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Introduction

MARK W. RuSEGRANT

Technological progress in agriculture is crucial for alleviating poverty in

. . ;~;~~~~~~ g~~~~i~p~~~~ ~~s~~;~:~ t(a~~~~~~::~~s:r:x~~;~~~i~~ ~~;(o~~
ment opportunities for the poor, and hence a permanent solution of the

poverty problem, is virtually impossible in most developing countries without technolog
ical innovation.

BLJf,aTthough scientific advances are ciearly the most important precondition for
technological progress in agriculture, such progress also depends on appropriate
policies, particularly in the developing world environment. At the early stages of
economic development, policies are needed that provide the appropriate socioeco
homie, 1nstitutional, alldinfrastrudliral backdrop for'effiCient development, ai8S8mination,
and use of new technologies. .

The International Food Policy Research Institute's research on technology policy, /
which examines how public policies on technology can influence the potential for
improvement of agricultural productivity; is divided into four areas: (1) agricultural
research and the develQpment and dissemination of new technology, (2) investment
policies, (3) policies to encourage the use of productive inputs, and (4) pricing policies.
It is increasingly oriented to assessing whether agricultural production technologies are

. appropriate to the physical, social, and economic environments of developing countries.
And,·aithough 'newtechnoiogies 'are·essentiaifor 'agriculWral' productivity growth,·' ir is
also. essential that the growth they engender be sustainable and that any adverse
effects on the environment be minimized.

In July 1990 in The Hague, IFPRI held a seminar on ''Technology Policy for
Sustainable ,i\gricultural Growth." The policy briefs collected here, prepared for that
seminar, aim to identify the roles of research, infrastructure, credit, and pricing policies,
as well as policies to encourage the efficient development and utilization of inputs such
as irrigation, fertilizer, and improved seed varieties. They encompass a wide range of
policies that taken together contribute to an overall technology policy for stimulating
sustainable agricultuml grow1h in developing countries.
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Agricuttural Productivity Growth and
the Structure and Organization of
Agricutt...CI1 Research

PETERORAM
- - --- - --- - --

A grk:u.ltura.1 r.es.ea.rch is crucia.1 to the development of sustainable new techniques of agricul-
tural proejugtign that are appropriate to the
physical, social, and economic environments of

developing countries. Thus it is encouraging to note a
considerable expansion of international and national sup
port to agricultural research during the last two decades.
Ihis can be attributed partly to the successful deVEHdprtierit
and widespread use of the high-yielding varieties 'Of rice
and wheat since the late 1960s, and to ttie related
establishment of the Consultative Group on International
Agricultural Research (CGIARI in 1971. This new and
successfUr venfurein international assistance has been
accompanied by increased international and bilateral
donor support to agricultural research, and also by
expanded government researcb ~ffgrts in the developingcountries themselves. .. . _.

As a result of these global developments, agricultural
research expenditures in and on behalf of the developing
countries have tripled since 1970 in (eal terms and now
exceed $2, billion. The number of scientisisindelieioping
countries has been accelerating, increasing 35 percent
during 1970-75,30 percent during 1975-80, and 52 percent
during 1980-85. In total, the number of researchers now
exceeds that in Western Europe, Ngrtb America, Japan;
and Oceania combinea, although their level of training is
generally lower and funding per scientist varies greatly.

This expansion represents significant progress toward
creating a strong base for technological change, but it
should not be regarded with complacency. The balance
between food supply, employment, and popUlation growth
remains precarious; experimental yields of some major
staple crops seem to have reached a ceiling, and unprece
dented stresses created by human activity urlpr~cjigtCibly
threatent~ytobaienVitonhlent. Thus new demands will
be made on research while existing pressures continue.

On the supply side, much remains to be done to
strengthen agricultural research capability. Analysis of the
current §tCitus of national systems in developing countries
reveals widespread problems. While some of these can
only be tackled successfully by individual countries, they
collectively pose a challenge to the international research
community as a whole.

CURRENT PROBLEMS
Although the growth in numbers of scientists has been
impressive, it has been rising more rapidly than research

funding, leading to a disproportionate expenditure on
salaries and diminished availability of funds for operational
purposes. In additiorT,· researchresourtes are significantly
skewed. Seventeen countries, each having 1,000 or more
researchers, compose 83 percent of all developing-country
agricultural scien-tfsts; of these 78 percent are located in
Asia, but in all r~gigll§ except Sub-Saharan Africa, national
agricultural research systems (NARS) with more than
1,000 scientists represent 60 percent or more of all
agricultural research staff. Conversely, there are about 45
countries with less than 50 scientists, mainly small coun
tries in population and economic resDorces,lqcated
principally in Sub-Saharan Africa, West Asia, and the
Caribbean and Pacific. They represent about a quarter of
all developing nations. How to help them cope with their
agricultural problems is adifficuit chailenge. ..-

The share of national wealth allocated to agricultural
researc)l by many developing countries is still well below
the normative 1985 target of 1 percent of agricultural GDP
recommended by tb~ 1975 World Food Congress, or the 2
percent advocated by the World Bank in 1980. Some of the
largest countries in area and population are spending less
than 0.5 percent of their agricultural GDP, whereas several
small countries spend more than 1 percent. However,
when the relative strength and fleXibility of the NARS-lhthe
large countries is compared with the lack of a critical mass
of personnel in the small countries, it cannot be said that
the latter have more effective systems, even though they
are spending more per capitCi gil research. Most other
I'1brmafhje criteria for judging the effectiveness of research
systems are equally flawed. Recent work by ISNAR shows
that large errors in comparing expenditures across coun
tries can result from different methods of currency conver
sion, Ihis is an important area for policy-oriented research.

The same comment applies to criteria for determining
research priorities as a means of allocating resources to
agricultural research. Various scoring and weighing sys
tems have been devised, and some are ~E)iQg used, but
they tend to rely neCl.\iily o-n subjective judgments, while
other approaches such as congruence analysis are biased
against commodities of low current value even though they
may have a high potential. Most approaches are more
useful for determining commodity priorities than for allocat
ing resources to farming systems, environmental, or social
science research. Ongoing work on improving methodol
ogy therefore merits close international attention.

The quality of scientific staff is extr~m~ly uneven, ""ith a
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majority only having a first degree. AltbQugb tbe RroRortion
with a domestic master's degree is rising, many countries
depend heavily on overseas training for Ph.D's. Only 16 out
of 90 countries for which data exist have more than 20
percent of staff trained to the level recommended by the
"'Vorld Bank for 1990.

There is a serious shortage of trained computer, labora
tory, engineering-; and maintenance technicians. Few
countries have more than one per scientist, and facilities
Cire geOerfilly Rggr fgr training technicians. So is 'their
status: university graduates do not generally seek employ
ment as research technicians, although a bachelor of
science-degree is desirable in many technical fields.

There are serious gaps in disciplinary coverage. A study
of 15 countries of \A/est Asia and ~Jorth Africa by the author
shows that there is a heavy emphasis on crop improve
ment (especially plant breeding, path010gy, entomology,
and nutrition), with considerably less resources being
devoted to land and water resource management, engi
rieering,postharvesttedlnorogy, .a-nd'marketlhg; soCial
sciences; and animal sciences, where improved nutrition
and management are accorded lower priority than veteri
nary science. Data for other regions collected at IFPRI and
not yet pUblished largely confirm these findings. Whether to
continue to reinforce current strengths or to adopt a gap
filling approach, geared to meeting future priorities, is a
difficult decision for research directors, since the latter is
likely to require changes in overseas training priorities as
well as Tndomestit University cuniwiaarTd admission
policies.

Universities in developing countries are often poorly
linked to the NARS, both with respect to their teaching
policies'ana their researcfiprograrns.Jointstudiesto
determine future demand for trained personnel are the
exception rather than the rule, nor is there follow-up on
graduate employment as a guide to policy. Universities are
commonly in the Ministry of Education, whereas NARS are
in the Ministry of Agriculture, but this should not serve as
an excuse for lack of collaboration. As the demands of
research become more exacting, closer cooperation
between NARS and the universities will be essential. Any
tendency by agricultural universities or by research insti
tutes to operate an agricultural "closed shop" is likely to be
self-defeating: a broader base of science (biotechnology,
ecology, climatology, hydrology, agroforestry, and econom
ics) will be required in tbe future if §u§tCiiOCigle il1greases in
productivity are to be achieved. .

The private sector has yet to play an effective role in
~agricultural research in most developing countries. Gov
ernment policies have often discouraged private initiative;
hence even when they aie dramatically -reversed, as in
Bangladesh since 1988, there may be a void. It is important
that governments seek to capitalize on the comparative
advantage of the private sector by offering incentives to
research investment (for example, in livestock, horticulture,
forestry, orinpu(use), whilenof withdrawing support from
public-sector research institutions to undertake tasks less
attractive to private enterprise, such as the improvement of
self-pollinated staple food crops, agricultural diversification,
farm~ng systems, -and speculative research on developing
areas of apparently low agricultural potential.

The latter presents thorny problems. Much depends on
whether the potential is intrinsically low because of major
~nvironm~ntClI d~f~ct~ (such Cis flooding, aridity, salinity, or
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topography), or because of remoteness, lack of investment,
1()0population de-nsTty~or controllable diseases. If IS difficult
to argue that an unpromising area should be given priority
in the allocation of research resources merely for social
reasons: other solutions should be sought for social
problems that agricultura! research is unlikely to be able to
solve. Where there is an apparent potential, but one that
may require major investment for its solution (in infrastruc
ture, irrigation, drainage, sponsored migration, and human
services, for instance), economic analysis should be
appllea -toass[slresearcnpoiicymakers'irrdecidfITg how
much and what type of resources to allocate.

Decisionmaking with respect to regional allocations of
resources can be enhanced by agroecological character
ization and the establishment of aeoaraohical information
systems. This can provide the basis for developing'an
effective national network of regional research stations and
on-farm trials, as has been the case at the state level in
India. The greater precision this offers for matching
r8searchresourcBS to regional potential and for effective
transfer of technology to producers should help to lift
agricultural productivity above its plateau of the late 1980s,
especially in Asia. However in establishing regional sta
tions, it is essential to giv~ §trQog gCigki l19 to outposted
staff: morale problems often arise because staff feel at a
disadvantage technically and socially and when it comes
to promotions, compared with headquarters staff.

Most senior managers in NARS lack professional train
ing-in- management. This paiadox is largely the result of
hierarchical systems of promotion. Not only does the
approach to selecting research directors need to be based
more on qualifications and performance rather than merely
orr s'Bniority, but a specific effort needs to be made to train
potential leaders in the techniques of management. Where
countries lack schools of management, donors should give
priority to training their potential managers overseas.

BureaucrCilic CQOWCiiOt§ l:>eyol1d the control of research
managers hamper flexibility, prevent timely disbursement
of funds, delay program implementation (for purchase of
equipment, for example), restrict freedom of choice in
promotions and appointments, and generally cause prob
lems fOi which management may be-unfairly blamed. Such
difficulties are not always understood by donors or even by
national policymakers, and although there is no universal
remedy, they are a potent source of frustration and
io~ffigiel1cy.

In part, these problems stem from the weak links that
often exist between research managers and policymakers.
It is essential for the successful adoption of technological
innovations, that technology policy be closely linked to
national policy, both to ensure that research is aligned to
national priorities, and to keep policymakers informed of
the measures needed to stimulate adoption of promising
research results. Failure to achieve this dialogue and to
create an awareness of the value of research may
jeopardize financial-support to the NARS.Untortunateiy,
senior research staff generally lack training in policy
analysis, and even when they possess it, their position in
the bureaucratic hierarchy may deny them direct access to
national policymakers.

Procedures for the evaluation of the output of agricultural
research are relatively weak, particularly those related to
the socioeconomic effects of research. This is a problem
that neither the international centers nor the NARS have



fully resolved. Continuing international study is required of
rnetOQclQlogies and procedures tor impact analysis; and for
mechanisms to provide feedback from the impact analysis
to the research process.

Transfer of promising new technology to farmers is
impeded by poor linkages between research and ~xtEH1
sian services,- by weakness of-exte-riliion training and
methodology, and 'by deficiencies in supply of seed,
fertilizer, and other inputs. Little research on extension
techniques and their effects seems to be under way,
although IFPRI'§ work demonstrates the important role of
infrastructure in making new knowledge and input supplies
available. Nor have many governments developed effec-·
tive partnerships with private enterprise in technology
transfer. As agriculture becomes more diversified (an
important national objective-tnanumber of coDntries), the
scope for private-sector involvement in research and its
diffusion should increase.

At the international level, the CGIAR system has come of
age structurally but is 9iCl.Rpling with difficult decisions
cbhcerriing the admission of new institutes from a number
established outside its orbit, often by the same donors, to
deal with problems that were perceived as not being
adequately covered by the CGIAR centers. Several of
these are of an environmentally oriented nature.' The
CGIAR also has to come to terms with the upstream
downstream problem: how far to move from its predomi
nantly middle-of-the-road applied research focus toward
more basic scientific research, all tbEl one hand (especially
biotechnology), and fowarcf' research on adaptive and
farming systems, on the other. At the latter level, contro
versy exists concerning the priority that should be given to
"low-input" resectrch Cind 10l/\ler potElotiCiI areas.
CONCLUSIONS
• Although commendable progress has been made since

1970 in developing a global research effort to attack
agricultural problems 8f the tropics and-suotropics,
much remains to be done, especially at the national
level.

• Although the 17 countries with large research systems
contain almost 3 billion people (77 per(;Elot of develop
iDg~COLJntry popuratrbhs),lhere are 65 small countries
with fewer than 100 scientists. How can global research
resources best be mobilized to help these small coun
tries? Networking is one possibility, but where national
sy§t~lTIs have less than 25 staff members, they maybe
unable to participate effectively. Could the larger devel
oping countries do more to help, perhaps in partnership
with CGIAR centers or developed-country neighbors?

The Australian Center for International Agricultura!
Researdlirithe PaCific is an example of this approach,
What sort of help is most appropriate?

