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1.0. htroduction

I have to thank my late father for priming my interest in agltiure from a very young age.lthough

not from a irming background he would always take me to see tractors and combines working and |
guess my interest wagnitedfrom the tender age of 4 andow, at 41, that passion antthe desire is

still burning. The only regret | have is he never had the oppostiaisee me graduate or follow my
dreams of pursuing a career in fammanagement and that hadriven me onto be the best | can be.

| have always beemletermined that farming was going to be my chosen career and pssgre
through Writle College gainirg a BSc in Agriculturd. was fortunate to get a trainee Manager
position with Albanwise farming in Norfolk where Brian Reynolds became my early mentor and is
till an inspiration to me to this day.

Figurel. Me, Russell McKenzie on my travels in the Mato Gro&sazil.

I live in Cambridgeshire in the village of Old Westdrere | amresponsible for the management of
750 hectares of arable larfdr the family farm of D J Tebkdind John Sheard Farmdogistcs can
sometimes be a bit of an issue as we are spread out over 17 miles and have 4 separat®©units!
cropping is dominated by wheat,iloseed ape and spring beans,ub latterly it has become
interspersed with winter and spring barley as we look togi&en our rotation to combat the
growing threat of blackgrass.

| am happily married with 2 wonderful children and outside of waten | am not analysg trials
data | am a keen sports fan and have spent a lifetifriffering following the Englandicket team,
albeitwith a fewhighlights along the waly

Having spent several years thinking about undertaking a Nuffiaiching 8holarship | am indebted

to my wife Ellig for encouraging me to go for ift has been the most incrédly rewarding
experienceto explore the world and learfrom the best farmers in different countriesThere is an
SELINB&&AZ2Y a&R2yluiinthebnies af & NuffisldarnfngSch®larshipdo believe

it, asthe experiences everything it promises to be and has certainly exceeded my expectations! ¢

(0p))
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2.0. Background to my study topic

My first experiences of direct drilling were with a John Deere drill back in the late 1990s where it was
used primarily for planting wheat at break crops across the three farms for the company | worked
for in Norfolk at the time It was clear back then there was huge potential for direct drilling to
deliverexcellent seed placenm¢ and better establishment in some of the very difficult claiys we

had within some fieldsand at a fraction of the cost of our other methods.

Backin those early day®sf my careerl could see the potential foNo-tillage but purely as an
opportunity to makecost saving as part of a large enterprisbut one ofthe things | have learnt is
that cost savings a biproduct, an added bonus if you likas thee are somany more benefits to
true No-tillage.

We have used a tinbased direct drill on the home i . . bi
block with considerable sucse and that started me X L) sl e et

thinking: can less really mean md?e b it really product, an added bonus i
possible to step off the cultivations conveyor belt and you Iike, as there are so

let your soil do the wik for you? In the dry autumnof .

2011 I could sewve were able to get crops established many more benefits to true

far better with direct drilling than where we had No-till age.

cultivated. TKS 2f R a0K22f YIYyGNl 2F aqaé2z2dz ySSR G2 3Si
F'ANJ Ay R2 K48y & 8ehst forheSif preserving moisture is imptant. In 2011, although

there was some moisture in the sail,quickly evaporated imnything cultivated to depth from the

middle of Augst onwards but the surface tilth was generallg excellent condition and | took the
opportunity to experiment!

Oneof the more variable and difficult fields on the farmepented us with the chana® do a split
field trial for a second wheat crop. all was ploughd and the other direct drilled. Il#ough the
field ploughed and worked down welnoisture was It farly quickly. When it caméo drilling
some weeks lateand with little rain since, the wheat in the direct drilled half established well due
to improved moisture retention The other half was patchy anequired significant rainfall (some 3
weeks laterto complete establishment.

Figure 2 Yield map of the field, direct drilled area above the black line, ploughed below 2
(Redorange=worst performingareas Yellowgreen=best performing areas) -

Success with Nl under any conditionsK o0& wdzaasStft alOYSyIlaAs
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My observation of better establishment the direct dilled area was validated ren the yield map
was returnedandwe saw a 0.75 tonnes per hectare yield increase over the ploughed area.

Better establishment, better yields and reduced time and costensyme of the many plusses we
experiencedup to 2011. fen the autumn of 2012 struck!!

We experienced a wet sprinthat yearand the ground conditions in the autumn werequallyas
difficult. Qiltivating wet soils wagricky but, once againby the following harvestirect drilling came
out ona par with anything that had been cultivatemhd sometimes better.

It was after harvest 2013 thatthe )
inspiration camefor what | wanted to It was obvious that on our heavy

research during a Nuffield Farming clay soils, with the right attention to

Scholarship study tour It was obvious . . .
that on our heavy clay soils, with the right deta”’ direct d“”mg could be

attention to detail, direct drillingcould be suitable and help maintain crop

suitable and help maintain crop performance. But I’lOtjUS'[ thist
performance. But not just thist wasthe

fact that it could be successful in was the fat that it could be
achieving crop establishmenboth when successful in aChieVing crop

moisture was limitedbr when it wasver . .
. . ¥ establishment both when moisture
wet. | realised | wanted to find ounore

and learn from the best who had been Was limited orwhen it wasvery wet.
using No-tillage long term and wanted

answers abouhow do the best succeed in the driest regipaad equally, make it work wherone
haslarge amounts of raifall.

At the same time | tried to maintaia degree of rationality about my research, especially in terms of

wet condtions, on the basis thafi K SNBE | NBy Qi Y y & iitér@niish raid! BtK | ¢ 2
LQ@S YI A ynddrlyingb8lief that ¥ system that could help mitigate or reduce the reliance

upon the weather ér establishing cropwassurely the way forward.

| have cetainly experienceda growing concern over recent yeathat our seasons are getg more
unpredictable. Guple this withappropriate soil management ariti felt clearto me that reducing
cultivations was the only realistivay we were going to be able to achieve that godlhoped my
Nuffield Farmingresearchwould provide me with the answers

(0p))
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3.0. My study tour: which countries and why?

To really understand what makeédo-tillage successful in both dry and wet condisol felt it was
crucial toexplore the issues from all angles, which meant looking at very low ranfaligh rainfall
areasand how they coped. | really wanted to understand not only how different gree@nbatted
the fluctuations in weather, but what benefits they achieved throdghtillage.

Australia: March 2014.1 travelled up througtthe Victoria region and io the Clare Valley where |

met a host of different farmersvho haveno choice but to mak&o-tillage successful to preserve
their future - due to complications with erosion and moisture retention. | came back, adamant that |
was never going to complain abiomoisture ever again as some of the people | met were so fifate

for every drop they received. | was very lucky to meet a brilliant researcher at the University of
South Australia, whose research on every conceividbléllagetool was so beneficial toy studies.

UKand Europe April 2014 | also completed some visits the Czech &ublic andvisited some UK
farmers to gaira wider perspectiveon how farmsin the UK viewNo-tillage andspecificallywhat is
realisticin terms of cropping and limitatits to the system.

USA: June 2014.ventured to the Unitd States where | covered\ariety of different conditions
from North Carolina through to the bakisgmmersin Kansas and Texas, circling round to North and
South Dakotaand finishing off in Philadelphia. | met a number of growers in each region and also
encountered some excellent research facilitihat were utilising cover crops under testing
conditions.

Australia: November 2014 There were areas | still considered | ded to cover, so on my return to
Western Australia, | met a number of growerbo enjoyedvarying degrees of rainfall To better
understand the principles of managing weed resistancladtillage| visited AHRI at the University
of WA. | then travelletb Tasmania to get a better appreciatiof how they copavith significantly
more rainfall.

New Zealand: November 2014Havingheard and seen so neh about the Cross Slot drdystem,

andO2 dzLJt SR 6A0GK bS¢g w&sinildr i RQK SitGvaskh& kear&st contpargbie
country | could findwhere No-tillage was being practiseduccessilly. An extended tour of the
South $land and parts of the North Island helped me understand more about howwdaydNo-

tillage can work in neanaritime climaes.

Brazil: January/February 2015Brazilwas a country that lhad on my radar to study how early

adoptionof No-tillagehad developed. | travelled though the Mato Grosso, Minais Gerais and Goias

States meeting some brilliantly attentive growavho embraced the system early on aimdpresed

me with their striking attention to detail in making the system work. Brazil is so vast and 3 weeks
FfY2ad RARYQO R2 Al 2dzadA OS IwhéndniTapgjsSin theNdedp &1 a |
southern state of the Rio Grande do Sulvisited probably the bedio-tillage farmer | had met

anywhere on my travelsThe farms were a fraction die size of those in the Mattor@sso, but this

(0p))
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grower and his wonddéul crops were a shining examplef excellene, knowledge and
understandingA £ f dza G NJ G A g@rything.l G aAT S AayQi

Argentina: February 2015Suth American countries are so big, that long hours of thawg is the

end result of tying to see them. \Een though | travelledhrough the Buenos Aires, EntRios and
Santa Fe provincebpnly scratched the surface! | was able to meet and have some great discussions
with farmers on some very difficult soils, whexe-tillage allows them to optimise crop production.
This roundd off my travels perfectly with some terrific farm visits to well established, committed
No-tillage practiioners.

| have beerso fortunate to meet some truly outstanding

and inspirationalpeople in different parts of the world and .. the margins between the
consequently found that the margins between the goodgood and the very best ari
and the very bet are so fine, but so pivotal. It is almost . .
impossible to visit everywhere in what afterwards seems SO fme’ but so pNOtal-
very little time and thereis always that person you

discover you should have met after you have left a country!

