0.20

"Significant at the 5% level: ““Significant at the 1% | evel.
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even the three- factorinteractions were significant.

T. aman. Table 10 shows the consolidated statenent of
contributions for the three T. aman seasons. As in the boro
season fertilizer's contribution dom nated that of weed and
insect control (about 0.2 t/ha). |In 1977 the contribution of
sul fur (0.65 t/ha) was nearly as large as that of nitrogen
(0.71 t/ha). A significant interaction between nitrogen and
sul fur contributed 0.9 t/ha.

Economic attractivenessof high levels of test factors

The yield contribution of the test factors is highlighted above
and indicates that during the boro and t. aman seasons farners'
low level of fertilizer, either alone or interacting with other
factors, was the major factor contributing to a yield gap of 1 t/ha

or nore. In this section, the costs associated with the high
input |level and the val ue of output obtained therefromare
di scussed. In determning the costs and returns, the inputs used

Table 10. Average contributions (individual and joint) of test
factors estinmated from conplete factorial and nminifactorial trials,
1975- 77 t. aman.

T. Aman T. Aman T. Aman Av
1975 1976 1977
v LV v LV W
Farms (no.) 3 4 7 2 2 18
Yield at:
Farmers' inputs (t/ha) 1. 60 2.70 3.50 2.26 3.38 2.85
Hi gh input (t/ha) 2.60 4.10 5.20 3.82 4.66 4.31
Yield gap (t/ha) 1.00 1.40 1.70 1.54 1.28 1.45
Yield contribution (t/ha) :
Fertilizer (F) 0. 60 1.10 1.30 N - 1.09
Nitrogen (N) - - - 0.88 0.54 0.71
Sul fur (9 - - - 0.74 0.56 0. 65
Weed control (W 0. 20 0.20 0.20 - - 0. 20
I nsect control (I) 0.20 0.20 0.30 0.54 0.31 0.25
Resi dual 0 -0.10 -0.10 - - -0.10
Farms (no.) - - - 5 4 9
Yield contribution at
interactions:
(N+S) N N - 1.07 0.64* 0.88
(N+1) N N N 0.58 0.17, 0.40
(s+1) - . . 0.50 0.26 0.39

*
Significant at the 5% | evel,
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Table 11. Prices (Tk/kg) of paddy and of rice production inputs
in the study area.® Bangl adesh, 1975- 1977.

Prices (Tk/kqg)

Season Paddy Urea TSP MP Basudi n Di azi non Hand
weedi ng
(Tk/ ha)
1975
T. Aman 2.00 1.33 1.06 0.80 - - 150
Bor o 2.00 1.33 1.06 0.80 - - 150
1976
Aus 2.00 1.33 1.06 0.80 - - 150
T. Aman 1.74 1.33 1.06 0.80 - - 150
Bor o 2.10 1.61 1.29 1.07 4.41 33. 06 150
1977
Aus 2.10 1.61 1.29 1.07 4.41 33. 06 150
T. Aman 2.28 1.61 1.29 1.07 4.41 33. 06 150

8Exchange rate used: US$1 = Tk15. TSP = triple superphosphate,
MP = nuriate of potash.

in the experinents were costed at the prices prevailing in the
study area during each season (Table 11). Paddy was val ued at
the price prevailing each season in the region.

Boro. Table 12 shows that the high level of fertilizer was highly
attractive during Boro 1975- 76, but the high level of weed control
was | ess profitable than the farmers' levels. [In 1976- 77the
conbi ned effects of fertilizer with weed control and fertilizer
with insect control increased the value of rice output far nore
than their increased costs on nodern varieties. However, on the
one farmwith a local variety the high inputs were |less profitable
than the farners' |evels of inputs.

Aus. In aus 1976 the high inputs were |l ess profitable than the
farnmers' inputs (Table 13). |In the 1977 aus season, the conbi ned
three- factorinteractions in the four- factor experi nents were

hi ghly profitable on nodern varieties and marginally profitable
on local varieties, except for P+ K+ W This indicates that
hi gh level s of inputs are nore profitable than farners' |evels
inthe aus season.

T.aman. |In the 1976 t. aman season the high level of fertilizer
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was very much nore profitable than the farmers' levels (Table 14).
Hi gh insect control was al so profitable, while high weed control

was less so. Inthe 1977 t. aman season the interactions
i ncreased val ue of output nore than cost of inputs, indicating
the profitability of increasing all inputs.

Management package trials

To determ ne approxi mately the nost profitable | evels of input
conbi nati ons, nmanagenent package trials were undertaken. In
these experinments sone or all test factors were increased

si mul t aneously. Economi ¢ anal ysis can indi cate the best

conbi nati on fromanong the ones treated.

Tabl e 15 shows the | evels of inputs used in the managenent
package trials. |Ingeneral, the lowest level tested was either
the farners' levels or zero, and the highest |evel was the sanme

Table 12. Economic performance of the individual and joint
contributions of test factors from the high level of input
in farners' fields. Bangl adesh, 1975- 77 boro season.
Boro?® 1975- 76 Boro 1976- 77
Local P Modern®  Average
Fertilizer Fertilizer + Weed control
Farmers' cost (Tk/ha) 183 743 1014 984
I ncreased cost (Tk/ha) 274 909 745 763
I ncreased val ue (Tk/ ha) 2300 770 1364 1298
Wed control Fertilizer + Insect control
Farners' cost (Tk/ha) 600 493 481 482
I ncreased cost (Tk/ha) 0 515 519 519
I ncreased val ue (Tk/ha) 700 187 1313 1188
I nsect control Wed + Insect control
Farners' cost (Tk/ha) N 250 573 537
I ncreased cost (Tk/ha) N 594 384 407
I ncreased value (Tk/ha) N -146 443 378

agfarms. P1farm ©8 farns.



Table 13.

Economi ¢ performance of

t he

i ndi vi dual

test factors and their joint contribution at the
high level of input use in yield constraints experinents in farners’ fields, Bangladesh, 1976- 77
aus season.
Fertilizer (Tk/ha) Weed control (Tk/ha) Insect control (Tk/ha)
Far ms Farmers’ I ncrease to high Farmers' Increase to high Farners’ Increase to high
(no.) cost cost val ue cost cost val ue cost cost val ue
Aus 1976
9 143 176 200 216 WFa - 200 0 100 200
Aus 1977
N + P + K (Tk/ha) N + P + W (Tk/ha) N + K+ W (Tk/ha) P + K+ W (Tk/ha)
I ncrease I ncrease I ncrease I ncrease
Farners’ to high Farners’ to high Farners’ to high Farners’ to high
cost cost val ue cost cost val ue cost cost val ue cost cost val ue
4P 378 508 1220 1004 675 1305 947 615 968 774 449 899
2¢ 261 163 488 952 280 184 836 360 467 807 251 - 521
6 339 393 976 987 543 932 910 530 801 785 383 426
AW = weed- free. Wed control data were not available, so additional weed control cost could not be

conput ed.

Pnoder n

varieties. ¢Local

varieties.
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the potenti al
by adopting a higher

for

| evel

of managenent.

the rice crop to increasing nanagenent
season is partly the result of favorable weather conditions,

especially increased solar radiation and | ower

i nsect pests and di seases.

Aus.

The grain yield of

Table 14. Economic performance of the individual and joint
contributions of test factors from the high level of input use in
farmers' fields. Bangl adesh, 1976- 77t. nman.
Fertilizer (Tk/ha) Weed control (Tk/ha) Insect control (Tk/ha)
I ncrease I ncrease I ncrease
Farns Farners' to high Far nmers' to high Farnmers' to high
(no.) cost cost val ue cost cost  val ue cost cost val ue
T. Aman 1976
187 437 2144 n.a.2 245 202 n. a. 98 621
T. Aman 1977
N+ S N+ 1| S + 1
40 125 361 1471 179 146 395 54 283 601
5¢ 247 166 2449 258 -544 1313 11 282 1145
9 193 253 2014 223 62 905 30 262 903
8n.a. = data not available. PMbdern vari eti es. CLocal varieties.
as the high level in the factorial experinent. Average yield
obt ai ned at each i nput level is shown in Table 16.
Boro. Table 16 indicates that the grainyield of both |ocal and
nodern varieties in the boro season increased gradually with
increase in the | evel of nmanagenent in 1976- 77. This indicates

increasing rice production in the boro season
I ncreased response of

intensity in the boro

with increase in the intensity of managenent up to M,
gradual l'y declined at M, and M; M, appeared to give the highest

yield of 3.6 t/ha.

inthe aus season.

T. Aman.

t he aver age,

The average yield of
successive increases in |evel

managenment was 1.42 t/ha.

the t.

of

i nci dence of

the nodern rice variety Chandi na increased

and then

Data indicated that grainyield could be
increased by as much as 1.29 t/ha by the high |evel

managenment

aman crop increased with

of managenent up to M, However,
the yields of nodern varieties with My and M, were Identical.
the maxi mumyield i ncrease froma hi gher |

On

evel of
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Tabl e 15. Average farnmers' levels (M) and managenent package
level of inputs in yield constraints experinments in farmers'
fields® BRRI pilot project area. Bangl adesh, 1975- 77.

Package Fertilizer (kg/ha) Tot al Weed I nsect
| evel N P05 K,O S ferti- control control
lizer (no.) (no.)
(kg/ ha)

Boro 1975- 76
b

M 0 0 0 - 0 0 0
M, 40 40 0 - 80 1 0
M, 60 40 20 - 120 2 2
M, 80 60 40 - 180 3 3
Boro 1976- 77
M, 101 56 14 - 171 1.8 0.8
M, 100 40 40 - 180 1 1
My 120 60 40 - 220 2 2
M, 160 80 60 - 300 3 3
M 190 80 60 - 330 4 4
Aus 1977
M, 52 44 21 - 117 2.5 -b
M, 71 40 30 - 141 2 -
M 91 60 40 - 191 2 -
M, 131 80 60 - 271 3 -
M, 151 100 80 - 331 3 -
T. Aman 1975
M, 0 0 0 0 0 0 0
M, 60 0 0 0 60 1 1
M 60 40 40 0 140 2 2
M, 80 60 40 0 180 3 3
M 100 60 40 0 200 WF ¢ 4
T. Aman 1977 local variety
M 52 - - 0 52 -b 0.5
M 50 - - 17 67 - 1
M, 70 - - 26 96 - 1
M, 90 - - 34 124 - 2
T. Aman 1977

M 54 - - 0 54 - 0.5
M, 84 - - 17 101 - 1
M 104 - - 26 130 - 1
M, 124 - - 34 158 - 2

2 Mbdern varieties were used in all seasons unless where indicated.
b Not used as test factor. ¢ W = weed- free.
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Table 16. Average grain yield

of farners'

and alternative input

managenment packages. Bangl adesh, 1975- 77.
Gain yield (t/ha)
Year Variety? Farns
Y MooM M M M A
(no.)
Boro season
1975- 76 LV 1 2.42 2.64 3.43 3.38 - 2.97
1976- 77 LV 1 1.18 1.25 1.62 1.82 2.23 1.62
v 4 3.48 4.11 4.36 4.43 4.87 4.25
LV + W 5 3.02 3.54 3.81 3.91 4.34 3.72
Aus season
1977 v 2 2.32 2.82 3.61 3.50 3.48 3.15
T. Aman_ season
1975 LV + W 3 1.71 2.16 2.61 2.96 2.87 2.46
1977 LV 2 2.27 3.45 3.77 3.82 - 3.33
W 2 3.34 3.94 4. 65 4. 65 - 4.16
LV + W 4 2.82 3. 69 4.21 4.24 - 3.74
LV = local variety, MW = nodern variety.
Table 17. Economi ¢ conparison of different levels of managenent.
Bangl adesh, 1975- 76 boro season.
Managenent Yield Addi ti onal Value of Cost of Added net
| evel s (t/ha) yield over added added returns
M, (t/ha) yield i nputs over M
(Tk/ ha) (Tk/ ha) (Tk/ ha)
M, 2.42 - - a N
2.64 0. 22 433 432 1
NNE 3.43 1.01 1992 786 1206
M, 3.38 0. 97 1907 1031 876
8M, was set at zero level of inputs.
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Tabl e 18. Economi ¢ conparison of different levels of managenent.
Bangl adesh, 1976- 77 boro season.