• For all developing countries, but particularly for larger
countries, greater emphasis needs to be placed on
raising the quality of scientists andmanagementskiils
and providing adequate operating funds and technical
support. Efficiency rather than mere growth in numbers
should be the main goal.

• There needs to be carefully plal1l1~cl reallocation of
resources f6rectifrthe -widespread imbalances among
commodities and among disciplinary areas of research,
and training programs and university priorities must be
realigned accordingly.

• The two ends of the research spectrum need to be
reinforced. NARS are often staffed predominately by
agricultural scientists who lack expertise in the basic
biological and physical sciences Without this expertise,
it will be impossible to solve difficult enviroQrl1~l1tal
problems or to capitalize on the potential of biotechnol
ogy, on which great hopes are being placed. NARS
must cooperate more closely with the universities and
with the private sector in such research.

• Decel1t~13.Ii<?:ation of research regionally and to the farm
- level, based on agroecological characterization and on

an interdisciplinary systems approach, offers the most
effective solution to diagnosis of the agricultural potential
and provides the essential feed-in and feedback mech
anism to upstream wsearchets andto-p()/icimakers.
Regional stations are also an appropriate location for
linkages to extension districts and for research on new
approaches to technology transfer Their key role in the
research system must be supported by higFl"quality staff
and operating resources.

• Linkages between research managers and national
policymakers must be strengthened and the former
trained in managerl1~ot techniques and policy analysis.
Tnes-e conCiusicms have important implications for donor

and center training policies. Not only does heavy weight
need to be placed on raising the proportion of graduates,
especially ,Ph.D staff, but shifts in priorities appear desira
ble to meet future research needs and toimplbVesy"stems
management.

A number of methodological and evaluative issues have
been raised here that have important policy implications.
Enhanced research to find sQlutions would be widely
bel'1efiCia1. Within theCGfAR system, IFPRI and ISNAR
should probably be working more closely on this aspect of
research.
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Development of Nationai Agricuiturai
Research Systems in an International
Quantitatrve Perspecttve

PHILIP G. PARDEY AND JOHANNES ROSEBOOM

T
-

. he pattern of global investments in agricultural
research has undergone dramatic changes
during the last two decades. TbEl ~Y$tem as a

. whole iias grown subsfantially, while developing
countries have significantly increased their share of the
installed agricultural research capacity within the public
sector. However, in a marked departure from this overall
pattElrl1 of growth, recent trends, particularly with regdid to
financial support for agricultural research in developing
countries, show some potentially disturbing signs ofslowing.

RESEARCH PERSONNEL
Averaged over 1981-85, the global total of agricultural
researchers working in the pUblic sector ~tQQd at just over
lOO,OOOful1-trme~equivalent researchers (Table 1). This
represents close to a twofold increase in the number of

public-sector agricultural researchers since 1961-65, which
translates into an annual growth rate of 3.2 percent. During
this period, the number of-researchers greVv'- faiily uniformly
across all developing regions, at 6.3 percent almost four
times the rate of the developed countries (1.6 percent). As
a result, the global share of researchers in developing
countries increased from 24 percent in 19§1-§§ to 45
percehtih1981~85(Figure 1). The Asia and Pacific region
accounted for 49 percent of the developing-country total in
1981-85 (Table 1). About 20 percent of the developing
country-researchers resided in the Latin America and
Caribbean or the West Asia and North Africa regions,
whereas Sub-Saharan Africa accounted for the remaining
11 percent. Including South Africa in these regional figures
would increase the number of researchers in the 1981-85
total for Sub-Saharan Africa by about 39 percent and more
than double the number of scientists in the region who hold
postgraduate degrees.

Table 1
Agricultural resesarch personnel and real expenditures, developed and developing countries.

"""""'''''''''''''''''''''''00:-

Sources: Philip Pardey and Johannes ~osebo0I'11' ISNAR.
a Worla-tolals, due to data limitations, exclude the USSR, Eastern Europe, China, Mongolia, North Korea, Vietnam, Cambodia, Djibouti, Bhutan, SouthAfrica, and Cuba.

b Figures represent weighted averages rounded to the nearest hundred dollars.
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Asia & Pacific

