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I. INTRODUCTION

The use of complex adaptive systems perspectivdselip understand and shape the world
around is not new. Indeed there are long-estaldlisbemmunities of practitioners and
researchers that have been working with these ifteamany years and trace their theoretical
roots to the work of scholars like Lotka and vonrtBnffy in the 1920s and 1930s. What
prompts us to write this paper, however, is thahglex adaptive systems perspectives have
begun to re-appear in both the agricultural anceg@rdevelopment literatute As scholars of
innovation studies — a discipline where complexigs been a core analytical perspective for
the last 20 years, at least — we view this as #&ipedrend. But we also have a senseléf vu
Critically, we remember how our own enthusiasm tfe conceptual aspects of mmovation
systemgperspective tended to obscure rather than cleutifgt complexity looked like in practice.
And equally important, we remember struggling todge the gap between a conceptual
understanding of the innovation process (albeierpirically-based conceptual understanding)
on the one hand, and debates and policies in ingi&ation arenas (particularly donor activity)

on the other.

Of course, prompted by many calls to explain whettutdd be done “on Monday morning” we
did (and continue to) suggest how innovation systateas can be used in agricultural and rural
development practice (one response was publisheaakl Bank, 2006; see also Hall et al
2008), Nevertheless, the topic of complex systamt)) all its seductive traps for conceptual
musing, still needs to rise to the challenge of dlestrating what practical additionality it can
bring to mainstream development policy and pracfidee term ‘mainstream’ here is important
because the challenge really is about penetratimaf,vin many senses, are the bastions of non-
adaptive, non-complex systems organisations. Tagegly may well be one of determining what

room for manoeuvre exists.

The purpose of this paper is, therefore, twofoldsthy, it is to illustrate what complex adaptive
systems look like in action, and, secondly, tosiltate and discuss the additionality that this type

of analytical perspective brings. The illustrateeample chosen is a historic case of a crop pest

' See, for example, The Broker (2008), Ekboir et al (2009), and Ramalingam et al (2008)



outbreak that took place in the early 1990s. Itutoents the changes that took place in the
farming system in the Soroti district of Ugandaidgran outbreak of African cassava mosaic
virus disease (ACMVD) and the subsequent declineagssava production — the main staple
food in the area.

In particular, the case explores the path-depensktndf adaptations that took place in cropping
patterns, food consumption practices, economiwiéies and social relations — each of which
operated as an interlinked sub-system. The anaigsistifies the farmer at the centre of an
evolutionary mechanism used to cope with change.b@lieve the strength of the mechanism
observed is that it takes an implicit systems apgmoto problem-solving and coping with
unpredictable change. The story does not suggaststith mechanisms are a panacea to rural
development; indeed, this is really a story of aatipn simply in order to survive the loss of the
main source of food in the area. Rather, it isdtwy of a promising innovation process that
could be built on, but instead was invisible tooe§ to address a major food security crisis. The
main thrust of the policy implications of this stosuggests a policy agenda that recognises
adaptation capacity as the life-blood of compleamive systems. Since these types of systems
are found in all realms of human activity, it folle that strengthening this capacity is a key
development priority that requires linking togetinew configurations of actors and resources to

tackle an ever-changing set of contexts.

Our main message is that if policy engages withplerity — and we believe there is no other
choice than to do so — it will need to focus mucbrenon strengthening capacities and
processes in order to better cope with unforesdwmge. This is innovation capacity. Such
capacities need to act locally. But they also rnfeetbmprise much more than farmers’ actions in
the rural space, and need to draw on a much wigteofsknowledge-based resources that are
institutionally and geographically diverse and éiged. Research is part of this. But what is also
important is that this perspective opens up a rafigeher options for interventions to deal with
unpredicted shocks, which go beyond a knee-jertticgaof funding more research or supplying
emergency relief. This resonates with global polpsrspectives that have shifted from an
emphasis on science and technology to one on itiboyavhere research is seen as part of a

wider set of creative capacities.



Returning to our specific case, in our view it sftates how innovation comprises a series of
small technical and non-technical changes that tplkeee as a response to a changing
environment. This is not a new finding, but it dteates neatly what the process looks like — a
complex adaptive system in action. We believe thessage of shifting to a capacity

strengthening agenda, in the widest sense, todentin message not just of this paper, but of
the whole family of systems concepts that circuiatthe development community; it should be

used as a rallying point to help these perspectinksip and leverage change in the mainstream.
We preface our case with an introductory overvidvgame of the key themes in the complex

adaptive systems literature.