Conparison with farmers' level (M)

Managenent I nput G oss Net Added Added Added
| evel cost returns returns input gross net

(Tk/ha) (Tk/ha) (Tk/ha) cost returns returns

(Tk/ ha) (Tk/ ha) (Tk/ ha)

Mbdern variety?

1078 7338 6260 - - -
Nh‘ 907 8680 7773 - 171 1342 1513
Nb 1356 9002 7846 278 1864 1586
M3 1850 9350 7500 772 2112 1240
My 2093 10267 8174 1015 2929 1914
M5
Local variety®
743 2456 1713 - - -
My 862 2603 1741 119 147 28
M 1258 3374 2116 515 918 403
Mg 1751 3780 2029 1008 1324 316
m 1994 4647 2653 1251 2191 940

aAverage of four sites.

bone site.

Economic performance of different levels of management

The rel ative econom c performance of different |evels of managenent
in the three seasons is presented in Tables 17 through 21. Results
are briefly di scussed bel ow by season.

Boro. Tables 17 and 18 present the data on the rel ative econonic
advant age of different |evels of managenent in the boro. |In 1975-
76, Mggave the largest increase in net returns and the |argest
increase inyield over Mj. [In 1976- 77 (Table 18) the hi ghest net
returns among the managerment |evels came fromM, indicating the
hi gh response of boro rice to the hi gh nanagenent |evel. Higher
profits were obtained at hi gh managenent |evels with the nodern
varieties than with the | ocal varieties.

Aus. Data in Table 19 indicate that all higher |evels of
managenent increased profits over the farners' |evels. However,
the highest increased net returns (Tk2668) cane fromM;. This
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Tabl e 19. Econonmic conparisons of different |evels of nanagenent
over farmers' (M) Ilevel. Bangl adesh, 1977 aus season.

Conparison with farmers' level (M)

Managenent I nput G oss Net Added Added Added
| evel cost returns returns input gross net

(Tk/ ha) (Tk/ ha) (Tk/ ha) cost returns returns

(Tk/ ha) (Tk/ ha) (Tk/ ha)

Modern varieties?

1063 4936 3873 - - -
;\\% 1045 6033 4988 -18 1097 1115
M 1188 7729 6541 125 2793 2668
M, 1683 7500 5817 620 2564 1944
M 1844 7439 5595 781 2503 1722

8Averaged over 2 sites.

Tabl e 20. Economi c conparisons of different |evels of nanagenent
over farmers' levels (M) using nodern varieties. Bangl adesh,
1975 t. aman season.

Added Val ue Cost of Added net
Managenent Yi el d yield of added returns
I evel (t/ha) over added i nputs over M
M yield (Tk/ ha) (Tk/ ha)

(t/ha) (Tk/ha)

M 1.7 N - -

M, 2.2 0.5 1000 367 633
M; 2.6 0.9 1800 695 1105
My 2.9 1.3 2600 944 1656
M 2.9 1.2 2600 1193 1407

aMm set at zero level of inputs.

particul ar | evel of managenent al so gave the hi ghest benefit:
cost ratio of 38.81, conputed fromthe increased cost and returns
over farners' |evels.

T. Aman. Tables 20 and 21 showthat all higher |evels of
managenment over the farnmers' |evels were economically profitable
inthe t. aman season for both |ocal and nodern varieties. M,
gave the greatest increase in 1975. M; gave the highest increased
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Tabl e 21. Economic conparisons of different |levels of nanagenent
and farners' level (M)). Bangl adesh, 1977 t. aman season.
Manage- I nput G oss Net Conparison with farners' |evel (M)
ment cost returns returns Added Added Added % of farns
(Tk/ha) (Tk/ha) (Tk/ha) input gross net with
cost returns returns increased
(Tk/ ha) (Tk/ha) (Tk/ha) net returns
Modern varieties 2
M 212 7,748 7,536 B B N -
M 392 9,017 8, 625 180 1, 269 1, 089 100
VB 498 10,655 10, 157 286 2,907 2,621 100
M, 629 10,657 10, 028 417 2,909 2,492 100
Local varieties 2
My 214 5, 165 4,951 - - - -
M, 272 7,864 7,592 58 2,699 2,641 100
My 377 8, 889 8,512 163 3,724 3,561 100
M, 508 8,713 8, 205 294 3,548 3, 254 100
8Average of two sites.
net returns in 1977 t. aman. However, the hi ghest benefit- cost

ratios fromthe extra inputs over farners' |evels were obtained
fromM with local varieties and My with nmodern varieties.

Tabl e 22. Proportion of survey farmers' area planted to nbdern
and local varieties and reported vyields. Joydebpur, Bangl adesh.
Season Percent of rice area Yield (t/ha)
Moder n Local Mbder n Local
varieties varieties varieties varieties
Aus 1976 43 57 3.39 1.64
Aus 1977 70 30 3.63 2.02
T. aman 1976 41 59 2.86 1.95
T. aman 1977 37 63 3.13 2.75
Boao 1976- 77 88 12 4.26 2.82
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Social and economic constraints

Earlier studies revealed that variability in the productivity of
rice farmng in Bangl adesh was primarily associated with the use
of nodern and local varieties and levels of fertilizer use. A
soci o economi c investigation for identifying constraints to the
cultivation of nodern varieties and the application of adequate
fertilizer constitutes the franework of this analysis. I'n
addition, farners' know edge of inproved technol ogy and i nproved
practices and their econom c behavior are also included in the
framework of analysis in an attenpt to ascertain their relative
significance as constraints to higher productivity inrice

cul tivation.

Modern rice varieties

In the study area the proportion of |and planted to nodern varieties
varied in different seasons. A larger proportion of the area is

pl anted to nodern varieties during the boro season (Table 22),

when the yield is highest. The average yield of nodern varieties
was consi stently higher than the average yield for the |ocal
varieties in all seasons.

In spite of the evidence that nodern varieties are relatively
nore productive, and even with the conclusion of earlier |RAEN
studi es that cultivation of nbdern varieties is nore profitable,

t he nati onwi de adoption has been rather slow, and their inpact on
rice production in the country is not significant at present.

Tabl e 23. Percent distribution of reasons for not grow ng
modern rice varieties on farms. Joydebpur, Bangl adesh, 1976- 77.

Crop season
Reasons Bor o T. Aman
1976- 77 1977

Land is suitable for local variety (LV) - 19.48
Modern variety (MY) is not suitable for

crop sequence - 44.16
M requires nore time than LV 88. 89 3.90
LV are suitable for late sow ng - 11.69
Lower product price for W 11.11 9. 39
W for transplanted Aman season not known - 2.60
Scarcity of water - 6. 49
MW seeds not avail able - 1.30
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Tabl e 24. Percentage of survey farners' responses to the
availability of factors. Joydebpur , Bangl adesh, 1976.

Farnmers (%

Fact or Type of availability Aus 1976 T. Aman 1976
Seed of nodern Available in tine 98 99
varieties Adequately avail able 94 99
Fertilizer Available in time 69 88

Adequately avail able 78 95
I nsectici de Available in tinme 43 47
Adequately available 43 28
Credit Available in tine 16 27
Adequately avail able 14 26

Perceptions. Farmers' responses to the question of why cultivation

of the nodern varieties was not expanded reveal s a nunber of
interesting findings (Table 23).

Cultivation of nodern rice varieties, particularly in either the
aus or t. aman season, does not fit into the cropping sequence.
An early- maturingvariety for the aus season or a photosensitive
rice variety for the t. aman season nust be developed if rice
cultivation is to be intensified. Oher inportant factors are
land suitability and water depth, growth period, and suitability
for |late sow ng.

Seed supply. The seed supply situation for the nodern rice
varieties was reasonably good in the study area. Seeds were
avail abl e to nost of the farners (Table 24) because a farmer- to-
farmer seed exchange programwas initiated and coordinated in
the study area by the Bangl adesh Rice Research Institute.

El sewhere i n Bangl adesh, however, the seed supply situation was
not good.

Fertilizers: level of use and availability

One of the consistent findings of the field trials was that the
lowlevel of fertilizer used was the basic constraint to higher
productivity, despite the proven profitability of higher |evels
of fertilizer.
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Tabl e 25. Average inputs used and yields of paddy plots planted

to nodern and |ocal varieties. Bangl adesh, 1976- 77.
Vari ety Fertilizer?® (ka/ha) Tot al Weedi ng Yi el d

Ur ea TSP P fertilizer cost (t/ha)

cost P (Tk/ ha)
(Tk/ ha)
Aus 1976
Moder n 97 72 9 257. 25 478. 35 3. 4%*
Local 62 56 4 176. 10 336. 75 1.6
Di fference 35 16 5 81. 15** 141. 60 1.8
T. Aman 1976
Mbder n 86 87 - 251. 25 383. 55 2.9
Local 60 52 - 169. 05 293. 55 2.0
Di fference 25%* 35%* - 82. 20** 90. 00** 0. 9%*
Boro 1972- 77
Mbder n 156 116 36 420. 60 601. 05 4,3
Local 120 95 5 319. 80 498. 00 2.8
Di fference 36 21 31 100. 80 103. 05 1. 4%
Aus 1977
Mbder n 124 81 11 308. 85 533.70 3.6
Local 90 66 7 243. 15 383. 10 2.0
Di fference 34 15 4 65. 70 150. 60** 1.6*%*
T. Aman 1977

Moder n 133 100 17 361. 95 375. 45 3.1
Local 114 79 12 294. 90 429. 60 2.8
Di fference 19 21 5 67. 05 - 54.15 0.4

*significant at 5% | evel.

**gsjgnificant at 1% | evel.

8TSP = triple superphosphate, MP = nuriate of potash.
bExchange rate used: US$1 = Tk15.
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Tabl e 25 shows the average |evel of fertilizer and weedi ng used
by the sanple rice farns in different seasons in 1976 and 1977.
It appears that farmers' |evels of urea in aus 1976 and boro
1975- 76and 1976— 77were quite | ow conpared with the recomended
| evel F,for the constraints field trials. Rice farmers did

use nearly adequate anmounts of urea in aus 1977, t. aman 1976,
and 1977 seasons. The yields were not consistent with the

| evel of fertilizer used, indicating lowlevels of fertilizer
efficiency.

Farmers were asked if fertilizer was available at the tine of

| and preparation and topdressing. In early 1976 during the

aus season, 21%reported not getting enough fertilizer and 30%
reported not receiving it at the proper tine. However, nost
believed fertilizers were available at the tinme of |and preparation
and topdressing in boro 1976- 77, aus 1977, and t. aman 1977.
Nonavail ability of fertilizers could not have been a serious
constraint in 1977.

