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SOIL AND CROP NUTRITION A NUFFIELD FARMING SCHOLARSHIPS TRUST REPORT by JO FRANKLIN

Executive smmary

Havingvisited the oldest soils in the world in Thae is aneed for better and more rounded
Australia through to the youngest in Argentina education in soiland crop nutrition from
and Brazil | have seen how soil should be college education through to advisor level and
treated, plant nutrition administered and soils the press.

worked plus the benefit of these practices on
profitable farming. | have cded out many
trials on my own farm which arengoingand
have had excellertesults. Theseare changing
the way | run both my own farm and our
contract farmsand improving their profitability
The results | amexperiencing are living proof
that the practces | have seen around the world
working in this country.

Incentives to take more of an interest in soil
health and god crop nutrition could be offered
through the ELS and HLS scherhesausenot
all farmers perceivéhese techniquesshaving

a direct link to their bottom line.

The result of my worldwide education and
research has beefor mea:

i 35% reduction in the usef phosphate
In Europe e art of good soil husbandry is fertiliser

being lost in favour of a simptic, one size fits
all, to be treated as a chemistry set approach. U 25%reduction in ritrogen fertiliser
Current arable practiceof removing copious
nutrients and replacing but a few, baling and
burning organic matter as strawparticularly in

i 90% reduction in ptash

U Increased usefdoliar feed nutrient

power stations- and failing to replace ,tplus products

running big heavy machinery over the ground to

force it into a seedbedll need to be addressed i The use of green manures before spring
if profitable arable faming is to be possible for barley

the next generation. . . o N
U The production and applicatich ¥ W LINE LIS NI

compost.
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Background

| am a 5" generation &rmer@ daughter from
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Hertfordshire.From the age of 13 | have wanted
to become an agronomistl picked my GCSES
and A levels to compieent my aimand thisgot

me a place at Harper Adams where | achieved

an Honours Degree in Agriculturend Crop
Production. | spent my first summers at Harper
working for CPB Twyford (now KWS) se
breeders and my placement year and fin
summer working as a trialist for Syngenta. | w
offered a job with ProCam Agukure as an
agronomist when | left Hagr in 2006, gained
my BASIS and FACTS qualificatiamsl have
been establishing my customer baseer since.
| now walk 14,000 acres of combinable croj

across a range of soil types for a variety of
customers.

In conjunctionwith the development of my
agronomy careerin 20041 took over the office
admin work for our family farm and contracting
business. Over the last seven years my role on
the farm and within the contracting business
has increasedo now running the business in
partnership with my fathe | currently split my
time between my jb as an agronomistunning

the family farm and growing the contracting
business.

My placementas both agronomist and farmer
encourages me to get involved with all aspects
of crop husbandry. | find the easiest fesro

work on are those with the most holistic
approach to farmingGood, farm leve] soil and
nutrition advice aes not seem very available
on farms in the UK and found neither my
clients nor my company very keen to get too
deeply involved with such aibe.

This led me to begin doingy own research
which in turn led me to apply for a Nuffield
Scholarship in 2009 hoped this wouldenable
me to investigate the relationship between soils
and plants and the obvious benefits of treating
theseelements offarming as a whole
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2. Introduction

Soil is fundamental to all life on earth. We March it had disappared, requiring no over

cannot produce food without itBut n East spray. A field across the roadfarmed by the
Anglia we eem to be growing a lot of same farmer in the same walgad received the
blaclgrass in it. A an agronomist | started to same pre erargence herbicidand now needed
guestion why, and why it was worse @ome an overspray; could it possibly be the compost

farms than others and in some areas more so that made the difference?

than others. Why were we all talking about how _
to control blackgrass once you had i | needed answers and mygicultural degree,

sK2df RyQd 68 08 Grt1AyBASISBFACTS@POLaE2¥a gp PRy Ql

it in the first plac® Why was no one discussing at all. ® I hit the books and internefor

this? answersand applied for a Nuffield originally to

221 +F4 W fAAOSNYFGADRA (G2 A
One of my clierd in Hertfordshireused a top study title was becausthe field that originally
guality compost on dield badly infested wih inspired my subjectdd only received half of &
blackgrass. We treated the field with a pre intended rtrogen application following the
emergenceherbicide. Some of the anticipated compost application But | changed that title to
blackgrass came up in late NovembUaut by W{2Af | YR AsNdstavetedudr&lhA G A2y Q