[I. COMPLEX ADAPTIVE SYSTEMS

The use of complex adaptive systems analysis has begun to re-appear in development
literature, though the idea itself has a long pesligdating back more than 70 years. For
example, Latke and von Bertalanffy began to devaloppen systems perspective on all science
in the 1920s and 1930s, while Emery, Beer, Ashloyraany others did a great deal of valuable
work later on in applying systemic ideas to a widage of disciplinds More recently the
notion of an “innovation system” has also begunappear in the technology development
literature, although it is seldom related diredtlygeneral systems thedryWe do not intend to
engage directly with what is obviously a long acantetradition. Nor do we believe that there is
onedefinition of a system that is necessatiig correct one. We do feel, however, that there are
important analytical reasons for setting out asrtyeas possible our own views regarding the
intrinsic nature of a “system”. All too often thagea tendency for policy analysis to retreat back
to a single discipline, with the inevitable resthiat such analysis often fails to capture the
holistic nature of problems and solutions. Alsanstimes the concept of a “system” is used, but
rarely is it defined and independent of its cont@tften, the reader is left wondering what
precisely the nature of such a system is, whainsists of, how it may be identified, how it may
be classified, how it behaves, etc.?

The essence of systems thinking can be summaniséukeifollowing way.Firstly, at a broad
descriptive level a system may be defined as aityenade up of interconnected elements, and
one that has a boundary that separates the ingide the environment. Often a distinction is
drawn between a closed system and an open sysésag lipon the extent to which the analyst
wishes to consider the degree of interaction with gystem’s environment. When the system is
open both matter and energy can enter and leavay$tem. In the human or life sciences,
however, in addition to these broad distinctionki@ often actually help to define a system in
the physical sciences as a closed one), we haee thdditional requirements. Firstly, the
interacting elements that make up living systenes @mnected in an organised manner. The

components are affected by their participation, amedmodified when they leave the system.

Vv For a detailed exploration of the applications of systems theory to economic change, see Clark and Juma (1992) and Clark, Perez-
Trejo and Allen (1995). Earlier work on general systems theory may be found in Emery (1970) and Koestler (1970)
¥ See Clark (2002) for a detailed discussion of this and related points



A secondproperty of living systems is that their behavicannot really be understood solely by
formal analysis of their component parts. Instehdy have to be understood as whole entities
with their own idiosyncratic properties. Reducedlgsis can often help, of course, but it cannot
comprehend the totality of system behaviour. Indeed often the continuous exchange of

resources and information among its componentgdiinags system behaviour.

Thirdly, living systems are evolutionary. They do not metwo states of equilibrium like
mechanical systems, but continuously change irctstre and behaviour over time. It follows
that the dynamics of such systems cannot be coetplenderstood either from descriptive
studies or as equilibrium systems. Instead thewlshbe seen as a series of unpredictable
responses to events where a critical role is pldygdeedback mechanisms, which act to
amplify, or reinforce human, biological, physicalsmcio-economic processes (Allen and Varga,
2006).

Fourthly, an important characteristic of living systemsth&t their dynamics are strongly
influenced by the spatial patterns of their compasielnteractions between and among different
spatial and temporal scales may be thought of agpdsing a hierarchy of organisational levels,
such that processes operating at one level are meniyally autonomously defined, because
processes operating at other spatial or tempom@esccan affect their dynamics and their
stability (Koestler, 1970). This, in turn, is clbgeelated to ‘systemic resilience’ — the abilitf o
the system to maintain its structure in the facalisturbance (Holling, 1985). But it is also a
property that allows the system to absorb andsetithange. Putting it differently, we are not
referring to the system’s ability to return to apbthetical equilibrium state in the face of
disturbance. Rather, we are referring to its abthit explore possible evolutionary pathways that
it could follow, defined in terms of different reges of operation (Allen, Strathern and Varga,
2008). Resilience, in a complex systems perspeotixiends, therefore, beyond the measure of

what has been defined as ‘return time’ to a previassumed equilibrium state.
Finally, systems are often discussed in terms of theiptexity — the degree to which internal

components and their interactions become incregsmgnerous over time, requiring, in turn,

greater degrees of organisation. Very recentlyaiitbs such as Alleet al (2009) have begun
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to use the term to differentiate evolutionary sysethinking from the more mechanistic
“systems dynamics” that was fashionable in theyed®70s. Our use of the term ‘complexity’

will follow Allen’s interpretation.