A high proportion of those farners who did not get fertilizer in
time during 1976 aus and t. aman (71%during aus and 43%during
t. aman) did not find the fertilizers at the sales center, whereas

a much | ower proportion could not buy additional fertilizer for
want of noney (Table 26). About 6% of the farners in the aus

season and 13% of the farners in the t. aman season considered the
price of fertilizer too high. During the aus season about 15%
of the farners reported that the fertilizer deal ers demanded

prices higher than the government price; so they did not buy
enough.

For the 1976- 77boro season, 54%of the farnmers considered their
present level of fertilizer use optimal conpared to about 80%

Tabl e 26. Percentage distribution of farmers' reasons for
not obtaining fertilizer in tinme. Bangladesh, 1976.

Farners (%

Reason Aus 1976 Aman 1976
Deal er cannot supply in time 70. 59 43. 33
Lack of noney 8. 82 13.33

Hi gh price 5.88 13.33
Deal er demands nore noney 14. 71 -

Soil becomes hard - 23.33
Productivity of land becones [|ow - 3.33

Soil becones acidic - 3.33
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Tabl e 27.
not

Percentage distribution of
applying nore fertilizer.

Farm-level constraints to high rice yields in Asia: 1974-77

farners' reasons for

Reason Farmers (%
Boro 1977 Aman 1977

The ampbunt was optimal 54. 08 79.71

want of noney 33.68 7.25

Price was high 5.10 6.52

Didn't receive in tinme 3. 06 3.62

Scarcity of fertilizer 3. 06 2.90

Could not apply because of excess

water on the |and 1.02 -

Tabl e 28. Summary of chi - square and Fisher's exact probability

test results.

Season Variable 1 Variable 2 x2 Fi sher's

one-tailed
test

Aus 1976 Credit Wed control - 0.185 ns
availability Fertilizer cost 0.07 ns -

T. Aman 1976 Credit Wed control 0.02 ns -
availability Fertilizer cost 0.54 ns -

Boro 1977 Credit Wed control - 0. 600 ns
availability Fertilizer cost - 0.600 ns

Aus 1977 Credit Wed control - 0.400 ns
availability Fertilizer cost - 0.600 ns

T. Aman 1977 Credit Wed control 0.02 ns -
availability Fertilizer cost 0.16 ns -

"Snot

significant.
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int. aman (Table 27). These farmers did not consider further
increases in fertilizer use. The other inportant stated reason
for not using nore fertilizer was | ack of cash (34%in boro

1976- 77and 7% in t. aman 1977) and non- avail abilityof credit.
About 5% of the farners studied opined that the price of fertilizer
was too high to use nore.

Credit: availability, utilization, and farmers' reactions

Most of the rice farmers in the study area have snall plots and
are short of capital for investment inrice cultivation. Sixty-
ni ne percent had hol di ngs below 2.5 acres, and 89%had hol di ngs
below 5 acres. Surveys in different seasons reveal ed a varying
picture of credit availability, based on farnmer's perceptions

of whether they could obtain credit,

Chi - squaretests of independence between credit availability
and |l evels of weed control and fertilizer used reveal ed that
these vari abl es were i ndependent (Table 28). This was perhaps
because credit availability and credit use for crop production
were so rare that meani ngful relationships could not be derived.

A suppl enmentary survey on availability of credit fromthree banks
in the study area revealed that credit for farm ng purposes was
very limted (Table 29). So it was not surprising that farners'
use of credit was slight.

Experimental results and perceived constraints compared

The perceptions of participating farners about the constraints

were conpared with their experinental results. Nine farners on
whose farns a yield gap was neasured in the boro season were
interviewed. Four believed that their yield could not be increased
with higher inputs (Table 30). O the 5 others, only one nentioned
i nadequate fertilizer and insect control as possible contributors

to the gap. Three identified inadequate insect control al one and
anot her nmentioned inadequate use of fertilizer alone. By contrast,
the experinments showed that the joint contributions of test factors
were inportant while the individual contributions were not.

In the aus season, out of 6 farns having a yield gap, 4 farners
bel i eved yield could not he increased with higher inputs, while
only 2 nentioned inadequate use of fertilizer as a yield
constraint. In the t. aman season, out of the 9 farners having
a yield gap, 7 reported that yield could not be increased with
increased inputs. Onereferred to i nadequate insect control,
and another referred to inadequate use of fertilizers and insect
control as yield constraints,
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Tabl e 29. Credit prograns and repaynment records of three banks
in the Joydebpur area, 1977 (Division of Agricultural Econom cs
and Statistics, BRRl).

Bank Target Distri- Amount  Anpunt No. of No. of No. of
amount  but ed repaid unpaid farns farns defaults
(Tk) amount (TK) (Tk) taking  that
(Tk) | oans repaid
Rupal i 65, 000 25, 240 4,450 20,790 47 10 37
Janat a 65, 000 56, 000 19,000 37,000 111 56 55
Agr ani 70,000 70,585 20,000 50,585 130 31 99

It is evident that nost of the farnmers who experienced gaps were
unaware that their yields could be profitably increased with

hi gher 1 evels of inputs. The econonic analysis of the experinental
data showed that in nbst cases farners can profitably achieve

at least 1 t/ha increase inyield with the use of high inputs.

Mor eover, anong those who identified yield constraints, nost
mentioned only one test factor as responsible for the |owyield.

Al t hough experinmental results showed that fertilizer, in conbination
with another factor, is the npst inportant yield- contributing
factor in all seasons, nost farners believed that inadequate
insect control was the primary yield constraint.

Tabl e 30. Number of farms on which the constraints experinments
showed a yield gap and the farm operators' perceptions of ngjor
yield constraints. BRRI pilot project area, 1977.

Bor o Aus T. Aman
Nunber of farns on which trials 9 6 9
showed a yield gap
Nunmber reporting each yield
constraint
No perceived constraints 4 4 7
I nadequate fertilizer 1 2 0
I nadequate insect control 3 0 1
I nadequate fertilizer 1 0 1

and insect control
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Insufficient availability of fertilizer was identified as the
second nost inportant reason for its lowuse. To confirmthis
contention, two c? tests between fertilizer use and availability
were made for each season -- one on the availability and use of
fertilizer at the tine of basal application, and the other on
availability and use at the time of top dressing. The c? val ues
derived were not significant, indicating that farners who replied
fertilizer was insufficiently available or unavail abl e used the
sane |level of fertilizer as those who replied that fertilizer
was sufficiently available. This inplies that perceived
availability of fertilizer made no difference to the actual |evel
used by farmers in the study area during the study period.

The nost i nportant soci oeconom ¢ constraint identified for the
lowuse of fertilizer in all seasons by both experinental and
survey farners was the | ack of cash. Farmers who used | ow
fertilizer levels for that reason were asked why they did not
borrow. Most replied that credit was not available to them
(Table 31). The second npbst inportant reason given was

unwi I lingness to accept the risk associated with borrow ng.

Two inportant reasons identified by farmers for using inadequate
insect control neasures were: (1) the insecticides were not

avai l abl e, and (2) delays in taking insect control nmeasures.

The primary reason given for such delays was that they were

unable to identify insect infestationwell ahead of its occurrence.

In general, it was observed that the farnmers had poor know edge
of insect control. Interviewed farnmers were asked to identify the
insects found in each season. |n nbst cases, they nmentioned only

Tabl e 31. Soci oecononmic constraints stated by farmers as reasons
for not using credit to buy fertilizer. BRRI pilot project area,
1977.

Farmers reporting each season

Soci oeconomi ¢ constraint Aus T. Anman
Nunmber Per cent Nunber Per cent
1. Credit not available 11 64.7 5 27.8
2. Credit is risky 2 11.8 4 22.2
3. Too much red tape 1 5.9 1 5.6
4. Still in debt fromlast year 1 5.9 0 0
5. Inadequate information
about credit 1 5.9 0 0
6. No response 1 5.8 8 44. 4
Tot al 17 100.0 18 100.0
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stenmborer, irrespective of the season. Many al so nentioned that
they did not know about npbst of the insects.

Summary and implication

The average yield gap over all farnms in the study was about 1.6
t/ha (roughrice) in the boro season. 1In aus the yield gap ranged
fromzero to 0.5 t/ha (roughrice). Int. aman, the gap ranged
from0.9 t/ha to 1.6 t/ha. Fertilizer was the npbst inportant
contributing factor, but significant interactions showed that
failure to use two or three inputs together resulted in | ower
productivity.

Modern rice varieties consistently gave significantly higher
yields than local varieties. Cultivation of nbdern varieties

was profitable, but intensiverice farners found it difficult
tofit thesevarieties into the cropping systemand crop sequence.

Farmers were aware of nodern varieties and ot her technol ogy
conponents. Most believed that their present level of fertilizer
use was adequate. Ohers were sensitive to the price of fertilizers

Most of the farnmers had small plots, and it was difficult for them
to obtain sufficient capital for achieving high |l evels of
production. Limted credit was available, but farnmers were not
interested inusing it because of various probl ens associ ated

with the system

Future constraints studies

Farmers' vyields averaged 2.9 t/ha in the Bangl adesh Ri ce Research
Institute (BRRI) project area. These are significantly higher
than the national average of 1.8 t/ha. Sufficient work has been
done in the area to get sone idea of the yield gap and the
quantitative contribution of various factors to it. Attention

wi Il now be given to other rice areas.

In the Bangl adesh Rice Research Institute (BRRI) project area,
constraints studies will be continued at the specific sites
wher e croppi ng systens research is being continued. At these
sites, constraints trials will be conducted across sel ected
cropping patterns rather than on individual crops in specific
croppi ng seasons.

Designs for experinents in farmers' fields will include
suppl enentary, mnifactorial, and conplete factorial trials.
A long- ternresearch programw || be established in sone sel ected

farmers' fields to identify the constraints to high yields on
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sequential crops. Sixteen fields have al ready been sel ected

at one site for this purpose, and detail ed nonitoring of weather
and soil paraneters has been planned to suppl enment the constraints
experinents.

Detailed records will be kept on stratified sanple farns to
determine the productivity and constraints for each parcel of a
farm This project should give us conprehensive information
about the total production constraints w thin each farm si ze
group. Four Cooperative farns at one site (Bhogra) in each of
4 farmsize groups (0- 0.5ha, 0.5- 1.5ha, 1.5- 2.0ha, >2 ha)
have al ready been sel ected through a pre- survey.

A | arge- scal econstraints study has been initiated at the national
level, with the objective of hel ping the governnent production
programs in irrigated northwstern and southwestern parts of

Bangl adesh. The area being considered for this project constitutes
about 35%of the total cultivable area of Bangl adesh. At first,

ni ne suppl ementary and one conplete factorial experinments have
been proposed in each of 140 | ocations under the project. Field-
| evel workers to whom these studies are being assigned include
subj ect matter specialists and |ocal extension officers with at

| east a bachelor's degree in agriculture, local agriculture

of ficers with diplanas in agriculture, and unit and section
officers with diplomas in engineering. Test factors will be

est abl i shed according to area and season, and the studies w |l

be made across | ocati on- specificcropping patterns.
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Rice and Indonesia's Agriculture

Sri Widodo, Nasrullah, and Hidajat Nataatmadija

Ri ce occupi es about half of Indonesia's food crop land. It is
the main agricultural product in all islands of |ndonesia and

the staple food for nbst of the population. Corn, cassava,
soybeans, and peanuts are inportant supplenmentary foods. The

i mportance of rice in agricultural production and as a basic

I ndonesi an food is reflected in Tables 1 and 2. Rice contributes
44% to the total value of agricultural products. Mst rice
production is fromsawah or | ow and rice, and only a snal |
proportion is fromupland rice.

O the total I|ndonesian population of 125 mllion, about 85
mllion are engaged in agriculture. O the roughly 50 mllion
engaged in food production, all but a small portion produce
sone rice during the year.