The soil of the &aguayan Chaco
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| visited Mennonite farmers in th@araguayan
Chacg a sandy desertlike region of central
South America wheresoybeanswere growing
with no irrigation in pure sangdsee Figure 1)I
also visited Australian farmers near Adelaide
growing cerea, soybeans andiuterne in non
wetting soils (sands which repel water) and on
ground being encroached by salination. These
farmers were making a profit in extreme
conditions with no government subsidisation to
fall back on.The attention all of these farme
paid to soil and crop nutrition was clearly vital
to their survival they wereusing and adapting
both new technology such as micronutrient
formulations and crop testing methodglus
long standing good agricultural practices such as
adding manures whiclmave first been turned
into compost, thus preventing weed and
disease cyclingand lockup of nitrogen on
application.
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Spending time with farmers in such
environments was a humbling experience and
has led me to analyse our practices in the UK
and Europe ad to try to understand:

i How we have come to be so dependen
manufactured input8

i Why have we becomso devolved from
basic good agricultural practicgs

i Whydo we thinkour current practices are
sustainable?

i Why if our system is so good can we not
produce food as cheaply as other parts of
the world who areunsubsidise@

¢tKSaS ljdzSadAazya Yle asSsSy
topic, but it is vital to understand our culture
and history to help find the pathway forward.

To see where we are going we must filsibk
back to see from where we have come.

C



SOIL AND CROP NUTRITION

2a. Where have we come from

Farmers across Europe have accepwdbsidy

schemessince their first inception. It is easy 2dzal G2 KFI@S G2 LIa& G2 NBLI
money; lowever it was never a sustainable

system and should have been dissolved on the European farmers have some of the highest
eYSNEBESYOS 2F RYWWHNI A{ I Y& dngutiusaos/ia the world (see table beloand

in the 198@. Our healthy subsidised bottom AGQa AYONBlFaAay3aoe {2 KI @S &
lines have distracted us from world commodity UGSy &SI N& G2 YANNRNI GKAakK

pricesand allowed our government to prop up
unhealthy business which would have failed
in any other sectorg preventing the entry of
fresh, inventive thinkingSince dcoupling and
the reduction of Pillar @ we are gradually
being launched onto a world stage of
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instance is short term gairg a move Southern
hemisphere farmers simply laugh:d¥a St f
organic matter and nutrient store for burning

changed. So why has our cost of production
outstripped the minute yield increases we have
seen?¢ our ability to afford the inputs? Why
are we just startig to see agricultural chemicals
diverted from distribution in the UK and Europe
and sent to South America instead? Because the

South Americans are just starting to be able to
afford these products and in much larger
guantities than the European market.

commodity production that our government
has ill prepared us fpteaving us scratching our
heads wondering éw other countries have
such low costs of productiowhen ours are so

high These factors have resulted in European

farmers not questioning researchwhere does

it come from? Who sponsored it? Can | trust it?
Does the sponsor have an ulterior motive?
Instead manufacturer sponsored research has
become accepted and practices that tstliem
have become a matter of course.

The answer survival of the fittest.

Subsidisationhas bred a culture in European
farming of taking the easy roag selling straw
for burning in power stations for casHor

Kg of pesticide@ive Ingredient used / ha

Yr 2000 T of Product

Brazil | Ireland | New Zealand | Germany | UK
Insecticides 19452 55 289 1380| 1657
Herbicides 36775 1289 2366 16610| 10835
Fungicides 6203 444 763 9375| 4862
PGR's 441 132 129 2141| 3149
Total 62871 1920 3547 29506 | 20503
Arable land Ared@00 ha

57700 1077 1500 11804| 5876
Kg pesticide /ha 1.1 1.8 2.4 2.5 3.5

Source (FAO: 2000)
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Take orange wheat blossomiage for example
The East Anglian vheat bowl suffered badly
from this in 2007. Mny milling wheat crops
were affected and many acres had to be treated
with Dursban todeal withthe pest. Dowwho
make Dursbanset up a monitoring scheme for
the following year and produced traps Wit
pheromone attractants insidéo help farmers
and agronomists decide whether or not to spray
for the pest. There has not yet been a year since
2008 - when the service first started when
GNJ LA KIF@S yz2i
of OWBM to trea@ | YR |y
agronomists that levels have been reached in
some area or other.

| use spide® web analysis for OWBM trappigg
no attracting of the pest, pst a natural
monitoring method, and | haverarely seen
levels sufficiently significant as to need
treatment. Yet | know plenty of farmers who
have treated for the pest during this period.
Why did we allow the chemical manufacturer
the power to decide if the product should be
applied?

During this time we have allowed many of our
truly independent research facilities to close. |
visited a group of Australian farmers in New
South Wales who had set up their own trials
and research group This empowered the
farmers, giving them the information they felt
they needed to make impartial decisioabout
input usage and cultivation techniques.