But certainly what | have discovered and learnt over my 12 weeks of travel has helped reinforce and
redefine the shape of the way we should be farming at home and ifutiiee.

(0p))
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4.0. Why consider adoptingNo-tillage?

The momentum in UK agtitture to understand and adopt Nillage methods has gathered pace at
a staggering ratewith a desire to chnge and improve on farm praagis that | have not seen since
the introduction of strobilurin fungicidem the mid 1990¢beforethere was widespread resistance)
changed the face avheatdisease control overnight

When | was in North Dakota, the inspirational Jay Fuhrer of NR&®ral Resource Conservation
Serviceput everything irto the perfect context for me when discussing cultivations egldting it to
the dust bowl era, which had seweeffects upon the loss of topsoil. Jay considetteat manyfarms
were, at best maintainirg their soilsandwere certainly not improving therby cultivations andin

the worst casescenarios they were degrading them without actually realising it was happening.
This prompted a comprehensive clggnmamongstarmers in North Dakota to focus on the health of
their soil and movénto less invasive crop establishmdathniques.

Figure2. ! NBYAYRSNJI TNBY WI & CdzZKNBNDa FFGIKSNI 2F GKS STTFS

Thereisa natural inbuiltfear that breaking fromtraditional practicecan expose a business to greater

risk and although there may be a desireutoderstand and preserveur soils better this is tempered

by a huge resistance to change.t i the brave early adgters unafraid of changewho have

benefited mostfrom their forward vision in respect dflo-tillage. Luis Sabbatiniwho | met in

Argentina, hadneighbourswhof I dZ2KSR |G KA & & ONJ 1 ANGRlageébutg KSy K
within 3 yearsthey were all following suit as the benefits and crop performaheewas achieving

became apparent

So why has it not happened on such a large scale in the UK?

(0p))
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Figure3. Meeting ArgentinianNo-till pioneer Luis Sabbatini

4.1. Bighted by history- anda vision for the future

When | embarked on my study drow we can successfully utilidéo-till in our variable climate | was
immediately drawn to thinkingwhy did the curve not progress from when it was first introduced in
the 1970s?

Back then(when | wouldstill have been in nappigghe system functioned upon the wide use of
Paraquat coupled with stubble burning and certainly less residue than we haw. Ahough
initially things workedrery well, grass weedsecame a massive issand this coupled with poorly
established cropsand water logged fields in plagasnfairly earneddirect drillinga bad name and
few ventured towardsit again.

But at leastin part, the fundamental issuthat contributed to is downfall back in tha¢ra, was the
effective dependenceupon chemicals and stubble burning to alleviateed problems alongside
production driven imbalances iotations and a heavy reliee upon autumn cropping. Tlhpgimary
focus then wa®n costreduction, something | conder to bean added bonus amongstl &he other
benefitsthat come with direct drilling.

But even back in this era, there were echoes of why the cultivations conveyor belt can be so difficult
to get off. To quote Harry Alled481)

G ¢ KS A R&ition fér Blikedt drilling is a firm, level surface with continuous
cracking to depth. Dege cultivation is not the answelit will loosen the sail
excessively and allow it to compact again very easily

(0p))
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This quote demonstrates thathe prinaples behinl direct drilling haveébeen understood for some
time, but only row are we starting to unlock dttrue potential as weenter a new era of
understanding.

There are now new imperatives.xgerts from the University of Sheffield are warning of potentially

only 100 harvests left in our soils if we continue watlir currentintensive cultivationsso hav we

manage our soils hasever been underso much
. . . Experts from the

scrutiny. If wereally are entering a period of change,

then the answers are there from some of the best University of Sheffield are

practitioners across the globevhom | have been Warning of potentially only

fortunate to meet. We musinanageour soilpractices .

better andkeep up with the pace of food production 100 harvests left in our

that is required to feed a growing global population. sois if we continue with

wStldAy3 dGKA&E ySOR2GS OUOGUITENR INTANBK/E C dzK NB NI :
observations in regard to the lack ohprovement in cultivations.

soils then we arepotentially ata crossroads in learning

how to farm better and smarter witl2 dzNJ LINAYS | d4aSG=X GKS &z

making any more of it, sowe BeR (2 221 F Fi
establishment, perhaps less really can mezore.

4.2. 215: International Year of Soils

What couldbe moreappropriate for my chosen subject than this being the year of the saith,

worldwide reiteration that we ardortunate to haveil KA & Ay ONBRAOEf S IimsafSGz G KI
and needs helping hand?

| wasstaggered in Australitb come across improvements frodirect seeding in what appeared to

be easy wdking soils and thiglustrated how detrimental intensive cultivation can be, regardless of

sal type. | visited AustraliancBolarBob Nixon who is based in Kalanmerth east of Perthwho

has been using Nbillage for a number of yearsWe were able to compare &o-tilled fieldto a
YSAIKo2dz2NRA (GKFdG KFR 0SSy dzyRSNJ NB3dz | NJ I yydz £

This demostrated the value of longerm Notillage and how even on these marginal soil types, it
gl a ofldlrytfe 200A2dza oKSYy @2dz O2YLI NBR (KS gKSI
even and looked like it had better potential to produce more yield.

But to be able to look afteour soils better we have to be better at managing our soil carbon, which
with straw removaleven in low yielding wheat zones in Australia can be like waving goodbye to two
tonnes per hectare of organic carbon over a four year penduch is difficult b replace. But one
element that influences decisions here is our wonderful weather in the UK!

4.3. What has been happening with our weather in the UK?
In seasons that appear to becoming increasingly variable, direct drilling could feature on farm do

help mitigate against the swing in weather conditions. | have noticed over recent seasons that etf—

Success with Nl under any conditionsK o0& wdzaasStft alOYSyIlaAs
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early spring period in March appears to be getting drier and, in the autumn, September appears to
be moving towards being a month with little rain until Octobewhen the tap gets turned on.
Having faced a very wet October in 2000 agginin 2012 it is easy to focus on those wet seasons
as being the benchmark for what we should plan for, but I am equally concerned about the drier
periods which seem to be Iger than they used to be. This is where-tllage must be a better
option to buffer against swings in weather from wet to dry and vice versa.

Figure4. Better aggregation byNo-tillage (left) vs. cultivated soil (right)

Belowis a summary of the weather data from the Cambridge roaiogical station, focussing on
the key periods for cqm establishment infFebruaryMay and SeptembeNovember over the past
three and a half decaded.have included 1974 asraference point as itvas the year in which | was
born!

Period Annual Average| FebMarch SepNov Most frequent Most
Rainfall Average Awerage Wet/dry frequent
FebMarch | Wet/dry Sep
Nov
1974 628 mms 96.5 mms 285 mms
19801989 571 mms 167 mms 167 mms May/Feb Oct/Sep
19901999 530 mms 140 mms 142 mms Apr/Feb Oct/Oct
20002009 558 mms 161 mms 161 mms May/Mar Nov/Sep
20102014 514 mms 135 mms 135 mms Feb/Apr Oct/Sept
Average 543 mms 151 mms 155 mms

Source: Meteorological station, Cambridge

What the above tabledoesy Qi Af t dzaGNI GS Aa (GKS LI2Ayifave2 T RA &
observedprolonged periods of dry followed by very heavy rainfall eventhen soilsappearto get
drier and initially, the capacity to absorb water is reduced¢ KA & Aay Qi | LINPOE SY
country and it was somethingalsodiscovered in Brazil, wherdtlaough they receie huge volumes

Success with Nl under any conditionsK o0& wdzaasStft alOYSyIlaAs
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of rain- 14001600 mms annuallyseveral growers | met found their total kefg¢ were reducing by at
least 200 mms annually and that the drier periods wgetting longerand hotter. Sometimethe
rainfall eventsl witnessed in Brazil and Ameriafter prolongedperiods of drought were extreme;
for examplea hailstormthat had shedded corn crops. hE abilityof the soilto retain moisture,
even in what would ppea to be a very moisturgich, but aggressive climate lilgraziQQ a stilla&ey
factor, not only in crop establishemt, but also fotthe ability of the crop tchave sifficient moisture
for growth during drier periods.

The data inthe table above showthat consistently over the past-2 years it has been noticeable

how dry September has become, coupled with a very wet Octoded this has certainly been the
case for the past 3 autumns, batk up by the rainfall figures fahese months. Alsowhen in
conjunction with the key spring establishment period of March, which for 2 seasons running has also
been \ery dry, sometimes dgnding irto April, this gives further credence as to why direct drilling,
with the ability to successfully estadii crops withoudrying seedbeds through exposure to air by
cultivations in the sprig and the autumnis amore astute choice of operation.

4.4. b the future of crop establishment already here?

In the quest o find the right answers tany questions with regard tohow to makeNo-illage

successful on difficult soil types @im testing conditions, havebeen left n little doubtthat it is the

future for crop farming But not the immediate futuresome of the people | have been fortunate to

meet have met their challenges head on, adapted their technigiese been blessed with
patience,and feltsafe in the knowledge that theystem would workbut thatitA &y QG 'y 2 @S NY
instant fix. Impatience and expecting instant rewards are among the biggest handicaps when
adoptingNoill.