In terms of complex systems theory, therefore, wénd an innovation system as both an
“economic” and a“knowledge” system with flows of resources and information ngkplace
among its component nodes and across its bounddites resource flows comprise finance,
materials and labour inputs. The knowledge flonduded formal and tacit knowledge. They
also included “learning” about how to scale outhtemlogy at a decentralised level. Such
innovation systems amvolutionarysince new knowledge is constantly entering théesysand
leading to behaviour modificatiohere is no return to a previous equilibrium. Theghibit
complexityin that knowledge and resource flows that are mgpvacross many stakeholder
groups. This, in turn, requirewganisationto minimise and manage complexity. Systems are
normally adaptableand resilient while resources flow across their boundaries. Thelave
holistically. In other words, they behave as a totality andefloee, analytically, their behaviour
cannot be reduced entirely to that of componentesodrinally, they usually engage in

networkingdesigned to facilitate information interactivityat improves system efficiency.
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[ll. CASE STUDY

The story of the evolutionary nature of a food sgstwhich was witnessed in the Soroti district
of Uganda, emerged during a post-harvest needssaseat survey of sweet potato farmers
conducted by one of the authors in 1994. The suway part of a wider study seeking to
understand the post-harvest needs of sweet paateefs in eight districts in Uganda and to use
the information gathered to guide technical intaetiens and further technical research (see Hall
1995). Information was collected from farmers usiggoup discussions and individual
interviews. The approach of the survey was to gainunderstanding of the post-harvest
constraints for sweet potato in the context of whder food system. In most of the districts
covered by the study (with the exception of Sodumtrict) it was found that sweet potato post-
harvest systems were well-adapted to the demanhtigalf conditions and the role that the crop
played in the food system. In fact, it was diffictd see ways in which technical interventions
could provide improvements that would be of sugmificance to prompt adoption and a change
of practice on the part of farmers. This is nosay that the food system was static, it had clearly
evolved over time to meet local contingencies (da# 2000); however, this change had been

gradual — probably since the introduction of thepct50 years previously.

The story in Soroti district was radically diffetehe role of the crop in the food system had
changed significantly in the previous 10 years heeaf a disease outbreak in a major food crop
in the area. Associated with this, choices of te$eand food habits had changed in ways that
had not been witnessed anywhere else in Ugandacd$e was notable for two reasons; the
changes that had taken place had precipitated &nesa in the post-harvest system, which
farmers could not totally cope with, and therefalemonstrated a clear need for technical
intervention (new storage technology). The otheable feature of this case was that it clearly
demonstrated the sequences of adaptations tha¢fmmmade to cope with change in their food

system and provides an insight into the mechanigmghich these systems evolve.
During the 1960s and 1970s the main cash crop liatiSttistrict was cotton. Cassava at this time
was grown as a food crop, and was the traditiotzatls staple of people in the area. Cassava

was well adapted to this role in the climatic caiotis of the district, which are characterised by
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a long dry season. The relative drought resistaftke crop allowed it to provide a year-round
supply of roots. Consumption of cassava was infowms; fresh roots were cooked by steaming
or boiling. Alternatively, it was also dried thrdugut the year to make chips, which were
subsequently pounded and ground to make flour.flbue was then used in combination with

millet flour to produce a stiff porridge or “breadhown asatapa With the collapse of the

cotton industry in Uganda, farmers were forced deksalternative cash crops. Consequently,
during the early 1980s cassava become increasimgigrtant, both as a major source of income

as well as food.

ACMVD infection first became apparent in Sorotitdi in 1986. The intensity of the infection
increased in the following years and according aomers, by 1988 cassava production was
severely reduced. Table 1 presents productiondsytor major starch staples during the period.

TABLE 1: PRODUCTION TRENDS OF THE MAJOR STARCH STAPLES IN SOROTI DISTRICT (1985-
92)

1985 1986 1987 (Ha.) | 1988 1989 1990 1991 1992 1993

(Ha.) (Ha.) (Ha.) (Ha.) (Ha.) (Ha.) (Ha.) (Ha.)
Sweet 16,221 8,679 5,462 10,150 9,226 6,613 15,424 | 19,020 | 16,421
potato
Sorghum | 16,582 10,261 | 8,967 11,181 11,440 12,378 | 17,442 | 16,532 | 11,207
Maize 3,216 2,002 879 1,263 1,252 1,278 3,139 2,464 2,071
Cassava 19,347 10,337 | 8,672 * 15,565 16,734 | 15,899 | 3,797 4,455
Millet 39,271 25,317 | 25,094 26,207 31,647 34,812 | 31,132 | 15,346 | 12,575

Source: Agricultural census of Uganda, 1993
* data missing

With the emergence of ACMVD, farmers were facechviiite problems of finding an alternative
crop as a source of income as well as a year-raupgply of food. These problems were
compounded by the almost total loss of cattle anekefore, draught power in the area due to
theft during a period of civil insecurity. The faens’ answer to ACMVD was to substitute sweet
potato for cassava. Prior to the emergence of ACMAAID the decline of cassava production,
sweet potato had the role of a secondary food estdipivas eaten fresh between the months of
July and November/December. Any surplus remainingld/ be sliced and dried into a product

13



known asamokegyRoots that were too small to slice and dry weuslted and dried to produce

ingingo. Dried sweet potato was at this time consumedraplyg boiling.