Latin America & Caribbean

West Asia & North Africa

1961-65: 54,084 researchers

Figure 1
~~~i()r1ClI ~~ar~!; ()f ~gri~lJltlJriJl researchers, 1961-65 and 1981-85

Sub-Saharan Africa
1981-85: iOi ,745 researchers

RESEARCH EXPENDITURES
Global. ~pe~ding on public agricultural research averaged
$7.5 bll!lon In real expenditures in 1981-85, up by a factor
of 2.5 In two decades, CO'!lQClr~cJ with 1.9 for research
persohriel.The developing countries' share of expendi
~ures grew from. 24 percent in 1961-65 to only 35 percent

,In 1981-85, considerably less than their share of the world's
agriculturCiI researchers (45 lJ~rc~ot) (Figure 2).
. Comparative patterns of growth in research personnel
and expenditures are presented in Figure 3. While the 6.1
perce~t rate of increase in real spending for developing
countrres as a group was approximately 50 percent larger
than rea! spending increases for the developed countrtes
during 1~61-85, it fell marginally short of the 6.3 percent
Increase In r~search personnel experienced by the devel
oping countrres. By contras~, the developing countries

increased their real expenditures at approximately double
the rate of their research personnel.

The period-to-period averages in Table 1 reveal a
general contraction in financial SUDDort for aariclJlturrll
resear<:;hinthede~veloping countries (j'uring the fi~~I-p~ri~d
of the sample. The precipitous decline in the rate of growth
in real spending for Sub-Saharan Africa reflects a wide
spreadslo'A/cjQWO tbrQugbout the ;egion, compounded by a
23 percent decline in total spending by the Nigerian
system, whic.h alone ,accounts for about one-quarter of
public spending on agricultural research in Sub-Saharan
Africa. Anecdotal evidence suggests that this contraction
ary pattern of support for -pab1ic~sectoragrltultural
research has continued or even accelerated in many
developing countries and may even have 'spreadto some
of the developed countries.

Figure 2
Regional shares of agricultural research expenditures, 1961-65 and 1981-85

1961..65: $3,013 million

Latin America & Caribbean

Asia & Pacific

Sub-Saharan Africa

1QR1_RI:;. ~7 AOi -"',-........... I-V"'. 'iiJ' ,""'U I 1IIIIIIUtl
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Figure 3
Annual average growth of research personnel ~Ild expenditures, 1961-65 to 1981-85--------- --- -- ----- -- ------------- .

Sub-Saharan Africa

Asia & Pacific
----- - -

Latin America &Caribbean.

West Asia &North Africa

Developing Countries

DevelQped Countries

Percent

• Researchers • Research expendituress

SPENDING PER SCIENTIST
Comparative indicators of real expenditures per researcher
are also presented in Table 1, with real expenditures
measured in 1980 purchasi,,9 [JQ""er parities (eee) rather
thaiiTn-annuar average exchange rates, in order to
translate expenditures measured in nominal local currency
into real aggregates, thus allowing for crOSs-country
differences in relative Rric:~ l~v~IS. The overall spending
pet-sciemfstratio for developed countries increased stead
ily from $53,000 in 1961-65 to $85,100 in 1981-85. Thus, the
developed countries as a group moved steadily toward
more capital-intensive-both human and physical capital
research systems. Detailed data fiOm the-U.S. state
agricultural experiment stations on the changing factor mix
of their research systems point to a significant increase in
human rather than physical capital during this period. By
contrast, the developing countries SR~lJt $64,300 per
researcher in1901~65--some 21 percent more per
researcher than the developed countries-which peaked
during the early-to-mid-1970s, followed by a steady decline
to $59,200 by the 1981-85. Moreover, the pattern of growth
in spending-per-scientist ratios among developing coun
tries' is rather uneven.

The overall decline in labor productivity and stagnation
in land productivity that has characterized Sub-Saharan
agriculture since the early 1970s somewhat belie§ tbe
growlhrn- research pers6nnel'anareaY expenditures.
Distortionary government policies that accelerate the
transfer of resources out of agriculture and bias public
sector infrastructural investments in favor of urban over
rural arElCl§ bgve played a role here as elsewhere. Hov,;
Ewer, the sustained and substantial decline in ratios of
spending per scientist since the early 1970s-which
spread to 65 percent of the region's national agricultural
research systems (NARS) by 1981-85-may provide clues
to some additional causes of thisproductivifYPara.dox. The
rapid growth in the region's cadre of researchers has been
realized through large increases in the number of relatively
inexperienced, and hence less expensive, nationals. Expa
triCit~ ratios have clrQ[Jg~Q from 90 percent or so in the

early 1960s to about 29 percent on average in 1981-85,
with the limited evidence available suggesting that during
this period 60 percent of the region's researchers had less
than six YElClrS of research experience. Moreover, the
region's NARS are especially reliant on donor-sourced
funds-,-estimates place the donor share during 1981-85 at
36 percent-and, as a consequence, staffing decisions
tend to be decoupled from exoenditure decisions. Person~
neldecislons- are' made largely within the context of a
domestic policy environment often constrained by civil
service regulations, while expenditure levels and priorities
must also respond to the various agendas of multiple
donor agencies. In such anenvironment,lf lsdifficLJltto
harmonize personnel and expenditure allocations that
maintain an appropriate factor mix (such as labor, capital,
and support services), as well as desirable remuneration
and incentive structures tbClt §tCll:>ilize attrition rates; partic
ularly for the rnore skilled researchers within a national
research system.

The Asia and Pacific region displays an erratic and
barely perceptible drift upward in real §R~nding per
researcherfromhistbrically 'low levels, compared with
other regions. These low levels persist even after factoring
in the region's relatively low average prices. Indeed, the
translation procedures used in this research substantially
il1crease, in fact double, the region's share of the global
volume of resources committed to agricultural research
compared with other research. Economies of scale and
scope accruing to the large research systems that domi
nate the Asia and Pacific figures tend to lower aVE}rCl9~
costs per unit ofresearchoufpuf and in turn account to
some extent for the region's lower spending per
researcher. In addition, lower Jabor service costs, reSUlting
from a comparative abundance of labor, would induce a
substitutiolJ Qf labor for capital and other inputs in the
knowledge production process, also driving down the
region's ratio of spending per scientist.

Average spending per scientist for the Latin America and
Caribbean region as a whole was relatively stable during
1961-75, increased during - theiate1970s-,-largely in
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resRQo§e to gains by the larger NARS witbio Soutb
America, only to show a widespread and substantial
decline throughout the region in the early-to-mid-1980s.
This decline was driven as much by stagnating expendi
ture levels as it was by a rapid growth in research
personnel, which, given the austerity measures facing
many countries, will pose continuing problems for these
NARS.

SIZE OF NARS
The average size of public-sector NARS has increased
from 358 to 674 researchers. In 1961-65, there were 74
NARS that employed less than 25 researchers; by 1981-85
that number had declined to 39. During the same period,
the riurii5er of t'JARS employing more than" 1,000
researchers increased threefold. Nevertheless, there still
exists a substantial number of NARS with little capacity to
undertake anything but highly focused, generally adaptive
research on a few commodities or to maintain search and
screening capabilities on a slightly broader front in order to
capture potential research spillovers.

Cross-country research spillovers arise through various
channels, ranging from technology transfers by private
seed; machine, and chernicai c6mpanTes16 formal a-na
informal networking structures among public-sector NARS.
Success in capturing these potential spillovers in a timely
manner continues to elude many of these small systems,
according to a recent study by Ihorpe and Pardey of
agricultural knowledge transfers among Southern Cone
NARS. As expected, the smaller NARS within the region
tapped regional and international sources of scientific
knowledge at a somewhat higher rate than the larger
systems, but it was especially revealing to observe that the
currency of their knowledge sources declined dramatically
over time.

SUPPORT FOR NARS
Securing and maintaining domestic political support for the
public-sector component of NARS and translating that into
financial support for agricultural research is a fundamental
issue confronting all national iesea;ch policymakers.
Agricultural research intensity (ARI) ratios, which express
expenditures on public-sector agricultural research as a
proportion of agricultural product (AgGDP) are commonly

cited measures of the support afforded N8RS. The data in
Table 2 show 'an appro~imate doubling of ARI ratios for
both developing and developed countries during 1961-85.
These data also confirm the positive correlation between
income levels and ARI ratios noted by earlier observers,
with ARI ratios fm high-income countriesappTOximately
double those of low- and middle-income countries.

However, a potentially more instructive approach to
understanding the structure of support for agricultural
research i~ gCiirlE:~cl gy giCici09 Ruglicly funded research in
the context of the overall level of public support for
agriculture. The relative research expenditure (RRE) ratio
in Table 2 represents the proportion of total public expen
diture on agriculture that is spent on research. It thus
provides an-indication of the relatrve impoitance given to
research on agriculture within the constraints imposed by
overall public spending on agriculture. Clearly the income
linked pattern of support for agricultural research that many
have implied from an inspection of ARI ratios is far less
evid€ntintheRREdata.While cognizant of the general
assertion that governments in low-income countries tend
to discriminate against agriculture (whereas high-income
countries discriminate in favor of agriculture) these data, at
least for the present, leave open the quest-ion of v.Jhether
policymakers in poor countries give lower priority to
agricultural research than those in rich countries, within the
overall constraints of spending on agriculture. More funda
mental limitations to increased public support for research
in low~ihc6hiecbuntries-rrla-y wefllie -ill fhefillanciaJ and
political constraints imposed by overall and agricultural
specific levels of public-sector spending. Much more
analysis is needed to understand the (political economy)
fbrcestnat shape thesupporffur NARS andto give policy
guidance that duty recognizes such constraints.

To achieve sustainable or continued agricultural growth
and productivity gains, while at the same time addressing
the externalities or socia! costs that accompany the
development process, requires a sustained and focused
effort on the part of national agencies that generate and
transfer technology. Governments have a clear role to play
in choosing policies that give farmers the incentives to
make-social iydesjrabre"capifaiand teth ribiogi cal" invest
ments that enhance productivity while making effective use
of private and public resources that are committed to
generating these technologies

Table 2
Agricultural research intensity and relative research expenditure ratios
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AgriGulturai Extension and the
Diffusion of ~ew Technologies

-

H. U. TRIMM

figure 1
Factors shaping extension policy in developing
countries

I n many developing countries one may observe a
paradoxical situation where the increas.ing supply of
new technGllogies meets de~reCi~iog gcceptance by
smair~scal~ffarmers. More and more techniques are

available; fewer people learn to make use of them. An
analysis of possible causes leads to five important ques
tions, which are addressed in this brief.

Figure 1 indicates the most important factOis shaping
extension policy. This brief concentrates on some basic
issues of rural development related to the use of modern
technologies by small;,.scale farmers. In answering these
questions, the author's own experiences and r~~ul!§ of
various studies Irfthe fieiCfarecaJleduponto explain, at
least partly, the paradox.

Population
Pressure

Land
Scarcity

Extension
Theory

..

Extension Policy

Income
Generation

Environment

Extension
Structure

1. Does the increasing complexity of modern technol
ogies hinder the transfer of knowledge through the
extension system? -

New technologies do not immediately solve the farmers'
problem of low income. On the contrary, they usually add
to his debt burden. The questionable necessity of introduc
ing new technologi~§ ""itb tbe help of credit programs turns
a farmer intO a debtor without guaranteeing future income.
The farmer has to cope not only with a new technique, but
also with a completely new enterprise system, character
ized by commercial inputs, monetary expenditures, and
changing market conditions. The complexity-at modern
technology is not the main problem; the complex situation
in which the farmer is supposed to use them is.

Extension services are apparently ill-equipped for
transferring the necessary kr10""I~cl9~ t9 farmers to cope
With -fniscolllpleX situation. Too many times the small
farmer is treated by the extension officer as a sick patient
for whom a doctor is prescribing medication. The extension
agent is not a doctor but a (Jartru:lr iO Ci mutual consultation
process, iri which new technologies are, perhaps, part of
the problem-solving activity.

Traditional transfer of knowledge from the research
system to the farmer is bound to fail, because most of the
time the conditions for successful implementation-are not
met on the farms as they are on experiment stations. Many
new technologies do not fail because they are wrong but
because the conditions under which they are used are
different from those under which they were dev~Ic)(>E!cl.
·-lftheSebbservatfons are right,the main remedy for
productivity gaps in small-scale agriculture is a change in
the extension approach to fit the real world of family
farmers. The flow of information has to be turned upside
down! ~ transfer of information to the research system
about the complexity of the small farm is urgently needed.
If that is done sufficiently, the complexity of modern
technologies does not represent a threat but a chance to
properly select the right technology for each particular
situation in a -oynamic deveTopmenfprocess~-

This model advocates a bottom-up flow from agriculture
to research, as opposed to the traditional top-down flow of
information from research to agriculture. Feedback from
the fCirmer to the research system becomes the major task
of the extension service.
2. Do extension concepts reflect the growing inter

action between modern technology and the envi
ronment?

----------

Extension concepts rarely reflect the grOWing interaction
between modern technology and the environment. This is
partly due to the general neglect of environmental prob-
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IElm§ iO tbEl QC3.§t iO ioclustriC3.li~E:!d and developing countries
alike. It is also partly due to the specific neglect of the small
farmers' environment. Experiment stations usually do not
recognize the farmers' environmental problems. A predom
inately "top-down" knowledge flow therefore does not
include environmental issues; especially not those cmated
by modern technologies. The task is twofold: first, to identify
clearly environmental threats such as erosion and over
population at the farm level, and second, to include
environmental cOmf:>onents \iVhellever res~arcb agtivities
areinifiatecC ...

The controversial discussion about the training and visit
(T & V) extension system has revealed quite clearly that
success or failure of extension programs will depend to
some extent on the method used- for the transfer of
knowledge. In countries where the supporting infrastructure
is available for substantial production increases, a crop- (or
livestock-) oriented extension approach is appropriate and
will show fast results. In many other countries where the
lack 'of sup-porting TnfrastructLJre Ts-a maj()rmctorTimitirig
production, a farmer-oriented extension approach will be
more appropriate. Whereas, in the first case, the extension
service may be used to push production campaigns, in the
second case, its foremost task is to assist the farmer in
solving his own problems under the existing conditions.
The crop approach gives priority to the desired product
and recommends practices developed under controlled
conditions. The farmer approach takes the farmers' restric
t1ohsmoreseriousiy aMp laces moresIIIphasis6n the
risks involved in using modern technologies.

3. Are alternative agricultural extension methods
oeeded for specific country situations1

Extension approaches have to be differentiated to reflect
varying country situations. Strategies that focus on individ
uals (master or progressive farmers) may work better in
'some countries where the cultural background favors
hierarchical order and obedience. The same holds true for
the T & V system, which may fit a number of Asian
countries, but not all. Strategies that focus on a group
farming environment, however, will perform better in many
African countries \iVhere grouf:> consellsus allQ iofrCi§trugtu
raldefiCifs prevail. In a 1983 study v.A. Sigman and BE
Swanson asked 59 directors of national extension organ
izations about the major problems they face. In low-income
countries, the lack of sufficient training was ranked very
high; in the middle~and higher=income countries, lack of
mobility and organizational shortcomings were mentioned
first. In the first instance, extension messages have to
match the low level of staff expertise. It has to be
recognized that in most countries the extension vvorkers
whbare iii'dTrectcontact with' farmers are'the least trained,
the lowest paid, and probably the least motivated people.
In the second case, why create and develop sophisticated
results at research stations if organizational gaps and lack
of mobility are reducing the potentia! of the extension
service to do a proper job? Farmers with limited access to
inputs in Africa and Latin America will need a different type
of support, possibly including input provision, compared
with farmers in countries where inputs are available and
extension staff have to .. Cdi1\iinpe farmers t6avold over
investment and too frequent changes in technology.
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4. How can a higher degree of integration of research;
extension, and education be accomplished?

The reasons for demanding a higher degree of integration
of research, extension, and education are obvious, but how
should this be accomplished? Based on lessons learned in
industrialized tbuntries,aconse'n-sus has 'been-r-eached
that r.aising the general level of education will widen the
acceptance of modern technologies. Therefore, education
is treated as a fixed precondition for applying research and
extension. Ihe need for a stronger tie between research
and extension grows with the complexity of technologies
and their application on family farms. The more that
Information flows from the bottom up, the more the need
exists to conduct joint field trials for farmer verification with
the-extension services and .with researCh sfatibns.A1983
study in the United States ranked feedback from extension
staff as 20th out of a possible 21 criteria that research
scientists use in selecting problems for research, This may
be acceptable in an industrialized country, but it is
absolutely wrong in a developing country where research
solutions may determine whether small farmers under
marginal conditions live or die.

5. How should public funds be ()llti '!1il lly l:IlI()<:l:I!~ti

. between research and extension?
The optimal mix of public funds devoted to research and
extension in a developing country will change over time.
The direction of change depends on the level of economic
development, historical structures; polrticaj'prioritres,-and
external aid programs. In addition the share of research
and advice that is being supplied by commercial compa
nies selling inputs is important. Do institutes in the CGIAR
system already substitute for national research? Two-broad
types of historical development can be seen. In the first,
research (mainly for cash crops) has historically been
Introduced by colonial or commercial interests, and exten-.
sion has playecj a miilOr rglEl fQr QtJviQus reasons. With the
shift 6fnational research actiVities to include food crops,
the number of potential users IS widening and the need for
more public extension expenditures grows. In the second
type, a country where little national research has devel
oped, the extension service is used mainly to disseminate
external research results. In this situation, the extension
service will need to obtain and allocate relatively more
resources to screen external results for internal use and to
close the gaps that exist because of specific country
circ'umstances.' .. , ... .. . ....

In summary, three major tasks stand out.
• Integrated planning of national research and extension

packages is required to create awareness of the need
for an efficient technology transfer flow and an optimal
mix of bUdgetary funds for proper operation.

• A strictly sectoral implementation of research and
extension programs is advocated to achieve the most
efficient performance, with a goal-oriented organiza
tional structure capable of fast "bottom-up" information
flows,

• Regular interdisciplinary evaluation of each research
and extension package to allow final judgment about the
berief11s6fnewtechn610~Fesaf thefa-rm -level is
necessary



infrastructure and Agricuiturai Production
RAlSUDDIN AHMED
------------ ---------

Development of rural infrastructure, as a compo
nenrofagricuitaraldevelopment, isasubject
that normally falls outside the purview of a
government department of agriculture, yet, as

shown in this brief, it is critical for agricultural production.
However, before discussinq infrastructure substantivelv. it
is-nece-ssary-to- define it in order to establish a common
ground for discussion.

What is infrastructure? Albert Hirschman's four condi
tions for distinguishing infrastructure from other productive
assets piOvidea useful guide: (1) the services provided by
the activity are necessary to facilitate, or are in some sense
basic to, the carrying out of a wide variety of economic
activities; (2) the services are provided in almost all
countries by publiC; agerlC;ies or t>y private agElll(;iEls
subject to public control, and they are provided free of
charge or at rates publicly regulated; (3) the services
cannot be imported; and (4) the investment needed to
provide the services is characterizecj RY "Iurnpirless".
Consistent with these conditions, IFPRI's research, partic
ularly the results presented in this brief, focuses on rural
transport and communication, electricity, markets, and
financial institutions. Transport, communications, and elec
tricity are considered to be the hard-core elements. It has
been observed thilt transport and communications are
closely associated with the development of electricity,
markets, and financial institutions in rural areas.
1..J:lDAC'TlDII' IIDIC' A ..n Ar-DII"III'Tl1IDIU
......~. n"" ""n... rILl"''' ....un....""... "" .........

PRODUCTION
The effects of infrastructure on the diffusion of modern
technology, the profitable combination of inputs and
outputs, and the prices of inputs and outputs result in high
productivity in agriculture. These effects are generated in a
variety of ways. First, development of transport and
communication infrastructure reduces the costs and time
required for moving people and information. The resulting
increase in interactiorlwith the outside world and the
informal education process that such interactions involve
help change attitudes and values and contribute to human
capital development. The effect on motivation has
imm~nc.Q imnlif"'!:tItinnc fnr o,f'fint"'\l"'l""\i,... nrn,.,roC"C' hal""':llIIC.a.
II III I I_I IV_ II I .t-'IIVU.LIVI I..,;J IVI ""',,",VI IVII II,", tJl V~I VVU uvvuU..:J'Ci

people are motivated to turn a profit, not just to subsist, and
