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Emerging Technologies to Benefit
Agriculture---a recent report, 2009

A new opportunity for creating international
partnerships---The new BREAD program at
the US National Science Foundation
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Study Process
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Lack of access to improved
germplasm

Poor soll fertility

Water quality, availability and
management

Animal health, nutrition and
reproduction

Biotic stresses: pathogens

! Abiotic stresses: drought, heat, salinit

Isolation; lack of energy



Study Process

Climate change

Elevated temperature, CO2
Erratic weather, floods,
droughts

Rising Energy Costs

Fertilizer, storage, transport

Changing Demographics
Growing urban areas
Changing food preferences
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 Magnitude of the expected
benefit?

e Timeframe for
development/deployment

e Ease of dissemination. Is it
scalable?



Findings
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Limitations of the Study

*The charge was very broad, but the breadth of
expertise of the committee members was more limited
(5 plant, 3 animal, 2 soll, 1 insect)

«Often difficult to estimate magnitude of impact for
new technology in isolation from other interventions

Priority setting was done by vote—a need to have a
consensus.

This works best for a panel that has specific expertise
and a charge to address a very specific question



Limitations of the Study

Too much discussion of constraints as opposed to
examining possibilities for novel solutions

Too much focus on developing world agriculture

It might have been better to have asked ourselves

“What are the most exciting developments in your own fields
of expertise and how might these be relevant to agriculture?”
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Reference genomes of crops, animals,
microbes, pests

Comparative sequencing of breeding lines;
transcriptomes of unique tissues, hybrids,
normal vs stress

New opportunity for orphan crops/animals;
development of molecular markers

— Rapid trait integration; association
breeding

— ldentification of diverse sources of
germplasm

Rumen and rhizosphere/soil metagenomics
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Temperate vs Tropical

* Private sector globally deals much more with
temperate varieties of crops and animals

« Tropical maize, soybean, sugar beet, sorghum are
very different beasts from their temperate cousins---
also true for animals!!

 But how different? How many genes? Genomics
might provide good answers

* Very relevant to global warming
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» Clearly a success for advanced agriculture

 Increasing acceptance and proven benefits in the
developing world, but regulatory issues still pose a
challenge

« Some opportunities for new technologies to ease the

regulatory burden

— Gene stacking---the potential of mini-chromosomes
— Precision breeding---Site-specific gene replacement



 Breeding aims to replace “bad alleles” of genes with
ones that perform better—but...linkage drag problem

* In current transgenic approaches, gene insertion is
random and does not replace other alleles.....may
create position effects and this has promoted event-
specific regulation

e Event-specific regulation is not suitable for hard-to-
breed crops like banana, sweetpotato, cassava
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Designer zinc finger nuclease is one example
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Discovery of the diverse roles of small dsRNAs in plants is one of
most impressive new developments in all of plant biology

Small dsRNAs of plants can “silence” genes to which they share
homology —most commonly by promoting degradation of the
target mMRNA
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Approach:

Express gene for small RNA homologous to critical gene of
pathogen/pest. Pathogen/pests ingests it and is killed
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Requires more fundamental research on RNA movement;

resistance to RNAI



Improving Animals
 Genome-based animal breeding
* Animal vaccines—new approaches
« Microbial genomics of the rumen

e Spermatagonial stem
cell transplantation
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Male germ-cell transplantation from genetically
superior male to another of average genetic merit

— Recipient male spreads “good” genetics to the local
population -- i.e. rely on natural breeding instead of artificial
Insemination that has many challenges in remote settings

— Limitations
 Still in experimental phase (mice, rats, goats)
o Supply of SSC (need method to multiply in culture)
* Ensure that transplanted SSC are dominant
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The “Farmer’s Dilemma”

* Obvious need to return residues (crop and animal) to the soil yet
these have other critical uses for the poor—fuel; building
materials; animal feeds, etc

* What materials might replace crop/animal residues to maintain
soil quality?
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Recommend re-assessment of the potential for ZEOLITES
Aluminosilicate cages that trap and exchange cations/water

e Soil amendments/water holding/releasing, slow
release of nutrients;

» Also for animal feeds (diarrhea, smells); wastewater treatment

o Cost and accessibility issues; rhizospere changes
—potential of Kenyan deposits? ”



Es \ / ™\, Controlled Release Fertilizer
/ A source of nitrogen. A way to grow.