For several decades, growh in rice production has been sl ow.

To match the growth in demand, inports fromother countries have
been necessary. Hence, increased production has been a goal of
basic national agricultural policy. The price of riceis a
matter of public and governnment concern in the fight against
inflation and in the effort to achi eve econonic stability.

Attenpts to increase production, which had been under way for a
long time, recently increased inintensity, but increases in
producti on have not been able to keep pace with increases in
dermand.

Through the recent international exchange of know edge, research,
and genetic materials, inproved rice technol ogy has becone
avail able. The introduction of the semdwarf fertilizer-

responsive rice varieties appeared to show great pronise. The
newvarieties significantly increased farners' yields, but the
average yields were still substantially |lower than those

denonstrated to be possible at experinent stations. The
constraints project therefore seened appropri ate.

*NErrbers, Faculty of Agriculture, Gadja Mada University; and
head, Soci oeconom c Departnent, Central Research Institute for
Agriculture. This introductory chapter is adapted fromthe
Interim report.
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Table 1. The val ue of

I ndonesia, 1973 (Strout 1977).

agricul tural

producti on

by regions of

Val ue (billion rupiah)
Pal a- Vege- Tobacco Perenni al
Island Rice wija® tables Fruit and crops Tot al
sugar
cane

Jawa/ Madur a 835 162 52 126 55 46 826
Sumat r a 131 29 11 25 4 123 323
Kal i mant an 31 6 b 5 N 17 59
Sul awesi 43 27 2 11 2 22 107
Q her i sl ands 33 32 3 8 1 13 70

Total Indonesia 622 255 68 176 61 222 1404

I n percentage 44 18 5 13 4 16 100
pryland field crops like corn, soybean, peanut, cassava.
bLess than 0.5 billion rupi ah.
Table 2. I ndonesia's food production, 1970- 76 (Biro Pusat
Statistik).

Food production (1000 t)
Crop 1970- 72 1973- 75 1976
av av

Rice 25,671 28, 889 30, 470
Sawah rice 23, 619 26, 899 26, 575
Uplandrice 2,051 1, 997 1, 895
Corn 2,562 3,201 2,572
Cassava 10, 518 12, 277 12,191
Sweet potato 2,151 2,430 2,381
Peanut 282 326 341
Soybean 511 567 522
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Tabl e 3 shows the area planted to rice, production, yield,
inmports, and per capita availability from21968 t hrough 1975.
During this period rice production increased nore than 4%a year,
with substantial growth in both yield and area. Mst of the
growth was fromyield, which increased fromabout 1.5 t/ha in the
late 1960s to 1.8 t/ha by the m ddl e 1970s.

The harvested area increased at an average rate of 1.2% total
production at 4.8% and yield at 3.3%a year over the 1968-75
period. The corresponding figures for 1955-67 were 0.5% 1.3%
and 0.8% The small increases in area can be attributed to
spont aneous | and opening, irrigation systeminprovenents, and
newirrigation construction.

Despite the increasing production in recent years, substanti al

i mports have been required. The need has arisen in part from
the governnent's policy of providing subsidized rice to certain
groups of consuners and the general subsidy involved in

mai ntaining a ceiling price through governnent financed inports.
As a result, per capita consunption has increased. At the sane
time popul ati on has increased at an average annual rate of 2.5%
maki ng total demand grow even faster.

Table 3. Area, production, yield, inports, and per capita
availability of mlled rice, Indonesia, 1968-75 (Statistik
I ndonesi a 1975) .

Har vest ed Pr od- Yield I nports Pr od- Avai | -
Year (1000 ha) uction (t/ha) (1000 t) uction ability
(1000 t) pl us Per

i mports capita
(1000 t) (kg)

1968 8,021 11, 666 1.45 486 12,152 108. 2
1969 8,014 12, 249 1.53 238 12, 487 108.7
1970 8, 135 13, 140 1.62 324 13, 464 114.6
1971 8,324 13,724 1. 65 120 13, 844 115. 2
1972 7,898 13, 183 1.67 335 13,518 109.8
1973 8, 403 14, 607 1.74 1, 863 16, 470 130.6
1974 8, 537 15, 280 1.79 1,132 16, 412 127.1
1975 8, 760 15, 340 1.75 692 16, 032 121. 4
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CHARACTERISTICS OF RICE PRODUCTION

Table 4 shows that 62%of the harvested |ow and rice area and
66%of the production of lowand rice are concentrated on the
"inner islands" (Java and Bali), which account for only 7.3%of
the nation's total |and but contain 67%of the popul ation.

Upl and rice occupies 16%of the total rice area. The upland
average yield is less than half of the | oW and average yi el d.

The main rice harvest (55% is fromApril through June, at the
end of the wet season. A second harvest peak (20% occurs from
August through Cctober. The remaining 25%of the harvest is

di stributed over the renmaining six nonths. In Java, the
seasonal peaks are |ess pronounced because of extensive
irrigationsystens.

Water control

The geographic area used for lowand rice is about 5.6 mllion ha.

O this, 3.5 mllion ha are served by irrigation. At the start
of the first 5-year plan (1969-73), an estinmated 60%of the
irrigation systens and fl ood-control structures needed repair

Tabl e 4. Harvested area, production, and yield of |ow and and

upl and rice. I ndonesia, 1974 (Biro Pusat Statistik).
Low and ri ce2 Upl and rice

I sl and Area Pr od- Yield Ar ea Pr od- Yield

(' 000 uction (t/ha) (' 000 uction (t/ha)

ha) (' 000t) ha) (' 000t)

Java 4,438 13,573 3.1 286 345 1.2
Bal i 155 569 3.7 16 15 0.9
Sumat r a 1, 468 4,169 2.8 449 599 1.2
Kal i mant an 504 885 1.8 221 234 1.1
Sul awesi 582 1, 370 2.4 88 107 1.2
O her islands 229 620 2.7 102 101 1.0
I ndonesi a2 7,376 21,186 2.75 1,162 1,401 1.1

Dry-wet rice (gogo rancah) included; found only in Java, |ess
than 50, 000 ha.

PArea and production data are totals; yield data are averages.
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and inprovenent. In the ensuing period, irrigation systens
serving 930,000 ha of lowland fields were rehabilitated by

i mprovenents and repairs on prinmary and secondary canal s, dans,
and irrigation structures. An additional 193,000 ha were
provided with irrigation, and flood-control neasures protected
an esti mat ed addi ti onal 339, 000 ha.

The second 5-year programhas targets of 835,000 ha of
rehabilitated systens and 950, 000 ha of new construction.

Ri ver basi n managenent prograns and swanp recl amati on projects
shoul d al so i nprove water control in an additional 680,000 ha.

Varieties fertilizer, and pesticides

In 1953, the Balai Padi began rel easing inproved varieties,

some of which are still inuse. These are at tines referred to
as national inproved varieties and include Syntha and Sigadis.
Wth the rel ease of shorter, stiff-strawed, nitrogen-responsive
varieties (IR8 and I R5), the Bogor breeding programaltered its
breedi ng obj ectives and consequently devel oped Pelita I/1 and
1/2, which were released in 1971. These npdern varieties
possess a grain quality better suited to Indonesian tastes.

The plant types are simlar to | R6 but have sonewhat stronger
bacterial leaf blight resistance. As aresult, Pelita varieties
have generally replaced IR5 in all areas except parts of
Sumatra, where dry-cooking rice is acceptable. Table 5 gives
the area of traditional, national inproved, and nodern varieties
harvested in the 1974 dry season and the 1974-75 wet season.

Fertilizer use increased rapidly as both the governnment and the
farmers realized its inportance in exploiting the yield potential
of the nodern varieties (Table 6). Urea and triple superphosphate
are by far the nost widely used materials. Insecticides and
rodentici des have al so been encouraged, but their use has not
increased as rapidly as that of fertilizers. Diazinonis the

nost extensively distributed and used insecticide, and zinc
phosphide i s the maj or rodenticide.

Mechanical technology

Wth a few exceptions, recently devel oped engi ne-powered
production technol ogy has yet to be introduced into the rice-
growi ng sector. In contrast, wi de and rapid distribution of
smal |l rice-mlling equi pnent has taken place. Timer (1973)
estimated that the capacity of mlling equipnment sold in Java
and Bali in the 1970-72 period was sufficient tomll 70 to
80%of the production of the two islands.
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Tabl e 5. Rice varieties and harvested areas. I ndonesi a, 1974
dry season and 1974- 75wet season (Directorate Bina Produksi).

Vari ety 1974 dry season 1974- 75 wet season
1000 ha % 1000 ha %
Pelita 1/1 345 11.9 855 16. 4
Pelita 1/2 153 5.3 244 4.7
I R5 398 13.7 663 12.8
(07} 222 7.7 388 7.5
O her nodern 76 2.6 96 1.8
Nat i onal i nproved 306 10.6 433 8.3
Local 1400 48. 3 2521 48.5
Tabl e 6. Fertilizer and insecticide use on rice. I ndonesi a,

1968- 1975 (M nistry of Agriculture for 1968- 72; BI MAS Project
for 1973- 75).

Year Fertilizer (t) I nsecti ci de Rodent i ci de
N P2Cs (1) (1)
1968 95, 000 24,000 630. 6 40. 2
1969 155, 200 36, 200 1, 209. 3 33.7
1970 162, 100 31, 300 1,075. 6 52.4
1971 219, 200 24,200 1, 555. 6 33.0
1972 257, 600 58, 400 1,362.7 44.5
1973 307, 400 53, 800 n.a. 2 n. a.
1974 277,700 77, 300 n. a. n. a.
1975 308, 300 93, 000 n. a. n. a.

n.a. = data not avail able.
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GOVERNMENT POLI CI ES

The tight fiscal (balanced budget) policy of the |Indonesian

Gover nment established in 1966- 67 was i npl enented to reduce
inflation and pronpote econom c stability. The price of rice,
regarded as an index for all other prices, influenced the people's
inflation rate expectations. The governnent has attenpted to
stabilize rice price by fixing prices and by increasing

producti on.

Ri ce policy has traditionally been consuner oriented, with the
goal of adequate supply at a lowprice. Aceiling price
protected consuners. |n 1970, the governnent deci ded on a
floor price at harvest tine to protect rice farners.

The government agency responsible for carrying out the price
policy is the Food Logistic Board (BULOG . BULOGnaintains the
rice stock necessary to keep the rice price above the floor
price and below the celling price. Quantities are narketed
when the retail price exceeds (or threatens to exceed) the
ceiling price, and rice is purchased in the rural areas to
maintain the floor price at harvest tine. Rice is distributed
as payment in kind -- an indirect device -- tomlitary
personnel and civil servants.

Bimbingan Massal (BIMAS)

Fol | owi ng several seasons of successful, small, localized

ext ensi on prograns, the government initiated the national

Bi nbi ngan Massal (BI MAS) or Mass Qui dance programin the 1965- 66
wet season in 172,500 ha. |In the years since, the programhas
been nodi fi ed and expanded i n response to inprovenent in the
governnent's ability to coordinate a large nultifaceted

program the availability of inputs and the neans to distribute
them and the changes in production technol ogy.

The obj ective of the BIMAS programas a mass extension effort
is toincrease agricultural production and the farnmer's incone
through crop intensification. The current programversion is
called the Inproved Bl MAS and, under it farners receive |oans
through village units organi zed by Bank Rakyat | ndonesi a.