As a substitute for cassava, sweet potato has ebthe same necessary characteristics — it is a
starchy root crop with some tolerance to droughiwkler, it is not a perfect substitute as it
cannot remain in the ground for the whole year asda result it cannot provide fresh roots
during the critical dry season. Farmers substitsteelet potato for cassava production in order to
cope with the emergence of ACMVD, but there wereimber of problems to be overcome. For
example, the varieties of sweet potato grown abtiset of ACMVD were not particularly well-
suited for drying and making into flour to useatapa Some sweet potato was marketed, but it
was not a major cash crop. Sweet potato varietase \Wgrown that matured late; after ACMVD
emerged farmers needed to grow sweet potato \egidiat matured quickly — both to provide

food after the long dry season as well as to peciash.

What then were the major types of adaptation reguas a result of ACMVD? In our view they
may be classified as follows:

i) Cropping systems adaptations

The most fundamental change that occurred in thgpong system was the substitution of sweet
potato for cassava. Sweet potato changed from lkeiagp that was grown on a small scale,
often in plots close to the home for household oomsion, to a crop grown on an extensive
scale for both sale and consumption. In additibipecame necessary to grow sufficient sweet
potato so that an adequate surplus could be prddioredrying and storage to provide food
during the long dry season. Previously, cassavauated for a large proportion of the food
eaten in this period. The lack of cassava alsodwm$equences for the relative importance of
other crops, particularly millet and sorghum. I thast millet had been grown for making a
flour that could be mixed with cassava and sorglhombrewing into local beers. The decline in
the production of cassava was mirrored in the dedh millet production (see Table 1). With no
cassava at the end of the dry season, this becdmre af extreme hunger. Sorghum, and to a

lesser extent millet, was now eaten at this timtherathan brewed (see social system
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adaptations). Farmers adapted the cropping sysbetimas millet and sorghum were dry-planted
during February so that they would germinate wiih first rains in March and provide food as

quickly as possible; these crops have shorter rntyatluration than sweet potato.

Farmers also indicated that the changes in thepargpsystem had, in some way, altered the
performance of sweet potato in terms of yield. Anogent that was repeatedly heard from
farmers was that since ACMVD had virtually elimiedtcassava, the yield of some varieties of
sweet potato had improved. With the evidence abigl@ is difficult to provide a conclusive
explanation of this observation. Possibly, the abseof cassava had resulted in sweet potato
being grown on more fertile fields. This suggesiat tadaptations in the cropping system had

implications for the biological system underlyingpg@uction.

i) Economic system adaptations

After the disappearance of cassava, sweet potasmiethe major cash crop in Soroti district. In
contrast to cassava, sweet potato cannot remaimeiground throughout the dry season. As a
result, unlike cassava sweet potato must be hadestd sold during October and November.
This problem was made worse by the fact that udzarsumers (and, therefore, sweet potato
wholesale buyers) prefer one variety ©sukut (also known as Tanzania). This is an early
maturing variety that is highly susceptible to stvpetato weevil attack. As a result of this
susceptibility, farmers must harvest commerciallgvwgn sweet potato as soon as it is mature.
This has two effects: the entire crop of sweet footeas to be sold during one relatively short
period of the year (October-November); and, becalkséarmers face the same problem the
market tends to be over supplied and the pricedragimited number of farmers reacted to this
problem by early and late planting in swamp areathat they had sweet potatoes for sale during
off peak periods (August-September and Decembaraigh However, this option was not open
to all farmers as swamp areas are limited, witresgagestricted due to private ownership. The
farmers as individuals had no influence on the gyasfces of urban consumers, so they were
forced to continue growing a sweet potato variégt twas poorly suited to prevailing climatic

