GREEN REVOLUTION OR WHAT?
SCIENCE AND FOOD SECURITY FOR THE PC
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Points of agreement

Extreme poverty is avoidable e.g. hunger, child mortality in Africa
(Sachs 2005).

Targeted reduction of poverty (MDGS) is a reasonable ambition.
Science and technology are relevant to this ambition.
Science at present fails the poor.

°When the needs [ ofbytidueofpadicular] a
diseases, or crops, or ecological conditions [these] problems are
bypassed by gl obal science» (Sac
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Points of controversy

Sachs (2005) identifies the GR as
targeted science Iin the past cent

He then assumes °thereforeledbyspec
global scientific researchcentersuy must commit spec
addressing the unmet challenges o

There is major controversy about the GR approach; some argue that elite
institutions and poverty alleviation do not mix
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Wh at |l S controversi al about

CN

In the GR innovation occurs at a point.

Preachers and teachers are needed to supervise diffusion; this is
transformation from above (the wellnown Missionary Position)
William Easterly has argued (contra Sachs) that institutional
transformation has to come from below (Easterly 2006)

From this perspective, science (as an institution) must be developed
within local contexts (the Nativist Position)
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Demands to develop science from below are not new

Plebeian science accompanied the Industrial Revolution (Barrow 1986).
One of the founders of population genetics (Haldane) experimented with
sciencebased development alternatives in India in the 1960s
(Zimmerman 1990).

Farmer First demands for a new kind of participatory agtechnology
took shape in IDS Sussex in the 1970s & 80s (Chambers et al. 1986).
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Mechanisms for science from below?

Putting °farmers first» I s not en
There is need to specify mechanisms of transformation.

If science and technology are relevant to poverty alleviation what would
constitute an appropriate mechanism for discovery and invention?
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Scilence as an artificial neural net?

Here, | will draw on some lessons from recent research on Artificial
Intelligence (Al), specifically Artificial Neural Networks (ANN).

ANN emerged as a way of modelling brain functions (Picton 2000)

It can now be more generally regarded as a way of understanding pattern
recognition activity (learning) in a variety of networks (neural, electronic,

social, etc).
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Three main approaches

Neural networks with supervised learning
Neural networks with unsupervised learning
A °genetic algorithm».
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Supervised learning

Involves constructing a network of artificial (McCulloEltts) neurons
(McCulloch & Pitts 1943)

The network is trained (weighted) by showing it correct outcomes; one
such widely used device is known as the perceptron (Picton 2000).
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The genetic algorithm

At the other extreme in Al research is the genetic algorithm (Whitby

2003).
This involves simulating population learning
Popul ation | earning has been defi

of fitnessbased selection transfer of information leading to populations of
hi gher fitness» (Curran & O%Ri ord
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Population and cultural learning

Some attempts have been made to link population learning to cultural
| earning (°the transfer between I
genetic means» [ Curran & OYRi orda

Curran & OY“RIi ordan report an atte
and neur al net works, resulting 1in
cul tur al process ».
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Crop domestication, a genetic algorithm?

A model making use of genetic algorithm might seem to be well adapted
to capturing the main features of crop domestication and genetic
Improvement, a process in progress for 10,000 years and only recently
impacted by an explosion in sciendeased genetic knowledge

Effective adaptive change may still be ayping (we have only a few
studies, cf. Nuijten 2005) but too slow for MDG
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Recursive networks

A third approach is based on feedback (recursive networks with
associative memory).

Where neurons interact frequently synapses are strengthened (fire more
readi | vy) . Thi s synapse strengthe
(Hebb 1949, 0O%Shea 2006) .

Brains, ANN supposes, are recursive networks with associative memory
(Picton 2000).

Pattern recognition and memory emerge as network properties; no
supervision is required.

A valuable feature of recursive networks is that full patterns can often be
recovered from partial or corrupted information.

The Hopfield Network is one recursive network (Hopfield 1982).
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Seed systems as neural artificial networks?

It seems plausible to extend this basic model of brain function to the
°distributed cognition» and share
Interaction.

Seed systems are one area I n whic
cultural learning might be applied.
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The GR as supervised learning

As a means to achieve accelerated genetic improvement of food crops
(including targeting on problems of food security for the poorest) the GR
can be seen as an example of supervised learning.

The GR has performed poorly in African conditions, due to diversity of
environments and genotypes.