The template below illustrates the process of progreben transitioning to aNo-tillage system

Initial Transition Consolidation | Maintenance
Phase Phase Phase Phase
Time (years) 1-5 5-10 10-20 20+
Point A Rebuild Increase in High Organic Continuous
Aggregates Organic Matter Nitrogen &
Matter Carbon Flux
Point B Low Organic Increase in High Crop High Nutrient
Matter Crop residues residues cycling
Point C Low Crop Increase in | Greater Cation | Less Nitrogen &
Residues Carbon & exchange Phosphorus
Phosphorus capacity usage
Point D Additional Immobilization| Nutrient Cycling| Better water
Nitrogen required| of Nitrogen retention

Source: Ashworth, Desbiolles and Tola (2010)

Thereis nosituationwhere instant changes can reap rapid results, but @dgstartingpoint is seeing
how some of the seasonelNo-tillers manage thie varying conditionsand appreciatingwhat it was
they learnt that has improved their abyito farm in difficult climates.
10
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5.0. e quest for inspiration

5.1. Sicceeding vith No-till in the dry
| am firmly ofthe beliefthat No-G A f £ | 3 S Qoprotigelia$ighieriestdblishment percentage in
the most marginal conditions is a major factor in preferring the system over traditional cultivations.

Australia was one of my first choices for getting to understand how farmers succeetlailiage
in one of the driest and hottestlimates. | met Chris Drum who farms atRupannyupri the
Wimmera region

Figure5. Chris Drum, a truly inspirational farmer and mentor for younger members of Ntill

Amongst many of the thinglsdiscussed with Chris, one of my initiglesions was about when he
started No-tillage and the reasons behind why the decision waeita One of his answevgas the 11
Melbourne dust storm in 1982 which saw over 1mm of top soil lost to wind erpgibichequated ———
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to around 15 tonneger hectare. There wasracurring joke amongst some of the farms with regard

to replacing the fence lines round the field boundaries as the wind erosion would be so severe that
the soil blown from the field would ceitt at the endof the fieldand cove what was the original
barbed wire fence. It was so deep, that instead of digging the fence out, they would just place
another one on op of where the soil had landedThe power of the wind on these exposed plains
could be scsevere thatafter a severe drought i2005 Chris and several other farmers | had met
knewthings had to change ando-tillage became widely adopted.

Chris was deeply passionate about how he farmed his landhsmtbncern over the forces of nature

with its strong winds, promptechis move to No-tillage. H was alsdfanatical about his stubble
height. H wanted to maintain theheight at 1015 cms so it acted like a large form of
comb/windbreak to buffer the effect®f wind erosion. his was difficult toachieve with crops like
chick peas in the rotation as they have to be harvested so close to the ground. But it was a vital
component in his efforts to protect against the forces of natuiehe lengthso whichhe would go

to preservestubble height meant that he modified the thmig wheels on his seeder sloey did not

follow in the same lines as the tractor whegelesulting in the stubble springing back up rather than
being squashed down.

Figure6. An example of the row spacing illustrating wheat stubble anish between,
the bean stubble from the previous harvest.

| was surprised ahe level of uptakefor RTKReal time kinetics) witlePS guidance amongstot of

the growers | met. HAis wasdown to the importance of interow planting for a host of different

reasons. |Initially in relation to what Chris had mentioned, it allowed them to retaim shebble

height andto act as the aforementioned wind break, but it also meant they could plant accuratel

with the 2cm pasdo-pass guidanceAnother key feature mentioned by all these growers when

drilling conditions were very dry, was to adjust the location of drilamgry from directly between

the previous crop rows. Sowing closer to the original seedand more specifically as close to the

Ne2dG oFtf 2F (GKS LINBGA2dza ONRBLIQa &0dzofS | &, LRa
retention in the old root zone. -
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Figure7. Losing topsoil from wind erosion in cultivateground in Tasmania

Wet conditions are always a concern but, equatlyying soils can make life increasing difficast
well. Alot of the growers wh wereusingCTHControlled Traffic Farminggported significantlyless
trafficking (up to 40%) angield increases of 230%.

Residue retention was viewed as a vitaimponentin helpingprotect the soils in these regions to
mitigate the drying impacbf the strong sun Gowers like Chris wanted fan his words dHarvest
every drop of moisture | can The further down the e of No-tillage he progressethe more he
saw improved water retention capabilities and less pooliithe common theme amongst all these
growers was that they were achieving far more reliable harvest perforemmue toNo-tillage
levelling out the dips and hollows, allowing for prolodgeoisture availability in thenost testing of
conditions

In Brazil andArgentir, although they can receiviarge amounts of rainfall, the drier periods are just
as testingfor crop survival In places like the Mato Grosso where three crops are grown in a
calendar year, young crops can particularly susceptible to moistre stress. A recurring theme
with manygrowersacrossdifferent countries was the value they plaoa residue maximisationreal
retention. BernardoRomanowas afantastic examplehe placedhigh emphasi®n getting as much
residue as he could.

His residue leve were quite astonishing. vEn though when | visgd him, they had experienced a
dry period here was still signifant moisture left in the soil.

13
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Figure8. Impressive levels of crop residue retention in Argentina

As a heavy clay land farmer, sometimes it can be difficult to appreciate how to adopt techniques

from the other side of the wod. This, howeverd K2 dzf Ry Qi 06 S & Svext tolvisitanr 6 | NINJ
excellentNo-ill farmer in the UK whee & O4R¥ ¢ | xerplifiizRady the hurdles thlo-tillage

FNBYyQl a KAIK Fa az2ysS Ylre KAyl ®

Simon ©well farms on some of the moslifficult clay soilin Essex you can imagine atl his own
words, spring cropping was virtually impossibléheyused to cultivatebeating soils irio submission
with power harrows but still did not achieve reliable establishmenfThe key thing with hisurrent
approach is fleibility. Simon doesot allow hinself to be tied toor dictated by a set pattern. A
great example of this was when we were looking &dpring crop establishment. Simon has the
choice between disc and tine drills and can utilise .

whichever one he considers is the most appropriate for Simon would run a very

the conditions. Wen using a disc drill on his heavy  light harrow over the

land in the spring the consequgncassouaéd with surface to bring loose soil
poor slot closure can beatastrophic He stressed how
vital it was, especially the spring irdrying conditions back over the open slots

to ensureany open slots were coved as drying winds and from what he had

can soon completely dry ouhé seed zone hampering . ol q I th
germinationand crop development. But being aware expernence It made all the

of these pitfalls Simon would run a very light harrow difference between succes
over the surface to bring loose §0|I bac.k over the open and failure.

slots and from what héad experienced it made all the

differencebetween success and failure.ekbility and being prepared to do that little bit extra was

a very important factor in his decision making.
14
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A tine based systemased in the wrong conditions can compromise moisttgeention and a lot of

growers | came across valued the disc based approach to redtloinimpact of moisture losst a
seedingnone more so than the team at Cross Slot in New Zealand.

I had been flowing the progress andurgeof interest inthese drilk that was developing in the UK,
and wanted to see for myself what the key messages were from the pioneers behind this excellent
system.But is it really possible to establish crops in very dry conditions?

Bill Ritchieemphasisedhe criticalvalue of pore spacbetween soilparticlesandthe influence it can
have upon seed germinationEven when soils are close to reaching permanent wilting point, the
relative humidity(in unmoved soilsgan still be close to 1008thoughat this point the sil could be
considered too dry to sustain seed germinatioit. is vitally important to comprehend how the
importance of organic matter or a mulch on the surface will help to gdlimwn the process of
moisture evaporatiorand, as Baker (2007) commented,etumidity within the mulch layer will be
much higher than the atmosphere above it.

Figure9. With Bill Ritchie (I) and John Baker (r) of Cross Slot New Zealand

It is with thisin mind that the differences between undistuetd No-tillage and cultivated soils cdme
drawn. Cultivated soilsave larger pore space and the loss of moisture from the upper zones is far
more rapid due tahe poorer capillay action of the soil. khmoved soils in coparisonpotentially

have far beter capillary movement to the surface from deptlin drying periods and over time this
adion becomes far more effective.

15
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Figurel0. An example of the capillary action in a drying soil at the base ®@till corn crop in Argentina

¢KS aA3ayArTFaiol y O Sderedtimated, laécordinkp zhazfadfgr€liencdubteredizin the
Wimmeraand Malleeregiors andseveral growersi Argentina They felt that undeNo-tillage their
crops could withstand drier pds for d leastafurther 7 days compared to crops dultivated soils.
This could potentially be hugely signifitdor crops as they approadtowering and grain fillas well
asat establishment.

Key Points:

Residueetention

Inter-row or close rowplanting

Improved pore space helps with water availability
Stubble height for wind erosion protection

Slot closure vital in dry condtins

= =4 =4 4 =4

5.1. $icceeding withNo-tillage in high rainfall areas
It is fairly obvious that excessively wet periods prevaist estdlishment systems from beingsed
FYR LISNKFLA GKSNB INB 200lFarz2ya oKSy (KSe& &aK2dz F

Sima Cowell has a simple rule of thumb for wet autumn conditjatesveloped lecause hehas
some poorly drained areas wiih somefields thatprove difficultto establish in a weautumn. They
moveto a spring crop. It is something that | agree with as my experience idéhabme areasas
the autumndrilling window becomedimited and the likelihood of successfulop establishment
decreasesthere is nvariablya better opportunity to get a spring crop establishadd amidst a

balanced rotation iis a credible option. 16
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One of the recurring themes about watecame across in virtually every countryidited was that

water infiltration vastly improve though long termNo-tillage. This leavesois more resilient to

surfa@ pooling and facilitatebetter movement of water through the profileThis wassomething

that was even brought up by farmersin the dry regions. Despite infequent rainfall, it is vital for

them to capturewhatever they receiveand avoid run off and pdm3 > &2YSGKAyYy3I GKI
achievabléf usingintensivecultivations.