Soil and crop nutrition has sufferethie most
under this system With only machinery
manufacturers and fertiliser companies dgi
any research into the area the results awo
biased to fairly consider. We are a small
country and it suits the fertiliser dealers very
nicely to provide a small selection of products
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assuring usi K S@ Qf f
will do the same job as &#quid formulated

nitrogen and for the right pkg of N we are

willing to agree. Yet we all know the granular
will suffer much higher volatilisation losses so
6SQf ¢
from it, but the dealer breaks it down to a basic
Lk{13 2F b YR 6SQNB

2 KAt S 6SQ@S
our focus has been redirected and our guard

655y T2 dfPE WahaR ApedhePREioshition s g s ¢
SYI Af ourébgyy]g powes, as g cystomer for the right

product at the right price to the manufactur@r
selling power, telling us what is the best
product for them and whatthey will be
prepared to sell it for.

Onthe2y$ KIyR ¢S | NB KI LLR

OFy 3Si gl & BAGKQ
cultivation costs, rates of chemicals, soil
sampling etc. On the other we are happy to
spend, spend, spend on the machinery to carry
out these cheaper cultivatian the products for
which to lower the ratesand the nitrogen
fertiliser to grow lush greenery Now which
hand has more pounds in and who is really
0SYSTAGAYT FTNRY

2b. Where are we now

To help aplain the situéion farmers in the UK
find themselves in regardingoil health and
crop nutrition programmes | first want to
describe sixstereotype groupsof farmers For
this purposel am excludingubsistence farmers
in developing countriesl am referring to the
W LINZomabra: NIyi®m.degeloped nations

1. The Subsidy Farmerwould no longer be
farming if it were not for government
intervention. This farmer relies on

6

R Pranulir&ead 2 60 Y

SAGKSNI ySSR Y2NB

a2t R®

GF

0SSy NBUWSAGAyYy3

a

l.:.l
l.:.l

iKSasS woz2a
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assistance and makes little move to Consider how the removal of any government
increase the farr® profitability. This farmer subsidisabn would reconfigure this chart. |
can be found across Europe and in the corn\yqyid urge all farmers to assess critically where
belt of North America. they personally fit, why they are there and if
2. The Evironmental Farmer found only in there is any reason for an individual to want to

Europe. This farmer has increased the change where they fit. In no way do | mean to
farm@ profitability by maximising any criticise any farmer for the place on this

return offered from government incentive Wt | R#E Mddive which moves us out of
schemes such as countryside wedship, these boxes is why we are where we are.
ELS and HLS.

Personally | wanto become more profitable to

3. The Lifestyle Farmer~ound throughout the pay my relatives out without halting the

WREGSE 21LISR 62 NI RQd ¢ KRoPress piNhe guginegsqd i the fitjetoy o

forego some pofit/ productivity to satisfy buy more land to farm3® | want to become
his personal hobbiesHe is likely to have more efficient to make my repaymentsl| have
income from diversifications into a reason to want to move up.

enterprisessuch as urbarand commercial
LINP LISNII & gKAfad | a2 Logkidyatnis dabldedin a URd@®fextaan S LJa ™
and 2. analysis ofsoi and crop nutrition is vital to

4. The All Out Production F Also found understanding both where we have come from
: e ut Production Farmeilso foun .
. . PR “ A oA T I
GKNBdZAK2dzi (KS wrRS@SEY Lﬁ%efze e Siang iqggyTpere pay Stil be
farmer eats, sleeps and breathes yield, the odd farmer notevenanalysinghis soil at all
inputs, shiny metal and more acres. This &t this point.
FIFENXYSN KIFaSNERFASRR WRED Y2NB. .
farming through renting land or contracting. ategory 1farmers in the UK today are still only
performing soil analysis for grain ajity

5. The Southern Hemisphere Farmel met assurance scheme purposeBiey arecarrying
this farmerin parts of Afita, Australia and out these tests as infrequentlps possibleto
New Zealand. With non ussidised save moneyand simply applying the fertiliser as

production, this farmer cannot afford
unproductive acres for any reasorCrop
failures can mean bankruptcy.

per their predecessorsLCultivations techniques
are static and historic.

Category 2 F I N¥SNBE | NB LINB Ol of @

6. TheSouth AmericarFarmer Asa southern _
pattern soil samples for P, K, Mg and pH, one

hemisphere farmer with théurdenof huge

government imposed export taxesa per field every four years ahusing a FACTS
productive acre without a crop for 12 gualified advisor to create an RB209 based
months is not an option. The slickest and  recommendation for any necessary application
mog efficiently runfarm businesse | have of these nutrientsThese farmers have probably

observed anywhere ithe world were in

: adopted a min till option in their rotation based
South America

on a single machine and will use it irrespective

I myself am a number 4, thinking beforay of sal conditions at the time.