conditions.
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The sum total of all these problems with commersve¢et potato production was that it did not
exactly fit the characteristics of cassava. Thiss vasiginally sold throughout the year. In
contrast, fresh sweet potato is generally not aké&l for sale in the dry season, a period when
the majority of the farmers’ expenditures needalcetplace. For example, school fees and poll
tax have to be paid from January onwards, andtheattblems that often require ready cash tend
to intensify in the dry season. In the past farntead sold their cassava as expenditure needs
arose. It was common to hear farmers refer to gasas the “bank in the ground”. Farmers now
had to adapt their behaviour to selling producertter to provide cash, which might be needed
at a later date or for a particular planned exgengliin the future. This obviously had a higher
degree of risk — with farmers making themselvesetdble to supply and demand fluctuations
prior to having information on exact expenditur@ade When farmers’ commercial cultivation
of sweet potato was first examined, it appeared ttigy were simply growing as much sweet
potato for sale as possible and were not takirgactount the planting patterns of other farmers
in the area. On probing, it was found that theyenaawvare that other farmers’ behaviour would
affect the supply and price situation at harvestiirat it appeared that they were behaving rather
incongruously, bearing in mind their generally reskerse nature. However, it emerged that they
had adapted their economic behaviour further. Fesragplained that if they were not able to
sell their entire crop at a reasonable price, theyld simply dry it and store it. This apparently
served two purposes. The sweet potato would ndbdteas it could still be consumed by the
farm family. More importantly it could be barteréor services within the local community.
Furthermore because of the increased importancdrietl sweet potato (botmgingo and
amokegy in the dry season — there was almost nothing &seat — the crop became
monetised; it could be sold as a source of casbther words farmers had adapted to the lack of
cassava as a cash crop in the dry season by sallp@duct that had previously been used
predominately for home consumption. Furthermors #aptation — because it included an
element of storage — allowed farmers to reduce rible associated with adopting a cash
cropping strategy which would force farmers to gedlrishable production in advance of

information concerning expenditure.
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iii) Social system adaptations

Of all the adaptations that farmers made, thosehwiie have classified as social are the most
deeply embedded in the other aspects of the farsyatem. For example, the need to sell both
fresh and dried sweet potato described above mdjdarmers to undertake essentially social
activities to find and establish or strengthen mearkets and outlets for the sale of sweet potato.
Of the more interesting social adaptations, these@ated with food preferences and habits, and
those relating to the changing tasks of men andevoane the most worthy of description.

The cultivation of sweet potato in Uganda is gelhethe domain of the woman of the house.
Sweet potato is mainly grown for home consumptiod & is the woman's role to provide food
for the house. This is generally true for all foobps. Men become directly involved in
cultivation activities when the crop is for salei®grown for brewing purposes. Discussion with
farmers made it quite clear that men had becomselyloinvolved in the cultivation and

production of sweet potato since its commercidbsain Soroti district.

During the course of research on sweet potato iandg it was discovered that the best way to
determine the involvement of men in production wabegin by asking them to identify sweet
potato varieties in the field. Usually at this poihe man would admit defeat and call for the
woman of the house to answer our questions. Thisneathe case in Soroti. It is likely that the
involvement of men with the crop had other consages. Their involvement was likely to have
increased the influx of new planting material. Meswve much greater freedom to travel and,
therefore, had the opportunity to collect new usge Although this may have happened
previously, the commercialisation of the crop wolée added fresh impetus to this endeavour.
Men would have had greater access to informatiom fthe agricultural extension service and in

general terms the profile of the crop would haverbeaised.

In addition to men adopting sweet potato as “theidp, other gender-determined activities were
altered and adapted. This was patrticularly the vasgepost-harvest activities. The most notable
was the drying of sweet potato. Two forms of disegeet potato are made — dried slices known

asamokegyand crushed roots known igingo. Traditionally in the production acimokegyhe
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peeling of the roots was done by women and thenglisvas undertaken by men, using a
purpose-made, long-handled knife fixed in the gtbiviow that there was a greater need to slice
amokegyboth men and women undertook this task. In the odsgingo both the peeling and
crushing was undertaken by the women. Now thgingo was the major dry season food,
considerably greater quantities needed to be pextluggain the crushing was now shared by
both men and women. Although these changes may segah in the context of a social system
where gender-determined tasks are strictly adhésedhese changes represented a major

adaptation.

Food habits and preferences are another aspeatabdflife in Uganda that is deeply embedded in
the social system. Farmers still said that cassaVvaur food”. Prior to the decline in cassava
production the major staple was cassava flour miwéd millet flour, which made a type of
“bread” known asatapa Sweet potato was dried and sliced for emergenagumption in the
dry seasonlngingo was also made on a very limited scale for dry easonsumption. The
decline in cassava production almost completelyideg farmers of their traditional food. Not
only did sweet potato have to replace cassava ptidi but the way it was consumed had to
also be adapted. Farmers substituted sweet pdbatoniade frormingingo for cassava flour. (As
will be seen below this caused farmers to look deeet potato varieties that were good for
ingingo) This required thaingingo be produced throughout the period that fresh swegito

was available, rather than only just before tharbegg of the dry season.