I £ (i K2 dzd@akdthis §efReral times, it was proving difficult to see physical evidence ahiéss
you hapen tobe undertaking a visit during a higainfallevent In South Dakota | métentKinkler
who had beenNoilling for a number of years and had seen the benefits on his farm witle m
reliable crop performance, establishment and water retentidrmvent to see his planting operation,
but was confronted with torrential rain for the duration of the nming. \frtually every field | drove
past had some form giooling withwater sitting on the surfaceand thenl found the field where his
planter was. It was at this point that | was convinced that the stories | had heard with regard to
better water infiltration were correct. Bhough the surface may have been sticky, there was no
water sitting anywhere on the field. e8ing was certainly believing ihis instance.

Figurell. Improved infiltration after heavy rain in South Dakota

Brazil is aountry thathas huge amouns of rainfall at times150 mms is not uncommon in one hour

and bearing in mind the topography in some of the different regions it is easy to understand why
they can suffersoil erosion Thiss countered with contour banks across the middle of th&dfigo
prevent the loss otopsoil and nutrients fronthe action oflarge volumes of water. dlsocame

across thissituationin one region inAustralia. Aftera numberof years usindNo-tillagethe upper

layers of soilhad stabilisedand the requirement for contou banks was redgced. This type of 17
situationcan be related back to variopgople who had reported better infiltration. —_—
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Figurel2. An example of the challenging topography in southern Brazil

Cover crops hava huge part to play in th&€outhAmerican countries. Aey helpto act as a barrier
against the soil surface dryindput they also have a massive role to play in helping to prevent
slumping during heavy rainfall eventdt is important to understand the role that different root
systems hAve in opening up pore space and alleviating compadagdrs within thesoil. Eddie
Nolan who managesa large estate in Argentinssuggested that not only were covamrops
important, butthe crop root system itdéhad a vital role to play

He suggestedhat looking more closely at how different crop root systems behaved was as
iYL NIOFyYyG Fa | Gra2x@adpdcddsRddfent rdal haBud side@ays movement
which hasa benefit for water infiltration and also assswith the capillary ation of the soil for
water passage and storagen érder to open up the pore space in the upper soil layee fibrous
rooting crops suchslinseed can be benefitiaThe important message is that there should be a
diverse croproot system within thecrop rotation itselfand this enhances thargumentfor a
balanced rotation rather than a system of monoculture.

The fact that all the people | had met were saying the same thing convinced me that you actually
need a good reason to cultivasnythingwhen the benefits for mitigating weather fluctuations are

so vastly improved witiNo-tillage. These were the exact words used by Antonio Cinti Luciani who
annually No-tills with perfect results an entire block of 30,000 acres in North Carolina without
cultivations!

Inter-row sowing can also play a key part in wet conditions when trying to work with high residues
with potentially less volume, coupled with the vital factor of patience that can influence the success
or failure of crop establishment iNo-tillage.

18
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Figurel3. Eddie Nolan placed a high value on the role of rotation.

5.3. Ratience and working with the extremes

Whenmeetinga host of different farmers with different interpretations of how to deal with varying
weather and ground conditionshaving patience was anmportant elementthat was repeatedly
mentioned | havecome to the conclusion that, witiNo-tillage patience is the most valuable
commodityandisinvariablythe most difficult to maage.

When assessing wet conditions Jack Desbiolles was N
clear that waiting for a dry crust to form on the surface 8 Net Ege’

was of the utmost importance, espiatly with a disc patience is the most

based _seeQerto allow tr_1e .slot to be closed bfacdver. valuable Commodity and i<

A soil@ inherent stickiness reduces with an . .

improvement insoil organic matter contenfSOM) and mvanably the most

a long term managenre appraach towardsNo-tillage difficult to manage.

should haveorganic matter content as one of thieey

focal points. Br cropping systems in the Uikith a predominant bias towards autunaropping this

is a vital point. e soil profileat this time of year iO2 y 1 Ay dzl £ f @ @witB doil A y 3 dzL.
temperature dopping germination ratesare adverselyaffected.

The ability to plant crops in September rather than October can mitigate this effect, but sowing date
may be influenced by weed pressure frditadkgrass which has peak germination in September.
The true value of better weed control and reductibwy rotation is crucial in attempting to achieve
reliable successvith No-tillage It allows better utilisation of theSeptemberplanting window to
maximiseoptimum establishment conditions

It could be arguedhat a tine based system may be able to wdok longer and better in wetter 19

conditions especially on clay soilsHoweverthe important factor when workingo optimise aNo-  ——
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tillage system ithat regardlesof whetherthe drill can handle and work in the conditions, the focus
should be on the compdion and potential puddling effects from working in very wet situations.
Desbiolle€ @010) research illustrated that seediagareduced sowing depth to avoid contact with
the wetter soil lower down was beeficial,and any operation that mininses themixing of residues
with wet/sticky soils iddesirable High levels of surface residue may be beneficial in reducing the
direct cortact with a sticky soil surface.h& compromise may be potential slot closure issues as the
surface underneath is not expa$do the drying effects ofsun and wind. However this could
potentially work far better in the autumn than the springhere the management of the level of
over-winter surface resida should be treated cawguslyon heavy clay soils.

It is easyto understand why waiting for the right conitins isa vital elementto the best growers.
TKA & RA RY@dh sdaking Wet Soils atbe primary problem, but damp conditions in the
morning and late evening can also hamperformance. Thisis anissue associated with disc based
systems when drilhg irto high residues leagito increasedrisks ofhair pinningand suboptimum
establishment.

Figurel4. Ben Marshman (centre), a beacon of excellence in dry land farming

BenMarshman isan impressive youngrowerfrom Owen in theClare Valley who extotke virtues

of patience vith his disc based systerand s extremely mindful of the negative impact that sowing

in damp conditions can have upsunccessful cropstablishment. In order to eliminate the potential

risk of hair pinning & is prepared to waituntil midmorning for themorning dev to disappear

before he startdrilling, but was safe in the knowledge that he could achieve greater daily levels of

output with his discseederas hesiy Qi NBAGNAOGSR o0& GKS FT2N¥I NR aLlS
level of soil throw from tine drills from one row to another, thhhhampering even crop emergence

and reducing outputs depending upon drill width. However, the differencevéen ine and disc ——
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canbe a balance between personal choice and tha aim is in the first place. h€re are prosand
cons for both During my visit in the Clare Valldyalso metAllan Mayfield an independent
agronomistwho hasa long term trial at t§ Hart trial site with a tin@s.disc comparison ante has
foundthat, in terms of yield, theresilittle to choose between the two

Douglas Gilesa Cross I8t contractor | visited in the North Island of Nexealand, endorsed the
patience factor. H assesss conditiors before ..
undertaking a job anis prepared to wait or even walk | have been left in little

away froma job if they were not right even if the  doubt that with No-till age

customer § pushing @ get things done. | have been there is greater emphasis in
left in little doubtthat with No-tillage there is greater

emphasis in not only selecting thight conditions to 10t 0Nnly selecting the right
plant the chosen crop, but to be patient enough to conditions to p|ant the

wait for the ground conditions to be correct. h but to b
Sometimesthis potentially may stretch the drilling chosen crop, but to be

window later in the spring than would traditionally be patient enough to wait for

considered idal, but conversgl if you moveto a the ground conditions to be
single pass system, selecting the right day rather than

calendardate has never been more critical. correct.

With the reduction in loose soil through tillagend better water infiltration rates, you have a better
opportunity of returning to theland after heavy rainfall events as the soil strength will have
increased due to lack of tillage. The ability of the soil twyceachinery before losingtructure is
referred to as soil strength andhis will always be atstweakest when the soil is @ts wettest state.

5.4. %iking the balance

In the UK we are more likely to be on the receiving end of wetter conditionsplanning forjust
one conditionwhen our weather is so unpredictable is a risky stratedye plan for No-tillage
should takeinto accountboth very dry andwvet and treat those two impost® just the same.

As has been discussedhether the bulk of the weather conditits are wet or dry, the principles for
utilisingNo-tillage are very similar and can be summarised below:

Infiltration rates of water are crucial for both retention and removal

Residue and cover acts as a buffer to heat and heavy rainfall

In wet periods residue can allow better tralet) and planting opportunities

Be mindful of a machine that will work in wet condits as there can be potential

catastrophic effects from soil compaction and smearing in very wet conditions.