A village unit consists of about 4 adjoining villages covering
600 to 1,000 ha farnmed by 1,800 to 3,000 farners. Loans are
made to individual farners in the formof vouchers redeemabl e
for seed, fertilizer, and pesticides at aretail outlet in the
village area. An additional cash loan is made to cover |iving
expenses.
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As soon as BIMAS areas are adjudged capabl e of functioning

wi t hout the governnment credit conponent, they are converted to
mass intensification (I NMAS) programareas, a |ess intensive,
no- credit version of BIMAS. The first | NVAS areas were

desi gnated in advance of the 1967- 68 wet season crop. Conbi ned
Bl MAS and | NVAS hect arages, reported from 1966 to 1973 and
targeted from1974 to 1978, are presented in Table 7.

Wthin the intensification prograns, the Bl MAS Baru (new)
program produced the highest yield, as the data froml1969 to
1973 show. An anal ysis by Van der Goot and Shaw (1975), based
on national statistics, attributes an increase of 500 to 550
kg/ha in realizable genetic potential to the nodern varieties
directly, and another 12 to 13 kg/ha to nitrogen applied.

Table 7. Annual BIMAS and | NVAS hectarages, |ndonesia, 1966-78
(Badan Pengendali and Buku Repelita I11).

Year Area Year Area

(1000 ha) (1000 ha)
1966 341 1973 4064
1967 522 1974 4306
1968 1596 1975 4616
1969 2130 1976 4995
1970 2084 1977 5344
1971 2886 1978 5632
1972 3263

POTENTIAL RICE TECHNOLOGY

Al 't hough average national yields have increased in recent years,
it is quite apparent that, even in the Bl MAS Baru program

yi el ds do not approach the |evels obtained in experinents
conducted on research stations. In experinents in four seasons
at several Java stations, the yields of Pelita at the 100 kg

N ha | evel averaged 5.4 t/ha and never dropped below 3 t/ha

In 12 out of 22 cases, yields exceeded 5 t/ha. Even at 0 kg

N ha, Pelita yields averaged 3.7 t/ha and were below 3 t/ha in
only 7 cases.
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Experinment station trials using insecticides had simlar
dramatic responses. |In sunmarizing 69 trials conducted from
1968 to 1973, scientists of the Central Research Institute for
Agriculture found that the nost effective treatnment per
experiment produced 70%hi gher yields than the untreated plots
(5,180 kg/ ha vs 3,024 kg/ ha).

When eval uated in farners' fields in 1970-71, the new seed-
fertilizer-insecticide technology again denonstrated its
potential and reinforced the governnment's decision to nake it
available to the rice farmer.

It is not surprising that the seed-fertilizer-insecticide
technol ogy has been a central elenent in the governnent's
intensification program That the technol ogy has had an i npact
on rice yields is unquestioned. The yield data in Table 8
denpnstrate that inpact nost noticeably in the Bl MAS Baru
program The demand for rice continues to grow, however, and
the unexploited yield potential is apparent in programareas

ot her than Bl MAS Bar u.

Tabl e 8. Rice intensification program yields during the First
5-Year Plan, |ndonesia, 1969-73 (Buku Repelita II).

Yield (t nmlled ricel/ha)

Bl MAS Bl MAS I NVAS I NVAS
Year Bi asa Bar u Bi asa Bar u
(original) (new) (original) (new)
1969 1.9 2.2 1.7 1.9
1970 2.1 2.8 1.8 2.1
1971 2.0 2.8 1.6 2.2
1972 2.2 2.9 1.9 2.3
1973 2.3 3.0 1.9 2.3

RECENT TRENDS

From 1969 to 1976, Indonesia's rice production grewat a rate of
3.8% year. During the first 3 years of Pelita Il (1974-76),

the annual rate of increase slowed to only 2.8% conpared with
4.6%during Pelita I. (Pelita |, the first national plan,
covered the period 1968-72. It was followed by Pelita Il, which
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ended in 1978.) On the other hand, consunption rose between 4
and 5%per year (Mears 1976), forcing rice inports to soar to
about 2.5 mlliont in 1977 (Teken and Kuntjoro 1978)

The leveling off of the rate of increase in production was
caused partly by extensive crop damage fromthe brown

pl ant hopper. O equal inportance were difficulties net in
extending the intensification programbeyond the well-irrigated
rice areas and in collecting production |oans provided through
BIMAS. In the past, the agricultural devel opnent program
relied on intensification of land use primarily in the well-
irrigated areas. Although the rice areawill be extended in
Pelita Ill, higher per-hectare rice yields are expected to
contribute about half of the planned increase in production

Policy makers are beginning to realize that BIMAS thin spectrum
technol ogy is probably one of the major causes of the production
shortfall and of the difficulty nmet in extending the programto
mar gi nal areas where environnental conditions differ significantly
fromthose in the conventional well-irrigated areas. |If the

BI MAS programis to performas expected in Pelita Ill, it nust

of fer technology that is nore specific to the locality and that
takes into account the larger variations in soil fertility,

wat er availability, and pest ecology. To acconplish this fine-
tuni ng of the technol ogy, researchers nust conduct adaptive
trials in all major agroclimatic areas throughout the country.

OBJECTIVES AND METHODOLOGY

Because increased rice production is a major goal of the

I ndonesi an Gover nnent and because there is a |arge gap between
farmers’ yields and potential yields under nost conditions,

i nvestigati ons have been undertaken to identify and quantify

t he physical and soci oecononic factors that contribute to the
gap. After the identification and quantification of the
contributing factors, it is expected that future biol ogical and
soci oecononmi ¢ studies will focus on the factors that woul d
yield the greatest return. Production programadm nistrators
and policy nakers may nmake program and policy adjustnents

war rant ed by the outcone of the studies.

As in the other studies reported in this volune, field
experinmentation and survey net hods, conbined with appropriate
data anal ysi s techniques, were used. Field experinentation that
enpl oyed factorial designs and a series of managenent-package
treatnents were used for identifying feasible techniques for
obt ai ni ng hi gher yields and for characterizing the biol ogica
factors that led to the yield increases. Experinments were
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conducted in farnmers' fields. O the several treatnments in each
experiment, one set was used to simulate farmers' practices.
Fertilizer and insecticide treatnments were limted to materials

available to the farner.

Surveys to determ ne the physical, econonmic, and human
resources of the farners and to characterize the institutional
structures in which they operate were used to understand why
farmers did not use the inputs needed to get higher vyields.
Data were collected from the farners in the villages where the
field experiments were conducted.

Two separate research groups conducted constraints research in

| ndonesi a. The Central Research Institute for Agriculture,
headquartered at Bogor, did its studies on the north coast area
of West Java province, an area noted for relatively low rice
yields and many environnental problens. The Faculty of
Agriculture of Gadja Mada University carried out its research
in Yogyakarta Special province, an area with very intensive rice
production and high vyields. Each group's work is reported in

a separate chapter.
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Constraints to High Yields in Subang, West Java, Indonesia

Hidajat Nataatmadja, Prabowo Tjitropranoto, Richard H. Bernsten,
Al Sri Bagyo, and Aten M. Hurun

Foll owi ng the 1975- 76 research reported in the Interim report
(IRRI 1977 ), the constraints research teamof CRI A continued
working in the sane area of West Java. The research was
conducted in the kabupaten (district) of Subang, 175 kmeast of
Jakarta. Pusakanegara, one of 11 kecamatan (subdistricts),

was chosen as the study site because its cropping patterns and
geography are representative of the north- coast area of West
Java, and it is accessible by road (Fig. 1).

Pusakanegara has a popul ation density of 570 persons/km?(1974
data fromthe kecamatan office in Pusakanegara). |Its total |and
area is 14,215 ha, 79%of which is planted to wetland irrigated
rice.

The study area is on the eastern end of the north coastal plain
of West Java, where the elevation ranges fromsea level to 256 m
Because of the relatively flat topography, inadequate field
drainage is frequently a problemduring the wet season. The soil
is classified as alluvial clay. Soil analysis for the sites
where the main wet season 1976- 77experi nents were conducted

i ndicated an average pH |l evel of 5.25. Avail able nitrogen

and phosphorus anong the sites varied; potassiumwas high at

all | ocations.

Weat her data for the 1976- 77wet season and 1977 dry season
indicate a total October- Julyrainfall of 2,890 mm conpared
with a 10- year average of 1,744 mm Mich of the above- nornal
rainfall was during February, April, and My.

The physical infrastructure serving the area is relatively

wel | - devel oped. Pusakanegara is serviced by 7.6 kmof hi ghway
and 89 kmof feeder roads (1974 data fromthe kecamatan of fice)
During the dry season, the area is integrated into the
transportati on network of the province and is well serviced by
both local and transisland vehicular traffic. But during the

*Head of Soci oecononic Department and Head of Communication
Departnent, Central Research Institute for Agriculture;

associ ate econom st, CRIA- IRRIProgramj and research assistants,
CRI A
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1. Pusakanegara Kecamatan in Subang, West Java.

wet season, 92%of the roadways are nuddy and provide limted
accessibility.

About 96% of the farmarea in Pusakanegara is irrigated.

Ei ghty- four percent of the service area is classified as technical
(high water reliability) and 16%as semnmitechnical. The Jatil uhur
irrigation system-- the source of water -- irrigates about

300, 000 ha for doubl e- croppi ng. Although the systemis capabl e
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of providing water all year- round, during noderately dry spells
all tertiary canals receive a proportionally reduced supply from

the secondary canals. |In extrenely dry seasons water is
distributed by rotational blocks. In 1974 a major rehabilitation
programcosting US$40 million was initiated to inprove water

di stribution over two- thirdsof the service area.

Government agricultural services functioning in each village
(desa) include a branch bank (Bank Rakyat |ndonesia Unit Desa)

t hat extends production credit, a general agricultural
cooperative, and agricultural extension field staff. Al npost all
farmers in the area participate in Bl MAS (Bi nbi ngan Massal or
mass gui dance) or INMAS (Intensifikasi Massal or nass
intensification). BIMAS programparticipants receive production
credit. |INMAS farnmers are generally forner Bl MAS nenbers who
are now able to finance input purchases fromtheir own resources.

To maxim ze the i npact of extension, the extension agent
organi zes contact farmers, each of whomin turn comunicates
programinformation to farner cultivators. Eight field

ext ension agents are assigned to the project area, which has
about 11, 000 f arners.

FARVMERS AND FARM TECHNOLOGY

About 90% of Pusakanegara's population is either directly or
indirectly engaged in agriculture. The |evel of technol ogy
used by farnmers is quite high because of the presence of the
Bl MAS programsince 1964. Estimates by |ocal agricultural
of ficials show that yields obtained by BI MAS participants
increased from3.1 t/ha in 1969- 70to 5.6 t/ha in 1975- 76.
These figures appear sonewhat inflated, however.

Forty- four farmers were selected at randomfroma 150- ha
production area that had been chosen to denonstrate inproved
practices to farners in Pusakanegara. Records were kept of the
farmers' activities throughout the cropping seasons. The records
gave insights into the institutions, cropping practices, and
resources available to the farmers of the area.

Seed is purchased both through the Bl MAS programand fromfree
mar ket sources. Farners sel domsave seed fromthe previous

crop. Mdern varieties have been adopted extensively. The area
planted to themwas about 78%of the rice area in the 1976- 77
wet season. Although farmers prefer the Pelita varieties, the
presence of brown pl ant hopper forced themto plant brown

pl ant hopper - resi stantvarieti es such as | R26, | R30, and | R36

as these becane avail abl e.
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In the wet season, farners generally prepare the land in
Novenber - Decenberand harvest in April- May. The dry season crop
is typically planted in May- Juneand harvested in August -

Sept enber .