In the ataparecipe, however, sweet potato flour was not ageerubstitute for cassava flour.
When mixed with millet flour it did not produ@apaof the required consistency and elasticity.
It was also too sweet. Farmers had to adapt thpee€they found that sweet potato flour mixed
with sorghum produced the desired consistency,thatdthe addition of green tamarind juice
further modified the consistency and texture ad a®lreducing the sweetness. The culturally-
determined necessity to eaftapa — even in the absence of cassava — was the impetus
farmers to experiment and innovate with the foodt thvas available. In addition the
consequences of not doing so — there was noths®teleat — were great enough for them to

adapt and change deeply embedded social norms.
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Finally, with the absence of cassava and the dmersf sorghum to food consumption,
adaptations had to be made to brewing practicemdta started to use sweet potato for brewing
local beers and spirits. Often “time expireathokegypr ingingo that has become badly infested
at the end of the dry season, was converted ictthal. When cassava was previously available
this would have been unthinkable. Farmers indicthted the brew produced was acceptable, if

not quite as good as the old recipe.

iv) Biological system adaptations

By the end of the period studied farmers were gngwvili2 varieties of sweet potato, of which six
had been adopted since the arrival of ACMVD (Tdblen the next page illustrates the relative
abundance of different varieties). Of the six vis@gthat farmers indicated as most abundant, the
third, fourth and fifth were recent adoptions. Qtihecent adoptions were not grown in large
areas, but farmers explained that these variete® Weing tested. The variety grown on the
largest scale was one grown for the market. Thisetyawas popular before the arrival of
ACMVD, although it had since been cultivated on acimlarger scale due to its new economic

importance.

TABLE 2: CHARACTERISTICS OF SWEET POTATO VARIETIES GROWN BY FARMERS

Abundance Years Storabil | Storability Yield | Early Remains Good for Drought
(Rank) since ity of of dried maturity in the fresh tolerance
adoption dry crushed ground consumptio
slices after n
maturity

Osukut 31 (1) 15 * * 31 30 * 9 *
Haraka 3 () 1 * * * * * * *
Odopelap 21 (2) 20+ 36 30 16 * 28 14 28
Etemokidula 1 (10) 20+ 8 * * * * * *
Ateseke 14 (3) 4 * 37 36 47 * * *
Okunguruder 2 (9) 3 * * * * * * *
e
Ongada 11 (4) 2 13 18 * * 54 * 41
Esamait 3(7) 40 + 22 * * * * * *
Etamu 8 (5) 2 15 15 * * 18 29 20
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Emeketa 6 (6) 40 + 6 * 17 23 * 48 11

Total 1000 ] e 100 100 100 100 100 100 100

Source: Scores provided by a group of 50 farmersaiety matrix PRA exercise in Acaboi village, &odistrict.
* indicates that farmers did not differentiate betm varieties for these characteristics

The third, fourth and fifth most abundant varietiedich were recent adoptions, were ones that
farmers picked as good for producimgyinga As described above, the productionimgingo

was of minor importance when cassava was availdbdevever, as it subsequently became a
component of a major staple food the importancenisfcharacteristic increased. Of the varieties
grown prior to ACMVD only one was perceived to pessthis quality. Table 2 summarises the

characteristics of varieties grown by farmers drartadoption history.

These changes in the varieties chosen and the ebangrea allocated to varieties — notably
Osukut — mirror the changes that needed to takeeplathe other areas of the farming system.
Farmers indicated that the new varieties they weoaing were collected from neighbours, and
friends from other areas of Uganda. This was paatrocess routinely observed in sweet potato
farmer fields, wherein farmers tested out new nténey had gained access to. Varieties that
farmers considered to be good “performers” wereptgth What is interesting is that the
contingencies arising in the economic and socistesy due to ACMVD, and the changes they
caused in the cropping system, directed farmeryvaloe a new set of attributes in their
evaluation of new varieties, while giving impetusthe intensity of their experimentation. In
other words, the selective pressures that detertheeharacteristics of dominant varieties are
part of a continuum that stretches right across sie-systems of the farming system. This
suggests that farming systems are truly evolutignahere the farmer affects adaptation based
upon a need to survive in a changing productiorirenment. If this is the case, it is helpful to

draw out some of the important features of the @ahary mechanism.