1 Notillage machines with limiting factors in certain conditions may help the decision making
process

9 Organic matter is a crucitdctor

=A =4 =4 =

The attitude associated with when to choose to plant a field and when noisteery important. h
the Entre Rios region of Argentinthere aresome of the most difficult clay soils (pictured below)
that | have encountered. —

(0p))
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Figurel5. Soil in the Entre Rios region of Argentina

I met two growers in this regiowho were adamant that withouNo-tillage, crop establishment on
these soils would be virtually impossiblend it has enabled themotcrop areas that previously
would have suggled for performance. Their window for optiinastablishment is smaliefore the
change from too wet to too dry occurand they did not underestimateghe value of covein its
capacity to protect the soil from various detrimen&éments.

No-tillage needs time to become truly effective especially if you refer back to the tabbpags 10

It can be4d-5 yearsbefore startingto see the real benak. This was confirmedby Allan Meijer of the
VernonJdmes Institute North Carolinawho considered it was at least 5 yeafbhis waschoed by
several others as wellAs the pra@ess builds, worm numbers naglly increaseand thisaids residue

breakdown and createnatural drainage channelsAny form of cultivation rairns you backd stage
one of arecurring cyclghat can never improve

Within this chapterthe elementsthat hold the key to allowinglo-tillage to work on farm regardless
of the conditiors have been mentioned and the starting point has to be soil organic mattertiaes
keydriver to this process.

22

Success with Ntill under any conditions< o0& wdzaasStt alOvYSyla
N

' bdzZFFASETR CENXAY3I {OK2fl NAKALIA ¢ Nbzad B LI

Z Wy

Ti X ISy SNRdza £



6.0. HRve critical factors

6.1. il organic natter
L NBIFfAASR &a2Af 2NHIFYAO YIGOGSNI 6{hav ¢l Bowly AYLJ
pivotal it was in allowingjlo-tillage to prosper and the qualiti¢lat it brings to a farming system

Talking about raising SOM levels is one thing, in practice it requires a dedicatedgahiadd a
focused approach. dftunately there are some terrific examples of people who understand this and
are making it work acis the globe.

Dwayne Becland &y Fuhrer have beewisited by a number ofcBolars and there ia good reason
for this as they both undstand soilsinside out. Dwayne was clear thatrganic carboroff-take
should be treatedn the same manneas phosphate removalithat it needs replacing and the value
placed uponretaining residues was vital.n fact aganic matter in the form of crop residue being
removed from the field should be viewed as trailer loads leaving the driveway.

Allan Meijerhasa long tem trial on a heavyit in Piedmont wheraegular tillage ©M levels are

only just0.5%, but theNo-tillage areavas at 2.5% illustrating howettimental intensive tillage can

be to building theorganic layer.Bernardo Romanicturedbelow) told a gretastory of howa farm

that started off with SOM leved of 5% had reduced it to 3.5% within 5 yedinsough intensive
cultivationsand when you bear in mind Jay Fuhrer considers it can take up to 10 years to build 1%,
preservation is vital.

Figurel6. Bernardo Romano

But it is not just the carbon of crogsidues that should be takentinconsiderationit is also the
carbon within a covecrop that needs tobe taken into account when assessing how to improve

SOM. 23
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The importaace of balancing carbon within a rotation is cruaiNo-tillage anddwayneBecikQ @ T 2 O dza
upon this, especially in terms of thearbon: nitrogen(C:N) ratio. fere are simple, basic principles
to adhere to.

The CNratio is based upon the amount of can units to the amounof nitrogen units of different
crop residues and is a significant factor in the speed of decomposition (NRCS 20dl¢)of thumb
for the ideal balance for soil maintenance fromlsoicroorganisms is 24:1.

High
Carbon

Low Carbo

Peas, Beans

Figurel?. A simple diagram to illustrate balancing carbon balance between different crops.
Source : the author

Low CN ratios like gas have (25:1) will be consumedby the microorganisms within the soil
reasonably quickly withttle excess of either element left over. But with a crop such as wheat (80:1)
in the rotation that hasa much higher level of carbon than the equilibriuthe microorganisms
would require additional nitrogen to balance off the huge levels of carbon tswne he residue

and break it down into organic matter and plaatailable products.

Put in simple terms and in context for UK conditiohaving 2 carboimeavy cropssuch as oats
followed by wheat in the rotationwould be too heavilycarbonbiased forthe microorganisms to
break down in adequate timeompared towheat followed by beans orilseed rape. Thisevitably
leads to nitrogen lock up and difficult conditions for successful crop growth and establishment.
Therefore a rotation that balancesw and high C:N ratio crops is crucial ifedating potential
pitfalls in crop establishment in demanding conditipaad is why the value of a balanced rotation
has never been more pertinent.
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6.2. Potation, rotation, rotation!

Rotation was a subject that came up regularly in the countngsitedand was absolutely crucial for

just about every farmer | encounteredCertainlya defining momenfor me was during my time in
New Zealand when | visited several farms that had dtideiled peas. Not only did this go against
everything that | would have expected to be optimal conditions for pea growth, but it was the
position within the rotation that made me take a step back and reassess how a rotation should
change.

I met with Mak Scott who as &lo-tillage contractor was undertaking r@ange ofdifferent jobs, but
explained howNo-tillage peas had really evolvednsiead of traditionally following a short term
grass ley with wheat a lot of gwers turned the rotation on & head ad put peas ito this slot. The
benefits werebetter weed control and competon but if you thinkmore deeplyand consider the

soil condition logically, the structure post grass from increased root and worm activity will
potentially be as good as anytlgrthat could be cultivated.

Figurel8. No-till peas near Invercargill

With the size of some of the stones in New Zealammd can clearly understand wiNo-tillage is so
advantageous by not bringing them to the surface throwgltivation. Crop performances are

recorded as being better which & ANXI @ AYLINS&aaAQBS F2NJ I O2dzy i NE
requirement to unertakeNo-tillage because ofstfavourable weather conditions.

When the importance of QN ratio is takeninto account it is easier to build a better picture of how a
suitable rotation woull fit and Dwayne Beckin the USwas focussed on achiieg the right balance.
It might be stating the obvious but he said that a balanced rotation was the single mostl datitor
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affecting the health and productivity of a future wheat crop, which for the majorityhe UK is
traditionallythe main cash crop.

A 5course rotation was favoured by Dwayne, but .
the vital element is that it should be flexible and 8 (Dwayne BeCk) said a

there are a whole host of different ways athieving ~ balanced rotation was the

this with dlffere.:nt cop pemutations; but | have single most critical factor
been left convinced thatthe focus must be on

building organic ratter in conjunction wih a affecting the health and
rotation that balances the arbon return in productivity of a future

sequence. wheat crop

The same message came acrivssther parts of the

USA andBrazil where the focus is shifting long term goals rather thanshortterm gainsg to be
had from the position of differentcrops within arotation. This caradd differentcharacterisics and
diversity;the flip side- too much diversity may be counteiproductive!

Figure19. Dwayne Beck illustting the benefits of 27 years dflo-tillage on soil condition
(note the background level of crop residues)

Rotation appeas to beclosdy linked with No-tillage andincreasing orgaic matter levels, andt
takes timeto build the rich layer in the upper soil which helps alleviate traffic issues and acts as the
barrier to soil protection ands thetransfer system for better nutrient cycling.

During my time in Noft Carolinaand other counties, 5 years seemedot be a standard response

time to see the true beefits andwhen the 2n ¢ £ | & Siblbuilt, Fhe fibraclimate within this
zonecan be completely different to the soil layer below Even in the Mato Grosso region where

the cropping was intense, the top @wers were looking at their long term viability and asking 26
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questions of their rotation and whacrops could fit better toalleviate soil and pest problems.
Dwayne Beck placed high value mducingthe effect of volunteer plants on subsequentrops
within the rotation.

The messages that | gathered from the variousuaties rang loud and clear.Balanced rotatins
are crucial for carbon balance ad building soil organic matterand also for alleviating pest and
weed problemsfurther down the line andto help reducethe impact ofsoil traffic and compaction.

6.3. Lhderstanding and dealing with compaction

The one element that | have always been concerned with, but did not expect to encpwarethe
issue of compactiorwhich came up regularly on a lot of my itdsacross Brazil and Argentina.
Interestinglythe issue was éing actively dealt with by the beahd ignored by others.

Figure20. An example of a corn plant root hitting a compactéayer at 1812-cm

Compaction can be caused by a whole number of different factoir®m harvesting in wet

conditions to planting in wet coriions -6 dzii G KS & A Y L¥ &Svenyf dighificantApiobleinK I G A {
GKFG 62y Qi NBOU AiFacasd farAKibilfy inlay-itlags systemiDreDNER early

Braziian No-till pioneers Sebastiao Conradostated that compaction is linked with poor
management rather than anything else and that although animals can be beneficiah i

rotation, their potential impactupon compaction should be considered carefully.

¢tKSNBE 6SNB | ydzYoSNJ 2F 3INRGSNER 6K2 6SNB Ay (KS;
equivalent to using a subsoiler to relievee problem. Aguinaldo was the farmamager on 28,000 27
hectare estate near Lucas Do Rio VefBeazil)and he had seen a rise in yield of 0.6 tonnes per—
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hectare in his soyadan cropby introducing this rotationally. &spite a long history dflo-tillage the
issue was not going away @ie felt it hadto be dealt with I this region in the earlyears of
conversion rice was good initial choice fobeing able to cope with low pH soils, but it also has
fantastic root structure and someere re-introducing it for that qualityalone. Linked to what was
mentioned with regard to the value of rotation and a long term approach, this bucked the trend
away from the intensity of the soyeorn-bean rotationas it also helped the farmelistroduce a
further break to help reduce the iansity of the pest pressure that is evident in this region.