Nuffieldthat | was at the top of my game.ow |

Catgyory 3 farmers haveprobably progressed
shallstrive to push up a level.

to GPS soil mapping fgH, P and K and are
7



SOIL AND CROP NUTRITION

making variable rate applicationSulphur and
nitrogen are applied according to FACTS
gualified RB209 based recommendatioaad
some trace Ements may be applied based on
visual analysis by the agronomigthis farmer
probably has a broader range of cultivation
equipment including ploughing, a range of min
till equipment and has possibly tried direct
drilling. This farmer tries to tailor theultivation

to the conditions at the time.

Catgyory 4 farmers have started to push the
use of modern technolgy not only to variable
rate lime P and K but to look at varying N also.

S is used as standard. Leaf tissue and sap testing

are also used to morot the crof@ health.
These farmers may use aids such as depth
probes or peetrometers to aid cultivation
depth and machinery type. These farmers utilise
a wide range of cultivation equipment and are
prepared to change their plans as soil
conditions dictag.

As a groupCategory 5farmers are more often
than not trying to conserve moisture and
avoiding cultivationand prefer direct drilling
techniques. Fertiliser and seedorabination
drilling is standard. Drilling is not carried out
until the soil moisture Bs been assessed and
deemed sufficient to sustain a crop. If this
cannot be confirmed the farmer will not drill.

Catggory 6 farmers make extensive use of
contractas. At the time for cultivation/drilling
the farmer will testthe soil and- often in
conjundion with a soil advisog then decideon
the contractor with the most appropriate
machine to carry out the work.

A NUFFIELD FARMING SCHOLARSHIPS TRUST REPORT
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2c. Where are we going
There are twagossibilites
Option Ac continue

Most farmers will continue to beell by
advertising and industryetl research. The cost
of production for these farmers will continue to
increase with little or no vyield benefit. If
subsidisation is removed these guys will be in
for a truly tough economic time.

Option B¢ question

Some farmersare beginning to see the wao
for the trees and question wdt will be the
economic return a product W : These farmers
are spending more timen CostBenefit analysis
before making a decision. Information for these
farmers is the limiting factor. Once you start to
doubt industry fumled research thereA &y Qi
much to go on in Europ&bviously there are
the Research institutes such as the John Innes
and Rothamstead Research Instdg yet
however excellent the science coming from
these Institiesis, it is left to the individual to
interpret how it might actually be applied to
real farming.

There is also a fundamental flaw in basing too
much real lifepracticeon this science as all top
notch scientific egeriments are performed in
the linear plane ¢ where one element is
researched inthe abundant presence of all
others ¢ particularly in the case of crop
nutrition. Real farmings obviously not like this.

| haveyet to see a soil or tissue analysis where
only one nutrient is deficient. So for a farmer
non linear experimentation is the ost
important but alsamostunavailable source.
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3. Progress

Dynamic soil nutrition advice did not seem
readily available in the UKlust after | was
awarded my Nuffield Farming Scholarsiuipe
of my dients handed me a book W1 | Y R&
I ANER Y 2 WNedd Kinseéd+ and | started to
read. A lot of what Mr Kingewrote made sense
and agreedwith things | had seen in the field. |
ordered all the authors and publicatiorideal
referredto in his bookand have spent my time
since then reading these and other
recommendel texts to build for myself a more
comprehensivaunderstanding of soil and plant
physiology, biology, chemistry and physics.

Neal® bawk made a huge impression on mie.
contacted Neal to try and meet up with him and
visit some of his customershe suggested | join
them on asmall, four daycourse he held in
Missouri, which seemed a good place to start.
The course included a farm visit every morning
before thetuition began | wastherefore able to
seesome of higheories and methods being put
into practice with good results. The other
delegates on the course were all customers of

A NUFFIELD FARMING SCHOLARSHIPS TRUST REPORT
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his so | was able to find out what techniques
Neal had used in a variety of situations and
what the outcoma had been.

2
Nga@ methods are based on the research and

experiments of Dr Albrecht, an American soil
scientist. The basis dilbrecht@ work was to
look at crop nutrition holistically; as humans
look at their nutrition. Plants require many
nutrients to grow and tkse all need to be
considered by farmers. The rkationship
between the nutrients as chemical elements
needs to be understood if good advice is to be
given to frmers about crop nutrition.
Knowledge of their interaction in the soil can be
vital to explaining what is available to the plant
and what is noand how that might be rectified.

