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A PACKAGE VERSUS A GRADIENT APPROACH IN THE DEVELOPMENT.AND DELIVERY OF
TECHNOLOGY IN DRYLAND AGRICULTURE

T.S. Walker'

Since I have recently arrived, my field experience in India is limited. Hope-
fully, a candid admission-of ignorante is a first step in attaining knowledge:
What I can share with you are my views on a package versus a gradient approaéh
in the development and delivery of technology. Like most of you I“have carri-
ed out sdmé“ﬁdoption'étﬁdiés“bn technical ‘packages and probably like some of
you I have often thouglt that the package appioach'was’often abused ‘or that’
it was the wrong approach at the wrong time.

Desnite strong opinions on the subject; I do-not relish my assignment
to appraise the package and gradient approaches: '-Evaluatioh of research and
extension méthodologies is a difficult if not impossible task.- It is"hard to
pit one approach against another to determine which one is.superior:'Tdeally,
we would like to construct an experiiment across research and:extension‘pro--
grams with the two abprbaches as treatments. Since technical change takes
time, our experiment would have to' run for many years and would be most:im-

practical. Another alternative would be to rely on historical case studies.

+ Principal Economist in the Economics Program of the International Crops
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Ghodake and R.P. Singh foy.their comments.
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in Drought Frone Areas organized by the All-India Co-ordinated Research
Project for Dryland Agriculture at the University of Agricultural Sciences,
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We would want to compare one program using the package approach rith another
employlng "the gradient methodology Such ‘3 w1th-and-w1thout evaluation’ is
highly susceptible to locat1on-spec1f1c.effects that confound the comparisor.
Another possibility is to analyze over time what happens when a research and
extension program changes methodology. This type of before-and-after apprai-
sal biases the results in favor of "the after" methodology as technical |
knowledge. inay not have beén-available-in "the before' period. ' :About the '
best Wé'can- do is'to blend experiente; intuition, and-casual empiricism to-
gether tb' arrive at a judgement:

" In the next section, I define both:méthodologiesin a fairly broad con-
text and briefly outline the history:and some. of the advantages:of-the package.
approach. :The bulk of the paper eritiques the package:approach from:.a number:
of perspectives. It emphasizes how the: package approach- cen retard adoption
of recommendations and how it can dampen the development of technology. ' The
advantages'to*a gradient approach- are described, and priority areas for ana-
lysis are suggésted when 'wé as agricultural economists are:faced with the
package approach. The paper toncludes strongly in’ favor:of:a:balanced app-
roach to: the' devblopment and delivery of techmologyi
DEFINITIONS,- HISTORY:: AND- ADVANTAGES GF A PACKAGE' APPROACE. -

The package approach refers-to'the'grouping:of.managéﬂenuupractices;and.inputs‘-
into onéflhrgé“encompossingfrac0mmendationforiented at a broad target group:-
of farmers.. The paokage approach_;snf;oguong}xf§§§oojgte§.yith~ideasylige¢1

the whole is gréntérxfhan %he”sUﬁ.df"ité’partS;‘h 1ar§5:shock %o:iﬁé’5j§fém

A package approach creates the stereotype that if the farmer is to' sucoeed he ‘

has to do a lot of things and do them all at once.
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The package may focus on cropping subsystems, systems, or even obser-
vational tmits such as a watershed that are largerthdn a farm.' Presumably,
multiple“éléﬁénts'dfﬂthe package are different--sometimes they are sharp
dcpartuies--from the practicés of represcntative fatmers in the target group
(Walker and Quarles). At first blush, some differences appear subtle, but
in dryland environments like the Semi Arid-Tropics (S\T) of. India, where
mixed cropping is-common,technical packages demonstrated in monoculture imply
major changes for theé farmer.

The gradient approach’ does not simply mean: fewer recommendations at
reduced levels of application. It is mot just half a package. It also
implies a set of procedures that facilitate a stepwise progression in the
adaptive devefdpment and transfer of technology. The gradient approach.aims.
at specificity in the design and delivery of technology and explicitly
recognizeg that ‘'some constraints, problems, and tecommendations -are moxe
important than others.

National agricultural researck and extension: programs probably. follow
a combination of the-two approaches that I have.stereotyped. -Nevertheless,
I suspect’that most ndtional programs heavily léan:towards the packagg
approach,

The diffusion of maize hybrids in Towa in’ the 1930s ushered-in the
package approach as 4 tool in research and extension methodology. ~ Hybridi-
zation was a method whicli abriptly shifted the yield distribution and gave
rise to substantial ‘complementaries between the. new seed -and accompanying
management ‘practices. ‘Reséarchérs and extensionists found it logical  to.
cluster the new technical telatidriships into a homogenous recommendation.