Coated Nitrogen Granules

ESN is a coated urea nitrogen (N) fertilizer that delivers N to the crop with
control and predictability. A flexible, micro-thin polymer coating, over top of
the N granule, enables this precision.

Predictable Nitrogen Release

This unigue membrane allows water to diffuse into the granule, dissolving
the N within. The urea liguifies into a N solution, yet remains encapsulated
within the coating. The tightly controlled and consistent coating process
produces a product that performs consistently. The N solution moves through the
membrane in a predictable manner, matching the N demand curve of the crop.

N moves out
through the
. polymer
N dissolves
into solution
inside the

granule




Focus on local production as opposed to large-
grid systems

— Solar/small-scale wind/hydro energy technologies
* Need more mapping data for wind, hydro in SSA

— Energy storage technology
* Ranging from pumping water uphill to advanced solution ..

— Microbe-based biofuels and use of
synthetic biology
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Farmers make decisions based on their own
best guess as to when the rains will come

— Type of crop to grow
— Fertilizer applications
— Timing: planting, harvest
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TRMM, AMSR-E, MODI, GRACE
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* Infrastructure--ground
radars, other ground
based monitoring sites

e There are fewer rain
gauge stations in the
Sahel now than there were
in 1921

A need to train a cadre of
experts in sub-Saharan
Africa and South Asia as
model developers and
data collectors
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* A need to gather more critical local data and to adapt
emerging technologies to benefit remote, poor regions

« Hi-thru-put genomics, Zeolites, optical and hyper-
spectral sensing, solar power, energy storage,
weather prediction research---all are expensive

* Increased development/use by the rich will drive down
costs but....
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* Are public-private partnerships like the vaccine and
orphan drug initiatives a model?

— E.g., nanotech applications to small-scale solar, solil science,
diagnostics

e Economies of scale

— Concentrate some expensive technologies in regional
centers of excellence like BecA in Nairobi

— Enhance data sharing capabilities
— Small farms vs larger farms?
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“Basic Research to Enable Agricultural Development”
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BREAD is a new NSF Program supported through a partnership
with the Bill & Melinda Gates Foundation (BMGF)--$24 million from
each Foundation over a period of 5 years.

The overall goal is to support projects
that work at the cutting edge of science
take truly innovative approaches

Must be aimed at addressing constraints faced by small-holder
farmers anywhere in the developing world

Encourages collaborations among scientists around the world
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Scientific excellence with focus on research at the proof-
of-concept stage rather than development or
downstream application

Clear relevance to constraints faced by small-holder
farmers in the developing world

Partnerships must be meaningful and synergistic

Clear evidence of innovative approaches!! Highris  k
IS ok If potential benefit is also high. Think out of
the box!!
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Proposals must be submitted by a Pl at an

eligible US institution

The collaborating institutions (up to 3) may
be almost anywhere in the world

Awards are for 3 years with maximum total
budget of $600,000/year
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Some emphasis will be placed on crop
Improvement but...

BREAD aims to cast a fairly wide net and will also
consider strong proposals involving work on
relevant microbes, insects, or animals including
fish; soil and water issues

BREAD will also consider innovative proposals that
Involve other scientific and engineering disciplines
(but not social science or economics)

Innovative ideas will be the key to success!!
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Develop partnerships as soon as possible---
US Pl/institution must submit

Submit Letter of Intent by August 5, 2009
Submit proposal by September 9, 2009

Awards announced early 2010
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Plant Genome Research Program (PGRP)
http://www.nsf.gov/funding/pgm_summ.jsp?pims_1d=5338

BREAD Program
http://www.nsf.qgov/funding/pgm summ.|jsp?pims 1d=503403
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