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Agricultural Productivity 
 Alongside work on water and scarce natural resources 

 

Future of Food and Farming ï January 2011 ïwhat next? 

 

Optimising Soil Chemistry for Agriculture and Resource 

Efficiency ï 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, 21 ï 23 November  
Conference examining current  research and ideas in the 

agricultural sciences relevant to Africa 

 

 



Introduction 
 

 
Å UK has sustained track record in agro-chemical research 

 

Å Chemistry has a crucial role in increasing agricultural 

productivity ï it is one of a range of disciplines which will 

help further advances in this area 

 

Å Developments are needed in areas including plant 

nutrition, pest control and soil science 

 



Chemical science can help 

sustainable intensification 

ÁChemical weed & pest control remains vital 

ÁNew areas of research presented today: 
Ápheromone-producing GM wheat 

Ásustainable nitrogen production & use 

Ásoil science to boost yield and improve GHG balance 

Ásmart sensing to optimise farm inputs 

ÁNew areas not presented today: 
Ábiorenewables as feedstock for fuel and materials 

Áseparation methods: efficient recycling and desalination 

 

 

 



(The Observer, 27/04/08) 





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 I 

  

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  

 

 



Tanacetum cinariifolium 

pyrethrin I 

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


biotechnological production  synthetic pesticides 

from plants 

by extraction 

released 

directly by 

plants 

pathways 

transferred to crop 

plants (GM) 

Plant biodiversity           lead compounds 

new industrial crops 







Intrinsic rate of population increase of the cereal aphid Rhopalosiphum 

padi on diploid, tetraploid and hexaploid wheat 
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Activation by glucosidases 

rye, diploid wheat 

maize, hexaploid wheat 

BX1 

Frey et al. (1997), Nomura et al. (2003), Sue et al. (2006) 

Moraes et al. (2008), Phytochem. 69: 9  

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, 

i.e. those chemicals that affect development or 

behaviour of organisms generally (and will include 

ñswitching onò genes for the biosynthesis of 

semiochemicals by means of another set of natural 

products that act as plant activators). 





OPP

H

Aphid alarm pheromone, 

(E)-ɓ-farnesene 





DNA delivery via gene gun 

Plant regeneration via tissue culture and selection using herbicide tolerance 

Production of GM wheat 



OPP

H



OPP

H



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)-ß-farnesene by GC-MS 
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GM wheat expressing targeted synthase gene emits (E)-ß-farnesene  



Aphids are repelled by volatiles from GM wheat 
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Parasitoid wasps spend longer foraging on GM wheat 
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Conclusions 

Å Transformation of a plant to emit an insect pheromone 

was shown for the first time in Arabidopsis 

 

Å Now achieved in wheat, cv. óCadenzaô, but with a 

different transformation process 

 

Å Alarm pheromone emitting GM wheat 

ï repels aphids  

ïattracts their natural enemies 

 

Å The next step is to test GM wheat under field conditions 

 



1 2 3 4 

                

GM 1 Control 1 GM 2 Control 2 
                

                

                

5   6   7   8   

                

Control 1 Control 2 GM 1 GM 2 
                

                

                

9   10   11   12   

                

            GM 2              GM 1        Control 2       Control 1 
                

                

                

13   14   15   16   

                

       Control 2              GM 2       Control 1            GM 1 
                

                

                

All 10m separators: 0.5m unsown, 9m barley, 0.5m unsown 

10m 

3m wide border of wheat as a pollen barrier 

80m 

3m wide border of wheat as a pollen barrier 

80m 

10 m 6m 

6m 

10m 





Sustainable intensification realities 

ÁMost agriculture consumes energy, releases GHG 
Áonly forestry, sugar cane significantly positive 

ÁAgriculture will still need ~70% fresh water 
Áplants need water for hydrogen, transport, cooling 

Álimited scope for changing the fundamentals 

ÁPlants need fixed nitrogen for good yield 
Árequires energy (~1% global energy; 4% natural gas*)  

Áproduces greenhouse gases 

*Source: Smith 2002 



The nitrogen cycle 

11/3/2011 30 



All nitrogen sources have issues 

Abiotic natural fixation 
ǒinadequate for need 

ǒlightning etc 

Biological fixation 
ǒfree-living organisms 

ǒ20-40% yield penalty 
in crops e.g. soy, 
clover 

Manure 
ǒ recycle N from plants 

ǒ added value in meat 

ǒ can improve soil structure 

ǒmethane release 

Chemical fixation 
ǒenergy demanding 

ǒdosing often leads to losses, 
N2O release 



New chemistry can reduce impacts 

  
  

 

11/3/2011 32 



Making nitrogen fertilizer use more 

sustainable 

ÁNew catalysts and/or processes 
Áenergy 250GJ/t N in 1903 reduced to <40 today 

Áhow much lower is possible? 

ÁNew application regimes to reduce losses 
Ávariable rate application 

Ánew formulations: economic as energy costs rise 

Áñon-demandò application in irrigation systems 

ÁDe-nitrification inhibitors 

ÁChemicals to stimulate early root growth 

11/3/2011 33 
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Seed treatments can enhance root growth 

ÁEnhanced early root 

growth can: 

Áimprove uptake of 

nutrients 

Áprotect against drought 

stress 

Áincrease yield per input 

11/3/2011 36 



Biological v. chemical N fixation  

ÁBiological 

ÁN-fixation in more crops 

Ádifficult: many genes 

ÁGM crop 

 

Á20-40% yield loss via 

swap of C- for N-fixation 

Ámore land needed 

Áhigher cultivation energy 

 

 

ÁChemical 

ÁRenewable energy 

Ánano-catalysts 

Áoptimised process 

 

Áreduced losses through 

application, formulation 

Áinhibit denitrification 

Átreated plants to 

increase uptake 

11/3/2011 37 



Soil: described but not understood 

ÁMatrix to hold plant 

ÁControls: 

Áwater availability for plant 

Ánutrient availability for plant 

Ánutrient leaching 

ÁN2O release 

ÁBiologically active 
Ásoil diseases 

Ánematodes & soil insects 

Áinteracts with plant 

 



At macro level soil affects landscape & 

aquatic ecosystems   



Soil science: vital but neglected 

ÁUnfashionable 

ÁTechnically difficult 
Ámacro- and micro-heterogeneous 

Ásolid state 

Áspatial analysis hard to do non-disruptively 

Áhard-to-culture organisms 

ÁNew technology opening up possibilities 
Ágenomics of soil organisms 

Ásensors & visualisation technology 
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UK soils vary greatly 

ÁWithout understanding, 

had to develop best 

practice for: 

Ácultivation 

Áfertiliser rates & timing 

Ásoil microflora 

Ácontrol of soil pests & 

diseases 

 



Soil biodiversity 

Á25-30% of living 

organisms 

Áonly ~1% identified 

Ác.f. 80% for plants & 

animals 