The key points | learnt from this course and my
research which | believe are fundamental to
offering adequate nutritional advige are
highlightedA y G KS F2ff 2¢Ay 3
YR Wb dz{{9¢d SHapter 4 ral 5
respectively).

aS0i7
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4. Nutrients
Elements in a wheatlant : percentages required
% Requirement in a

Element Common Name wheat plant Available forms
@) Oxygen 451 G,
C Carbon 44 | CO2
H Hydrogen 6 | H+
N Nitrogen 2 | NO3, NH4+
K Potassium 1.1| K+
Ca Catium 0.6 | Cat++
S Sulphur 0.5 | SO4-
P Phosphorus 0.4 | H2PO4, HPO4
Mg Magnesium 0.3 | Mg++
Mn Manganese 0.05| Mn++
Fe Iron 0.02 | Fe++
Zn Zinc 0.01| Zn++
Cl Chlorine 0.01| CH
B Boron 0.005| BO3-, B40O%-
Cu Copper 0.001| Cu++
Mo Molybdenum 0.0001| MoO4-

Ekements in a wheatlpnt : percentages required

CANRG 6S ySSR (G2 (I 1S IsatdlidBradgery Sy2tenis ad itinsal dildeSand¥ Y I 2 2 NJ
YAdzZONASY GaoQ 2 KL S | Qoasdgt forf & chjo®FhRI méasuremeitA yoi

about is the 9 elements that make up the historic general reflectance)l have conducted

majority of a plant, for example as illustrated in many nitrogen trials on my farm and am

the table below for a what plant. Oxygen, satisfied that through using a more balanced

carbon and hydrogen constitute 95% of a  approach to crop nutrition significant

LX FydQa G20t StSYSyia redidiong B the Zdadiy Sf Kapplel ger G S
amounts come from the soil and air without our tonne of crop produced can be made.

involvement ¢ just bear the section on soil

structure in mind. The amount of potassium in the soil and its

ratio to phosphateaffects broad leaved weed

The next biggest group is nitrogen and levels. If the P:K ratio slips below 1:8 then
potassium totalling 3.1% Nitrogen is required herbicides may no longer be effective.
little and often by the crop throughout its Potassium is required in both thautumn for
growing phases. Nitrogen is the Wd RQ& Y awitér hardiness and spring for stem strength
over used nutrient. ltcan now be applied at and fruit set. K can be variably applied from GPS

variable rate by an N sensor (superior to  soil mapsq on deficient soils this should be

10
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done in the spring and a K based starter
fertiliser used in the Autumn.

Calcium, sulphur, phosphoruand magnesium
are the remaining major or macro nutrients in
that order. UK agriculture regularly recognises
phosphorus, applied ashpsphate which is vital
for photosynthesis and rooting andalcium
(measuredas tydrogen ion content by pHjs
nutrients wotthy of concern, recommending
treatment with lime on low calcium soils and
phosphate fertiliser often applied variably from
GPS mappingAswith K phosphorusshould be
applied during the spring maj growth phase to
be efficient However ifsoils are verydeficient
an autumn application as a starter fertiliser can
significantly boost the rooting of wter sown
crops.

Sulphur is vital for palatability, seed production,
and nodule formation and adequate levels

work as a natural insecticide in the plant.
SuLJK dzNJ dza S A &
rape crops however there is still some way to
go in cereal cropg largely because historical
industrial depositsare satisfying crop needs.
Sulphur should be applieglarly in the spring as

it can take up to four mnths for most man

made fertiliser forms to be fully taken up by the
plant.

The final major nutriet historically overoked
is magnesium needed for chlorophyll
production and itrogen regulation From my
experienceof GPS soil sampling in East Anglia |
rarely find a soil with sufficient agnesium
levels. Mg foliar feeds can give the most cost
effective resulé where levels are low. Excess
magnesium can be obvious without a soil test:
Mg tightens soils, an excess can make them
sticky and when dry causebem to go hard.
Conversely, acium loosens soilswhich is

A NUFFIELD FARMING SCHOLARSHIPS TRUST REPORT
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where a product like ypsum is good for
flocculation of a high Mg, low Ca soil.

Ensuring the above nutrients are available in
adequate but not excess amounpsovidesthe
initial building blocksdr good crop nutrition.
These elements should be dealt with and
mastered beforewvorrying aboutmicronutrients
(unless @ficiencies are major, such as
manganese on very organic soils). In
conjunction with soil sampling for the above
nutrients, leaf tissue 10 sap tests should be
regularly carried out during the rapid growth
stages of a crop to ensure all the major
nutrients are sufficiently available. Ideally taking
a sample 710 days before a sprayer moves
through the crop gives time for the result to be
see¢/ YR lye
the tank mix. At this time any micronutrient
deficiencies can be identified.

Different crops have slightly different tai
migngritNerits. tM@ngahege, i, ZzidcSighR
copperand nolybdenum are thenost common
with growing interest in the role offdorine and
iodine in plant health. A healthy level of organic
matter in the soil and an active microbial
population should supply most if not all of the
crop@ requirement. So treatments should not
be made unless a testrovisual deficiency has
been identifiedc A § Q&4 2dza G |

Legumes are particulyr sensitive to
micronutrients zinc, boron, and molybdenum,
and cereals to copper, zinc andanganese.