their cap.acity to perceive and to seize comparative
advantages is enhanced, These types of changes make
rural structure propitious for diffusion of modern technologyantfideas. . - .._.. . _- .

Second, marketing of modern inputs such as fertilizers,
pesticides, and irrigation equipment is logistically easier
and cheaper in infrastructurally developed areas than in
underdeveloped areas. Agricultura! extension workers find

it convenient to work in places where they can move easily
andiive comfortably. installation and servicingot irrigation
equipment such as tubewells are feasible and less costly
in areas where infrastructure is developed.

Third, both factor and product markets operate more
efficientlv in infrastructurallY developed areas. And p~rw

tration of institutional credit 'is deepe'r. Where infrastructure
is more developed,. easier access to markets facilitates
production of labor-intensive perishable products such as
vegetables, fish, and livestock.
·E:mpiricaistudres-orr mfrastructure are noi numerous, bUi
Significant evidence is available to corroborate the- relations
described above. Table 1, from a recent study on Bangla
desh by Raisuddin Ahmed and Mahabub Hossain, indi
cates the nature and extent of the difference in diffusion of
agricuitura'i -tectmologyb6twee-n -dev-e]opecf andurlcrerde
veloped villages. It shows clearly that the intensity of use
of modern technology-high-yielding varieties (HYV), irri
qation, and f~rtili~~r-is gt)out twig13 g§ bigb ill cj~veloRed

villages. Analysis of the role of infrastructure in this process
of diffusion indicates that installation and repair of private
tubewells, electrification, and availability of fertilizers are
extremely dependent on the presence of good roads and

Table 1:
Differences in the use of modern technology and price
levels between developed and underdeveloped
villages in Bangladesh, 1982

Source R. Ahmed and M. Hossain, IFPRI, forthcoming.
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Source: Ahmed and Hossain, iFPRi, forthcoming.

POliCY iMPliCATiONS
Everybody knows that infrastructure IS important. But, the
critics say, unless it cfln be proved that it is more important
than other public expenditures. a case has not been made
forincreased-aHocation -of-publiC expenditures to- develop~
ment of rural infrastructure Fu-ther, the critics argue that
rural Infrastructure makes the poor poorer, increases
corruption, IS wasteful in the absence of supplementary
l11eEl§Ures, cElnnot oe mElintElined, Elncl clegrElcle§ tbEl Elovi
ronment. Most, not all, of these allegations are popular
notions without any systematic evidence. Such views may
have caused the sharp decline In allocations to infrastruc
tural investment by multilateral lending agencies such as
the World Bank during the last two decades. They may
also be the underlying cause of the sharp declines in
allocations of public resources to infrastructure once
urban-Oriented development I"HS reached saturation and
development is exten~ed to rural areas of ~evelopil1g

countries.
Ideally, if it were possible to estimate cost-benefit ratios

of all conceivable public projects and then rank them
accordingly. it would be possible to see how infrastructural
projects f-are in comparison vvith each other. Even then, the
results would largely depend on how the multifaceted and
Indirect effects of infrastructure were taken into account,
the basis for which has always been weak. For example,
in a study of rural roads in Bangladesh, Chovvdhury and
Hossain found that the internal rate of return (IRR) of such
roads, including their carefully measured production
effects, IS 45 percent compared With general estimates of
IRR (based on a guess on the production effect) of 14 to 24
perc;enTfor projedsrri thePlar!nlng Commission portfolio.

Ir reality, no developing country uses cost-benefit
analysis for sectoral allocations, even though use of the
cost-benefit ratio of an individual project or of technical
alternatIves for a project is vVldely practic.ed. ,A\!!ocation to
Infrastructure IS based on experience and judgment about
current or emerging bottlenecks The "bottleneck"
approach should be replaced by conscious creation of
excess capacity that will, in turn, induce production of
agricLHturalanohbnagflcultu ral g66ds, services, and
employment Political decentralization, development of
local governments, revenue sharing, and delegation of
authority to mobilize resources at the level of local
governments are critical conditions for development and
maintenance of rural infrastructure

Concern for environmental degradatiQn In development
of rural Infrastructure is valid. But It should also be realized
that infrastructure has the potential to serve as a powerful
weapon-for preserving the 'ural environment toeaI
governments, which are necessarily involved in rural
infrastructure, can protect and develop community prop
erty. roadside trees. and other rural environmental projects.
Adequate drainage proviSions n road construction can
reduce flooding, Most important are the income-generating
effects of rural infrastructure, The rural poor are less likely
to undertake deforestation activities if they have other
sources of Income

used two-and-a-half times more oxen, fertilizers, and plows
than farmers 3v'Jay from- the road. f\Jear!y 40 percent of
farmers near the road made cash farm expenditures for
production, whereas only 12 percent of farmers farther
away made such expenditures

Average: Livestock, Wage
All Sources fisheries income

Sources of income

CropBusiness,
industry

o

10

Although comparable studies are quite rare in Asia, a
recent study by Binswanger in India has shown that the
combined effects of roads, markets, and financial institu
tions on agricultural production is greater than the indivi
dual effect of irrigation development. Although India has
invested heavily in large-scale irrigation projects, a major
part of total irrigated area has still come from private
tubeweiiirrigation; which spread mostly inlllfrasfruGturaily
developed areas.

Another study, by McGuirk and Mundlak, based on
district-level data from 1960-79, found that the adoption of
HYVs and private irriaation methods was Dositivelv related
to the amount of roadsin the Indian Punjab.- Th~Jav~~ag~
long-run output elasticity of the road constraint on total
agricultural production was 0.44 in that study; in 1964 the
output elasticity of the road constraint was zero, whereas
by 1979 it had risen t01.11Y. As-constructron of roads
relaxed the constraint, the output elasticity increased. A
study in the Philippines by Evenson shows the output
elasticity with respect to road density (measured in miles of
road per 1,000 hectar~:5 Qf IClOg) Cit 0.32. Tbi§ il11plies that
if road density is increased by 100 percent, agricultural
production will increase by 32 percent.

In an African context, a simple comparative study by
Devres of farmers in Malawi found that farmers near a road
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markets. Figure 1, from the same study, shows that
although the increase in household inc-ome from all
sources as a result of infrastructural development aver
aged only 33 percent, income from perishable products
such as livestock and fisheries increased by 78 percent
clnd vv~gE;l incomE;l incrE;lased by ~2 percent.

Figure 1
Summary of infrastructural effects on household
income
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Irrigation Investment for Sustainabie
Agricultural Growth in Asia

MARK W. ROSEGRANT AND MARK SVENDSEN

S ince the mid-1960s the growth rate of irrigated
area in the world has ct~c;lir1~Q t>y at>out 60
percent; in Asia, it has declined by 72 percent.
Asia nevertheless accounted for nearly 90 per

cent of the total area irrigated in developing countries in
1985. Because of the 'dominance of Asia in developing
wortd h'rigated area, this brief will focus on Asia. ~v~any of
the conclusions, however, may also be relevant for iniga
tion policy in Africa and Latin America.

Accompanying the decline in the growth rate of irrigated
Cl.r~Cl. bCl,§ l:l~~r1 a sharf' re~uction in irrigation investment,
which is likely to further slow the rateofgroWtI1-i-n area
irrigated. Aggregate irrigation investment in Asia by the four
main financial donors for. irrigation development-the
World Bank, the Asian Development Bank, the U.S. Agency
for International Development, and the Japanese Overseas
Economic Cooperation Fund-reached its peak in real
terms (US$1 ,443 million per year) in 1977-79, and by 1986
87, was about 50 percent of the 1977-79 level. The
ieductions in investment have resulted from the relative!y
favorable food security situation in Asia and consequent
low grain prices, the large public and foreign debt loads
carried by most of the countries in the region, the increas
ing real costs per hectare of new irrigation development,
the declining shareofunexploifed irrigation deVelopment,
and concerns about the environmental implications of
irrigation projects.

The sharp investment decline also points to more
genera! questions regarding the long-term contribution of
irrigation development to sustainable agricultural productiv
ity growth. The issue of irrigation and sustainable growth
has at least three key aspects. The first issue is the
development of an appropriate policy framework governing
theirivesfmemf iieCessaryto sustainrequireuagricoitural
productivity growth. The second issue relates to policies
affecting the sustainability of the irrigation systems them
selves. The third is the set of interactions between irrigation
and the broader physical environment.

IRRIGATION INVESTMENT AND LONG-TERM
PRODUCTnnTYGROWTH
Decisions to invest in irrigation infrastructure are made in
a climate- of conffictirigperspedives. At abasicievel;there
is the difficulty of predicting the pace and direction of
technological development and formUlating a complemen
tary strategy for irrigation development.

Even within a broad strateov of irriaation development.
annual decisions frequently a~~ inconsistent. As relatively
long-term investments, with 30-to-50 year operating lives
and substantial salvage value, it might be assumed that the
decisions would be strongly influenced by long-term trends
of need and potential benefit, with- short-term circum
stances being significantly less influential. Thus, one might

expect the decisions to be made in a manner similar to that
for other basic utilities, such as roads and power, which
wourd permit relativeiysfeady- development, reasonably
predictable effects, and stable employment patterns for
irrigation-related skills. In those countries with formal
development plans, such as India's Five-Year plans,
irrigation-sector planning cl9~§ bave a development infrCl~=

tructure approach.
However, individual projects associated with the plans

are subject to cost-benefit evaluation (as well as political
calculus) which frequently alters the regional distribution,
scale; ana pace of implementation of projects and usuaHy
introduces a shorter time perspective in the decisionmak
ing. Although careful cost~benefit analysis tries to place the
estimation of costs and benefits in the appropriate time
frame, the difficultie§ 91 ()r~clicting the future and the
pressure of present circumstances tend to introduce a bias
toward consideration of short-term economic conditions.
Changes in short-term world rice prices appear to have a
particularly large infILJ~OC:~ 911 irrigation investment deci
sions, playing a major role in investment dec::lines-sucnas
occurred in the 1980s.

The most costly consequence of investment decisions
based on shorter time perspectives is excessive variability
in investmentpatterns thahnduce high variability' in gro\l'v'tl1
rates in agricultural production, particularly for key food
crops such as rice. The cyclical pattern of investment, and
production further exacerbates domestic price variability,
creating uncertainty for fmrTl~r production decisions,
threatening the nutritional status of the poor, and increasing
the costs and difficulties of other policies designed' to
maintain stable growth.

At a second level, short-term decisionmaking increases
the -djfficCJ~ies for irrigation agencies in making -institutional
and organizational adjustments and causes relatively large
variations in demand for irrigation planning, design, and
construction supervision skills. The boom-and-bust cycle
resuitiog fr9rTl tbe excessive influence of short-term fluc
tuations on investmentdecisionsleads fo shC>rtagesol
skilled labor and professional expertise at construction
time and crash training programs. followed by retrench-
ment and layoffs. '

The need- to be economic and efficient in the allocation
of development resources is obvious. Whether traditional
cost-benefit analysis is the most appropriate mechanism
for making these types of decisions is arguable. A "value
el1gineering approach" that places greater emphasis on
sustained efforts to satisfY the agrlculturaTOutpulobjettives
contained in a longer-term plan should be evaluated. This,
combined with a more stable pace of sector development,
would tend to smooth the cycles in investment and
production, reducing the potentially high costs of excessive
variability and leading to easier assimilation of the new
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capacity and more appropriate human resource develop
ment wtthin the. agencies and in the support sectors.

SUSTAINABILITY OF IRRIGATION SYSTEMS
A second major issue for sustained irrigation development
is the su.stainability of the functioning of irrigation systems
themselves. A number of studies and evaluations- h-ave
highlighted problems of shortfalls in area served by
irrigation systems, lower than expected productivity, drastic
overuse of water where available, allocational disparities
bet\AJeen farmers at the head of the system and those at
the end, large recurrent cost burdens on government, and
overrapid system deterioration and the need for frequent
system rehabilitation. Sustainability in this sense is an
issue that profoundly affects not only the viability and
prodUctivlty6f existing systems but fheeconomitratTonale
for the development of new irrigation areas as well. To
address this seemingly disparate set of problems at the
policy level, two main sets of interrelated remedies have
been proposed-reforms of basic managerial structures
and incentives and of water pricing policy.

To improve system organization and management in a
fundamental way, it is necessary to reassess the basis on
which irrigation agencies operate, raise their revenues,
assesstheirihstituHohal performance, reward and promote
their staff, and share responsibility with farmers. Intereshng
recent evidence from the Philippines and Sri Lanka, as
well as several recent cross-sectional studies on irrigation
system cost recovery, suggests that there currently exist
viable organizational models for placing public irrigation
systems on a more self-sustaining footing, decreasing
costs of operation, increasing revenues from direct bene
ficiaries, and providing incentives for more effective man
agement on the part of irrigation bureaucracies.

A key factor in .these reforms appears to be establish
ment of links between the two major participant groups in
the irrigation enterprise-public irrigation departments and
farmers=whichcreate stable mutuatexpectations regard
ing policies and management. Irrigation agencies must
playa leading role in this, but cannbt be expected to carry
out all of the specialized study, training, and advisory
functions themselves. Thus sustainCit>ility Cit tb~ §y§tElQ'l
level is an institutional problem that includes the irrigation
agency, farmers, and supporting organizations.

One of the key policy instruments generally advocated in
the package of management reforms is volumetric pricing
of irrigation water delivered to farmers. Charging for
irrigation water on a per unit basis will theoretically induce
farmers to economize on the use of water, eliminating
waste and increasing crop production. And, it would likely
increase the share of irrigation costs paid by farmers,
improving the financial viability of irrigation s)lstemsor
agencies.

However, the efficacy of volumetric water pricing may be
limited for the reservoir and diversion systems that make
I In. -:l I~rna nrnnndif'\n nf ~ci'::ln il"'ri,,~ti("\n In thacQ c\lctomc::
UtJ 0. 10.1 ~v tJl VtJVI llVl1 VI ,,"vlUII 1I11~U.L1VII. III lln.... ,.;;n.... oJy ....UVI I I""',

water is paid for by its users on an administratively
determined basis, often a flat user charge or a rate related
to farm size. Water is usually delivered on a continuous
flow or rotational basis, and the farmer has little or no
control oveYthe-vo[ume o-r timing oT deliveries. Tn sl.lcha
situation, volumetric pricing may have no incentive effect.

Moreover, the cost of developing and administering a
system for volumetric pricing for this type of irrigation may
be much larger than the cost of improving control and
timely delivery of water supplies. The costs (in both
20

manpower and hardware) of implementing and administer
ing -an improved system to al!ocate water quantities
optimally are likely to be much lower than the costs of
measuring water use and enforcing volumetric charging to
individual farms. For diversion and reservoir systems,
improvements in water management and deliveries seem
to offer-greater nefoenefitstfian V6Iumetr1tpricing.

In tubewell irrigation systems, however, volumetric
pricing of water should be much more cost-effective than
quantity allocations. The price of water can be readily
determined from the cost of pumping water; and monitoring
of the pricing system through volume of water pumped or
duration of pumping is relatively inexpensive. Privately
owned tubewell systems that sell water generally use
volumetric pricing. It would be appropriate for publicly held
tubeWelis to do the same. ..... - ---

IRRIGATION AND THE RESOURCE BASE
A third set of issues relates to the interactions of irrigation
scheme-s-with -thelY environments. ·lncli.Jded ·nere··are·the
effects that related systems in upper watersheds, such as
livestock and agroforestry, have on irrigated agriculture
downstream, as well as the negative e>,<ternal effects that
irrigation development and operation may have on popu
lations and resource bases. Both types of effects degrade
physical resources that are finite and can lead to serious
discontin!Jities in benefit streams and cut short the produc
tive lifetimes of major infrastructural investments.

Ofa.1I of thew1desired consequences-ot-Iarge-scale
irrigation development, salinity and waterlogging are prob
ably the ones most frequently mentioned in the context of
irrigation system sustainability. Estimates of their extent
arbuncf the-worid vary,· but they ·constrtute a major and
undeniably serious threat to the productive capacity and
long-run sustainability of some Irrigation systems:

Engineering solutions may be necessary in some situa
tions; but technical constraints are usually not, in fact, the
most intractable ones. To the extent that waterlogging and
salinity stem from overirrigation, which is the major caus
ative factor, the institutional and management measures
outlined here may be the most effective remedies. One of
the most interesting-approaches to this difficuli problem lies
in the creation of farm-level incentives for water-table
control. For example, in the Punjab in Pakistan, 150,000
private tubewells installed in the past 15 years to supple
ment canal w~ter ci~livElri~§ bCiVEl [)1§YElQ all ill"lportant role
in controlling rising regional water tables.

CONCLUSIONS
Irrigation has been an extremely important factor in
agricultural produCtivity groWtnin Asia; indeed,tfie food
security of many nations critically depends on the produc
tivity of their irrigated lands. Given the dependence on
irrigation to feed the global population, the question is not
vvhether to irrigate, but how irrigation planning and man
agement can be done in a sustainable manner. To ensure
a sustained contribution of irrigation to agricultural produc
tivity growth, a long-range planning framework should be
used that places more emphasis on cost-effective selec
tion of projects to hieet long~terrna.gricuituraiproduction

goals than on excessive response to short-term world
price changes. At the same time, institutional reforms are
needed within existing systems to improve the structure of
incentives for both irrigation system managers and farmers
to Increase the efficiency and productivity of water use.



Public Policy and the Productionand Distribution of Improved Seeds
CARL E. PRAY

Percent

HOW CAN A COUNTRY BUILD A SEEDINDUSTRY?

Figure 1
levels of ~~,,~I()PITl~'!!Qf ttle seed industry indeveloping countries, by crop type, 1985

inadequate ,for self-pollinated crops such as wheat andrice In the Indian PuojaQ, farmers produce 3.26 tons perheCtare of wheat but purchase only enough "certified!quality" seed to plant 1.2 percent of their wheat. In the mid1970s in the United Sates, farmers purchased only 10percent of their wheat seed and produced the restthemselves.
.' -'Varieties that produce higher yields or quality may beavailable, but they are not reaching farmers qUickly. This ismost often the case for hybrids that farmers can not easilyreproduce. Then governmeflt ()ffiQigls must decide how toincr€!::lse sujJpTiest()gainthe greatest benefits to societygiven their budget and political constraints. Three principlestrategies have emerged.

1. The government produces and distriQlJ!~~ com-mercial seed:- .. --
Thirty-two of 37 countries surveyed recently by CIMMYThad public seed enterprises that supplied maize seed.
2. Ellcourage sma!! seed firms and farmers to growand sell improved varieties through technicalassistance on seed technology and qu~lity control;subsidize equipment and the provision of foundation seed.
The remov'al of price controls on seed and other restrictions may be important. This strategy has recently beenused successfully in 80livia and was used in India in the1960s.
3. Encourage iarger companies, both locally ownedand foreign, to enter the seed industry or expandinto new crops.
This strategy includes the same poliCies mentioned instrategy 2 plus public research anddevefopment onhybrids to support private R&D and stronger intellectualproperty rights. Chile and Argentina have been followingthis strategy quite successfully. .
flRIVAl'lZATION
In many developing countries with relatively developedseed industries the public sector plays an important role insupplying seed. Figure 2 shows the contribution of government, farmers; private seed companies, am:rimportsf6tofalseed sown in Mexico, Thailand, and India. Privatization isan issue because many developing-country governmentssuch as Mexico are trying to reduce their budget deficits,and public seed supply is an importCiot drain on thegovernment irudgetinsomecountries. In addition, theWorld Bank, U.S. Agency for International Development,and other donors are encouraging developing countries toprivatize seed production, distribution, and in some casesplant breeQi09 research
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Almost all c()uotries have some crops that are not wellserved by commercial or government seed supplies. TheFood and Agriculture Organization of the United Nations(FAa) rated the level of development of seed productionand distribution in 92 developing countries in 19f3~. Figure1 indicates that food' crapsareri1()sr developed-40percent of the countries had advanced industries, 50percent had pilot or fragmentary activity, and only 10percent had no activity. More than half the countri~§ badno activity in industriai,vegefable,'and pasture seedproduction and distribution.
In many countries the problem lies with the researchsystem rather than the seed industry. If research has notdeveloped varieties tbelt produce higher yields or superiorqUality, seed produced by private or public corporationswill not be able to compete with farmers' retained seed.There is no easy formula for judging the adequacy of theseed industry. Common measures such as low seedreplacement rates (the ratio' ot 'Seed pUrchaseato totalseed used) do not indicate whether the seed suoolv is

T he seed industry is crucially important to agricultural development. Seed was the carrier of
~~~e~6t~~~~~~;~~t~~~~~o~~~ct;~r:~~'r~~r::~to the fields of developing countries, seed will be evenmore important because it will be the primary method bywhich biotechnology reaches farmers. Policymakers mustface four sets of issues mlated to the seed Thdusfry. ......
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DO RESTRIcrlONS ON SEED IMPORTS REDUCE
TECHNOLOGY TRANSFER?