Figure21. The power of rice root€o openup soil structure

The pictureabove illustrates the power oiae rootsto openup soil stricture. ®me growers also

found that utilising a narrowfertiliser boot on their seeders when planting corn was a popular
method for addressing compactioas it could be dealt with in one operatipand only used as and

when necessary. This seemed quite a simple and practical way of addressing matters and is certalfily
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something that needs careful consideration for our
UK conditions. \Wth previously deep cultivated Some CIRErE also found tha

soils and moist conditions dbarvest and even utilising a narrow fertiliser

with No-tillage, the damage from harvest traffic boot on their seeders when
canstill have an effect. Compaeti shod Ry Qi 6 S

ignored andsome form of sub surface ktivation plantmg corn was a popular
may be requiredo rectify an issue. method for addessing

The limiting factors of root development and their Compaction.

ability to access moisture in drgonditions was a

big concern for Guilherme Buck of the Dekalb TDR team irisSm Brazil. ¢ had a great
understanding of soils and getting the best out of them. What | foeficeshing about his approach

- he worked for a seed compamnyis that although they had some markieiading corn varieties he
felt it important that allhis sales team were aware of the importance of soil structure and the
limiting factors that can restrict croperformance. His major concers the amount of compaction
that he was continually encountering in longerrteNo-tillage. A the drier periodswere getting
hotter and longer ad, despite most seasons havingceived sufficient rainfal to mitigate poor
rooting, he i clear that unimpeded roaccess to water and nutrients going to be vitah future.

Nestor Caali was possibly thenostinspiringNo-tiller | met. Aong with some other giwers in the
Rio Grande do Sul region of Brémlshied away from the use of cultivation to deal with compaction
and felt they could achieve the same with the use of cover crdfhs hasome terrific pints about
how hehas dealt with compaction ando-tillage since & introduction in1994.

Observe the problem compaction areas in dry conditions to be aware @arly
Avoid using cultivation to correct the issue

G w Sdgg campaction- always keep it in ind and deal with it when it occurs

It may take 2 seasons to override the problem

Employ obust cover crops instead of cultivam (his choice was black oats aretch)
Properly managedlio-tillage reduces the likelihood of compaction over time

If possibleavoid harvesting in wet conditions

=A =4 =4 4 -4 -4 4

It may sound simple, but Nestor had some of the mastitstanding No-ill crops | have seen
anywhere in the world and it was from this and visits in the United States that the role and use of
cover crops became a greater focus.

See picture of Nestor on next page
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Figure22. With the brilliant Nesta Canali (left) in some perfectly establishédb-till soya beans

6.4. he role of cover cropgandinvesting wisely

QGover cops might currently be the mudtave accessory,ub their significance within &o-tillage
rotation cannot be underestimated. h&ir value was reinforced within several countries | visaad
their rate of adoption is growing significantly.

In counties like Brazil and Argentinegver & critical to providea barier to the elementsrom the
heat, to prevent rapid moistureevaportion andto prevent the surface slumping from lay
rainfall. Not only do theyhave the benefits of weater protection, butit helps to keep the soil
surface cogland maintaining dield covered at all times is the priority

I have been fortunate to meéesome who really understand what they are trying to achieve with
cover cropsand, linked tothe management obrganic matter their role in helpng to build soil
carbon in themportant 23 inch layer is extremely vital.

¢CKAA AayQilconsidr Sreédko2gy ito imkskivie amouis of detailabout as it hasbeen
covered by many5cholarshefore me, but the basic principles diavingdeep rooting species to
punch through compacted layers to help with water flamd shallow fibrous roots to open up the
upper surface poregive a good indication of what needs to be achieved.

Marlyn Richter in North Dakota had suffered badly with erosiarhis soils and converted téo-till

in 1998. ¢ had experimented witldifferent mixtures, but he consideis 6-7 speciesmix best His
focus wason increasing the SOMontent whilst also providing protectioffior his soil to counter
balance swings in weather. Kk dedication and the right focus, you carake significant chams to

soils and he haachieved this bysing robust cover crops and rotationgdazing. His initial base 30
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SOM levels were as low as 0.8% in some areas and he had increased the levels oiship fiel
2.5%- and up to 34.5% on somethers; astaggerimg achievement from his initial base levels

The fact that it is possible to increase these levelerefhuge potential. #\the crop rotation has
greater diversity within itsothe soil bidogy will increasallowing more rapid breakdown of carbon
heavy crops. Initially whilst the biology is starting to work then straw may be better removed until
the breakdown process starts to increase.

Figure23. Marlyn Richter in a cover crop of triticale and vetch

Nestor Caali put as much emphasis on investimghis cover crops as his main cash crops to get
the best from them, which wouldhclude fertilisingto get sufficient growth. Although there are
some advocate of planting ito green cover, depending upon the compane of the mixthere can

be potential issues with the breakdown of residues dhd locking up of nitrogen and root exudates
affecting crop germination. Nestor considered thiatvas vital there shouldbe a minimum of 40
days between the deiccation of the cover crop (in this case black oats and vetch) to ensure that it
was properly dead prior to planting the next croplong with rolling the residue flat and then either
planting across it or on the same direction of travel would result in less riskaiofinning,
especially as the cover loy nowmore brittle rather than a soggy matSimon Cowell in Essex was
wary of usng cover crops. nl his own field scale triahe had noticed negative effects upon
establishment of a spring pea crop if the covesvedther terminated just before or just after drilling,
but mimicking grazing and destroying up to 6 weeks before planting resulted in a better level of
establishment.

In Awstralia sunflowerswere used They have naturally deep and vigorous tap roots to punch

through deep troublesome layersan effects2 YS I NB g SNBR TSt G (nkeéanicdd2 dzf Ry C
methods. [@aling with conpaction in wet clay soils likee have in the UK when they are in a very 3q

plastic state increases subsurface damage@R & YSIF NAyYy 3 | ( co@dtIh&initalK [i— ¢ 2
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problem. But a living root can do so much more in achieving better pore space and transporting

water away from wet surface layeras well as capturing sunlight andtrients, and offers far better

potential. L RARY QG Sy O2dzy G SNJI I yeé 2 ywhochngidetegdare Sofwad &S 02 d.
good ideaandit certainly raises the question of the validity of fallow land within a rotation.

Ron Heieger and Aln Meijer from North Carolina, picturecbelow, were looking at the potential of
cover crops to reduce thrip damage @soya bean cropsi2 G KS &l RRSR @I f dz§¢ 2
aKz2dzZ RyQl o6S dzyRSNBadGAYlI(iSRo®

Figure24. Ron Heineger and ah Meijer were looking at the potential of cover crops
to reduce thrip damage in soya bean crops

| saw the other extreme of how far you can take cover cropping with a visiteeeS&roff in
Pennsylvania. dis experimenting with interow seeding 6a cover crop in standing grain maize,
the theory being that the cover crop is in place and ready to take over oreeritp has been
harvested;innovative, simple and brilliant.

6.5. DCealing with weeds

For No-tillage to be reliably successful in th&@dnd more specifically for any farm&ho has an
issue with blackgrass, delayerilling in late October ando-tillage are uncomfortable bed fellows.
There would be less exposureto risk of adverse conditions if drillingould be carried out
predominarily in Septemberbut this is whee the seachange of rotation aa key element can help
with weed control and all is certainly not lgsis | discovered.

The successful growers using cover cragse seeing far less weed pressuaad 40% less weed 35
pressurewas widely reported under range of circumstanceswhich is significant. Sebastiao ——
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Conradoin Brazilemphassed the same point as Nestor Gédinthat investing properly in the cover
crop was ofgreat importance. part from its soilprotection properties and contribution to SQM
making the most of a decent cover crop can help reduce the herbicide requiremémd following
crop. Hestressed that herbicides should be used wisely within the rotation.

But itisnot just cover crop®n theirown that are bringing benefitsyith No-tillage and reduced soil
invasion and movement there are some key points tt&he up from differenexperiences

USA - 97% of weed seeds left on soil surface disappétrin 3 years

Impossible to achievihe above figure with cultivation

Australia-similar to the US, but potential rise in numbers in year 2 before tailing off in year 3
Know your weed and limitstfavourable conditions to thrive

Cover cropping can significantly help to reduce thespulations

Low disturbance drills can reduce weed germination by 92%

=A =4 =4 4 -4 4

Ben Wundersitzsi a gower in the Port Adelaidareawho echoed the sentiments of better weed
control from No-tillage and was experiencig fewerissues than wherusing tillage. 8t he still
required preemergence sprays to lreally effective. The choice of drill wouldlsoappear to have a
significant effect upon subsequent weed germination and Dwayne @#&skhad two theories with
regard to drill choice. Onis that you could chose a system that has high disturbance, but low
diversity, and can also encourage greateeed risk andhigh levels of weed germination.But

5 ¢ | & yilfh@tk panacea for drill choice would be low disturbance aigh diversity that would
reducethe incidence of weed populations.

Depending uponvhat depth land is cultivatedotcan have a huge bearingponwhich soil layer the
weeds areclosest to. Ballow working disdased systemwill therefore promote weed seeds in the
upper surface layerwhere they are more susceptible to predation and hostilergination
condiions. Asystem that avoids mixing throughbuhe soil profile andavoids delayed and
prolonged germination requires a higher level of management and attention to detail.

