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Agricultural Productivity

Alongside work on water and scarce natural resources
Future of Food and Farming T January 2011 T what next?

Optimising Soil Chemistry for Agriculture and Resource

Efficiency i London, 28 - 29 November
Workshop to examining role of soil science in sustainably
Intensifying agriculture, in the face of limited nutrient resource

Pan Africa Chemistry Network Congress on Agricultural

Productivity - Accra, 2117 23 November

Conference examining current research and ideas in the
agricultural sciences relevant to Africa
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Introduction

AUK has sustained track record in agro-chemical research
AChemistry has a crucial role in increasing agricultural
productivity T it is one of a range of disciplines which will
help further advances in this area

ADevelopments are needed in areas including plant
nutrition, pest control and soil science
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Chemical science can help
sustainable intensification

A Chemical weed & pest control remains vital

A New areas of research presented today:
A pheromone-producing GM wheat
A sustainable nitrogen production & use
A soil science to boost yield and improve GHG balance

A smart sensing to optimise farm inputs

A New areas not presented today:
A biorenewables as feedstock for fuel and materials
A separation methods: efficient recycling and desalination
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As the world begins to starve
it's time to take GM seriously

With the Earth’s population continuing to soar, it will be the poor who go hungry, not the eco-warriors destroying modified crops

enough food for the nine billion people who
will be living on it

Britain and many other European coun-
tries have considerable expertise in plant and
crop biology research, it should be stressed.
But that work is constantly frustrated. Crop
trials are dug up and funding is blocked by
governments embarrassed to be seen backing
such work. The effects are rarely beneficial
Consider the example of potate blight. Its
prevalence rose rapidlylast year, threatening
acrop that is a staple foodstuff for many peo-
ple round the world.

Yet scientists insist it would be relatively easy
to introduce abasic gene construct into pota-
toes that would make them resistant to blight.
Europe has the expertise but is thwarted by
gangs of men snd women who trash GM erop
fields. As Sir Robert May, the government’s
former chief scientific adviser, once remarked,
these individuals display ‘the attitude of a priv-
ileged elite who think there will be no problem
feeding tomorrow s growing population”. May
was speaking, with remarkable prescience, at
the turn of the century.

This is not to say that transgenic crops alone
will save the world from starvation. Major
improvements in transport, which will allow
fresh food to be taken to market without rot-
ting, are needed, for example. Simply bring-
ing political stability to a country would also
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s front pages go, the cover of
Nature is scarcely a stunner. It
depicts two rows of trees facing
each other acrossthe page. One
row is tatty, the other clean and
healthy. And apart from a fow grubby bushes
in the background, that's your lot. It makes a
gardening catalogue look exciting.

But this restrained imagery rewards closer
inspection. Those trees, bearing papayas, are
growing in a Hawaiian plantation and the
difference between the two rows has criti-
cal importance to the world's mounting food
crisis.

It transpires that the stunted trees on the
right, each bearing only a handful of fruit, are
victimsof papaya ringspotvirus, a discase that
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(The Observer, 27/04/08)
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Many highly effective pesticides are derived from natural product leads,
and some are natural products themselves

Insecticide Target Natural product lead
pyrethroid sodium channel/activators pyrethrin |
indoxacarb/ sodium channel/blockers X

metaflumizone

organophosphate/ acetylcholinesterase/inhibitors X

carbamate physostigmine
neonicotinoid nAChR nicotine/epibatidine
spinosad NAChR spinosyns
cyclodiene/ chloride channel/gaba X

fiproles

abamectin chloride channel/glutamate avermectins
diamide calcium release channel (muscle) (ryanodine)

tetronic acid acetyl CoA carboxylase/inhibitor  x



pyrethrin |



http://upload.wikimedia.org/wikipedia/commons/3/38/Pyrethrin-I-2D-skeletal.png

Plant biodiversity > |ead compounds

biotechnological production synthetic pesticides
v
from plants released pathways
by extraction directly by transferred to crop
plants plants (GM)
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Intrinsic rate of population increase of the cereal aphid Rhopalosiphum

padi on diploid, tetraploid and hexaploid wheat
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http://upload.wikimedia.org/wikipedia/en/6/68/Tryptophan_biosynthesis.png