Figure 2
Sources of seed in Mexico, India, and Thailand

Percent

Many countries wish to be seii-sufficient in seed production
and plant breeding research because seed is an essential
ingredient in agriculture. This goal is reinforced by shor
tages of foreign exchange and concern that imports will
tram~f~r fJlCio1 cli$~Ci$~$· A$ Ci r~$ult <:l~v~IQQil1g ggul1tries
restrict seed imports and investments in the seed industry
by foreign companies. Developing countries are now being
pressed by donors and some local interest groups to
liberalize their policies on trade and foreign investment.

Privatization is not an important issue unless govern
ment supply is a serious financial drain on the government
or itprevents the develbpmenfofcompetltionthrooghpriCe
controls or legislation that gives the government a monop
oly. In countries as diverse as Zambia and India, govern
ment seed production is deep in the red. In East Africa,
government-owned companies or regulated cooperatives
have monopolies over the production of major field crops.

There are no studies as yet on the optimal amount of
public supply of services in the seed industry, but some of
the limits of privatization are known. E>rivate companies will
only conduct research on hybrid crops like corn, sorghum,
and sunflowers-not on self-pollinated crops like wheat
and rice-unless there are enforceable plant breeders'
rights (ownership rights to plant varieties produced by an
indivtduator company). targeprivate companies will ITOt
invest much in the production and distribution of most self
pollinated crops because the companies cannot compete
with farmers. Large commercial companies will not invest
in seed production for small markets of hybrids. Therefore
multinational corporations (MNCs) will not invest in seed
production and r;jistribution in small-country markets.

At a minimum, developing-country governments must
continue to breed self-pollinated crops and produce
enough foundation seed to ensure that farmers can spread
new varieties. Also, government research must supply
sufficient breeders' seed and foundation seed so private
companies can multiply and distribute new varieties to
farmers.

The key question is hO\l.J much output viill farmers IOS8 due
to these restrictions on technology transfer?

The gains from liberalization of import policies will
depend on how much technology is available from regions
with similar agroclimatic conditions. Greece, Italy, and
Chile have successfully imported a.6d planted asmLJchas
half of their hybrid corn seed from the United States
because their growing conditions are similar. Most devel
oping nations in the tropics cannot benefit greatly from
direct imports from temperate regions \A/here most deve!
oped seed industries exist. As developing country seep
industries mature there will be greater benefits from
increasing trade with other countries in the tropics.

The transfer of varieties for use in breeding programs
hasbeenrnore important than seed imports as a means of
technology transfer. In wheat and rice, government
research in developing countries has been able to make
use of varieties from Mexico, the Philippines, and else
where as parents for breeding successful high-yielding
varieties. In maize, governments and MNCs have adapted
improved lines to the tropics by breeding them with locally
developed varieties. Recent studies show that the more
MNC research there is in a tropical country, the higher the
maize yields, which indicates the positive impact that
MNCs can have.

Therefore, while trade offers limited opportunities for
growth, public and private sector research to adapt exotic
varieties does have larae Davoffs. Governments should be
encouraging such research. I· . . .

BREEDERS' RIGHTS. FARMERS' RIGHTS. AND
GENETIC DIVERSITY
Plant breeders rights are being promoted in developing
countries by private seed firms, the U.S. government, and
some European governments as a means of encouraging
more private research and technology transfer. The oppo
hentsofsuchiegisla.tiorY \flew it as a. way inWhidi private
companies-particularly European and U.S. multinational
companies-can extract money and genetic resources
from farmers in developing countries. The opponents of
breeders' rights have proposed strengthening "farmers'
rights" instead. They propose that developed countries
compensate developing-country farmers for past use of
their genetic resources by financing research on and
conservation of genetic resources in developing countries.
- -ThisdetJate has been Bxtremely useful in emphasizing
the importance of preserving germplasm. There is general
agreement that more money needs to be invested in
identifying, describing, and preserving germplasm. A
number of countries are making major investments in
germplasm preservation. The discussion on farmers rights
may encourage more investment in germplasm preserva
tion by developed-country governments and the compa
nies based in them.

However, the rhetoric about plant breeders' rights seems
to have been blown out of proportion. The only developing
countries that have plant breeders' rights laws that they are
actively enforcing are Argentina and Chile. India is dis
cussiil9 Rlal1t bree~ers' rights, ~ut it aRpears that il1 Il1cJi(i
and other developing countries they would be very difficult
to enforce. This has often been true even in the United
States; therefore they have had a limited effect on research
or crop productivity.
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Fertilizer Polic-j Issues and
Sustainable Agricultural Growth
in DevelopL-.g ~ib-rtries

GUNVANT M. DESAI

Until recentl~, growth of fertilizer use was univer
SallY. aCk.nowledged as crucial.to ra.isin.g agricultural production in the dev~lo(JiOg wgrld. But with
growing aw,ireness ofenvironmental degrada

tion, doubts are sometimes cast on this position. One also
hears about increased emphasis on organic manures and
other alternatives such as organic farming, biological
nitrogen fixation (BNF) technology, and alley cropping.

The real question concerning fertilizers in developing
countries is not whether, but how to step up growth in
fertilizer use with minimum adverse effects on the environ
ment. Discussions that ignore this distinction often distrCigt
policymakers'-attentibi1from the- many complexities and
dilemmas inherent in attempting to raise agricultural
production continuously.

GROWTH IN FERTILIZER CONSUMPTION
Since the early 1960s, the developing world has raised its
annual fertilizer use from about 5 million metric tons to
more than 50 million metric tons. This growth look~
impressive whencomparedWithfhe 33· million fans LJsed
by developed countries in the early 1960s-some 12
decades after use of chemical fertilizers began in the
1840s. The .Iong-term trends of fertilizer use in most
develo(Jiog gountries outside Sub-Saharan Africa have
been robust and resilient, despite oil crises, growing debt
burdens, and an unfavorable world market environment.

But fertilizer use per unit of cultivated land in many
developing countries, and at some locations in all of them,
is still qUite low (Table -lr.-Severatstudies TnClicatEdhat total
fertilizer consumption in developing countries needs to
grow from 57 million tons i'n 1987/88 to more than 100
million tons by the year 2000 to raise food and agriCUltural
production to desirClgl~ I~vels.

ENVIRONMENTAL CONCERNS AND FERTILIZER
There are basic reasons why environmental conc~rns
should not indiscrirni"Clt~ly obstruct further growth of
fertiliier use i"n the developing world, where environmental
degradation is largely due to the widespread incidence of
poverty, and where the typical interplay of key factors such
as arable land, income, population, health, and education
is affected by the low levels of economicdeveiopmenl. The
rapid growth of fertilizer use in many developing countries
has played a key role in their escape from the Malthusian
trap characterized by growing human misery and environ-

mental degradation. Also, it has. Initiated technological
transformation of traditional agriculture, which is not
altogether enVironmentally b8nign~

When discussing fertilizer policy Issues, one must
distinguish between the developed and the developing
countries, and not just because their levels of fertilizer use
are different. In the developed world, the pertinent gu~~tign
is whether the·· present high rates of fertil,zer- use are
"excessive" to maintain high yields per unit of land. In the
developing world, sustainability issues need to be viewed
in the dynamic context of continuous growth in yields
required to maintain growth in agncultural proGuction.
Clearly, the objectives of fertilizer policy cannot be the
same in the two worlds.

At present, cost-effective alternatives to chemical fertil
izers for continual!y raising crop yields-alternatives that
are practicable on millions of hectares of hungry soils in
the developing world-are not available. Surely, organic
manures, BNF technology, and other alternatives must play
a complementary role to chemical fertilizers. But givel1 tbE)
historic-afexperiences of the developed world-and present
day r·ealities in developing countries it is naive to view
them as substitutes for fertilizers where growing require
ments for plant nutrients must be met.

Slflliiarly, it may be valid to say'hat fertilizer use is
"excessive" in certain developed countries and that this
could be corrected through price policy instruments, but in
developing countries, pockets of excessive fertilizer use
are few. And even in those pockets, adverse environmental
effects are commonly due todeficiehcles of niic:ronl1trients
or trace elements in soils and flawed fertilizer practices,
such as imbalance among nutrients .and unscientific
methods and timing of application. An effective solution for
these problerl1~ lie!) not so much in price policy reforms as
In enlarged, location-specific research and extension
efforts, as· well as improvements in the capabilities of
fertilizer supply and distribution systems.

To argue against growth of fertilizer· use in developing
countries by pointing to its direct adverse envirorimental
impacts in selected developed countries IS both hasty and
short-sighted. In fact, some of the above considerations
suggest that the positive contributions of chemical fertilizer
in arresting environrnel1tal cjegradation could be greater
thar1ifS- direct negative effects. Fertilizer could also be an
important tool in combating soil erosion and deforesta
tion-the two dominant elements !n environmental
degradation
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Table 1
Distribution of countries according to fertilizer consumption per hectare of arable permanent cropland, 1972 and
1987

Source: FAO.

A FRAMEWORK FOR UNDERSTANDING
CONSTRAINTS AND POLICY REQUIREMENTS
Fertilizer policies can best be discussed within a frame
wmk that vrews- -growth offertiii:z:eruse as -an outtoriie of
the interplay of all essential elements under typical circum
stances in developing countries.

The agronomic potential of fertilizer use in a country is
determinecll.:>Y fCictors such as soil aualitv, climatic environ
ment~cropping pattern, genetic characteristics of crops,
and use of inputs other than fertilizers. The economic
potential of fertilizer use is determined by these factors and
prices of crops and inputs, including fertilizers. Actual
fertilizer use is an outcome ofthe-converslon of the
economic potential into farmers' effective demand for
fertilizers and1he fulfillment of this demand through
fertilizer supply and distribution systems.

Forces behin~ grol.Vfb ilJ f~rtilif:~r use may be viewed as
development of and interactions among four sets of
processes: (1) those that influence the agronomic potential
of fertilize,r use through development of resources such as
irrigation and new technology that shift fertilizer response
functions up\AJard;(2) those-that conveit the potential into
farmers' effective demand for fertilizers by providing them
with knowledge ·on fertilizer use, credit, and assured
markets for output; (3) those that determine the growth of
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aggregate fertilizer supply through imports and domestic
production; and (4) those that help develop geographically
dispersed fertilizer distribution systems and determine how
they operate.
""Threenlajor elements in the operating environment that
influence these processes and interactions are prices,
institutional set-up, and macroeconomic conditions.
National objectives and government policies affect growth
in fertilizer use through their direct and indiiect ~nnuence
on the four processes and the major elements of the
operating environment.