Growers inAustraliaare taking a practive approach to reduceharvest weed sed distribution.
Chaff cartawhich catch the chaff directly off théack of the combine and collewt the bin trailed
behind the combineare one option, but daling with the heaps afterwards cam lan issue.There
are those using chaff decks which collect all the chaff and weed seeds fromethes sind place
them directly ino the wheel marks of the combine, feostile environment for growthbut it does
permit inter row spraying with a total heibide when under a CTontrolled Traffic Farming)
system.

Although it is well known that a lot of blackgrass seed is shed before harvest, there are still a
surprising number of seed heads that can be found within the crop at this ,stagethere is the
potential that a proprtion of this seed couldall into the wheel marks of &£TF system. | was
surprised to learn from Stephen Powles of AHRI (Australian Herbicide Resistance Initiative) that even
when wild oats appear as if they have shed all their se%6 of seeds can still be in the ear at
harvest. Although not a complete answan, the UK we arenow trying everything possible to
combat one of the biggest threats to sustainable crop production.
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Figure25. Chaff deckdeing used in Western Australia

It was during my visit to AHRRustralia Horticulture Research Institutéhat | was able to
understand more aboutheir issue with ryegrass. h&y are experiencing issues as we are with
blackgrass. Intriguingly the modlieg illustrated how a resistant patch of ryegrass can affect plants

within a perimeter four times the size of the original zone, certainly food for thought and more
ONBRSyOS G2 2yS 27F { Sadbtildpd tracherbicgsishoidbasied wisfye G A LJa
and weeds put under pressure from a robust cover crop.
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7.0. Nutrients and seeding rates

7.1. Nutrient availability and cycling

As the uppersurface layer of soil improves frofo-tillage creating & own micro climate there are
real berefits to the ability of the soil tobetter hold onto and retain nutrients. | wantetb know
what the impact was upon the amount of nutrients required asplecificallykey elements such as
phosphorus.

Gypsum wasised in most of the countries | visiteéo add sulphur to the following cropbut it also
helpswith the deeper rooting of crops and helps to increasganic matter levels.

During a visitto one of the Embrapa researchations in Brazilkevidencewas presented on the

importance of applying phghate, and cruciallyalso the improvement of nutrient retgion and

availability under aNo-tillage regime. Djalma Sousa showed me data illustrating that Brazil had
naturdly low phosphate salin some aremand 30% of those are degradgahich is on pawith the

Jt260Ff FTAIdzNBa yR SOK2S&a WIHe CdzKNBNRa 206aSNIDI A

Djalma wasalso noticing poor fertiliser efficiencgenerally due to over fertilisg in the first place
but, with improved organic matterunder No-tillage Djalma had seen fertiliser efficien rates
increasing from 7®0%. He also reinforced the iportance of organic mattein reference to the
improved availability of phosphate in the orgafiicm as opposed tainder aconventional system
andhe reportslt/ha more carbon sequestration fromNo-tillageasan additional benefit

Figure26. Phosphate trial at Embrapa illustrating its importance
Note difference whencompared to no applications in the last 17 years
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52| f Mrig®edm trial with phosphate @plication to corn shows how dramatically important
phosphate igo plant growth. A with most apects ofNo-tillage patienceis requiredto reap the
longer term benets of increasechutrient cycling and retention.

7.2. Fertiliser pacement
It became apparent amngst theseasomd No-tillers | encounteredhat the placement ofertiliser in
the early stages of conversion weital, especially in soils witlow phosphateindices.

In difficult growing conditions and with soils that do not naturally release nitrogemmparedto
cultivated soils whichmineralise nitrogen (an effect that impresses cosmetically, but does not
necessarilylead to yield increase) there is a value to placing nilgen near the seed. Ith
phosphate, a product thaloes not move easily witn the soil, the closer it is to the growing seed,
the easier it is fothe root system to take it up anglacement just to the side of the seeding zone,
rather than directly in the zonés preferable.

When there ae large volumes of carbemeavy crop reidue, their value becomes even higher with
the growing cop competing with thedecaying residue.It was something Dwayne Beck valued
highly ard a grower fromWendonside New Zealandwas placing fertiliser with all his crops for
precisely these reasonsDAP DFAmmonium phosphatejs a popular choice amongggrowers in
New Zealand.

Figure27. Overlap illustrating the benefit of fertiliser placement iNo-till oats

The fundamental issue with this system in the UK is the raantdertiliser restrictions to not only
crops, but also the total amourtf product that can be applied. Thissiemething that rally needs

revision if using &lo-tillage system and specifically placing fertiliser. 36
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In New Zealanthey were placing phenomenally high rates of DAP, up to 300 kgaitiah would
provide the crop with 54 kgs ofitnogen and 138 kgs of phosphate and this could be in a crop of
peas! An average rate of fertiliser for all crops in general appeared torbara the 215 kgs/ha
mark, and thisrate was commonplace amongsto-tillage exponents in all the countries | visited,
specifically to help overcome the short term nutrient lock up of P and N in the early stages.

The advantagesf placingfertiliser have ben clearly illustrated by Bake€ross Slot, New Zealand,
(2007)in trialsin barley, fodder radish and aize as illustrated below:

Method Fertiliser placed Fertiliser broadcast | No fertiliser applied
Yield t/ha Yield t/ha Yield t/ha

No-tillage 10.914 4.523 1.199
Tillage 10.163 5.877 2.999

No Fetiliser | Horizontal placed ir Fertiliser & seed Broadcast fertiliser

20 mm side band mixed

Barley 1.889 t/ha 2.58 t/ha 2.538 t/ha 2.432 t/lha
Fodder Radisl 3.24 t/ha 3.763 t/ha 2.809 t/ha 3.543 t/ha

The yieldbenefitsin this situationof placing fertiliselas opposed tdroadcasing are clearand the
practiceoptimises usage. Some growers were placing seed within the row, but there is a greater risk
of seed burn in this situation, especially at thigher rates that are being used in Newaknd, but

in respect of climate and yield theresimilarity with the UK

Figure28. Corn planting on an angle after soya besin Braziltriple hoppers for seed and fertiliser
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Fertiliser placement at drilling was alfavoured by Arno Weiss and his farm manager Fedoan
the Cerrado region of zil with phosphatebeingthe key element for then. The farm manageis
clearthat P availability to the plant increaséiseir roots and their ability to sourceautrients and
moisture down through the soil profile Another very interesting point that Fernandoought up
was that hefavoured plantingcrosswiseat different angles to the previous season aschasidered
it made the rootschase more phosphate than justiliging the same area each time.

7.3. ®eding Rates

Another point that rgularly came upvas the imprtance of seeding rates und@lo-tillage. There is
a temptation to assumethat due to the lack of soil movement armbnsistent seed placement
germination will naturally be better. However magyowers | metincreasedseed ratesespecially
in the early stagesto buffer against difficult situations.

Consegently one of the key messages was thagdhi ]
start off with a low seeding rate and obtain sub One of the key (iEereibfes

optimal establishment, earything from the start is was that if you start off
going against the wdlking of hat crop. Slugs are a  \yith a low Seeding rate
keyissue for the UK farmer @nl was surprisetb find ) )

them in Australia in some regioyes wel as snailsand and obtain SUbOptlmaI

there wasno hidingfrom them in New Zealand!S  establishment, everything

along with predation and poorer conditis, at the risk . .
of stating the obviousthere is astronger case for from the start is Al

maintairing seed rates, rather thaoutting them back. against thewellbeing of

It also appeared that wheat plants with a er that crop.
coleoptile (the stem between ground level and
formation of first leavesprospered undeNo-tillage. UItimater patience is the

No+illage providesthe advantageof being able to most valuable factor, if the

| i i th I . o
de aydr.l ing until the condl.tlons a.r.e apprmme, be most difficult to manage,
that soil temperature orsoil condition, safe in the

knowledge that as thereis little sol movement the for the most successful
risk of moisture losss low. Utimately, patience ishe No-till ers.

most valuable factqrif the most dificult to manage

for the most sucessfulNoillers.

Investingin cover cropsproperly is vital to manage nutrient useid alil KAy 02 @3SNJ ONR LI A &)
smother weeds and protect soil in tteame mannerand this backsip the theory of both Nestor

Carali and Sebastiao Conrado tovest as wisely in your cover crop as you would with your main

Ol aK ONZ Lo LiQa GKSNB G2 R2 | 220 F2NsdikKS a2
important.

Although you may be fertilising the cover crop, it is 8toragecentre for nutrients for the followng
cash crop, so gooelstablishment is vital.
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8.0. Dill choice and considerations

8.1. Rrametersfor drill choice

There are glethora ofdrill types on the marketand some will clearly work in higkevels of surface
trash better than others. ¢\ with manysituations everyone has to start somewhere and the
ultimate goal has to be a system that works successfully in the majority of situations.