It Is time now, in planning the new generation of
GM plants for delivery of pest control, to target the
natural products that, acting by non-toxic modes of
action, affect, in more sophisticated ways,
behavioural and developmental processes in the
pest organisms. These approaches are exemplified
as insect pheromones and other semiochemicals,
l.e. those chemicals that affect development or
behaviour of organisms generally
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Aphid alarm pheromone,
(E)-b-farnesene







Production of GM wheat

DNA delivery via gene gun
Plant regeneration via tissue culture and selection using herbicide tolerance










Collection of volatiles from GM wheat

A headspace sample of air
surrounding the plant is
collected on a porous polymer

The sample is then analysed
for (E)-R-farnesene by GC-MS




GM wheat expressing targeted synthase gene emits (E)-R-farnesene
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Aphids are repelled by volatiles from GM wheat

Sitobionavenae Rhopalosiphunpadi
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Parasitoid wasps spend longer foraging on GM wheat

GM wheat Control wheat



Conclusions

Transformation of a plant to emit an insect pheromone
was shown for the first time in Arabidopsis

Now achieved in wheat, cv. o0Cad
different transformation process

Alarm pheromone emitting GM wheat
I repels aphids

I attracts their natural enemies

The next step is to test GM wheat under field conditions
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Rothamsted Research Your ref:

West Common Qurref: 11/R8/01
Harpenden Date: 15 September 2011
Hertfordshire

AL5 2JQ

Dear Sirs

ENVIRONMENTAL PROCTECTION ACT 1980, SECTION 111:
CONSENT TO RELEASE GENETICALLY MODIFIED ORGANISMS
REFERENCE: 11/R8/01

2. Genetically Modified Organism to be released:

The genetically modified organism (GMOQ) is wheat Triticum aestivum,
which has been transformed with one or both of the following synthetic
genes: (E)-B-famesene synthase and famesy! diphosphate synthase. In
addition both constructs contain the constitutive Ubi promoter and nos T
terminator, the bar gene conferring herbicide tolerance and may contain
further sequences of bacterial origin including the neomycin
phosphotransferase (nptf) selectable marker gene.

Yours sincerely

Lord Henley

By authority of the Secretary of State for Environment, Food and Rural Affairs




Sustainable intensification realities

A Most agriculture consumes energy, releases GHG
A only forestry, sugar cane significantly positive

A Agriculture will still need ~70% fresh water
A plants need water for hydrogen, transport, cooling
A limited scope for changing the fundamentals

A Plants need fixed nitrogen for good yield
A requires energy (~1% global energy; 4% natural gas*)
A produces greenhouse gases

RSC | Advancing the *Source: Smith 2002
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The nitrogen cycle
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All nitrogen sources have issues

Abilotic natural fixation

0 Inadequate for need
0 lightning etc

Biological fixation
0 free-living organisms

0 20-40% vyieldoenalty
INn cropse.g.soy,
clover

Chemical fixation

0 energy demanding

0 dosing often leads to losses
N,O release

Manure
recycle N from plant
added value in meat
can improve soil structure

O« O¢ 0O«

O methane release
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New chemistry can reduce impacts
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Making nitrogen fertilizer use more
sustainable

A New catalysts and/or processes
A energy 250GJ/t N in 1903 reduced to <40 today

A how much lower is possible?

A New application regimes to reduce losses

A variable rate application
A new formulations: economic as energy costs rise

A fon-demandoapplication in irrigation systems
A De-nitrification inhibitors

A Chemicals to stimulate early root growth

RSC | Advancing the
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New complex adds hydrogen to nitrogen at low temperatures and pressures

A cheaper Haber—-Boschprocess

A cheaper alternative to the Haber—
Bosch process could be a step closer
thanks to a new ruthenium-based
catalyst complex developed by
chemists in Germany.