Land preparation is done alnost totally by mal e human | abor as
there are only 5 two-wheel tractors and about 1,200 carabaos

i n Pusakanegara. The | abor- intensivenature of |and
preparation is indicated by both the | arge share of total I|abor
input allocated to this activity (30- 40% and the | arge

absol ut e nunber of work- daysused (Table 1). About 90%of the
| abor for land preparation is hired.

Transplanting is done primarily by hired | abor. Wen labor is
abundant, young seedlings are usually sown in straight rows.
In recent seasons when | abor bottl enecks have arisen, |ess

| abor - i ntensivescatter planting has tended to becone nore

Table 1. Preharvest |abor input in Subang, Indonesia, 1976- 772

Labor input (workdays)
Wet season (20 farners) Dry season (44 farners)

Farm task Hired Total Hred Total
DaysP |abor labor DaysP labor labor
(no.) (% (% (no.) (% (%
Seedbed preparation 5.2 72 4.3 6.2 53 4.8
Land preparation® 49.0 93 39.2 40.1 88 31.1
Transpl anti ng 17. 4 94 14. 4 26. 4 91 20.5
Fertilizer 5.7 62 4.7 5.6 62 4.4
Pest control 4.7 74 3.9 3.6 35 2.8
Weedi ng 36.7 86 30.3 42.9 88 33.1
O hers 2.4 76 2.0 4.0 52 3.1
Total 9 121.1 128.8
8\Where hired labor is used, labor input may be inflated. When

the farmer pays a day’'s wage for a given task, he reports this
activity as taking one day. Yet the |aborer may actually
conplete the work in less tine. bLabor input data were recorded
daily by the farmers. One work- day has been standardized to

8 hours of work.®Animal |abor was used only in the wet season
when an average of 1.5 days/ha was used. 9Harvest labor is
excluded because of the difficulty in measuring this input.
Previous research in lowand rice areas indicates that harvesting
with an ani-ani knife requires approximtely 11.8 workdays per
ton harvested.
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popul ar. Farmers' seedlings were often transplanted later than
the recommended age of 21 to 25 days. In the wet season when

all respondents planted internediate- maturing (140 days) Pelita
varieties, late transplanting was probably not a major yield
constraint. On the other hand, 15% of the farmers who in the
dry season planted early- maturing IRRI varieties and transpl anted
seedlings older than 30 days of age may have incurred substantial
yield I osses.

Agricultural chemicals were widely used, with fertilizer applied
at noderately high |evels. But in the wet seasons, farmers'
fertilizer applications were somewhat |ess than those recommended
by BIMAS (Tables 2 and 3). Pest control was achieved through
applications at a level higher than recomended.

Timng of chemcal application varied w dely anong farns.

Table 4 shows that triple superphosphate and urea are seldom
applied as a basal dressing. Inefficient fertilizer use is
further suggested by the practice of the 12 farmers who used a

Table 2. Average level of chemical application by farmers
appl yi ng each input. Subang, |ndonesia, 1976- 77.

Fertilizer Pesti ci de
(kg/ ha) Furadan or
Season Uea TSP2 Diazinon EC Sevin WP Ekalux G
(liter/ha) (kg/ha)  (kg/ ha)
Wet
Mean 154 43 1.9 2.1 13.5
St andar d
devi ation 58 22 0.9 1.4 10.1
Nunmber usi ng 19 12 19 10 13
Dry
Mean 208 54 2.6 2.0 19.2
St andar d
devi ation 55 22 1.7 0.8 15.5
Nunmber usi ng 44 33 41 3 33
8TSP = triple superphosphate. PEC = enulsifiable concentrate,

WP = wettable powder, G = granular.
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Table 3. Bl MAS credit packages® for irrigated rice. | ndonesi a,
(Cct ober - March) 1976- 77 (USDA 1978).

Item Packet A Packet B Packet C
Quan- Rp Quan- Rp Quan- Rp
tity val ue tity val ue tity val ue

Ur ea 200 kg 16, 000 LOO kg 8,000 250 kg 20, 000

Triple

super phosphat e 50 kg 4,000 35 kg 2,800 75 kg 6,000

I nsecti ci de 21 2,460° 21 2,460 P 21 2, 460°

Rodenti ci de 100 ¢ 230 LOOg 230 100 ¢ 230

Seed - 2,750 - - N 3,750

Spraying costs - 27000 - 2,000 - 2,000

Living expenses - 6, 000 - 4, 000 - 6, 000

Total val ue 33, 440 19, 490 40, 440

%ackage A uses HYV seed, package B uses inproved national

varieties. In 1976- 77 BIMAS instituted Package C for particular
areas where further increases in yields were believed to be
possible through additional fertilizer application. Exchange

rate: US$1 = Rp. 415. bPrice of rebottled pesticides: Rp 615/
one- half liter. Price w thout rebottling: Rp 900/liter.

second topdressing in the wet season but applied it at an
average of 53 days after transplanting. Pesticides also appear
to be applied inefficiently. Farners' first application of
insecticides diverged widely fromthe reconmendati on of 14
days after transplanting (DT) .

Weed control was achi eved by hand weedi ng, with about 70% of the
| abor provided by wonen. Al farmers used the spi ke- toothed
push weeder followed by hand weedi ng; chemnical herbicides were
never used. The typical two conpl ete weedi ngs per season
appeared to provide good control.

Harvesting was done |argely by wonen. They used the traditional
ani-ani kni fe and received one- seventhof the crop. On farns
harvested by sickle, only nen were enployed. GCenerally | Rvarieties
wer e harvested by sickle.
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Tabl e 4. Time of first application of chemical inputs. Subang,
I ndonesi a, 1976- 77.

Wet season Dry season

I nput Far ners Days after Far ners Days after

responding transpl anting respondi ng Transpl anti ng
(no.) Mean Range (no.) Mean Range
Super phosphat e 10 21 9- 83 30 10 1- 23
Urea 12 24 9- 40 37 14 1- 30
Di azi non 18 44 23- 82 38 27 14- 71
Fur adan = 11 44 9- 70 28 20 4- 60

2 Or Ekal ux.

SELECTI ON CRI TERI A AND THEI R LI M TATI ONS

The wet season research was in the same four hamlets of two
villages in Pusakanegara, where 1975- 76trials were | ocated
(IRRI 1977 , PP. 86- 119). The sites were originally sel ected
because they were representative of the range in productivity
found in the area.

In the 1977 dry season, the research continued in only one of
the four ham ets (Pusakaratu), where the extension service had
established a denpnstration area. Because it was conducted in
an area targeted for intensive extension supervision, farners'
practices may have been superior to those followed in non-
denonstration areas. The choice of the site was justified by
the aim of the research: to provide insight into the yield
potenti al under good managenent and thereby indirectly neasure
the inpact of an intensive extension effort.

RESEARCH METHODOLOGY AND PREVI QUS FI NDI NGS

Methodological appoach

For two previous seasons (1975- 76wet seasons and 1976 dry season),
the anal ytical procedure was designed to estinmate the three
hypot heti cal production functions shown in Figure 2.

Curve | represents the production function associated with a fully
controll ed experinment at the research station. Curve Il represents
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Yield (t/ha)

Mo e N
x___—...—________—_—__

opt
Input level

2. Curves representing three hypothetical production functions for
the Indonesian study of the constraints to rice yields, 1975-76.

t he production function characterizing the farners' field experinents
Curve |1l represents the production function facing farners.

Wth X, representing the optimal input level for Curve 11, the
gaps are identified as foll ows:

= first order gap due to factors that can be controlled

& at a research station but not in farners' fields. This
gap cannot be avoi ded.
g - technical efficiency gap at the hypothetical optinmm

This results fromfarmers' incorrect use of the inputs.
Wth the average farmers' input at X;, then:

= farmtechnical efficiency gap arising fromfarners'
incorrect input use.

e

= farmal locative efficiency gap due to farners'
subopti mal input use.

Because of serious pest infestation, it was inpossible to estimte
meani ngf ul production curves. Even wi thout serious pest infestation,
the precise data requirenments may nmake the procedure inappropriate.
For this reason, the sinpler and nore straightforward techni que for
identifying the gap was adopted, as outlined in the nethodol ogy
paper (Gonez, this volune).
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In the experinents, the concept of comparable paddy or typical

farmers' practice was not used. It was realized from the
begi nning that the variation in farners' practices was so | arge
that it would be difficult to select the typical farner. |Instead,

average farners' practices were determ ned froma baseline survey
conducted in 1974, and farners' treatnent |evels were made
approxi mately equal to those |evels.

The experimental design

The 1975- 76experinents had two | evel s of |and preparation including
weeding (L, and Ly, three levels of fertilizer (F, F,, and Fy,
and three levels of insecticide (l,, I,, and I 9. The so- called
managenent packages (M, M, M, M, and My were not explicitly
included as plots, but certain treatnent conbi nati ons were sel ect ed
ex post to approximate incrementally higher input intensities.

Four ham ets in Pusakanegara -- two in Pusakaratu and two in

Kar anganyar -- were chosen as the experinental sites. A factorial
designwith two replications at each site was used. Five

suppl enental trials were | aid out near each factorial experinent,
using input levels I, I, F; and F, to neasure the insecticide
and fertilizer response under farmers' nmanagenent. To test the
ef fectiveness of the entonol ogi sts' fixed- packagetechnol ogy, it
was agreed that no other treatnent would be applied, evenin
cases of high insect incidence.

The results of the earlier wet and dry season (1975- 76and 1976)
experinments were revealing. The fixed- packagepest control
treatnent failed to protect the crop fromextensive pest danage.
Dom nant pests, in order of inportance, were stemborers, rats,
and gall mdges. Brown planthoppers al so appeared toward the
end of the season and arny worns damaged sone of the experinents.
In the dry season many plots suffered fromdrought. Consequently,
no neani ngful yield differences associated with the treatnent

| evel s or between the supplenental plots and the factorial
experinments were observed. Yields averaged only 2.5 t/ha. The
maj or constraint to high yield during the 1975- 76wet season was
the ineffectiveness of the fixed- packagepest control technol ogy.
During the dry season, it was |ack of water.

| DENTI FYI NG Bl OLOG CAL CONSTRAI NTS

The study reported here is a continuation of the 1975- 76research.
A nore conprehensive eval uation of the 1975- 76study is in Yield
constraints to high yields on Asian rice farms: an interim report
(IRRI  1977). The previous research identified little or no

pap between farnmers' actual and potential yields, even if nore
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of the readily avail able inputs had been used. |t suggested that
an i nprovenent in the reconmendations for insect control would
be needed to increase yield substantially. The trials also

poi nted out the inportance of urea application for high rice
yields. Consequently, the 1976- 77research focuses only on
insect control and urea application.

Experimental design

Al'l experinents were conducted in Pusakanegara, Subang district,

West Java. The four wet season sites -- two in (Pusakaratu village
and Curugjati) and two in Karanganyar vill age (Karanganyar and
Kubangj aran) -- are shown in Figure 3.

The wet season research consisted of a main experinment (factorial)
surrounded by five supplenental trials at each of four sites.

One crop- cut was al so taken fromthe farner's rice field adjacent

to each suppl enental experinent. Both the nain and the suppl enental
experinments were planted in Novenber 1976 in the fields of farnmers
who used the Mass Gui dance (BI MAS) package.

A split- plot design was used in the main experinment, wth
fertilizer as the main plot and insecticide as the subplot (Table
5). Al participating farmers grew the Indonesi an- bredvarieties
Pelita I/1 and Pelita I/2.

