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INTRODUCTION

I grew up on a farm in Lincolnshire and after time away at the University of Newcastle, travelling
Australia and New Zealand and a spell training and working as an agronomist, | have now returned to
the family business.

We are an intensive operation producing 2500 acres of wheat, oilseed rape, field beans and peas. Many
of the crops are grown for seed production with the emphasis on yield and maximising marginal
revenue. Soil types on the farm are medium to heavy. Cultimgimicy is based around deep non

inversion tillage and a small proportion of the farm is ploughed annually.

BACKGROUND

Agriculture has entered into a period of tremendous volatility both in terms of the value of commodities
produced and also the cost the necessary inputs required psoduce a crop. As a producer the recent
significant cost fluctuations in seed, fertiliser, agrochemicals and fuel have had a huge impact on our
business.

The risk associated with growing a crop has increased sigrijicArcrop of wheat for harvest in 2007

cost approximately £240 per hectare in inputs. By harvest 2009 this will have risen 250%. Over this
period fertiliser prices have quadrupled, fuel and seed costs doubled, along with significant rises in the
cost ofmany agrochemicals.

Global demand has been responsible for these price hikes as marginal land comes into production due
to rising output values. A secondary effect is that supply has become an issue with limited availability of
some products.

It is likey that supply issues will continue as agriculture brings millions of extra hectares into production
over the coming yearsThe global demand for fooi$ set to double in the next thirty years.

Whilst input prices have eased in 2009, it is likely that ih a short term phenomenon and for this
reason we must look for efficiencies in the way that these materials are used on farm. The bottom line is
always a key driver but looking ahead availability may become a bigger one.

As a society we have also baiignto the concept of reducing greenhouse g&$i(G) emissions in an
attempt to mitigate against climate changéhe UK government has a target of an 80% reduction in
GHGs by 2050, and a 42% reduction by 2020 (both relative to 1R9Q¥t agriculture haseen largely
unaffeded by this development. Additionallgs multiple retailers strive for themselves and their

products to become carbon neutral it is only a matter of time before we all become accountable for our
own contributions. For this reason IVy&not only looked at what we can do regarding cost management
but also for any potential efficiencies that may be achieved relating to our use of inputs and GHG
emissions.



OBJECTIVES AND METHODOLOGY

My travels took me to the USA, Canada and Australiaok at a range of different practices. | have
tried to identify techniques that can reduce the amount of seed, fertiliser, chemical and fuel we use
whilst bearing in mind the associated environmental considerations.

It is important to point out thalt am trying to increase the ratio of crop output to applied inputs. This
measure of efficiency is very different to simply cutting costs. By improving the conversion of materials
applied to yield, the maximum margin is realised as opposed to simply mimgntie cost.

I have spoken to farmers, consultants, scientists, machinery manufacturers, distributors and
agronomists to see how we can improve on our current approach.



1. EXECUTIVE SUMMARY

11 Controlled Traffic FarmingCTF)

A well established crop is without doubt the most effective way of converting inputs to crop output. Soil
health and management are a key part of achieving this and maintaining optimum conditions
throughout the life of the cropln a conventinal, randomly trafficked system, it is estimated that 127%

of the area is driven orThis leads to widespread soil compaction.

It is estimated that over 30%f all Australian crops are now produced using Controlled Traffic Farming.
This system removes virtuglall mechanically induced soil compaction by confining all operations,
including planting and harvesting, to set tramlines. The consequential benefits to the soil structure and
soil biodiversity are incredible.

The lack of compaction in these soils allows plants to produce deeper roots and access more of the
available nutrients and water. The associated reduction in compaction necessitates either less or no
cultivations which in turn allows soil organic matteveés to build. As explained to me by several leading
soil scientists in Canada and the USA, cultivations lead to reductions in soil organic matter by oxidation
and losses to the atmosphere as carbon dioxide.