This framework suggests that the factors governing
growth of fertilizer use are varied and interrelated. Also,
tfieTrrelativeimportanc-e in constraining growth would differ
at different locations and times. This is especially so in the
developing world where actual fertilizer use is typically less
than the economic potential, and where the different
processes behind grO\Alth of fertilizer use are neither fully
developed nor equally governed by market mechanisms.
Thus one cannot have a uniform policy prescription for all
developing countries. Nor would the same prescription be
equally valid in a country at all times.

C9NCLUSIONS BASED ON PAST GROwrH
Empirical research on the growth of fertilizer use in
developing countries, when interpreted in the framework



above, leads to six broad conclusions. These are useful in
critically Uhderstanding-past grOW1:tiandalso in refleCting
on policies for future growth.

1. Of the four sets of processes behind the past growth
of fertilizer use in developing countries, those that have
raised fertilizer potentia! and enlarged fertilizer supply have
dominated. Diffusion of fertilizer-responsive crop varieties
and growth of irrigation have been the main forces behind
the rising fertilizer potential. Enlarged fertilizer supply has
come mainly through expansion of the domestic industry in
many countriesin;the wake of the 6ii criSis.-ln addition to
raising the social and private returns to fertilizer use and
creating sustained growth in fertilizer supply from a
domestic source, these processes have induced expan
sion of th~ aqricultural extension, credit, and fertilizer
distribution systems. This, in turn, has also accelerated the
trends of fertilizer use on traditional varieties. The cross
country variations in growth of fertilizer use can largely be
traced to the interplay of all these factors. In countries
where fertilizer potential hasnotrisenrapidly(mahYSub~
Saharan countries, for instance), supply-side constraints
seem to have decisively influenced the pace and pattern of
growth in fertilizer use.

2. Growth of fertilizer use would have been faster in
virfualfy all developingcountries but for major weaknesses
in each of the four sets of processes: (1) lack of break
throughs in crop varieties suited to diverse agroclimatic
conditions, inadequate investment in irrigation and rural
electrification, and lack of cost consciousness -and effr..:
ciency in these activities; (2) inadequate geographical and
crop coverage plus absence of location-specific research
in extension efforts, weaknesses in agricultural credit
systems, and co'nstraints in maikets for -output; 13) -po-or
planning and management of growth in fertilizer supply
through domestic production and imports; and (4) inade
quate geographical expa:nsio~ infrastructure problems,
and inefficiencies in the fertilizer distrit>utioo ~y:~t~rn.

."3. Gover;nme-"tinvolvement on the fertilizer supply side
has been pervasive because of virtual absence of the
private sector in the initial stage, chronic foreign exchange
constraints for fer-tilizer imports, an oligopolistic world
fertirizer market, circumstances that led to public invest
ment in expansion of the domestic fertilizer industry and
the need to control allocation of supply to achieve specific
goals.

4. On the demand stele, apart from developing extension
and credifsystems, most governments have intervened by
controlling the prices of fertilizers, with the objective of
keeping them low and stable at the farmgate. Until the
dramatic .rise in fertilizer prices on the world market in the
early 19Z05, large fertilizer subsidies 'lJere uncommon.
Since then the volume of fertilizer subsidies has increased
substantially in most countries. However, in many coun
tries, budgetary statistics do not reflect the true volume of
fertilizer subsidies or the burden on fiscal resources
becaose oftheoverail administered price erwironmentand
the importance of foreign aid in imports. Also, despite
subsidies, the ratios of fertilizer to crop prices in many
developing countries have been higher .than in the devel
ogecj countries.

5. In virtually all countries, geographical pockets of
concentration in fertilizer use have emerged. These are
areas with superior response functions and with better

cl~velopment of the processes behind growth of fertilizer
use. Continued dependence on these areas for increased
agricultural output has often generated pressures for more
favorable prices due to diminishing marginal productiVity of
fertilizer. Policies have usually responded to these pres
sures to achieve short-term-production targetsratYier thah
improving efficiency of fertilizer use in these regions and
opening up new markets with untapped fertilizer potential
through infrastructure development.

6. In Sub-Sah(ircio Afri(;~, (;Quntries with relatively better
performance-in raising fertilizer use are also the ones
where food crops have a high share in total use. But in
many countries, the bulk of fertilizer use has remained
confined to a few export crops, which dominate foreign
exchange earnings and government revenue, and growth
has been poor and unstable. Unlike in Asia, growth of
fertilizer use on food crops in Sub-Saharan Africa has
been constrained by lack of major breakthroughs in crop
varieties. But there appears to be consi(j~rCiI:>I~ ul1t~gped

po@itiaJ forfertilizerLJse on food crops, especially maize.
Therefore, poor diffusion of fertilizer use on food crops is
very likely due to numerous deficiencies in the support
systems, especially for the smallholder sector. Firm gov
ernment commitment to develop both demand- and sup
ply-side processes seems critical for removing these
deficiencies In this task, sustained growth in fertilizer
supply is an essential precondition In the short run and
raising fertilizer potential through technological break-
thrcmghsisessentiaJiri the lOng rUrl.·· .. .. ... ..

REFLECTIONS ON FUTURE POLICY
REQUIREMENTS
Further growth of fertilizer use in the developing world
must be increasingly seen as a means of increasing
agncultural production in ways that alleviate poverty
through employment-oriented e,conomic development. The
most essential feature of such growth is maximum techni
cal and economic efficiency in fertilizer use. This depends
on three actions: (1) vigorously promoting fertilizer use in
regions and crops with .untapped viable potential, (2)
Inoeasingefficiency ofUse iriregions where per hectare
levels have reached high levels, and (3) continually
developing technologies that raise the productivity of
fertilizer In crop production.

In developing policies for such growth, a fragmentary
view of issues and confusion of short-term expediencies
with long-term objectives need to be avoided. Similarly,
government Involvement in growth of fertilizer should not
be considered either "inevitable" or undesirable." Policy
reforms in this matter shooldbe gUided more by practical
considerations than by ideological preferences for or faith
In the market forces and the private sector.

Given the critical importance of the supply side, the
genuine cOI1§trCilots on rapid growth of fertilizer supply, and
the historical developments behind government involve
ment In production and Imports of fertilizer, it would be
imprudent to rapidly disband the existing institutional
arrangements. Reforms aimed at Involving the private
sectOF In fertilizer distribution, if they are not to be short
lived, must be accompanied by sustained efforts to accel
erate growth of aggregate fertilizer supply and to remove
phySical infrastructure deficiencies.

25



Price and subsidy policy reforms are neither cost-free
nor one-snof affa.irs.· Also, tne scope ofre-ducing-ttle
burden of fertilizer subsidies on fiscal resources is often
smaller than commonly believed. Yet these reforms seem
overdue in many developing countries because subsidies
r"'",nnnt c:::"hc:::tit. ,t", fnr Inr"'",tinn_c:::n"'r"'ifir'" r",c:::",,,,rr"'h tn imnrn\lp_"""'III...., .. ""l>A_"" _....,. ,_'-',"",Ion,"" I ,.,__ 11 • ..., • __ _ • ..., _ " •• ,.,. __ .....

efficiency of fertilizer use; widespread diffusion of this
knowledge among farmers; and vigorous development of
agricultural credit, fertilizer distribution, and output market-
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ing systems. The resources required to undertake all this
would-mosf likely exceed 1ne savih-gsfromfheeliminati6ri
of subsidies in the short run, but the long-term benefits
would be substantial. Persistent deficiencies in the support
systems are a liability, not only for efficient growth of
fertilizer use but also for technology-based agricultural
growth that alleviates poverty through employment
oriented economic development.



AgriGulturai Eredit Policy
For Technological Change

BHUPAT M. DESAI AND JOHN W. MELLOR

Agric.ultu..ral cred.it policy .a. ims to fa.cilitate ruralgrowth with equity, integrate rural financial
markets, and enlarge the ecol1()l'l1i~s of scale
and scope for viaointy of formal rural financial

institutions (RFls), that is, public and private lending
institutions such as commercial banks. Two main instru
ments for achieving these goals are promoting appropriate
RFls arlcll'l1Cl.intaining moderately low interest rates. These
policies to develop RFls work best in the context of new
technology that reduces the cost of production per unit of
output.

Modern forms of capital and an efficient capital ll1a[k~t
influence not only prices bur also groWth-and ernployment.
Rural capital market development is a complex process.
This is because agriculture is small scale, geographically
widely dispersed, weather dependent, lacks cOrnrTIerC;iClli~
ation, and is depriveu-ofbasiCinfrastrueture and education.
It is also because the rural loan demand is more elastic to
the real interest rate than rural saVings in general and rural
financial deposits in particular. But, rural households'
borrowing, savil19, Clod deposit responses to the availability
of accessible and appropriate RFls are elastic. Thus, a
widespread system of rural branches is important. In these
circumstances, developing a public-sector role for rural
credit is inevitable,. though a widespread system of RFls
may be expected to absorb staTtcuploSMS. Tfie-issues-are
how to develop that role, for what purposes, and with what
policies.

A developing rural credit system may be subject to
political abuse, becaUSE! Qf its dispersed character, thenature'·of fu"ral politics, and inappropriate interest rate
policies. As a consequence, loan quality may be poor and
loan delinquency widespread. However, other reasons for
the viability problem or-rural credit institutions are far more
important. They relate more dimctlyto inapprOpriate
features of the policy of promoting formal institutions than
to interest rates. This brief outlines a more appropriate
strategy for development of RFls that stresses developing
multiple financial agencies that are fUrlc;tionally and verti
cally-imegrated,wiUfhigli covera.ge of farmers and geo
graphic areas.

PROMOTING APPROPRIATE FORMAL
INSTITUTIONS

- - - - ---

Nationally integrated RFls are necessary and desirable for
accomplishing financial intermediation between surplus
and deficit seasons, years, regions, and economic subsys-

tems. The need to develop RFls IS shown by historical
patterns in the relative role of formal and noninstitutional
lenders. !n the process of economicdeveibpment, formal
lenders have played an increasingly large role relative to
informal lenders. Among the reasons for this increasing
role are problems resulting from differences in the outward
shift in demand and supply §c;bedules for capita! induced
bywidely"dispersed agriculture with uneven availability of
new technology; problems arising from weather instability
and low and static incomes of farmers; financial require
ments for land reform and redemption of old debt during
calamities; and the weaknesses of informal tenders. There
has been a strong secular increase in the relative role of
institutional credit and a consequent decline in noninstitu
tional credit in Asian high-income, middle-income, and
low-income countries. Cross-nationatdataohvarioLJs
countries in six different geographical regions suggest a
similar conclusion.

Given the need for RPls, how should their development
be structured? First, alth.ough thE!r~ is little or no empirical
evidence; logic·· ahd()bservation fav.or a multiagency
approach, which provides a choice to farmers. Because
RFls have major problems with economy of scale, a large
number of competing agencies may be undesirable.
However, unlike a single-agency approach, a lTlultiagMcy
approach has the potential to generate competition. Other
reasons for a multiagency approach are shifts in the term
structure of demand and supply schedules for financial
services; the lack of comparative advarltClg~ Qf the existing
RFls .duetolheir iif":suitecfterm structure of finanCial
resources and their inability to serve the rural poor,
especially in more difficult agricultural areas; and increas
ing availability of trained manpower over time. Historical
eXIJ~[ieDCes of countries around the world show that the
flluitiagency approach is common in both developed and
developing countries. The average absolute number of
types of RFls is higher in high- and middle-income
countries than in low-income countries.

What should be-the form of organization of rural financial
institutions, that is, should they be government or autono
mous public agencies or private agencies or cooperatives?
Again, historical experience shows that all these forms are
found .....orlcj Qver. But the process of promoting RFls
typically begins with government departments or coopera
tives, because commercial banks are reluctant to enter the
rural financial market-perhaps largely due to initial
problems of scale and the difficulty of supervi~ing ""idely
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dispersed small branches. Government programs are
ubiquitous even in the later -stageoTdevelopment in Japan,
the United States, Taiwan, and South Korea. But they are
well-integrated with the rest of the formal RFls.

The second important organizing principle for RFls is
vertical integration. Vertically organized RF!s are needed
because they are capable of integrating national and
regional financial markets, providing hum,an know-how to
their lower-level units, and decentralizing decisions on
rural financial operations. Such capability is weak in Africa,
the-Near-i:astandMediterraneanBasin, and' Soufh
America, compared with Asia.

Improving the density of RFls is also extremely important
to the development of the rural financial market. Although
§C:C3.I~ ~c:onomies may be adversely affected, increasing
density is still important because it improves accessibility
for both rural households and the formal lenders and
lowers farmer's transaction costs of borrowing. Increased
density also enables intensification and widening of the
scope' of operations-to 'deveiop-s-caleeconomies, which
are crucial for spreading lenders' common transaction
costs. Moreover, it facilitates effective competition with
informal lenders. Both the density of RFls and coverage of
farmers are lowest in Africa, followed bY the Near East and
Med,ferraneanBasln,-So-uttlAmerica, and lastly Asia.
Density (the number of field-leveL RFls to 1,000 hectares of
arable land) is highest in Japan (4.6), followed by China
(3.7), Taiwan (1.3), South Korea (1.1), India (0.7), two
Southeast Asian middle-income countr-i'es 1t\11ICs)- (O.39t,
and four South Asian lower-income countries (L1Cs) (0.3).

It is also advantageous for RFls to be multifunctional.
Multifunctional RFls directly and indirectly undertake
operations of farm-level loans (both in -cash--and--kind -and
in short and longer terms), extension, input sales, produce
marketing, consumer goods sales, deposits and/or capital
collection, other borrowings, and loan recovery.

Multifunctional RFls are advantageQus fgr tbr~~ r~Clsons.