A massive demonstration compaign was launched to promote -the new technology.

Since the 1930s, demonstrations organized with the package approach have



been widely:applied throughout: the:world.. IRRI.used. the package approach to
disseminate the high-yielding, semidwarf rice:varieties to:many.parts of
Southéast Asia in- the early 1960s.’ : It has:become the: cornerstone for many
development:projects ‘such as'Caqueza in Colombia and Plan Puebla in Mexico.

The package ‘approach has some:positive features and many:advocates.
it particularly appeals to agronomists:znd natural scientists who sometimes
err on the side of always giving technology the best opportunity: to express
itself. :'The approach is.“congruent with many agronomists' -perceptions of
synergistid effects among: practices. A package lends itself to project
planning by internationdl dorors. Tt offers the hope that significant increases
in productivity can' take place in a few years. ' ‘Tt:clearly responds. to. short-
term goals. It 'is relatively easy to administer, carry-out,and evaluate.

Exanples liké mdize hybrids in Iowa, dwarf wheat “in the Punjab, and
.improved rice varieties in parts of Southeast Asia are some of th¢ prominent
success 'storiés with the package approachi: In.each.case, 'success hinged.on
an agrbciimifiCally and economically assured;:relatively<homogenousvproduction
environment and on: a major breakthrough.in-technology. In dryland. agriculture
in the SAT, success stories are rare.

Adoption research, such as:the studies presented by many: of you at the
AICRPDA/ICRISAT Yield-Gap Conference last year, invariably shows that different
components of a package are adopted at markedly' different rates.over time
and plateau at ceiling ‘levels:that' are also significantly different, . Reasons.
for nonadoption are dlso specific to each recommendation in_ the package..Most,
studies report a bottom line that reads 'no one adopted - the:-complete set, of

recommendations in the package."



EXTENSION OF TECHNICAL PACKAGES AND ADOPTION
Many economists and other social scientists are not comfortable with.the
package approach because it confiicts with their findings on human behavior
in the adoption 6f technology. Based on a rteview of hundreds. of adoption
studies, Rogers found that attribiutes of irmbvations as:perceived by poten-
tial adopters stidﬁgly'influbnce édoptioh{' Some ‘of the important: attributes
that are often méhtibned'by Rogers and others in'the' literature are relative
advantage, compatibility, simplicity, trialability, observability, and con--
gruence (Loﬁdérﬁiik); Aggregating many practices’ intd one all-embracing
recommendation enhances relative advantage but sacrifices the other
attributes.

* Moreover, a package approach contradicts what has been confirmed :in.
many studies about the dynamics bf‘adoptidn;.i.e.vfarmers'adopt~recommendations
sequentially and usually proceed through stages of awareness, ‘interest,
evaluation, trial, and ultimately adoption. It is hatural to expect that
diffé%ént elements of the package will go through-the: dynamics of the adoption
process at a different pace.

At its best, the package approach is a set of mutually reinforcing in-.:
centives to adopt technology. At its worse, it ignores sequentiality in the
adoption process and encourages incompatibility, complexity, indivisibility,
blurred vision, and incongruence.

" The package approach also assumes that' the ‘Socioecomomic and-agroclimatic
characteriétics.of the target group are relatively uniform... This assumption
“at least for dtyléhd agricuiture js often incorrect. Farmers po5sess differ-

ent abilities'td prbcess information, have different market access, may
perceive riék differently, face different ‘costs of capital, and are located.
in varying agroclimatic environments. It is useful to dwell on each of these

aspects to understand how a puackage approach mdy retard adoption.
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Information

The information requirement of a package approach is sometiies prpdigious.
A package approach provides many opportunities for faulty cormunication
between researchers and extensionists. Information can also be transformed
into misinformation,to farmers (Gladwin). Such mistakes.may lead to rejec-
tion of recommendations and to unfair tests of the more viable practices

in the package.

Many ‘adoption studies conclude that, few farmegs:in the target group
. know all the recommendations in the package. Even farmers who demonstrated
the package may not remember everything they demonstrated from cne year to
the next (Walker et al.).. Plant protection and plant population prgcgices
igpe two repeated examples: where packaged recommendations.are very often either
not known“or:misunderstood.
As‘the: complexity of the package increases, a greater burden is placed

on the ability of farmers toiprocess information. Farmers with lgssigbility
to process information might have adopted more recommgndations soonqr,if a
more incremental approach had been followed.