As organic matter levels increase, so doesrtagient holding capability of the soil and the amount of
biological activity within it. The soils then become better at cycling nutrients and effectively feeding the
crop.

1.2 Strip Tillage

Practised in large areas of the central USA, strip tillagéoisraof site specific cultivation. Only a strip
into which a crop is to be planted is cultivated. The area between the rows is left untouched.

Zero tillage is widely accepted as the ultimate environmental establishment system because of reduced
soil erosbn and runoff along with retention of organic matter. Strip tillage infers all these benefits to
the areas between the rows, but still providing a cultivated zone and improved drainage along the row.

Strip tillageis used in poor draining soils whereadillage is not appropriate and in wide row crops. In
addition to reductions in the area being cultivated and the associated savsgsal benefits come

from the associated precision banding of fertiliser within the row. Modern centimetre accurséde GP
guidance or RTK (Real Time Kinematic) systems allow the cultivation and fertiliser to be placed in the
autumn and the crop to be planted directly above it in the spring3@% reductions in fertiliser are
achieved with this technique.

1.3 Farming accuratef

The Australians have grasped Precision Farming (PF) due to the large areas and variability of soils with
which they operate. However the data producing side of PF can be full of pitfalls.

Yield maps are a classic example. We generate them, but thet?\@ften nothing. At the University of
Sydney | was shown how they use yield maps to validate yield expectations based on topography and
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soil surveys done using soil electrical conductivity. Yield potential can be estimated based on soil depth
and texture.Fertiliser applications are then made based on potential productivity. The yield maps also
produce data for the replacement of nutrients removed. All this is done without high intensity soil grid
sampling.

Similarly the Canadians are using a databasatdlite crop imagery to produce management zones for

fertiliser applications without even steppidgy G KS FTASf R® CIlvNIhS KBrproduded S / 2y
fertiliser recommendations in this way on one million acres. The same company is prepanseythe

technology to establish a protocol for reducing carbon emissions through reduced fertiliser use

associated with variable rate applications.

Developments in GPS technology halmwed the Australians to take band spraying to new levels.
Oilseedrape crops are routinely sprayed between the rows with non selective herbicides using shielded
sprayers. Similarly boom sprayers have had the napadeingconfigured to match row spacing. Inter

row and above row spraying is possible by inserting blamizles wherever no chemical is required. In

this way a 5675% saving in chemicals can be achieved. This is facilitated in controlled traffic systems
where everything is planted extremely accurately.

14 Bio-agtive exhaust gas fertiliser

Canadian farmer Gabyewis has developed a system to collect, cool and inject tractor exhaust emissions
into the soil during fieldwork. Marketed through his N/C Quest company, the system is supposed to
reduce or remove the need for subsequent fertiliser applications to thp.cro

Exhaust contains heat, water vapour, trace elements, carbon dioxide and nitrous oxides. These are
thought to be highly beneficial to soil microbial activity. Exactly how it works is not yet fully understood
and trials are ongoing to find out.

As an emironmental technology it is possibly without parallel. The savings in ptaté; manufacture,
haulage andield losses through leaching and emissions are substantial and quantifiable. The cost
savings are offset by lower yield, but this delivers morém@mmental savings in the form of less
storage, drying and haulage of produce.

15 Biotechnology (GM)

GM is no longer just about herbicide tolerance. Stacking of multiple traits into one variety is now
happening. Multiple herbicide tolerant traits ttombat weed herbicide resistance are combined with
multiple insecticidal traits to combat insect pests and resistance selection.

tKSaS AyONBlIasSa Ay (KS LIXlyidQa loAftAde (2 gArdGKadhal
tolerance. A nitrogenféiciency gene is also in the pipeline along with other consumer orientated
characteristics.
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increasing. The efficacy of these traits istbethan the sprays they are replacing. The number of times

they spray is decreasing. The amounts of pesticide and fertiliser they handle and use is decreasing. They

are benefiting and so is the environment.