A note on boron: pants produce sugar by day
which they redigibute by night. B is essential
for allowing the sugars to flow through the
plant. Parts of a plant which arfll of sugar are
attractive to insects; this will not be a problem
if the sugars are being redistributed efficiently
at night. Wheat ears filiniddle first, then top,
11
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then bottom ¢ if there isany shrivelled grain rust and fungus diseases. Goodpper levels
check which part of the ear it occursto assess can eliminate takeall.

how deficient the plant is in B. | hawsten
found cereals to be deficient inobon and

treatments of liquid formulations at low dose _ R _
following leaf tissue resultshave been high, and assume that nutrient is available to

successful. Boron still suffers2fy G KS  wilf P Differer?t intgractions by.element.s in
151 { A0AZWR Y[R MEcitoisO S NE'F 5 gesult in different nutrients being
true where soilhave anextreme excess of the Wt 201 SR dzLihis 2sNhyllegftoAsad o f S

nutrient, but that does not mean we should be tests to ba.ck. up S(_)'_l re.su.lts are.necessaryi an
frightened to use it wheg it is required. where a hdistic nutritionist is requiredA FACTS

qualified advisor simply has not been trained to
An extra benefit of apper above 2ppm and understand how the elements interact and
Boron above 1.5ppm will give good control of  what effect this can have.

It is not sufficientsimplyto take a soil analysis
result, see levels of mindividual nutrient are

12
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5. Fertilisers

I was unaware of some of thiacts about the
fertiliser productscommon to us in the UKAs a
result | have changed the products |
recommend and use on my faramd my client®
farms | will concentrateon the big four:lime,
phosphate potash and nitrogen.

Lime: a low pH can cause problems with
achieving vegetative gvath, a high pH can
cause problems with fruiting. It is vital to get pH
right before tackling other fertiliser level$lany
farmers are unaware of the lime source they
are purchasing. Different limes have extremely
different neutralising values according their
parent product and their scren size. Mre
details can be founih the table 3

Speed action is required andthe presence of
any other nutrient deficiencies should influence
the product choice. We should also be
addressing the aciumcontent of soils, not pH,
as it is actuallyalciumwe are trying to measure
not hydrogen ions (which is what pH measures).
On soils prone to waterlogging the difference i
this detail can result in unnecessary action

Phosphate:phosphate is most availablen the
day it is applied, so ordinary prilled products
should only be applied when the crop is actively
growing and requires it. Soft and hard rock
phosphates are the exception as these are very
slow release. TSP although commonly sold as
the cheapest and highest ooentration of
phosphate should be wused with extreme
caution. This phosphate form combines with
calcium very rapidly after applicatiprendering
both elements unavailable to the crop. Due to
this characteristic, TSP is unsuitable for building
phosphate lgels in the soillt can however be
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used in small quantities as a starter fertiliser or

for maintenance dressingssituations where it

is purely feeding the plant. DAP and MAP are

more stable forms as they are alreadyntlnined

with another nutrient ¢ nitrogen. Of the two

MAP would be the preference. Both MAP and

DAP will prove more cost effective than TSP

when efficiency is taken into accourtt. Wf 2 O
dzLJQ YSltya Al A& (22 &AGNRY?:
colloid to be extracted by a plant.

Nitrogen: Urea is the P of the itrogen world.
Sold asdeingcheap and of high N concentration
the losses associated with it can be huge; 25%
can be lost in 3 days, 50% in 7 if the weather is
hot and dry. Urea fits well if it cahe either
incorporated into the seedbed or apetl just
before or during rainfall. Urea also has a
tendency to dry the soil out due to its
concentrated salt base. Ammonium nitrate and
liquid ntrogen each contain two types of
nitrogen, one slowand one fast releasing.
Liquid rtrogen is the product ofchoice ¢ its
liquid formulation gives it the best uptake
efficiency. If all N cdd be applied for a crop in
the WT 2y SIRANF FdzQ o6 NBIF 6KSNB
concentration of plant roots occur), 40% less
total N for the crop would be needed. N
leaching take®ither Ca or Na with it. Nitrogen
can be mixed with molasses or humic acid to
help retain it in the soil. Legumes can extract
75-25% of their N from air ancbg. The rest has
to come from organic @ tter. If this is in short
supply then it must come from nainorganic
source.

Potash: K cannot be built on clay soilghere

pH>6.5¢ there are not enough sites left on the

O2ft2ARa la GKSe& I NB
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SOIL AND CROP NUTRITION

this could save farmers a lot of money. MOP is
the least desirable K source it tightens soil

over

time and

is harmful to

the soil

microorganisms. Potassium SulphatgS@® ) is
the product of choice.