First,farmer~revel-credit acts as an impetus to investment
in real resources, which must be matched by supplies,
which in turn could be encouraged by loans to input and
produce marketing agencies. Through thes,e types of
agricultural credit, RF!s can forge mUCR needed backwaid
and forward linkages among agricultural production, agri
cultural input distribution, and agromarketing and process
ing subsystems. These linkages improve the efficiency of
agricultural productivity and the economies of scale ancj
scoJle,a:na tlierebyincrease viaoirity." '"

Second, multifunctional RFls also accelerate the con
sumption linkages of technological change because they
have a larger impact on rural incomes, as a result of the
stronger and noninflationary production and saving link
ages mentioned above.

Third, RFls are an effective alternative to informal
lenders who undertake a range of functions. In most
developing countries, informal private lenders' operations
are -characterized by horitOnfaiintegrati6n-bl l()cal-c()l11~

modity, land, labor, and credit markets. Both horizontally
and vertically organized RFls are widely found in devel
oped countries, such as Japan, the United States, South
KQr~a, and Taiwan, and to a lesser extent in developing
countries such as Bangladesh, India, Malaysia, and
Thailand.

Transaction costs as a percentage of all assets plus
liabilities of RFls are lower where their density, coverage,
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and multifunctional roles are better: thev are 1.1 Dercent in
Taiwan,1 ~5-percent i/1 South Korea, 1.7 'percent i~ the Near
East and Mediterranean Basin MICs, 2.00 percent in Asian
MICs, 2.4 percent in Asian Lies, 2.8 percent in South
American MICs, and 3.1 percent in African MICs.

A· successful example of a diversified agency is the
Grameen Bank in Bangladesh, which not only makes farm
level loans, but also lends to local agroprocessing busi
nesses and shops. It also collects deposits, recovers loans,
and borrows from other agencies. Tbi~ QC3.0k bC3.~ ~rlcour

agedirivestment, employment, and occupational diversifi
cation, in addition to increasing incomes and lowering
poverty among the rural poor. It has also achieved viability,
high rates of loan recovery, scale economies in financial
costs, and constant returns-to scale in transaction costs. Its
rural branches achieved scale economies in transaction
costs within three years of their inception. Moreover, this
bank has been an effective alternative to noninstitutional
lenders whos~ operations ilre similar to those described
earlier.--

Regional Rural Banks (RRBs) in India have also to some
extent diversified their operations in a manne~similar to the
Grameen Bank. In the late 1970s they lowered their unit
transaction costs and improved profitability. Farmers under
the purview of a multifunctional village cooperative in India
have larger investments, more optimal allocation of
resources, better technology, and higher productivity and
incomes than those served by less diversified village
cooperatives' in tnesame agrodimatic-allyoackwardarea.
A sample of mostly rural branches of the nationalized
commercial banks in India reveals that they enjoyed scale
economies in transaction costs in the mid-1980s. These
branches; however, Suffered from'scale disecOnomies-in
costs when their operations were only about Rs 1 million,
but they rapidly reaped scale economies once operations
grew to about Rs 30 million. These economies moreover
continued even beyond a volume of business of Rs 60
million (see Figure 1).

Furthermore, the adoption rates for high-yielding varie
ties and agricultural productivity were higher and the loan
delinquency rates were lower in states of India where the
densitvofRFlswas-higher.ln theseslales loans to farmers
and those to input distribution agencies were also higher
and more diversified. Village cooperatives in these states
were multifunctional and achieved scale economies in their
transaction costs.

In India, fertilizer use, irrigation, other agricultural invest
ments, and agricultural productivity have increased over
time, with the increase not only in the·density of RFls and
farm-level credit, but also in loans for distribution of
agricultural inpats, cooperative marketing of procWce, and
to processing agencies. Nevertheless, at the all-India level,
loan delinquency is high and scale economies in transac
tion costs have not been fully achieved. Had the institutions
sustail1~cl ioc:r~C3.§~§ in their density, coverage of farmers;
scale and scope of farm-level loans, and multiproduct
operations more continUOUSly, institutional credit would
have had a much larger effect on agricultural investments
and productivity, and on profitability and loan recoveries.

More sustained and disciplined -integrated lnstitutionai
credit of the type described above can further lower
already declining interest rates of informal lenders. This
rate has decreased by 25 percent over two decades from
1948-51 in 13 developing countri~§ §I:)r~C3.cl Qver\ Africa



For developing countries, three implications can be drawn.First, promotion ofanationally integrated formal ruralfinancial market with sustained government support isabsolutely essential to transfer of new technology foragricultural development. Second, in so doing, improveIllents in vertical organization, density,· covera:geoffarmers, and the functional structure of formal RFls' arecentral to their clients' well-being and to their own. Andthird, these improvements, together with mainta~ning moderately low interest rates, are far JT1o~~ important toachieving-theobjettives·tha-n presently recommendedfinancial liberalization.

counterproductive to the basic goals of a rurai financialsystem.
The rationale for maintaining moderately low interestrates is straightforward. On a macroeconomic level, raisinglending or deposit rates can lea(j tQ gQst-push int/ation,lower growth and saving ra.tes, and bankruptcy, as' wasfound in recent financial reforms in South Korea, Brazil,Chile, and Turkey. At the sectoral level, loan demanddecreases more than proportionately in response toinc~€l~ses in the lending rate in developiAg countries,oniikedeveloped countries. Moreover, the interest rate has agreater impact on rural loan demand than on the supply ofrural savings, and rural deposits in developing comparedwith developed countries. Therefore, ~~i§iOg interest ratesexcessive1yin fhedevelopingphase will tend to choke offrural loan demand without inducing substantial new financial deposits. In addition to the direct negative effect oneconomic activity, the adverse effect on growth in ruralloaD!) will retard development of scale economies in iheoperations of the RFls.

A feeble response of rural deposits to interest rates is insignificant part due to farmers preferences for holding theirsavings/assets in physically productive resourgEl!) rgtherthan ~Fi financialdepo~its.Further, the interest rate is lessimportant a determinant of both rural loan demand andrural deposit supply than nonprice factors in developing, aswell as developed, countries. In developing countries,these factors main Iv include the existence of new technol~ogy, the densItY of formal RFls, and their multiproductoperations. In addition to the last two factors, the safety andliquidity of these institutions' deposit facilities largelydetermine thEl !)upply of rural deposits in these countries..Whether total rural saving (physical plus financial) willincrease or decrease with the increase in the real interestrate cannot be stated a priori because of its positivesubstitution and possibly negative income effects. ElTlpirical evidence on farm-households fnln-dian districts,Taiwan, and South Korea shows that this response ispositive but inelastic. This result is due to a very highpositive substitution effect of the rate of return, which hasmore than offset the PQ!)sible negative income effect or. been reinforced by this impact also being positive. Such aresult may have been induced by rapid and widespreadtechnological change in agriculture. Moreover, rural savingis also influenced more by factors other than the rate ofreturn. Most of these noninterest factors cehter aroundsome measure of the ability to save.
CONCLUSIONS
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figur~ 1
Behavior of scale economies in transaction costs ofsample rural branches of nationalized commercialbanks in India, mid-1980s
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MAINTAINING MODERATELY LOW INT~RESTRATES

Interest rate policy is perhaps even more complex thanpromotion of formal RFls. Most transaction costs of an RFIare shared jointly by its various activities, including credit.The spread between borrowing and lending rates fQragriculture is not the only source of revenueforRFls. Other.sources include the interest spread for other sUbsystems ofagricultural development, commissions on nonfund-basedcredit, discounts on bills, check-clearing fees, and incomefrom nonfinancial ~gtivities. Moreover, policy aims toevolve vTable intermediaries rather than one single activity~ke credit or deposit.'
Recognizing this, it is a better analytical approach tounderstanding many common transaction costs and theunit net margin of an RFI ratherihanthose6nts singleactivity. Furthermore, raising borrowing rates in isolationfrom lending rates acts as a disincentive to RFls withoutpromoting significant growth in rural deposits. Similarly,raising lending rates in isolatiQO from deposit rates acts ascrdisincehtlve fu--rural borrowers, which is eventually
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Fertilizer and Output Pricing
Policies for Sustainable Growth

MARK W. ROSEGRANT AND RAlSUDDIN AHMED

G1ii'~~r~~~~:r~~~u~i~~~C;~r~~t~~~":~ ~c~~Zdeveloping countries. Governments subsidize ortax the prices of key inputs such as fertilizer andwater, manage foreign exchange markets, control irT"lQQrtsand exports -of commoditres-; procUre and'distribute foodand feedgrains, attempt to maintain floor and ceiling pricesin markets, and regLllate private trade. Price policiescritically affect the structure of incentives for agriculturalproduction. This brief l3xClmines the criteria for tRe settingoff~niiiter and agricultural output price levels.

FERTILIZER PRICE POLICY
Governments have intervened in the setting of fertilizerprices in ·support of a number of broad-based policy gqals.Many countries have protected domestic fertilizer production by restricting imports or maintaining import tariffs. 10the Philippines, for example, dQmestic fertiliierpricesweremaintained well above world prices through the mid-1980sby a combination of import controls and subsidies todomestic fertilizer plants.

Subsidies for the dOmestic fE3rtilizer industry have arisenfrom-anunibe(ofhistorical reasons, including infantindustry protection; protection for the agricultural sectorfrom uncertain~ies in fertilizer supply and prices in theworld market, such as occurced most dramatically duringthe gil crises in the early m70s; and-suppbrffbithefertilizer industry as a component within integrated domestic production processes.
More commonly, governments have subsidized farmlevel fertilizer prices in support ()f §everal objectives,including incomeSupporffor "f~lrmers and provision ofincentives to increase the rate of adoption and level offertilizer use, to increase crop production, and to balanceother taxes against agriculture. In Indonesia, subsidieshave beeo maintained both for farmers -and for fhedomestic f~rtilizer industry. The total fiscal costs for the twotypes of fertilizer subsidy were about Rupiah 670 billion(US$407 million) in 1986, representing nearly one-half oftotal government development expenditures for aqricultureand irrigation. Fertilizersubsidiesmaclllgfacleshin 1983/84 accounted for about 14 percent of its budget allocationto agriculture.

FERTILIZER PRICiNG CRiTERIA
Governments have thus used a number of criteria forpricing of fertilizer in pursuit of diverse objectives. In order

to evaluate the social costs and benefits of different pricingpolicies, it is necessary to define a reference social price,which represents the marginal cost to the society ofobtaining the marginal unit of fertilizer. If the primaryconcern of fertilizer pricing policy is pronuctivitygroMh aridhence efficiency in production, the world price is theappropriate reference point for domestic price determination, because it represents the cost to the society ofpurchasing fertilizer.
- -ifacouiitry is a-net importer of fertilizer, the social priceis the world or import price of fertilizer plus domesticmarketing and distribution costs. If the country is a netexporter of fertilizer, the social price of fertilizer is the costgf ~fficient domestic production and distribuiion. - .. - .... In the absence of externalities, if free import of fertilizeris permitted and if fertilizer is distributed to farmers throughan undistorted marketing and delivery system, private (orfClimer) prices and socia! prices offertitizer are-equal.However, as noted above, many governments have introduced differences between social and private pricesthrough fertilizer subsidies, import tariffs, or nontariffbarriers to trade.
In general,input subsidies and taxes that cause differences between private and social costs distort productionincentives, creating inefficiency and reducing productivitygrowth. Taxes on fertilizers, in the form of tariffs or otherimport r~§tric:tions, subsidize inefficient domestic piOulIcersonertilizer and reduce fertilizer use and food and agricultural production to less than socially optimal levels.Fertilizer subsidies to farmers, on the other hand, canbecome extremely costly to government treasuri~§, §Q(;lking up funds that cootctbe usedfo( alternative investments,and they can induce the overuse of fertilizers relative tosocially optimal levels. To the extent that subsidies are notfully funded to provide enough fertilizer to meet demand atthe subsidizecl Qrice, excess demand wil! be created,wnicflcan contribute to nonprice rationing, nonavailabilityof fertilizer, black markets, poor logistics, and untimelydelivery of fertilizer.

Given these potentially significant negative effects ofsubsidies, are there appropriate usesforfeffil1zer sLJhs.idiesto farmers or industry? Fertilizer subsidies to farmers maybe cost-effective in stimulating farmers to adopt andappropriately utilize fertilizer together with new productiontechnology. Temporary sut>§igies during the early stage ofadoptlbri6f fertilizer may be effective in overcoming thefixed costs related to adoption of new technology and ininducing farmer experimentation and learning duringperiods of rapidly changing technological potential.
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A similar argument could be made to provide direct
subsidies to the domestic fertilizer industry during the early
stages of establishment of the industry. Such support can
only be justified when combined with policies to induce the
industiY to become efficient within a reasonable time
frame. Subsidies to induce rapid adoption of new technol
ogy or to protect an infant industry should necessarily be
temporary, and should be phased out as adoption and
appr()prig!~ u§~ Of fertilizer become widespread. Other
wise, with increasing production and use of fertilizer, the
budgetary cost of the subsidy becomes prohibitive, pro
duction incentives are distorted, and resources are misal
located as described above.

In reality, it has proven difficult to phase out fertilizer
subsidies once they are in place, because of the strong
political support that develops as the subsidy becomes
institutionalized. However, Indonesia, which has used
fertilizer subsidies as one of the key policy iJlstrurl1E}r1t§ iO
promoting the spread and intensification of use of fertilizer,
is now in the process of gradually phasing out fertilizer
subsidies.

FERTIUZER PRICING AND ENVIRONMENTAL
EXTERNALITIES
In addition to government policies, a second major source
of differences between priv<lt~ <lOcl §ocial benefits and
costsareextemlal economies or diseconomies arising from
the production process. External economies occur when
producers confer benefits on other members of society, but
are unable to o~tain PCiYrl1ElOt for tbo§e benefits. External
diseconomies occur when farmers as producers impose
costs on other members of society without paying fully for
these costs. Under these circumstances, the pursuit of
private gain does not promote social welfare.