In the cotton growing region of South Austrdbefore the introduction of GM cotton, producers

routinely sprayed crops 189 times per season with the most toxic of insecticides known to agriculture.
The air would permanently smell of insecticide. With Bollguard GM cotton this has been reduced to just
two applications per season.

It is a trade off. Spraying is generally disliked in the UK and we have a rapidly diminishing pesticide
armoury through legislation and efficacy. The answer could be in the bag.

1.6 Strip intercropping

Seed, fertiliser and chemical may be considered important in@ualighthowever is essential. US

farmers are maximising crop output by planting alternate strips of soybeans and maize in the same field
to utilise more of the available sunlight. The yigldrease in the grain maize more than offsets the yield
detriment to the soybeans. The system generates an increase in outputIB%0using the same

amount of inputs.

This system is facilitated by the use of GM crops. The agronomy is then veryaigmsd, meaning
that the two crops can receive the same inputs at the same timings.

1.7 Biochar
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form of organic matter including crop residuesdanastes by a process called pyrolysis. It has been

found to have tremendous value as a soil amendment by increasing the Cation Exchange Capacity of

soils. This consequentially increases the nutrient holding capability of the soil resulting in reduced

leaching of nutrients and lower nitrous oxide emissions. The finely ground material also has a structure

very similar to naturally occurring soil organic matter and is extremely stable over a very long period

once in the soil.

The second benefit is that ietains up to 50% of the carbon present in the parent material. Once safely
buried in the ground, this carbon has been drawn from the atmosphere and effectively placed in an
irreversible form. Unlike many other carbon capture and storage schemes it isumidgee, as it is

possible to accurately quantify how much carbon has been sequestered.

Even though somenergy isffectively being buriedenergycan still be produced during the production
LIN2 OS&dad wSaSENOK KIFa aKk2 g (ilisdi fitited thengt§ajin inlsdil (2 R @ Q&
productivity is worth more than the value of the energy that is left in the charcoal.

As the EU and the rest of the world looks for reliable ways to capture and store carbon, the case for
biochar is being pushed forwaes a suitable proposal. At present the production costs are prohibitive
but if and when the cost of carbon increases, agriculture could be very well placed to benefit from this
technology. Biochar has the potential taake agriculture carbon negative



1.8 Conclusions and recommendations

Soil health is a huge priority and CTF is definitely a way forward but is very much at the concept stage in
the UK. Some pioneering farmers are currently attempting to overcome some of the technical difficulties
assotated with it. CTF Europea farmer group encouraging the discussion and dissemination of ideas.
They are an ideal starting point for anyone considering CTF.

According to CTF Europe, studies have shown that the system can reduce fuel usage by 38%, reduc
energy costs by up to 70%, give 15% better recovery of nitrogen fertiliser, increase infiltration of water
reducing soil erosion by 40 % and improve soil aeration leading to reduced nitrous oxide and carbon
dioxide emissions.

Strip tillage is a compromse suitable for wide row crops such as oilseed rape, field beans, sugar beet
and maize. It could also provide an alternative to the current DEFRA proposal for over winter cover
crops preceding all spring sown crops.

The concept of precision bandingfeftiliser is already starting to catan and is a relatively simple
system to adopbn farm. The same technology can also be used for band spraying of chemicals. A
significant reduction in the amounts of materials used can be achieved in this way.

GroweNB | f NS R&8 dzaAy3a KAIK | OOdz2N» O Dt{ Ay (GKS T2N¥Y
technology moving forward. The cost of this can be minimised by potential usersecating or
subscribing to existing networks.

Much of the UK Precisioariming industry is in the hands of manufactures of hardware or inputs. |

would like to see more farmer groups undertaking knowledge share and doing on farm trials to evaluate
systems. Australian farmer group SPAA have a tremendous following of farmbesdgtént that the
manufacturers are now involved after initially being very reticent.

Equallyleading research groups that have funding appear very reticent to step into the realm of PA.
Consequently there is very little impartial work done to evaluses systems such as crop sensing and
variable rate technology.