Because the nunmber of brown pl ant hoppers caught in a light trap
rose from135 in Decenber 1976 to 6.4 mllion in March 1977, the
follow ng additional insecticide treatnment was applied to all
plots in the main experinent:

1. Two applications (at 70 and 84 DT) of Furadan 3G, 20 kg/ha
per application.

2. Six applications (at 3- dayintervals starting at 56 DT)
of 3.5 kg Sevin 50 (WP)/ha per application.

The suppl enmental experinments used two |levels of fertilizer and
insecticide (Table 6). These levels were the same as F,, F; Iy,
and | 3 in the main experinent, except that the plots were not
given the additional insecticide treatnent.

In the 1977 dry season, only the suppl enental experinents were

continued. Two levels of insecticide were applied on plots in

farmers' fields in the extension denpnstration area of Pusakaratu
village (Table 6). The selection of that site coincided with the
establ i shnent of a new denobnstration area where the BPH- tol erant
varieties |R26, IR30, and I R36 were grown. The area was divi ded
into 4 sections, covering a total of about 120 ha of rice fields.
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Tabl e 5. Experinental factors and levels used in the main
experi ment . Subang, |ndonesia, 1976- 77 wet season.?
Application

Code Tr eat nent Met hod Ti me

Mai n_ pl ot Fertilizer

= 100 kg urealha BC T, 21 DT and PI
1 50 kg TSP/ ha BC T

E 200 kg urealha BC T, 21 DT and PI
2 50 kg TSP/ ha BC T

= 200 kg ureal/ha DP T, 21 DT and PI
3 50 kg TSP/ ha BC T

Subpl ot I nsecti ci deP

2 liters Diazinon 60 (EC)/ha FS 14, 42 and 70DT
4 liters Diazinon 60 (EC)/ha FS 35, 63 DT

50 kg Ekal ux 5G ha BC 14, 35 Dr

Moni t ori ng - when needed

8TSP = triple superphosphate, DT = days after transplanting,
T = transplanting, Pl = panicle initiation, BC = broadcast,
DP = deep placenent, FS = foliar spray. PExtra treatnent:
Furadan 3 G at 70 and 84 DT, 20 kg/ha per application;

6 applications of Sevin 50 (WP), applied at 3- day intervals,
starting at 56 DI.

Ten suppl enental experinments were placed in each section. In
addition, crop-cuts were taken from farners' fields adjacent
to each suppl enental experinental plot.

Evaluation of the yield gap

In the main experinent in the wet season, the high input |evel
produced an average yield of 5.4 t/ha (Table 7). In contrast,
yields averaged only 3.6 t/hawith simulated farmers' input
levels. O the gap of 1.7 t/ha, about 0.2 t/ha can be attri buted
to high fertilizer and 1.6 t/ha to high insect control (Table 7).

Data fromthe nmain experinent showed that insecticide consistently
increased yield at all sites except in Pusakaratu (Table 8).
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Tabl e 6. Experinental factors and levels used in the
suppl emrent al experinments. Subang, |ndonesia, 1976- 77. 2
l'ication
Anmount App
Tr eat nent Mat eri al (kg/ ha) Met hod Tinme?®

Wet  season

F Urea 100 BC T, 21DT, PI
TSP 50 BC T
Fs Urea 200 DP T, 21DT, PI
TSP 50 DP T
ly Di azinon 60 (EC) 2°¢ FS 14, 42, 70DT
Furadan 3G ¢ 40 BC 70, 84DT
Sevin 50 W ¢ 21 FS 56, 59, 62, 65, 68, 71DT
I Ekal ux 5G 50 BC 14, 35DT
Fur adan 3G¢ 40 BC 70, 84DT
Sevin 50 wp¢ 21 FS 56, 59, 62, 65, 68, 71DT
Dry season
" Furadan 3G 30 BC 14, 42, 70DT
Di azinon 60 (EC)  2° FS 35, 63DT
| Furadan 3G 50 BC 14, 35, 56, 77DT
Bf MAS Di azinon 60 (EC) 2° FS 35, 63DT

TSP = triple superphosphate, DT = days after transplanting,
T = transplanting, Pl = panicle initiation, BC = broadcast,
DP = deep placenent, FS = foliar spray.

b Total anpunt split equally between times of application.

¢ liters/ha.

Applied only on the main experinments, and not on the supplenental
trials.

Yi el ds were highest on plots receiving 50 kg Ekal ux 5G ha (1.

In addition, |5 gave a significant increase in yield over I,

(4 liters Diazinon 60 (EC)/ha), although the active ingredients

of the insecticides were simlar. On the other hand, the 2- and
4- liter Diazinon 60 (EC)/ha treatnents (l,vs |,) gave significant
yield differences inonly 2 |ocations.
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Table 7. Yield gap and contribution of each factor in main

experiments on four farns. Subang, |ndonesia, 1976- 77 wet season.
Yield (t/ha) Contribution (t/ha)
Site H gh Farmers'? Gap Ferti- Insect Resi dual
i nputs i nputs lizer control

(F3l3) (Falq)

Pusakar at u 4.7 3.9 0.8 0.1 0.5 0.2
Curugj ati 6.0 3.9 2.1 0.2 1.5 0.4
Kar anganyar 5.5 4.1 1.4 0.2 1.7 -0.5
Kubangj ar an 5.3 2.7 2.6 0.1 2.6 0.0

Aver age 5.4 3.6 1.7 0.2 1.6 0.0
dSinulated farners' levels of input use based on reconmendation
(Fylq4) . But late in the season a protective insecticide treatment
was added to reduce brown planthopper danage. The additional

insecticide application raised the |, level substantially above
farmers' actual pest control practices.

At Pusakaratu, the interaction between insecticide and fertilizer
was significant. The high level of insecticide (l3) resulted in
hi ghest yi el d when conbi ned with the highest level of fertilizer
(F3). The lowest insecticide treatnent (1) yielded best when
conbined with the | owest fertilizer level (F).

In the wet season suppl enental experinents, the high |evel of
insecticide(l3) gave a higher yield than either the |ow | evel

(l4) or the farmers' level at all sites except Curugjati (Table 9).
The effect of the high level of fertilizer (F3) varied fromsite
to site, and the low level (F;) resulted in a |ower yield than

at the farners' level. The yield variation m ght be the result of
both the brown pl ant hopper outbreak and variations in the farnmers'
input levels (Table 2). For exanple, the farnmers in Curugjati and
Kubangj aran, who used nore insecticide than those at other sites,
obt ai ned hi gher yields at farners' input |evels.

In the 1977 dry season, the supplenmental plots given the high Ievel
of insecticide (1,) yielded 4.8 t/ha (Table 9). In contrast,
actual farnmers' yields averaged 4.1 t/ha. Farners' insecticide

| evel (Table 2) was slightly higher than the recomended Bi nas
rate, but it was lower than the I;level (Table 6). The results
in both seasons confirmthe inportance of insecticide as a yield-
i ncreasi ng technol ogy.
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Tabl e 8. Yield (t/ha) in the main experinent. Subang, | ndonesi a,
1976- 77wet season. @

Yield (t/ha)
I nsecticide Pusakar at u Cur ugj ati
Fl F2 F3 Mean Fl F2 F3 Mean

4.1 3.9 4.1 4.0 c 3.6 3.9 4.1 3.9 ¢
3.5 3.4 3.5 3.5 d 3.7 4.2 4.1 4.0 c
4.3 4.7 4.7 4.6 b 4.9 5.1 6.0 5.3 b
3.1 3.6 3.8 3.5d 4.4 4.0 4.0 4.1 c

Mean 3.8 3.9 4.0 3.9 4.2 4.3 4.6 4.4

Yield (t/ha)
I nsecticide Kar anganyar Kubangj ar an
Fl F2 F3 Mean Fl F2 F3 Mean

3.2 4.1 3.7 3.7¢c 2.4 2.7 2.9 2.7 d

4.8 3.8 4.4 4.3 bc 3.2 4.0 3.7 3.6 ¢

5.5 5.1 5.5 5.4b 5.2 53 53 5.3 b

3.6 3.9 4.4 40 ¢ 3.2 2.7 3.3 3.1c

Mean 4.3 4.2 4.5 4.3 3.5 3.7 3.8 3.7

@Nunmbers followed by the same letter within the colum do not
differ significantly fromeach other at the 5% evel .
I and F levels are defined in Table 5.

DI SCUSSI ON

The experinments showed that insect control contributed
significantly to increased yields, especially in the 1976- 77 wet
season when the study area was seriously infested with brown

pl ant hopper. The intensive protection applied to the high input
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Tabl e 9. Yield in supplenmental experinments and adjacent farmers'
fields. Subang, Indonesia, 1976- 772

Yield (t/ha) at input |evel

; " b
Site Farmers F, Fs

I, 1419°  Main, high?

Wet  season

Pusakar at u 0.6 0.5 0.8 0.6 1.4 4.7
Curugj ati 0.7 0.7 0.7 0.7 0.7 6.0
Kar anganyar 0.4 0.4 0.4 0.9 1.4 5.5
Kubangj ar an 1.4 0.9 1.2 0.9 1.5 5.3

Av 0.8 0.6 0.8 0.8 1.3 5.4

Dry season

Pusakar at u 4.1 - - 4.5 4.8 -

8experinmental results based on 5 trials/per hanlet in the wet
season and 40 trials in the dry season.

bEst i mat ed by crop- cut.

®The high insecticide level was I3 in the wet season and I, in
the dry season.

4The Fid 3 level used in the main wet season experinent.

plots (Flzin the main experinent) resulted ina 3.9 to 5.3

t/ha yield gap between the yields of such plots and farners'
yields estimated by crop- cuts(Table 9). Wthin the main
experinments' intensively protected plots, insect control
contributed from0.8 to 2.6 t/ha to the yield gap between the
high input |evel and the sinulated farnmers' input |level (Table 7).
Wthin the regular protected plots in the suppl enental experinents,
the high | evel insect control (l3) contributed an average of only
0.5 t/hato theyield gap (Table 9). In the 1977 dry season,
when all plots used brown pl ant hopper - resistant varieties, the

hi gh- | evel i nsect control contributed 0.7 t/ha to the yield gap
(Table 9). The data indicate not only the contribution of insect
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control but also the inportance of using the proper rate and kind
of insecticides for a given field situation. Wth a severe pest
out break, a nmuch higher than normal rate of insecticide nust

be applied

Anot her inportant point reveal ed by the experinments was that at a
conparabl e | evel of active ingredient, the granular insecticides
provi ded nore effective protecti on agai nst pests than the liquid
formul ati ons, perhaps because greater skill is needed in applying
liquid insecticides.

Finally, farners' yields were higher in the dry season than in

t he wet season because of the use of brown pl ant hopper - resi stant
varieties (IR26, 1IR30, and | R36) and the decline in the pest

popul ations, especially of brown planthopper. But part of the
yield difference between seasons could al so be the result of

the effectiveness of nitrogen fertilizer. The farners used

hi gher | evels of nitrogen in the dry season (Table 2). In
addition, the dry season rice plants were not seriously danaged
by pests, climate was favorable, and adequate irrigation water
was avail able. Such conditions provided a better environnent

for effective use of the available nitrogen by the crop. Yet,
the small contribution of fertilizer to the yield gap in the main
experinment, which was intensively protected against pests
indicates that fertilizer efficiency was | ower during the 1976- 77
wet season.

IDENTIFYING SOCIOECONOMIC CONSTRAINTS: ECONOMIC ANALYSIS OF THE
YIELD GAP

In the Subang research trials, farners' practices were simul ated
but not replicated. As a result, no plot accurately reflected
farmers' practices and associated yield. |In this analysis the
survey data, crop- cutestimtes of farners' yields, and the
experinment results are all used to evaluate the econom cs of input
use.