As Sachs (2005) remar ks, °the poo

What the poor require from a food crop is often different from what the
market demands. Food and straw for roofing for example, or ability of a
food crop to perform on poor soil

An especially disappointing feature is that the GR undermines viable but
less visible learning processes managed by the poor themselves

When African rice farmers select their own varieties they develop plants
at variance with GR ideotypes (Jusu 1999).
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A

radical alternative to the GR?

Would it be possible to engineer a genetic network for food security not
requiring supervised learning (i.e. a radical alternative to the GR)?

The African Rice project examines this question from the perspective of
the food security of the rural poor in West Africa.

Food security in this region has been based (historically) on indigenous
domesticates (Millet, African Rice, Digitaria, etc).

Effective for food security over
change now requires acceleration to deal with extreme rural poverty

Approach attempts to model adaptive learning in seed systems as an
emergent property of social networking among the poor

This unsupervised learning approach will be applied to seed systems for
intersspecific hybrid (African x Asian) rice
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Technology, interspecific rice (nerica and farmer hybrids)

It has long been suggested (since 1950) that it may be useful to hybridise
the two species of rice found in the West African region (locally
domesticated Oryza glaberrimand introduced Asia RiceQ. saitiva

WARDA (a GR institution) has recently developed a series of such-inter
specific hybrids (nerica rices). The World Food Prize was awarded in
2004 to a Sierra Leonean breeder, Dr Monty Jones, for his work in
producing nerica rices.

I-S Hybrids are also produced under farmer conditions (Jusu 1999,
Nuijten 2005, Barry et al. 2007).

The process is not fully known, but natural outcrossing probably results
from weedy O. glaberrimagrowing alongsideO. sativa(slide); infertile
progeny backcrosses on a sativa or glaberrima, giving fertil&lhybrids.
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Rice hybrids- supervised and unsupervised learning

The GR seeks to induce spread of innovation by showing the seed syster
the °correct» pattern.

Nericas are introduced and spread through networks that rely upon
supervised learning (WARDA is a GR centre).

An alternative can be conceived based on population and cultural learnin
In a recursive (selbrganizing) network of the Hopfield type.

The approach requires °Hebbian | ¢
Interacting elements) in local seed systems.

Tools and resources are needed t «
pattern recognition capacity

°Centres» (=CPUs) are not needed
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Tools and techniques that might be needed

Tools required include:
computer/phone links for lateral interaction among seed groups

high quality and rapid genomic assay (the Genomic Turing Machine,
GTM) to improve quality and accuracy of transmission of genetic
iInformation and eliminate duplicate transfers within seed networks.

Resources include targeted baskroadening (ensuring a broad mix of
appropriate genetic resources at all local levels), especially where there
IS evidence of genetic bottlenecking
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What we might need to know

Research is required to explore the validity of treating existing seed
systems as cultural approximations of Hopfield Networks (with feedback
of output from one °neuron» on al

Examples of investigations currently being undertaken within the African
Rice project include a focus on the role of labour cooperatives (mainly
men) and affinal linkages (mainly women) in seed sharing networks.
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Evidence that (unsupervised) learning (already) takes place

Farmer (nomerica) rice hybrid ideotypes have been generated and
spread among the poorest sections of rural society in Sierra Leone over
the past 30 years (despite war)

These types were first encountered (1980s) before WARDA research to
hybridise sativa x glaberrima (Monde & Richards 1992, Jusu 1999).

Monitoring of a villageevel seed system in central Sierra Leone over 25
years provides evidence that nonerica hybrid morphotypes have spread
widely and rapidly (farmers report them as innovations).

Farmers develop adaptive agronomic strategies for food security using
these morphotypeppiaeageg. thmolugih -mi
duration/ratooning and longluration/heavy tillering varieties in

transitional wetlandipland environments). NB African Rice is noted for
earliness and tillering ability.
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A lesson from history

In 1957 John Burdon Sanderson Haldaneone of the founders of
population genetics quit UCL and went to India to contribute to a

science revolution based on rich local human and plant genetic resources
(Zimmerman 1996).

The indigenous potential Haldane glimpsed half a century ago is now
evident in the Indian IT and software revolution.
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Conclusion

The African rural poor likewise have a huge untapped potential for
°peopl e¥s science».

A (supervised) GR may be unnecessary.

In so far as crop genetic resources are essential for food security then
development aid needs to be redirected from supervised learning
approaches towards the stimulus of recursive pattern making among the
poor themselves.
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