Risk

At least in theory, the package appraoch. attempts to minim;ze_yield Tiﬁk-

What it does not reduce is financial risk. Applying mqre,inpqtsﬁa; higher
levels implies costlier technology that gemerates largq:\financial_lgsses

when crops fail or wheniyields are low :which are not atypical events ig
dryland agriculture of the SAT.. Even if yield.risk is reduced, financ}g} risk
may be greatly increased.--A more sequentizl approach could haspep_the.adgpticn
of leading practices that do not entail greatly increased financial risk and
“41low fa¥mers more time to adjust to the rapidly changing. conditions resulting

from the adoption: of new technologies.;:



Access to Inputs

The package"approach can ‘easily lead to an "3]11-or-nothing" mentality
which can have an arresting effect on adopticn particularly in areas where
marketing infrastructure is deficient. When a farmer encounters a technical
package, there is a natural tendency to thrnk "If I do not follow all the
recommendations, the technology wrll fall ‘apa Frequently, the same
farmer does not have t1mely access to 1nputs and his th1nk1ng turns into a
aelf-fulfllllng prophecy as he doe;‘not adopt the technology A better, more
flexible approach would give the farmer some options that he can follow when
contingencles”ariseg
Location Specificity
The location specificity of technology greatly weakens the package approach.
The concensus from many adoption studies in the 1970s is that recommended
practrces are not accepted because they do not significantly increase yreld
under farmers' condltrons (Perrrn 1nd Wlnkelmann) Locat10n-spec1f1c1ty is
usually the reason why recommended practices do not measiire up to expectations
in terms of profitsbility. A sinélé-ihterﬁlew survey is"a‘nbtoriously'’poor -
instrument for capturing the eipected'prof{tability of variéué practices in
the’oackage;vtherefore, we tend to underestimate location-specific-problems -
in our adoption studies.

Some practices such as fertilizer recommendations are extremely sensitive
to soil, water, and climatic gradients. Other recommendations are more robust
and hold'hp'across'ﬁore environments. This differential semsitivity to soil
and agroclimatic factors is displayed in Figure 1'where R1, R2, R3, and R4
represent four recommendations grouped into & package. Because of sité -
specificitf;.toe coﬁolete:oackage:hay‘"workh on only a small area of .its

intended range of action.



Figure 1

Source: Adapted from Binswanger et al.

{1.-Bigure 1:is not far-fetched. Packages are often developed in production
environments that:may be atypically favorable. Production conditions in
experimental ‘stations, where most padkages are developed, change over time .
particularly with reagrd to soil fertility -and weed, insect, .and disease
populations. What starts as a representative production -environment,:.may
gradually change into an unrepresentative.one.: Packages-are seldom validated
in a rigorous program of on-farm testing. The net result‘'is that some prac-
tices (Rl and R2) are widely applicable, others (R4) are extremely site-
specific.

Rather than provide :the farmer with information on the applicability
of different recommendations, the: package leaves the farmer to find out
for himself. A more flexible approach would rely more on base-data analysis.
and on-farm testing to allow .for location-specificity in the formulation of-

recommendations.



Cost of Capital

Rural caprtal ‘markets in developing countries do not ‘work well (Adams).’
Interest rates are art1f1c1af1y iowfln regulated 1nst1tut10na1 markets. Low
1nterest rates g1ve rise to an excess demand for formal credrt.' In'erder
to mlnamlre’rlsk \capltal is ratloned to the "surer bets' or large farmers
who have collateral and are Judged credltworthy Small borrowers ‘have to
rely oﬁ”éﬁe:iﬁfofm51 market.? Even if small borrowers had access to instrtu-
t10na1 cred1t the non-interest rate borrow1ng costs for small loans may
make the1r rea1 borrowrng costs 51gn1f1cant1y h1gher than those faced by
large borrowers; Fragmented cap1ta1 markets translate 1nto cheap cap1ta1
for large farmers and expen51ve cap1ta1 for small farmers. Inst1tut10na1
considerations such as land tenure'may also cause a divergencerin:the rate
of return on investment that farmers are willing to accept:' For examplé,
recommended.practices ma& need to}generate a'significantlyhhigher rate gf
return for adoptlon by‘sharecroppers than for acceptance by owner operators
(Herdt and Mandac, F11nn et al. ).