The yield gap identified during the 1976- 77wet season was 4.6
t/ha -- the difference between farners' crop- cutyields and the
maxi mum experimental plot yield. There was a difference of 1.8 t/ha
bet ween the | evel representing farners' practices and the nmaxi num
experinental yield (Table 9). Wth the prices paid by farners and
input levels they applied (Table 5), the partial budget analysis
for farmers' levels and the maxi mum- yi el dinput |evels was
calculated (Table 10). The maxi mumlevel of inputs increased

out put by Rp 230,000 over farmers' gross return at an added cost

of Rp 53,726. Consequently, the maxi numinput package gave a
mar gi nal benefit- costratio of 3.3. The difference between the
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Tabl e 10. Partial budget analysis of the main experinents.
Subang, |ndonesia, 1976- 77 wet season.?
I nput level Yield Val ue Ferti - I nsecti - Tot al Net
(t/ha) of l'izer cide cost return
product (Rp/ ha) (Rp/ha) (Rp/ ha) (Rp/ha)
(Rp/ ha)
Farmers'
crop- cut 0.8 40,000 12,040% 4,728° 16, 768 23, 232
Low,
experi nent © 3.6 180,000 17,5007 32, 700f 50,200 129, 800
Maxi mum,
experiment' 5.4 270,000 17,5007 53, 000 70,500 199, 500

Di f f: maxi num
-farners 4.6 230, 000 5,454 48,272 53,726 176, 274

Di f f: maxi num
-1 ow 1.8 90, 000 0 20, 300 20, 300 69, 700

8 n 1976- 77 farmers paid the following prices for input: urea
and triple superphosphate, Rp 70/kg; Diazinon, Rp 900/liter;
Sevin, Rp 900/kg; Ekalux 5G Rp 500/Kkg; Furadan, Rp 200/ Kkg.
Farmers received Rp 50kg for their paddy. PFar ner s’ yield
taken from crop- cut of 20 farners' fields (Table 9).CLow Ievel
was F,l; in experinent (Table 7). dVaxi mum yield represents
Fslg in 4 main experinments (Table 9).C®Farnmers’ input cost

based on average input levels applied (Table 2). f Experi nent al
i nput costs based on experinental input levels (Table 5).

maxi rum and |l ow |l evel in the experinent also showed a very
attractive return to high inputs.

The suppl emental experinments in the wet season provide another
estimate of marginal returns to higher input levels (Table 11).
For fertilizer, an increase in expenditures fromRp 10,500 (F;)
to Rp 12,047/ ha (farmers' |evel) gave a marginal benefit- cost
ratio of 5.5, but a further increase to Rp 17,500 ha (F3) reduced
net returns. For insecticide, an increase fromRp 1,800 (l,) to
Rp 4,728 (farners' level) reduced net returns by Rp 2,928, the
val ue of the additional insecticide. A further increase in

i nsecticide expenditures to Rp 25,000 ha (13) resulted in a

mar gi nal benefit- costratio of 0.23.
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A conpl ete budget analysis of farners' net returns shows that
average farmers' |osses were Rp 48, 656/ ha during the 1976- 77wet
season when cost of production included that of seed (Rp 3, 750),
fertilizer (Rp 12,047), insecticide (Rp 4,752), hired | abor

(Rp 60,644), and land rent (Rp 7,463). Only 5 tenants or

| easehol ders paid land rent. Their average expenditure was

Rp 29, 855/ ha per season.

If farners had used the maxi numlevels of insecticide and
fertilizer (Fsl;) enployed in the nmain experinent, their net
returns woul d have been Rp 71,560 ha. This figure slightly
overestimates net returns because two of the 20 farmers in the
sanpl e were share- tenantswho woul d have paid a higher rent if
yi el ds had been at the F3l3 level. Al so, the higher input

| evel s woul d have required slightly higher costs for fertilizer
and hired | abor for pest control.

Partial budget analysis of the dry season suppl enental
experinments showed that increasing insecticide intensity from

Rp 4,768/ ha (farmers' level) to Rp 7,800 ha (14) increased the
val ue of output by Rp 28,000 ha, resulting in a nmarginal benefit-
cost ratio of 9.2. Farnmers received Rp 70 kg of paddy.

A further investment in insecticide (up to Rp 10,000 ha, or |,
increased gross returns by an additional Rp 21,000 and gave a
mar gi nal benefit- costratio of 9.5.

Tabl e 11. Partial budget analysis of supplenental experinents.
Subang, |ndonesia, 1976- 77 wet season.
I nput Yield Val ue of I nput cost Net returns
I evel = (t/ha) product (Rp/ ha) (Rp/ ha)
(Rp/ ha)
Fertilizer
F. 0.6 30, 000 10, 500 19, 500
Farners’ 0.8 40, 000 12, 047 27,953
= 0.8 40, 000 17,500 22,500

| nsecticide

I, 0.8 40, 000 1, 800 38, 200
Far mers 0.8 40, 000 4,728 35, 272
1.3 65, 000 25, 000 40, 000

a nput levels are defined in Table 5.
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A conpl ete budget anal ysis of farnmers' net returns shows that
average farmers' profits were Rp 109, 119 during the 1977 dry
season. Cost of production included expenditures for seed

(Rp 3,750), fertilizer (Rp 17,290), insecticide (Rp 4,768), hired
| abor (Rp 83,667), and land rent (Rp 68,256). Only 22 tenants or
| easehol ders paid land rent. Their average expenditure was

Rp 136,512/ ha per season.

If the farmers had used the high | evel of insecticide (Ij)

enpl oyed in the suppl enental experinments, their net returns

woul d have been Rp 145,257. This figure overestimates actual
net returns since share-tenants woul d have paid a higher rent. if
yiel ds had been at the |5 level.

Constraints to higher input use

The partial budget analysis indicates that, on the average,
farmers were using close to the optimumfertilizer |evel, even
though it was only two-thirds of the Bl MAS reconmendation for
the wet season. Farmers' reluctance to use the BI MAS | evel of
fertilizer appears rational in the Iight of the experinental
results. Wen asked why they applied | ess than the recommended
level, 50%of the farnmers cited aversion to debt and 35% | ack
of capital; 15%believed the suggested | evel was too high.

It is probable that the farners who used either the Bl MAS
recommendati on or a higher level were in a better capital
position and could better afford to risk a large |oss should
crop failure occur.

Table 12. Technical inefficiency in insecticide usage,
International R ce Agro-Economic Network (IRAEN) field
experiments. Subang, |ndonesia, 1976-77 wet season.?
Farrrgrs Nunber Av Farmers'’ Av g
expendi ture . } .
for of expendi ture av yield yield
i nsecti ci de farners (Rp/ ha) (t/ha) (t/ha)

<Rp 1800 5 962
>Rp 1800 13 4675

eo
© N
e o
® o

8The analysis excludes 1 farmer who spent Rp 1,800 ha and
anot her who spent Rp 15,200 ha.
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In the wet season when insect damage was severe, the farners on
t he average applied 92% (in value terns) nore than what was
reconended. Seventy- fivepercent of the respondents said they
didsoto ensure high yields. Yet, the partial budget analysis
shows that farners' insecticide | evel was suboptinmal. The
farmers' failure to respond to the insect probl emwas probably
due to its unprecedented nature. The control obtained in the
mai n experinmental plot (F:ls) was achieved at an application
level 29 times greater than the BI MAS recommendation. It is
unreasonabl e to expect farnmers to take the initiative to apply
such high insecticide levels: the cost is beyond their financial
means, and purchase coul d not be financed through BIMAS. The
Bl MAS program coul d provide only the reconmended i nput |evel.

i nput | evel .

Technical inefficiency - a contributing factor to the yield gap

Yield may be thought of as a direct consequence of both quantity
of inputs applied and quality of input usage. Hi gher |evels of
inputs applied incorrectly may not increase yields. |nsecticides
are chemicals too conplex for farnmers to utilize. Mst are
toxic only to specific insects, can be washed off by rain,

may require being placed on a specific part of the rice plant,
and nust be m xed correctly.

The possi bl e exi stence of technical inefficiency is suggested by
the results of the wet season suppl enental experinents. Farners
applied nore than 2.5 tinmes the value of insecticide used in | _,
but harvested the same anpunt of grain (Table 9). Partitioning
of the data shows that the five farmers who used the | ;
insecticide |l evel costing |l ess than Rp 1,800 had yields of 0.2
t/ha, conpared with the yield of 0.6 t/ha on the |, plot

(Table 12). In sharp contrast, farners who spent nore than

Rp 1,800 ha (average expenditure, Rp 4,675/ ha) achieved yields
of 0.8 t/ha -- the sane as on the I, plot where only Rp 1,800
was spent to protect the crop. Although farners did not
necessarily use the sane chemical for insect control that the
experinmenters applied on | ., the results provide strong evidence
of the probabl e existence o]T technical inefficiencies in
insecticide use. This hypothesis could not be tested on the dry
season data because farners applied a | evel of insecticide |ower
than the I, experinmental |evel.

The cause of the observed technical inefficiency is an inportant
research issue. |In the dry season, each respondent was asked
whi ch chemi cal should be used to control stenborer, gall m dge,
and brown pl ant hopper. Table 13 suggests that farners'

knowl edge of the correct insecticides for the control of brown
pl ant hopper is low, only 51%gave the right answers.
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Tabl e 13. Farmers' responses to questions indicating know edge
of insecticides for controlling pests. Subang, |ndonesia, 1976.
Responses (%
Pest W ong Partly Correct
correct

St enmbor er 13 27 60
Gal |l m dge 15 25 60
Brown pl ant hopper 23 26 51

Percent of total 17 26 57

A poi nt - scoringsystem (correct = 2, partly correct = 1,

wong = 0) was used to evaluate the distribution of farners'
conbi ned insectici de- know edger esponses. The data showed that
15% answered 0- 2questions correctly, 43%answered 3- 4correctly,
and only 42% answered 5- 6correctly. It appears that a large
portion of the observed technical inefficiency in insecticide
use is due to farmers' |ack of know edge of correct practices.

Previously presented data docunenting farnmers' fertilizer and
pest - control practices give further evidence of incorrect

i nput use (Table 4). In the wet season, the farners' first
application of triple superphosphate and urea was at an average
of 21 and 24 days after transplanting (DT), respectively.

The first dosage of both granular and sprayabl e insecticide

was not applied until 44 DI. The dry season cooperators were

all located within the intensively serviced denonstration area.
They applied their first fertilizer 10-11 days before the

farnmers observed in the wet season did. They applied insecticide
17 to 24 days earlier than the wet season cooperators. |t appears
that the intensive extension project inproved farners' managenent
practi ces.

Finally, because the governnment plays a critical role in the

I ndonesi an rice production mlieu, farmers were asked their
expectations regarding the role government should play in
increasing rice production. Twenty- eightpercent cited the need
€or governnment to provide inputs at the correct tinme, 23%wanted
credit for the purchase of a tractor, and 23% suggested areaw de
pest control. The data indicate that the |ate application of
chenmicals due to their unavailability may be an additi onal
source of technical inefficiency.
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SUMVARY AND CONCLUSI ON

The constraints experinments conducted during the 1976- 77wet and
dry seasons provided sone useful insights into the rice farmng
situation in Subang, West Java. The experinents showed t hat
insect control is the nost inportant factor contributing to the
gap between the yields obtained at farners’ input |evels and
those at high input levels, and that the effectiveness of various
level s of fertilizer appli