The interconnectedness of these different sub4systeanges, and the pattern of evolution that

this leads to, is illustrated in Figure 1 (seedwiing page):
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FIGURE 1: THE
ACMVD
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IV. NEW INSIGHTS FROM A COMPLEX SYSTEM ANALYSIS

The above discussion of the ACMVD outbreak in Ugansl markedly different from the
majority of published accounts (see, for exampie,dpecial issue afropical Agriculturecited

in the references below). Other accounts focusitherethe effects of the disease on cassava
production; the epidemiology of the virus; or th@vances made in strategies to combat the
disease either through cassava varietal selectiotihrough improved pest control measure.
These accounts are, of course, important and halue ¥n advancing knowledge on the disease

and its control.

Our account, however, is different. It explores theman-crop-disease-environment interface
and tries to understand the nature of the changeeps. That interface is agriculture and that
change process is agricultural innovation and dgrekent — a topic that has exercised the
minds of researchers and planners for the laseadsyin Sub-Saharan Africa. What our account
tells us is that left to their own devices, farmeope with major shocks to their livelihoods (in

this case a major pest outbreak in a staple crppydbilising whatever ideas and resources they
have at hand to adapt the way they produce anduomnsheir food and earn an income. These
are not simple or perfect changes, but an interecte set of responses that go beyond
(although include) changes in production and paswst technology in order to survive a

difficult situation.

We are not the first to observe this sort of pheaoom. For more than 20 years the farmer
participatory technology development movement leenlkarguing that farmers need to be put at
the centre of the development process — the Fafamst approach (e.g., Chambers and
Ghildyal, 1987, and more recently Scoones and Tlsomp2009). Such a perspective has, in
recent years, been reinvigorated through the momeroe the promotion of local innovation
(PROLINNOVA, see Sanginga et al 2008).

The Soroti case, however, demonstrates that wiéget perspectives have got some things right
— farmers are capable innovators — they have atg#osgme things very wrong. There are
limits to the creative, adaptive capabilities ofnfi@rs and while they survived the ACMVD
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outbreak, the adaptations that they had to makéhéir food consumption practices were
miserably unpalatable and only took place becausalternative was starvation. And while our
case demonstrates the importance of farmer-ledvation and farmer-to-farmer transmission of
ideas (and varieties in this case) the farmerauinstory seem to have been totally isolated from
other sources of creativity, information and resesr And this, of course, includes agricultural

research, which is conspicuous by its absence @anstory.

Stephen Biggs has long lamented the fact that fex’'marticipatory research tended to throw the
baby (science) out with the bathwater (pers. Comartin Bell insightfully noted that the
promise of the indigenous knowledge movement nevaterialised because it failed to grasp
that the real task was not to replace researclhstetknowledge with local knowledge, but to
blend the two for innovation (Bell, 2006).

So, how can our account of rural dynamics takedétsate forward? We believe its contribution
is that it evidences a capacity for change and tatlep and points to the centrality of this
capacity in rural economies. Our account does na grimacy to technology as the driver of
change, nor does it give primacy to the knowledféaomers. Rather, while recognising the
importance of these, it gives primacy to the cadyath respond to changing circumstance
through adaptation and innovation. The account,dvew also points to the inadequacy of this

capacity in rural areas.

The way the farmers coped in Soroti was by no megrexfect or permanent solution, but it was

the next best solution that could be put into plarcéts own to avoid severe food shortages.

We also believe that our account typifies dynantiict are at play across most aspects of all
rural economies. Livelihoods of households andlrerdrepreneurs are constantly under threat
from unpredictable crop and livestock disease; ualugeather patterns; price changes and new
economic conditions. Households and rural entreprenmake the best of these shocks by the
sorts of adaptive processes we have describecib/gfanda case. But these adaptive capacities
have their limits. Conversely, these same housshaidl entrepreneurs may see new market

opportunities and adapt their activities accordin@ut these market-driven adaptive processes
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also have their limits — often because of the wiedrmation networks in which small scale

entrepreneurs are embedded (World Bank, 2006).

We, therefore, argue that what our account of t@&A&D outbreak contributes is not just that it
neatly illustrates what complex adaptive systenuk liike in action. Rather, it also reveals the
types of nascent capacity to innovate that exisi @oints to ways that these may be
strengthened. For example, during the ACMVD outkrdee major public support to farmers
was research on the disease and the multiplicai@hdistribution of clean planting material.
Our perspective would suggest that what farmers m¢eded was help from food and nutrition
experts on how to reconfigure their food habitdbést suit what was available. They needed
help from sweet potato (not cassava) researchesoonbest to adapt cropping patterns and
select new varieties. They needed partnershipstivgtiood processing industry to develop new

commercial food products for sale. And, much mbesides.