A goed example of an external diseconomy occurs with
heavy use of chemical fertilizer. Heavy use of chemical
fertilizer may cause long-term adverse effects on soil
structure and crop productivity and excessive drainage
runoff, which imparts negative externalities to other farI11El~~

arid consumers .fhroughpollution ofgroundwater, rivers,
and lakes. Conversefy, there is an external economy to
using organic fertilizers such as green manure because of
their long-term positive impact on soil structure and
productivity and provision of micronutrients, some of vvhich
are not available from chemical fertilizers. (This can also
be interpreted as an additional diseconomy of chemical
fertilizer use.).

This external economy is not a pure externality. because
parf6ftfle behefilsoforganic -ferfiITzeruse(or costs of
chemical fertilizer use) accrue to the farmer. However.
because of the long-term nature of those benefits, the use
of chemical fertilizer instead of organic fertilizer represents
a partial trade-off of future benefits for present gain.
Because private discount rates are generally higher than
social discount rates, this trade-off will generally not be
reflected in the farmer cost of chemical fertilizer.

The key price policy question is whether the environ-
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mental externalities of chemical fertilizers in developing
countries are serious enough so that taxes on chemical
fertilizers should be used to encourage a shift from
chemical to organic fertilizers. Although additional research
is needed onmanyaspecls -ofthis question, available
evidence indicates that such a tax is not advisable.

First, there is little evidence of substantial, widespread
negative externalities from chemical fertilizer use in devel
oping countries. Second, the economic feasibility 9f the
current technology for green manures and alternative
organic fertilizers is generally poor due to high opportunity
costs of labor and/or land in the production and application
of these fertilizers. Third. the supply of organic fertilizers
appears tu benighlyinetastic.

Because the difference between private profitability of
chemical and organic fertilizers is so great, a large tax on
chemical fertilizers would be required to induce significant
switgbE}§ frorn chemical to organic fertilizers. Such a tax is
not justified based on available evidence on externalities
from chemical fertilizers. Instead. it would be more appro
priate to continue funding of research programs designed
both to overcome the constraints to economic feasibility of
organic fertilizeis and to improve the1echnical effrciency of
chemical fertilizer use and minimize its adverse environ
mental impact.

GliTPliT PRiCiNG CRiTERiA
Most countries with predominantly market economies have
taken a pragmatic approach to pricing of agricultural
output, employing a mixture of pricing based on the costs
of production, parity pricing relative to other domestic
prices, and use of world prices as guides for the fixing of
producer prices. However, if the primary concern of
agricultural pricing policy is productivity growth and hence
efficiency irr produetion; the worJdprice fsthe appropriate
reference point for domestic price determination, just as in
the case of input pricing policy The domestic equivalent of
the world price is computed at the appropriate exchange
rate ancJ acJju§t~cl fQr clQrnestic transportation and market
ing costs.

Departures from the worlc:t'pnce necessarily entail costs
to the economy. If the domestic price of a commodity is
lower than the world prjce, farmers are being penalized
and incentives to production reduced. Raising -the price to
the world level will induce Increased production and
reduce imports or increase exports of the commodity. If the
domestic price is higher than the world price, consumers
are being penalized, and excess productive resources are
aevotedtoproductionof the comm6dit)'.ThecoLJntry can
therefore gain by allowing imports, which will reduce the
domestic price, improve consumer welfare, and release
productive resources to other crops with a comparative
~rl\l~nt~fl'" in nrnrl"l"tirm
...... ............... , ..~:::;,_ '" t-'I"-''-'!UV .... '-JI ••

Adoption of the world price as a base for domestic
priCing policy does not imply commitment to a free-trade
policy. Governments use price policies to pursue many
goals, some of which are conflicting, such as income



support for farmers and maintenance of low food prices for
consumers. However, the world price reference point
provides a means for assessing the social costs of
pursuing other goals through a domestic pricing policy that
causes a divergence between domestic andWorTdprices:

For example, if the overriding objective of the country is
self-sufficiency in a commodity, then the appropriate
domestic price is the one that will balance supply and
cj~I11Ci,.,g i,., tbe domestic market. Eormulation and imple
mentation of domestic price policy in such a situation may
completely ignore world prices. Assessment of the effects
of the. self-sufficiency policy, however, should utilize the
world price in estimating the marginal social benefits and
""'''r'''+r'''' _f: +h_ .......... 1:........ '
,",v;;>,;;> VI lilt:: I..IUIIl,;Y.

Cost of production is a widely used alternative pricing
criterion in both developed and developing countries.
Generally, the average cost of producing a unit of output,
rather than the lTlargi l1CiI 90St, is used as a reference point
infixing producer prices. There are several other problems
in using cost of production as a guide. First, the cost of
specialized resources (such as land) is demand-deter
mined and therefore is affected by product price. Accom
modation of this cost in the fixing of price- involves
circularity. Every time th~ product price is raised, the cost
of these resources will also rise and the administered price
will have to be raised. Second, because of uncertainty, the
cost that determines producer decisions i§ Ci subjective
oppoftiiriitY-c-osf that ·cannof be measured objectively.
Third, since differences in costs among farmers and
regions is very high, the choice of groups and regions
whose cost is to be fully covered RY tb~ Cic:lmi,.,istered price
will De arbitrary. An aroitrarychoice of a cost estimate may
generate enormous problems of interregional or intergroup
income distribution. Moreover, the production conditions in
agriculture, as dictated by factor and product market
imperfections, make the cost estimates deviate more
widely from their true opportunity costs than would be
expected in industrial production. Thus, fixing prices on the
basis of cost of production is even less likely to approach
optimality in agricultur~ thCin in industrx-

IMPLEMENTATION OF OUTPUT PRICING POLICY
Implementation of an output pricing policy based on world
prices is complicated by the choice of \AJhether to base the
domestic equivalent of the world price on an export or an
import parity price and by the high degree of instability in
world commodity prices. If a country is a consistent
importer, the import parity price for comparison with the
farmgatedorrrestit priCe·· woDldbe .the c.iJ price plus
transportation costs to the retail level minus transportation
costs from farmgate to the retail level. If the country is a
consistent exporter, the export parity border price would be
the f.o.b. price in the world market, and the comparable
domestic market would be the farmgate price plus trans
portation and other costs up to the f.o.b. level.

The decision to price a commodity on an export parity or
import parity basis becomes more complex when a

country is characterized by small deficits or surpluses in
production of a commodity. Such a decision should be
made on the basis of a careful examination of domestic
production growth and the l1atu[E! Of tbe CQuntry's trade
gap. In general, countries at the threshold of self-suffi
ciency may find it beneficial to use an average of export
parity and import parity prices. This approach reduces the
chance of unusual variability in prices resulting from the
potentially \AJide gap bet'v·Jeen export and impoit parity
prices.

The high degree of instability in world commodity prices
poses a major problem for a policy of maintaining domestic
prices in line with world prices. Few developing coul1tri~§

Wish fo fmporfsuch high instabilTtYlntodomestic markets.
Therefore, in the determination of domestic output price,
using world price as a reference, an average world price
can be utilized instead of the current world price. If the
fluctuations in world prices are random, \AJithout an under
lying trend, a simple average price would be appropriate.
If the fluctuations in world price are accompanied by an
underlying time trend, a moving average of world prices
could be appropriate for guiding domestic price determina
tion: Il1ordenoirnplemenf such policies, gOvernmentsrnay
use stabilization funds and stocking provisions, or variable ,
tariff or quota systems. These policies are examined in
more detail in the accompanying brief on stabilization
policies.

CONCLUSIONS
Governments pursuina active orice oolicies and interven
Ing.inmarkets· can better do their job by adopting proper
criteria and implementing them with consistent, well
designed measures. The use of world prices as a refer
ence for input and output prices, although complex and
imprecise, is socially optimat irrthe sense that the principle
is consistent with efficient utilization of resources and
maximization of productivity growth. ,

Setting domestic input and output prices in reference to
the world price ~o~s I1Qt mE!ClO setti l19 them equal to short
run world prices. Instead, it implies an alignment of the '
domestic price with the world price trend so that the effects
of world price fluctuations can be minimized, and so that
the short-run constraints associated with world pricing
policies can be accommodated thiOUgh selective
interventions.

When a government intervenes to achieve policy objec
tives that call for long-term departures of domestic prices
from world price trends, it should ~e fully c:QgOi~Clot Of tbE}
possible SOCial efficiency costs of these interventions and
should consider alternative policies that may more directly
address the objectives. The longer-run policy solution to
many of the problems currently addressed through pricing
interventions may lie in infrastructural development and the
correction of market imperfections through such policies as
the development of improved marketing information sys
tems and financial institutions.
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Price Stabilization in me Wake
of Technological Progress

RAlSUDDIN AHMED

An eariier brief on input and output pricing policy
focuses on the question of appropriate levels of
prices for agricultural inputs and outputs. The
problems caused by instability in prices and the

Rolic:i~§ OElQElssary to address them are examined here.
What are the nature, extent, and cause of price instability?
What effect does instability have on society? What
approaches can be adopted to contain the problem?
These questions constitute the essence of this brief.
Foodgrain prices die of primary concern.....

Two types of price variability afflict developing countries:
intertemporal (seasonal and interyear) and spatial variabil
ity (price differences from place to place within a country).
Intertemporal price variability is contained throuah oublic
stocking policies,wher-easthe long-run solution of ~patial
variability calls for infrastructural development. Many
African countries, however, use direct public procurement

. and distribution to r~cluQEl spatial price variability because
infrastruCture is underdeveloped.

Intertemporal stabilization of foodgrain prices is perva
sive in developing countries, and measures have achieved
some degree of success. For example, the coefficient of
variation of the world price of rice was about "32petcent
during 1974-85. In" comparison, the coefficient of variation
in rice prices in India was 11 percent; in Bangladesh, 12
percent; in Japan, 4 percent; in the Philippines, 6 percent;
and in Colombia, 10 percent. But the QQ§t Qf a<:;hievement

.has riot been small. Banglades-hincurred a deficit of Tk 4.8
billion (US $150 million) on its public food account in 1989/
90. India's total deficit in food and fertilizer was reported to
average about Rs 75 billion (US$5 billion) a year during
1986-89. These costs imply forgone opportunity for long..:
run development.

But the reasons for stabilization of prioes and supply are
also quite compelling. In low-income developing countries,
the poor spend more than half of their income on food
grains: Any serious irisBibilily in prices causes severe
disruption of their ability to purchase food, resulting in
hunger and even starvation. Targeted food subsidy pro
grams become too massive-administratively unwieldy,
il)effective, and costly, In such countries, millions of small
farmers produce foodgrains for both home consumption
and sale with no insurance or effective credit markets.
Under these conditions, risk pnd uncertainty arising from
unstable prices act as a serious constraint to investment in
agriculture. Moreover; themaCraecohoiTt1C conse-quenees
of unstable food. prices are by no means insignificant.
Since foodgrains are the main wage good and "weighted
heaviest on the inflation index, instability in foodgrain prices

invariably creates instability in macroeconomic variables,
including political instability and labor unrest in industries.
These important and comprehensive effects of price
instability often escape measurement when using static
economic frame\,AJorks.

Several factors in the agriculture of developing countries
tend to accentuate price instability. As already noted,
production on small farms is organized for both home
consumption and market sale. Market sale 1:>~c:QroEl§ a
residual adivifyafternome consumption. This implies a
much sharper fluctuation in market supply in response to
production changes than would be the case in a com
pletely commercial agriculture in which almost all quanti
ties produced are marketed. Thus it has been estimated
that a 10 percent change in production causes almost a 20
percent change in marketable surplus in Bangladesh. In a
closed economy, when this change in marketable surplus
is superimposed on low elasticities of demand and supply
(0.4-0.5, for example), a 10 percent variation in production
may be translated into a 40-50 percent variation in prices.
Some of this potential volatility is of course contained by
foreign trade and stock policies. Underdeveloped infras"
trucWteaisb· tanIr-ioufes to these forc:es:ftle scope oHhis
price instability has been observed to increase during the
phase of rapid technological progress in foodgrain produc
tion. In light of the relation between production and
marketed surplus; on the one hand, and technological
development and production, on the other, increased price
instability in the wake of rapid technological progress is not
surprising.

The foregoing discussion clearly leads to the conclusion
that price- stabiJizatronisunavoidable in cerTain Circ:Urn
stances, but its costs must be kept-.to a minimum. Stabili
zation of prices should not destabilize the government
budget. A stabilization program that allows private trade to
ORElratEl witbin a normal profit band can be formulated
without a major destabilization of the public budget.

A wide spectrum of price-band frameworks for stabiliza
tion of prices is available. At one end of the spectrum is the
mechanism of variable tax and subsidy instruments. Under
this approach, the foodgrairrmarketis ~eftetltlrelYfoprrvafe
trade, but the government imposes a tax when the world
price is low and a subsidy when the world price is high.
This allows domestic prices to be partly insulated against
world prices. ~ut this al:>l:>rQaQb does not give a feeling of
security to highly vulnerable countries, because govern
ments do not have public stocks to meet emergencies.
Financial discipline to save money when taxes are raised
and to give out money when subsidies are due is hard to
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maintain in many low-income countries, Moreover, an
oligopolistic structure in import and export trade may
create some price instability in the domestic market. For
these reasons, this approach, which is quite cost-effective,
may not be acceptable to countries that are particularly
subject to frequentfooct prob1emsand widespread poverty.

At the other end of the spectrum is the public monopoly
on imports and exports and government domestic price
band targets that are maintained through domestic open
sale, pr()gur~l'l1~ot, iI'l1Qgrt§, cHlQ Ci stock of foodgrains.
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E>rivate trade is completely free to operate in the domestic
market, and the price band limits government intervention
to abnormal periods of foodgrain prices. IFPRl's research
on price stabilization has demonstrated this approach for
Bangladesh, Pakistan, and Kenya. An optimal stock policy
and 1he-pricing-prirrciptes-ihatiink'administered prices to
market prices play critical roles in these models of price
stabilization. In between these two extremes, it is possible
to develop variants of stabilization approaches that would
meet specific conditions of a particular economy.