Universities and colleges in the USA have some fantastic training courses for farmers to attend regarding
the gathering, interpretation and analysis of spatial information and general undwtisig. of PA.

Nitrogen fertilisers account for 80% oh farm GHG emissions through use and associated manufacture.
Site specific applications in the form ofriow placement and VR applications can not only save cost but
have a massive impact on our emrimental profiles.

We need more creative agronomy to think our way round many of the challenges with which we are
faced. Blanket spraying of every acre is not sustainable. Site specific applications within fields are. The
driver for change has to confeom the farmer and agronomists should be asked to help deliver it.

GM without doubt offers some very robust solutions to a lot of problems and is the one technology that
can deliver both cost and environmental savings in a big way.



Biochar is not commeially viable at present, but given political commitment to cut carbon emissions in
the medium term this could be at the forefront of carbon capture and storage schemes. In this case
agriculture could be well placed to profit from the use of biochar asibamendment and also from

acting as a carbon sink.



2. CONTROLLED TRAFFIC FARKOMNk
2.1 What is it?

CTF is a system of tramlines within a field that are used when undertaking all fieldwork operations. In
the UK tramlines are used for spraying on virtually all farms. CTF takes this one step further by using
setof wheelings for cultivations, plantingpplications and harvesting.

Thesewheel trackgemain in place from year to year and are either between the rows of wide row
crops or planted over in the case of cereals.

2.2 Why is itrelevant?

Soil has to be in optimum condition to produce maximyiglds. If this is not the case it will become a
production constraint. Crops will still require the same if not more inputs in an attempt to maintain
output and the ratio of inputs to output will increase.

2.3 How is it done?

Bout widths of alequipmenthavei 2 6 S YI 6 OKSR SEI OGfeée G2 GKS NBad 2
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then be used to span three of these beds using every third whedllmgnecessary accuracy is achieved

using GPS.

Watered down versions of CTF are also used where it is difficult to match bout widths or capital
expenditure prohibits a wholesale change of equipment in the early years of adoption. Most notable
here are combias as they often have a header width which does not readily fit a system.

Matching the track width (width between wheels) of different machines can also be difficult. For
example a combine is much wider than a standard sprayer. In a true CTF systeackheidths of all
vehicles would be matched up.

2.4 Real Time Kinematic (RTK

RTK is a GPS system than employs a land based correction signal to give pass to pass accuracy of two
centimetres. Unlikether satellite based correction signaRTK alsbas the benefit of year on year

repeatabilityr YR Ad LINB@GAYy3A (G2 06S Iy AyONB&RhngieSIti®Sy | 6f Ay 3
opening upoptions that were previously conceivable budtrpractical

CTFonly really works iflone to centimetreaccuracy to avoid overlap occurribgtween passes with
machinery Tramlines can be mapped, stored and reused without degradationof accuracy over a
subsequent time pedd. Satellite based correction signals will drift over time and storedrdinates

will not exactly match field locations.

The most significant tor of it is that anyone can operaie Auto guidance systems and especially
those usingRTKcan makean exceptionamachineoperator out of anoderateone.



25 Removal of compaction

Possibly the biggest impact of iatng compaction to known wheelingsthat cultivations are no longer
necessary to repair soil structure from mechanical dan@mgéhe rest of the areal would estimate that
at least 50% of the cultivations we do anriyan our own farm are for this reason. It is virtually
impossible to avoids machines have to go onto fields to perfagssential operations, oftewhen the
conditions are suleptimal.