We should aim to toadcast soil feedersuch as
lime, gypsum and manures. Elements with
negative charge cannot be held by colloids and

will leach. Inthese casesLJt | OA y 3

T S S RA\WNE and B near the plant will give
the most efficient return.

iKS
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A note on swage based productg all land
treated with it will eventually reach the heavy

metal mamumf A YA Ga | &

KSI gé

break down The hormone content of these
products is also of concern. These products do
offer an opportunity to address organic matter
content and can be useful to replace inorganic
fertilisers in aform which ismore available

orm. i
WLI |y

Common UK Fertiliser Forms

Nutrient
Element | Fertiliser Content | Form Positive Negative
Good incorporated or combines with Ca to lock up
N Urea 46-0-0 immediately before rain | both
28/30/32 | mix or urea
Liquid Nitrogen -0-0 and AN good uptake, 2 forms of N
AN 34.50-0 2 forms of N Fast acting
Quite slow release. Apply a
Ammonium least 4 months before
N&S Sulphate 21-0-0-24 | (NH4)2S04 | Doesn't leach. harvest
combines with Ca and both
P TSP 0-46-0 Bad source lock up. Plant feeder
DAP 18-46-0 Not bad
MAP 11-52-0 Best source. Soil feeder
hard and soft rock good slow release source
phosphates over time
Bad source. Damaging to
microorganisms. Tightens
K MOP 0-0-60/62 | KCL soil over time
Potassium
Sulphate 0-0-50 K2504 very good source
0-0-22-
SutPo-Mag 18Mg22S Excellent source
Ca Calcium Carbonatg 25-35% | CaCOS3 Best source
CaCog3, avoid. Releases gaseous N
Dolomitic Lime MgCO3 good to target mg and ca | on application
Gypsum CaS0O4 good to target S and ca | not the best form of Ca
Mg Epsom salts MgSO4 Excellent source
S as above
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6. Organic Matteand Humus

I have mentioned several times now the
importance of organic mattemwhen growing
crops. Organic mattehas the structure of a
sponge;it is a carbon based nutrientrider for
plants infiltrated by a network of airspaces.
Organic matter is &yerresilient to compaction
and evaporation.Humus andorganic matter
should be the top layer in the soil profile. For an
arable soil the targepercentage for this layer
would be 3-5% however lhaveyet to test an
arable soil in this range. My tests have been in
the 0-2% range.

Humus is the uppermost layer of decomposing
plant material. Once this material can no longer
be diginguished it becomes known as organic
matter. This uper soil layebenefits the soil in
three ways:mechanically- making it easier to
work, as a direct plant food and by

fundamentally modifying the soil bionomics
Sal Erosion at the Iguazu Falls
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thus providing a hospitable environment for soil
microbiology to exist and function. Thisyé&

can hold three times as many nutrients as clay.
This layer is dark. &k soils warm up faster
which encourages crop growth earlier than light
coloured soils which reflect heat. Humus also
improves solar radiation utilisatiopnso makes

more efficient u§ 2F GKS adzyQa
photosynthesis

Organic natter decline is not just a UK or
European poblem - actually these regions
suffer least on a world scaleh& Missouri basin
in mid west Americahas lost an average of 7
inches of top soi{containing the oganic matter
and humus) in 24years. Australiam organic
matter is probably depleting faster than
Americdd, but has only been undecultivation
for one thirdof the time.
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| visited the Iguazu Falls on the border of As | travelled | saw many examplel people
Argentina and Brazil (se@hoto on previous trying to address this issue dmebalance their
page. The river flows from Brazil through soik. The most popular method was to use free
Argentina. The water at these falls used to run  waste materials such as manures and
clear before the rainforests in Brazil were horticultural waste to create a mixture of green

cleared for agriculturelt is now brown. This is and brown materigland turn it regularlyin a
soil erosion on a triy massie scale. heap to create higlgrade compost.

As we remove crop and crajebris we remove Another alternative | saw was green manuies
organicmatter. K2 4S 6 K2 R2Yy Qi NdopsfebtabliBhed specificalli € hened in to
a bulky fertiliser or soil conditioner are increase organic matter.

depleting their reserves which wikilter the
texture of the sd. Weeds which thrive on badly
drained soils osoils with a pan in other words
where the oxygen supply is deficienwill begin

to take overand crops will struggleThis is part

of the reason why grass weeds such as
blackgrass are thriving East Anglia today

| am trialling both methods on my farm. | also

saw a lot of grass leys being used in rotagien

these repair the sb f RdzZNAYy3I (GKSANJ
encouraging soil microbiology, establishing

good root systems andif grazed cycling

nutrients.
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7. Compostsand organic ranures

To learn more about compost | attended the
Soil Foodweb 4 day seminar in Oregon, USA.
The couse covered compost, compost tea,
microbiology andnicroscopy as well as a day of
farm visits.Many of the delegates on the course
were practitioners of the methoddescribedso

it gave me a great chance to investigate how
the theory taught on the courseoald be put
into practice.