The drill is a key feature of the whole system, but it dtidbe viewed as one ai S @ SN If NBGE
within the sysem to make it workn relation to reside, rotation and organic matter

| visited Trevor Symen Western Australiaa long term o

No-till farmer whohad ecently taken over a new block | he drill is a key feature
of ground whichhad been under @sture for a number of of the whole system, but
years. He hasiade the progression from tin® disc on : .

the bulk of his land, but opted fahe disc straight away it should be viewed as
in the new block. The lesson Trevor instilled and was | | A | £ O A O}
echoed byotherswas that using a disc drill may be the e
panacea in terms of reduced distunrige andoptimum Wlthl_n the S_yStem .'[O
seed placement, butsome soils may not be rég IMake itwork in relation
straight away. Heonsidered that he would return in the to residue, rotation and
short term (34 years) to his narrow tine based DBS tool .

bar until the soil had balanced itself enougimd the organic matter.
biology had got goingo allow him to use the NDF disc

unit he had across his whole acreage.

The glaring issue withirte drills is their iability to work successfully in highvies of trash and
residue. Tey are more likely to guarantee optimum establishment whilst early adoptdreoggips
with No-tillage techniquesallowing breathing space to understanetgreater level ofanagement
required when using a disc based machine.

Keycriteriato be considered in relation to drill choice are:

Soil type

Residue levek ability to workin trash
Crop rotation

Ability to retain moisture

Below seed loosening

Inter-row sowing

Seed row firming

=A =4 4 4 -8 4 A

8.2. he choice between tineor disc?
The NDF(Australian manufacturerjlisc unit users | encounteredere all seeing vastly improved
crop establishment in very testing dry conditions. Ty Kirby was another Western Australia convag
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and he even felt that their success in dry crop establishment in dry conditions was almost getting
Gi22 3J22REé | donsi@ed $rayawers pushiig the limits on ground that was struggling

with moisture. ¢ KA & NBf I GSa ol Ol G2 .tdobthin establisinient Srder LJ2 A Y
No-tillage even in soils that appear too dry due to the relative humidity within

Figure29. One of the many NDF disc units | encountered

LG Aa OSNIIAyf e Slestablisiim2nt iy beénNdi godithy RDF askadbeadt 8f @ &
machine and has clearly great weight transfer for establishmeiard conditions. But ultimate
succesdgs down to the attention to detail that is required to gahe best out of these machines.
Marlon Richtelikened the importance of monitoring the condition gkeding discs and not allowing
them to get too bluntto cattempting to cut raw meat with a blunt knife- as cutting through high
levels of trash isften the main requirement itNo-tillage.

Tinesare a safe entry point intdNo-tillage, ba ultimately may restrict the finaleap ino soil

improvement andusersmay remain at e transition phase (A0 years)yashighlighted on page 10

But they should nobe dismissedor all growers;for varyingreasonsthe disc based approach does

not suitsome ofthem or their soils. DarreLongmirga growerwho is based ispalding in th&€lare

Valley, fitted this description. Hhad tried adis& @ a G SY X 0 dzi ki ashé fRyidttiiat 6 2 NJ|
KA&d ONRBLA RARYQU KI @S under atiMeds@siem &hdl ald deNaxp@edced J NB R |
reduced emergenceighlightingthe importance of maintaingand even increasing seed rates.

Darren also considered that, in his location, having decent crop vigour was crucial for competing
against ryegrass. | found in Tasmania where they can experience in excess of 800 mmsooheain, s
growers had reverted back to a narrow tine for its consistency, and would call on a disc drill
contractor when required. | would strongly endorse flexibility in having the choice of system to sﬁ
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the prevailing conditions. Simon Cowell in the UK thasbest example of this, he had the choice of

a tine drill and two types of disc drills (none overly expensive) and depending upon whether the
ground was too hard or too wet for either of the disc systems, he had the freedom to default to a
tine drill.

Figure30. The popular DBS tool bar tine system favoured by Darren Longmire and others

Discs ultimately help with reducing surface disturbance and weed germination, but are reliant on a
dry surface crust to allow soil to fillack over the seed furroyand do require operators to be more
patient in waiting for the surface layer to dry sufficierdlyead of drilling. Wen a good layer of soil
organic natter has been builup, this acts as a natural buffer for compacti@amd trafficking allows

the utilisation ofa disc based systemore easilyand magnifies the importance of soil strength.

8.3. %il Strength

Soil strength can be classified as the resistance of the soil to deformation and eftmsioeither
loosening or compactignand it is the weakest link between particles and aggregatasat
determines the overall soil strengiWatts & Dextey. Tine based systeneain gradually reduce the

soil strength through continued loosening of poorlyustured soils and ardéess susceptible to i
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establishment failure in soils with high strengiihere suboptimal results from a disc machine may
occur due topoor penetration. th the early stages afonversiona tine can be a useful introduction
to reducing the strength of the soil ahead of disc seedeoptibn, a strategy employed byrevor
Syme in Western Australia.

Ultimately the strength of the soil will redue®ver time, but is limited witlcontinued use of a tine
system. h adverse wet conditions vém slot closure can be an isstlee tine will be more forgiving;
however its limitations are clearly exposed in drier periods when moisture retention is critical.

Desbiolles (2010) hidjghted that soil friability is &ey componentof soil qualiy ard that when a
soil is at is optimum conditia for planting it is also at & weakest for compaction. ®anagement
system that reduces soil strength and increases soil moistumgaatmum friability ioptimal.

8.3. Working with residues, cold andhoist conditions

No-tillage soils take longer to warm up and even when others may be plamtiagconventional
system the mental strengthof being prepared to waitonger will be of greater benefthan drilling
too early in to a cold seedbedhsoften encounteredin UK spring conditions.

Dealing with residues when theyre dry is straigtlibrward androw cleaners in fronbf a disc unit
can be usefufor sweepingdebris out of the drilling rowto help reduce thepossibility of hair
pinning;not an issudor tine drills, but a serious one for discs. Potentially drilling between the rows
with a tinedrill can help to avoidiislodging the stubbl@nd could also help reduce the volume of
trash passing through a tine drill.

Cover crops and heavy clay soitegent opportunityand challenge in equal measure.hifgt on the
one handcover crops ara way of increasing SOM, friability, moisture and nutrient managenoent,
the other they offera big challenge for plantingtmm With a disc, the dry surface crinis critical
and destruction well in dvance as endorsed by Nestor @a(minimum 40 days) makes pecfe
sense.

However this does make the challenge for tine drill ugesater under these conditions and
although grazing cover crops can be beneficial in terms of nutrient recycling and destruction, full
stubble and residue retention is preferable. When | met Micldmisch(Czech Republit)liked his
theory with regard to planting corn in partsf Europewith cover cropswith RTK(Real Time
Kinematic) vers could be planted on wider rows (or similar rows) anging the area between

the rows is planted, allowing better trash flow and also potentiallglean area of soil to worktm

that additiondly wold dry more quickly

In parts of the United States, vertical tillage mackirsge commoplace with some growers using
both zero and strip tillage. lthough this goes against the long tergoals and philosophy of trudo-
tillage, | consider it coulde a useful option in the very early stages.

The theory behind these machines, even though they resemble a set of disc harrows, is that
conversely they do not invert any soil and the residues are left on the surface. The difference is the

discs are straigt as opposed to scalloped, similar to the turbo discs on a Great Plains direct drill. 42

(0p))
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Paticularly favoured after carbcheavy corn by growers | encountered using them, they considered

it helped the soil to warm up faster ahead of spring planting, helpecelerate the breakdown
process of high carbon trash and also created some tilth. Crucially it maintained residue on the
surface to act as a protective layer. Whether this would be a benefit in the UK is a subject for
debate, but it could potentially&lp for early adopters in difficult conditions.

Figure31. A typical vertical tillage machine as used in Kansas

8.4. ot closure

The biggest challenger most disc drills onlay soils is slotlosurein very moist conditions This
causessmearing which can be very detrimtah Waiting for the right conditions and allowing a dry
surface crusts vital Triple disc drills can make this even more difficakihe first furrow is created
before the followng twin discs andn this situation decent furrow wall closing whéshave a lot of
work to do. Some interesting work by Jasal (2007) highlighted that in wet conditions sometimes
planting deeper can result ibetter furrow wall closure and reducepgressure onthe closing press
wheels reducinghe compaction over the seed zone.

But this is something the Cross Slot drill does brilliaintlg different way. fAe clue is ifts name
but with the disc cutting the slptind the seed placed to théde of the slot zone and o clean soil,
it reduces the issues associated with haimang and seed exposed in an open slot.

Even with tine seeders, having the seed zone firmed after thérgy tine was very important. r@
grower | met noticed an 11% vyield ieaisecompared to not havingeed row firming veelson. h
damp conditions this can behandrance for tine seeders. Jackdbiolleswas developing coil type
consolidation ring that would work in sticky condiis for tine seeders. Sooked press wheelare
also an option for disc machise

See picture on next page el
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Figure32. Jack Desbiolles (University of Adelaide) with the coil consolidation ring

8.5. (ptimising seed placement
Marlyn Richter(North Dakota)considers thawith higher residue levels, drillingigitly deeper can
be beneficialput evenness of sed placement and establishment iglasirable trait for any system.

Yet tobe able toput a figure on it is difficult. dftunately this is somethig that JaclDesbiolles has
researched!

Sowing Depth Yield % T/ha of 2.5 UK of 10 T/ha
30-35 mms 95 2.38 9.5
35-55 mms 87.5 \ 2.18 \ \ 875 |
55-80 mms 80 2.0 8.0
80-85 mms 75 \ 1.88 \ \ 7.5 \
105 mms 70 1.75 7.0
Source: University of Adelaide
44
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