Partral budgetrng of exper1menta1 data clearly suggests that the margrnai
rate of return on investment varies sharply across the components of most
techuicai packag’es: (Ryan and ‘Sari'n') . The package approach' 'provide’s a minimal
amount of information on the marginal rate of return of different invest-
ments in the package. Even farmers confronted with severe capital constraints
could benef1t by adopt1ng ‘the h1gher-return recommendatrons if they in “advance
are made aware of the h1gher y1e1d1ng 1nvestments in the package. By not
focusing on individual recommendations, the package approach compells“the
farmer to SOrt'out the productivity question'through'trial and error. Oncé

again the farmer has to find out for himself.
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One can only speculate on the rate of adoption of recommended practices
if a graﬁigny.gpprpachwhadﬁpeqﬂquedzinstqu of the package approach. . .The,
arguments presented in this section and results, fron a study by Ryan and
Subrahmanyam,suggqsp,thgﬁphe costs of:the.pgckagg!appxoachrin terms of
output forgone pay_pot”beuincqpsequentialﬂmwThe package approaéh.alsp”has
equity imp}icatiqns. ‘The package approach appears to discriminate against
farmers who are located in more marginal production, axeas,. have limited .
ability to,pzocessrinfprmayggq, hgve ;e;;,agcess'tgigppqps,:gonfrppg highgg‘
costs of capital, and have few mechanisms available to adjust to risk. .To
the extent that the§gtgharaptgri§tics“dpscgibg }pwgr;}pcome'farmers,“the
package approach can.have a negative impac;gpn equity.

TECHNOLOGICAL PACKAGES AND AGRICULTURAL RESEARCH . .

The package approach fo;gers.the impression, that technology may be parachuted
from above with little, regard to. what is happening below. The approachﬁiﬁz
not conducive. to ranking research priorities since it actempts to solve .in,
one instant a host of problems caused by widely differ;ng;congt:gingaiA'Thg‘
package approach addresses the overall problem of low-resource productivity,
but it does not gonerate relevant information on the reasons underlying low.
productivity. : As such, .a package approach is nqt:ggaredvtpwa;dsnnppb%emﬁ
oriented research.

At times, researchers jna their rnthusiasm over new findings or in response
to pressuze from policy, makers tend to. integrate their results into a techno-
logical package without adequately testing and sorting out effects at the
component level. This probiem is endemic to technological packages wheggﬂpew
cultivars are the leading, zlements. Procedures are estahlished in most
national programs for rather rigorous and formalized cultivar selection and

testing. In contrast, research on appiopriate management practices may be
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in an embroyonicsstateuwhen;the'cultivar is:available for;release..:When. the.
package'is’demonstrated'the‘farmer‘receiVes a-mixed product. Some components
havetundergone ‘interisive' testing;.others are relatively untested..- In.some.
cases, only after the package is extended.after a number of-.years do: resear-.
chers arrive at¢ a sound understanding of what:conditions the performance of
the package.’

In a package approach, responsibilities are clearly defined. One group
of scientists develops the package, a second group transfers it, and a third
evaluates ‘it. When :results~do not measureup to expectations,. the evaluators,
who are usually economists.and other social sc’entists, frequently blame
the researchers.. A repeated refrain:-in many studies- starts with !'If they
had only considered...." (Gladwin): - (In many cases even with the best. crystal
'balls, astrologers, and economists available, natural scientists could not
have ‘predicted what would have been the performance .of the package.) Meanwhile,
the developers of the package . often fault the extension effort or attribute the
failure of the package to an unresponsive socioeconomic environment. Such.

a dialogue is not healthy. - Over:'time. it erects barriers to effective commu-
nicatién between researchers and extensionists and between biological and
social scientists., - It further impedes:multidisciplinary cooperation on .
problem-oriented research (Galt and Stanton).

THE GRADIENT APPROACH.

Over the last ten years there has been-a growing disenchantment with the
package approach. ' One increasingly hears- of "intermediate technology",.

"stéps in technology", "best-bet alternatives,' !"clusters of practices',..

and "diamorids' to describe. concepts embodied in a gradient approach (Winkeimann,
Ryan and ‘Sarin, CIMMYT, Mann and Somil, and Gerhart)..- These :terms,.convey. the

idea that the 'generation and extension of technology.should be g sequengial .
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process--roughly in’the samé’way" that farmers adopt technology.