In other words, a complex adaptive systems accouniral development, with its emphasis on
processes and capacities, opens up a new rangeioh®for supporting innovation and change.
This is quite fundamental because not only doessuggest different and sometimes
counterintuitive options — for example, tacklingssava disease outbreaks means working with
the private sector on sweet potato product devedopm— but it suggests a different role for
policy. Whereas in the past policy was seen asyaolarchestrating socially useful innovation
trajectories, the revealed reality of cases likeMAMD suggests that the role of policy will be to
identify emerging nascent capacities and trajeesoand support them. This presents some
considerable challenges for public policy. For eglanwhat might the role of extension be in
this sort of situation? We suggest probably lesgeerms of transferring research products and
technologies and more in terms of helping netwaimers into additional sources of ideas,
including those from research scientists; in otlherds, brokering farmers’ connections into a
wider set of expertise. This, in turn, requirest tmestitutional settings of scientists need to
change to make them less isolated and more resgotashew demands.
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V. CHALLENGES FOR PUBLIC POLICY

In this last section we reflect on what our inssggitbom the complex adaptive systems account of
ACMVD might mean for public policy. In the earliera, innovation was equated with technology
development and capacity was equated as reseapeltitga At that time policy proscriptions
could simply focus on ensuring that sufficient ieees were allocated to research and, in the
same way, innovation performance could be trackeough indicators of research capacity and
technology creation. The emerging reality of theowation process outlined above not only
reveals the inadequacies of this earlier policyspective, but suggests that an altogether different
approach is required.

First and foremost the signature of innovation perforoeams no longer the existence of
technological artefacts or the expertise to prodtiesse (important as they are). Rather, its
signature is a process that is fit for the purpokenobilising different pieces of information to
resolve a changing series of challenges and opptes. This means it is an adaptive process,
where learning plays a large rofecondlythe signature of innovation capacity is no longjagle
nodes of expertise and information in researchrosgéions. Instead, the signature of capacity is a
system of multiple nodes of expertise, where usénsew products and services are prominent
nodes in their own right. These arrangements den afiformal, adaptive and transient.

Thirdly, the signature location of emerging innovationaiely in the mainstream of public policy
intervention or as a result of the initiatives pnfernational development organisations, including
the Consultative Group on International Agricultufdesearch (CGIAR). Increasingly the
signature location of innovation is at the margiusder the radar” of public policy and formal
research organisations. The adaptation documemtedur account of ACMVD is recorded
nowhere else that we are aware of. Many of toddgislopment innovations emerged in this way.
Examples include Systems of Rice Intensificatiohaf8bu Prasad, 2007); Farmer Field Schools
(see http://en.wikipedia.org/wiki/Farmer_Field _Schyjolthe commercialisation of spirulina
(Prasad, 2005); treadle pumps (Hall et al 2007);icrodinance (see

http://en.wikipedia.org/wiki/Microfinange innumerable civil society-derived innovationsrural

development (Raina, 2005) and a myriad of useniations that are largely undocumented.
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These “below the radar” innovations are importaottjost because of the specific new product or
service that they lead to and the developmentahahfhese may have. They are also important
because they represent new forms of innovation aigpshat may have wider development
significance. In other words these are new, contgary modes of innovation that public policy
needs to learn about and learn how to nurture. cHadlenge for public policy is therefore two-
fold. Firstly, to find ways to be alert to emergingiovation practices that, by definition, are
invisible to most mainstream thinking and sourcésindormation that policy draws upon.
Secondly, to find ways to provide the nurturing ieowment that can move these new products and
services and new innovation capacities from thegmarto the mainstream and, in so doing,
accelerate the learning process through which iatiw capacity is enhanced. An implication of
this is that public policy needs to shift from arclgestration role in which it sets the conditions
from which innovation will emerge, to a more rewetirole where it supports new patterns of

innovation behaviour.

Of course, we are not the first to say this. Faregle, Alsop et al. (2000) made a similar point in
their discussion of coalitions of interest aroundrieultural development in India. The
Convergences of ScienBsogramme of the Wageningen Innovation and Comeation Group
makes similar points (see

http://www.inref.wur.nl/UK/Research+Programmes/Cemence+of+Sciencds/The authors that

we cited earlier, who have once again discovereddlevance of complex adaptive systems ideas
to development, also implicitly point to this resgive capacity strengthening agenda. Our final
message is that these parallel debates and areasdémic discourse need to be boiled down to
some relatively simple and generalisable set afggies and that those interested in systems ideas
in development use these principles to break ddvenbarriers to these ideas in the dominant

paradigm of development practice.
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