Each year the Haber-Bosch
process produces millions of tonnes
of ammonia by direct hydrogenation
of nitrogen with hydrogen gas over
a catalyst. However, this process
needs temperatures of around
450°C and pressures of 300 bar,
consuming vast amounts of energy.

Now;, a teamn led by Sven
Schneider at the University of
Erlangen-Niirnberg and Max
Holthausen at the University
of Frankfurt have shown how
aruthenium complex witha
nitrogen-metal triple bond can
split molecular hydrogen to

RSC | Advancing the
Chemical Sciences

produce high yields of ammonia
at armospheric pressure and
temperatures of only around 50°C,

The German researchers
synthesised a planar molecule with
aruthenium centre clamped by a
nitrogen and two bulky flanking
phosphine groups — known as a PNP
pincer ligand. A nitrido ligand triply
bonded to the ruthenium can then
be introduced and combines with
hydrogen to form ammonia.

The mechanism of H-H bond
cleavage that the team proposes
has one hydrogen atom moving to
the nitrogen of PNP and the other
remaining on the ruthenium. This
hydrogen is then transferred to the
terminal nitrido ligand, The reaction
repeats to produce ammonia.

‘A key aspect of the system is the

Reference

B Askevald et al, Nature
Chenr., 2001, BOL: 101038/
nechem, 1051

cooperative nature of the metal-
PNP fragment,’ says Schneider.
‘Both the transition metal centre
and the ligand are crucial for the
reaction to proceed.’ The next
stepis to find away of splitting
dinitrogen to obtain the single
nitrogen attached to the ruthenium. |
Commenting on the work,
Christopher Cummins, an
expert innitrogen chemistry at
the Massachusetts Institute of
Technology in the US, says: “This
work gives a clear demonstration
of nitride ligand hydrogenolysis
yielding ammeonia. The
authors’ choice of robust pincer
ancillary ligands to supportthe
hydrogenolysis reactivity is
probably crucial.
Simon Hadlington




Making nitrogen fertilizer use more
sustainable

A New catalysts and/or processes
A energy 250GJ/t N in 1903 reduced to <40 today

A how much lower is possible?

A New application regimes to reduce losses

A variable rate application
A new formulations: economic as energy costs rise

A fon-demandoapplication in irrigation systems
A De-nitrification inhibitors

A Chemicals to stimulate early root growth
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Seed treatments can enhance root growth

A Enhanced early root
growth can:

Aimprove uptake of
nutrients

A protect against drought
stress

Aincrease yield per input
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Biological v. chemical N fixation

A Biological A Chemical

A N-fixation in more crops A Renewable energy

A difficult: many genes A nano-catalysts

A GM crop A optimised process

A 20-40% yield loss via A reduced losses through
swap of C- for N-fixation application, formulation

A more land needed A inhibit denitrification

A higher cultivation energy A treated plants to

Increase uptake
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Soll: described but not understood

A Matrix to hold plant

A Controls:
Awater availability for plant
A nutrient availability for plant
A nutrient leaching
AN,O release
A Biologically active
Asoil diseases
Anematodes & soll insects

Ainteracts with plant
RSC | &hemeaStiences




At macro level soll affects landscape &
aguatic ecosystems

Elements favoring the Flow .. Elements limiting the Flow

Pathway

Embankment

Hedge

Grassed Strip

Wet Meadow Wet Lénd Riparian Wood
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Soll science: vital but neglected

A Unfashionable

A Technically difficult
A macro- and micro-heterogeneous

A solid state
A spatial analysis hard to do non-disruptively

A hard-to-culture organisms

A New technology opening up possibilities
A genomics of soil organisms
A sensors & visualisation technology
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UK soils vary greatly

A Without understanding,
had to develop best
practice for:

A cultivation
Afertiliser rates & timing
A soil microflora

A control of soil pests &
diseases
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Soll biodiversity

A 25-30% of living
organisms

A only ~1% identified

A c.f. 80% for plants &
animals
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