 Ini extension methodology, ‘the Bend® and Harrison Training and Visit
System, ‘which emphasizes' simple, low-cost recomnendations baséd on existing
information has recently’Yeéeived favorable reviews (Singh). ~With this
approach, "practices are at first recommended on‘only a small part of the’
farmers' land so tﬁat they do not appear unduly risky, and so that their -
results can be compared with those of traditional: practices in- farmers' own
fields (Singh, p.24)"

‘The gradient approach should:emphasize ori-farm testing and problem’
identification at the farm 1ével. It should start with the faimer and
should view him as an integral participant in‘ the process of technology
development. 'The'hpproach stresses smaller changes' in a sequertial fashioni:
It aims at increasing the specificity and the applicability of recommendations.
It relies heavily ‘on factoria’ experiments to evaluate the separaté contri-
‘butions of recommendations or subSets‘of recommendations in a technical
packag%;

THE PACKAGE APPROACH, ADOPTION, AND ACRICULTURAL ECONOMISTS
While ‘the gradient apprach’is an'ideal to strive towards, it is'time con-
suming ‘and resolrcé intensive. With the gradient'approach, a 'premiuw is
also placed on institutional stability. - While ‘somé forms of a gradient
approach will probably increase in popularity in the future, the package
approach will femain thé nérm in mafly national programs:

How can We as economists ‘contribute whén the package approach-is
used? We can do at least’ three: things. First; we cdn develop and maintain.
‘detailed agroriomic and sbcioeconomic profiles of ‘practices:that are presently
used in ciopping s"s'stéms-o‘f’ ifitérest. By a detailed profile; I:mean a care-:

ful doctmentation of practice$ over timé'and spacé.” Forinstance]. the
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the profile .would contain input information on fertilizer type, date of
application, rate of application and form of placement. Such profiles would
serve as basic. points of reference to gauge what changes representative:;.
farmers .have to make in their cropping:systems to adopt potential packages. .-
.Secondly, we can adopt -the principie of divide and ccnquer--split the,:
package.into its component .parts, see where complementaries are likelyito -
arise, regroup the recommendations into subsets, and use our intuition based
on knowledge of the targct group and the proposed technical package .to..-
predict the sequence of adoption by subset. A good example to fellow is
Mann and Somil.. For example, plant protection practices usually run up
against information, capital, marketing, and location specific constraints.
In contrast, a simple recommendation ijke seed.treatment is:a candidate -for
early adoption since it violates few constraints. We should write up our
predictions and circulate them to researchers and extensionists for comments.
The results from the adoption study.are used to revise our predictions and
alert us to special problem areas...Such an iterative procedure should sharpen
our intuition and result in a .more.efficient flow of inforfhation. It may ,
even stimulate researchers. to make predictions to extensionists, and extension-
ists to farmers, on the more '"adoptable'' .parts of the package.:

.-~ Lastly, we can develop historical profiles of commodity recommendations.
We would probably be surprised at-how slowly.recommendations change over:time,
We would also learn if recommendations. from our adoption studies had.any
impact on policy.

CONCLUDING COMMENTS
While: I.have recommended a-gradient approach- throughout the paper, I should.
Place my endorsement in a balanced context, A strict adherence to the

gradient approach may degenerate into ''rates and dates" agronomy or research
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on minute changes in existing cropping systems. Presumably, farmers can
answer such micro;cropiclresearch quééfidnE‘Bﬁ"au‘inform51’éfiéi:and!éifan
basis. They do not need researchers to &d’if”f&f;tﬁeﬁ. Wé sould never lose
sight of the fact ‘that what is ‘urgently needed in drylaﬁd'agrlculture are’
ggg_cultirars and practices.

When we use a gradient approach, we should also resist the temptation

to try and develop fdhdamenta;;y‘different'technoIogiés for uifferent socio-

economic classes'of farmere."As Binswaﬁger has-stated;'"it clearly makes
no sense to advocate the development of technologies so that small farmers
adopt the low-yiecld, low-risk ones and large farmers “adopt the high-yield,
high-risk one;'tp.30).“ Différences among farmers in temms of risk attitudes
and factor resource endowments are simply not greatlenough to merit targeting
more’basic reeearch efforts at different typee Of“farmers (Binéﬁahger; Rathoré
and Ryanj;;.%he emphasis in the gradient approach is oh;opeﬁihg'ﬁp the spectrum
of technoiogical'optione so ‘that farmers havé 4 wider range’ from which'to
.chooée. If the gra&ieh% approach'ie"guided by the misconception that we have
to develop a new and different technology for each socioeconomic class in the'
target group, it has no.hope for success and becomes a bankrupt methodology.
There are also rare “occasions when a package approach is" decldedly '
superlor to a gradlent approach A 51gn1f1cant ‘bréakthrough in ba51c research
may suddenly move potential yield distributions and thus pave the"Way'for‘
the approprlate use of the package approach. We need vision to adbﬁf*a
package approach when these preclous opportunltles present themselves and’

h-'. :
perseverance to follow a gradlent approach when they do not.
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