Min till or zero till does not work on many soils for this reasbthd compaction is not removedhe soil
will subsequently become waterlogged especially on heavier, poor draining soils. Once the soil is
waterlogged it then becomes aaeobic and soil biology perishes

Controlled traffic will overcome this issue by imtaining the porosity of the soil allowing water to more
readily permeate down througthe profile as illustrated on page 18andy soils are actually quite

difficult to deal with and are prone to slumping and compacting due to sand particles washing down
through the open pores in the soil and effectively blocking up these airways. Deeper cultivation is often
required in a conventional approach, however increased levels of soil orgattieriihrough reduced

tillage practices can help negate this problem

2.6 Soil Health

As the soil organic matter levels also start to binldhe top layer of the soil sdoes the amount of soil
microbial activity. As explained by Canadiail scientisDr Kris Nicholsaggregation of particlesccurs
within the soil over a period of time. This is the build upnidrobes, organimatter and other life forms
around soil particleswhichcauses a beneficial change in soil texture. The porosity of the soil increases,
more air gets in and everythirthrives. Anyater loggingand associated anaerobic conditions will stop
this process and also reduce beneficial populations that have uquilCultivations can also destroy

much of the aggregation that has ocoed.

The soil foodweb begins with plamtatter and everythingdeds off this. According to Dr Nich&ikd:

handful of soil contains more organisms than the total number of people who have ever inhabited the
SINIKQ® | 26 SOSNI GKAA LI2LJzf I GA2Yy NBI dzi Washieb O NB (K
has the ability to feed plants. The soil contains all the nutrients that a plant requires, but many are in an
unavailable form. This is the equivalent of being at sea with no water. The microbial foodweb around

the plant roots gain their essentiairbon from the plants and in return produce more plant available

nutrients as a by productn this way the soil build$sQ | 6 Af A G & G alofihg8aRbd ONRLIZ o
undone with overly aggressive cultivations.

2.7 CTF in practie

CTF in Australia has taken ioffa big way. An estimated 3®of all crops are now produced using some
sort of controlled traffic system. Broadacre crops such as cereals constitute the bulk of this area, but
higher value crops such as cotton, sugar carge\ayetables are also being produdadthissystem.

Robert Ruwoldt of Horsham, Victoria maintains that you do not know the true extent of your
compaction issues on farm until they are removed entirely. Only then can you see that areas previously
thoughtto be compaction free were suffering to some extede is now fastidious about driving only in
tramlines, even in piclap, whenever in the fields on his farm.
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The photos above show a study undertakgrRobert Ruwoldb illustrate the impact of compaction to
soil permeabilityThe left is a wheeling and the right is an uncompacted.area

Robert isa pioneer of mirill, zero till and CTHHeis recognised in Australia to have made massive
improvements to his soils, yields and profitability through adoption of these techniques. After 20 years
of reduced tillage the soil biological activity has irrsed to such a level that crop residues are
decomposed extremely quickly, releasing nutrients to the subsequent crop that would usually be locked
up and unavailable. Thisdreased nutrient cycling hasd¢o significant reductions being made to

applied NPand K fertiliser rates.

One of the main drivers of Australian CTF systems is to improve the permeability of the soils to water. In

F OftAYFOS 2F YAYAYlLE NIAYyTFLIEE A0 Aa SaaSyidiart Gz
crop orbetween. In many cases a grower will only plant a crop when they are sure they have a full

profile of soil moisture. Then only enough rainfall is required for establishment and subsequently the

soil moisture reserve will be enough to produce a crop inebhent of drought conditions. Robert also
commented on how the creeks and drains in the area now ran less water in the event of significant

rainfall because fothe fact that the soils werabsorbing it much more effectively now. As a
conseqguencesurface eosion of soils has been greatly reduced.

2.8 Residue management

In Canada and Australia where there is much zero tillage andilhpinactised, it is felt that the best way
to deal withcropresidue is to leave it stood up in the form of a I@tgbble. The emergence of RTK
means that it is now a straight forward procedure to then plant the following crop precisely between
the rows of the previous crop.

The root of the previous crop is left undisturbed which gives the added advantage of hiimelisgil

together and virtually eliminating the risk of soil erosion through wbtalv. This is a massive issue on
many of the more fragile North American and Australian soils.
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