Compost is the process of taking brown carbon
and green nitrogen based organic sources,
mixing them together, waiting until the desired
temperature is reached without the carbon
dioxide levels being exceedddrning the heap
then repeating the process until the heap no
longer heats up. Performed correctly the
process is aerobic, does not smell and kills off
any weed seeds present in the original material.

| saw manydifferent materialsused aghe base
for the process. The keys to use what is
available to you and then taking the time and
effort to make a beneficial productnot simply
ALINBIFRAY3 GKS
to you straight from a local green waste
recycling site Such siés do not attempt to get
the green:brown (carbon:itrogen) ratio correct
for making agood compost They are simply
concerned with shredding and clearisgrplus
organic waste and plastic bafysm any source
This process is giving compost a bad name
the UK The drawbacks to compasg on farm

in the UK are sourcing the right starter materials
and finding the machinery to turn the compost
during production | do not believe these are
insurmountable however as for smallish
projects a loader or forklift can be used and
there is a hug variety of materials which could
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form the base.For a methodology for nidng
good compost see Appendix 1

The ompost ea method takes a sample of
good compost and uses it as a teabag in a tank
of constantly aerated water to gently bumpl al
the microbiobgy off the organic materialand
into suspension in the waterAfter about 24
hours of aeration the resulting liquidcan be
used to injectsoil microbiology into soils or
sprayed directly onto plantsas an organic
fungicide. The constraints of this process a
commercial arable scakere the lack of shelf life
of the product, the wide filter mesh required for
application and the volume of the product.

Both on the course and later on my wider
travels | saw many compost and compost tea
sites methodologies, products, trials and
processors. Each was slightly different and |
want to discuss three in greater detail.

The firstwas on a farmon a peninsula near
Adelaide with salt pans creeping up all around

woz2 v aadt FRPE Bas shelged  sjayg qff this¢ s

unwelcome miwral. Thefarmer heapsup the
solid dairy manure, runs a hose pigs and
when requiredacross the top to dribble dairy
slurryonto the heap to keep itnoist, and leaves

it to rot down for a year no turning. The end
product was pretty good and certainly dgira
good job in increasing organic matter and soil
microbiology. This seemed a practical solution
when timeto turn the productis the constraint
and the raw material is plentiful.

The second farmehad become so focused on
making composthe had started gowing and
harvesting the base materials specifically to
make the best compost, which was being
17
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returned to the sameland on which the base
materials were being grown. To me this seemed
to be missing the point a little but was a good
reminder not to lose giht of the end goaland
highlighted the need to make a compromise
betweencreatingthe best possible product and
usingthe materials available to you.

The third farmer made mehink about my
brilliant new idea- to go home and make
tonnes of compost- and question it Why
collect bulky materials ira central point, mix
them, turn them again and again and again,
then load them back up, spread thebackon
the fields and incorporate them? Why not grow
something in the field which can be
incorporated to bringhe same benefits without
all the work and cost of carting and turnirgg
particularly if the base material is not readily
available to you?

This farmer is John Ikerd from central
Queensland, Australia. Jolset out to have less
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lorries coming ito his fam delivering
purchases and more lorries leaving his farm
with output. John is situated in an ensive
arable area of Australia.d-began fencing all his
paddocks and establishing a pasture mix
containing grasseshroad leaved species and
legumes(see picture below). John leaves this
mix until it has shed its seed then strip grazes
cattle over it, followed by self shearing sheep
The action of the animals  #r€afisiihe seeds

in ard the pasture continually reseeds itself.
The animals recycling the nutriesn and the
legumes in the seed mix are sufficient to
fertilise the pasture. This seemed to me a pretty
perfectly balanced system.

| have not gone home and begun fencing!
However this is a model we should all strive to
emulate for our own businesses in owwn
ways. | am currently trialling green manures and
making a high grade compost on my home farm
¢ home made compost, made from cattle
manure and green waste sitaaterials and

Me standing inJohn Iker@ pasture just prior tgrazing
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green manures- on land destined for spring as buckwheat and mustard and the added
cropping.l have recently travelled to France to bonuses they may have on grass weed control.
investigate green manures and cover crops such
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8. Soil structue

With no good soil husbandrjinformation
readily available to farmers the art of working
the soil is being lost and many farmers
sympathy for theprocessalong with it. It is
becoming increasingly common to see tractors
with high horse power trying tocover more
acresc the result, soils being worked when they
are too wet which ismade possible because of
the highhorse poweravailable

We are forgetting the basic aims of soail
cultivation in favour of doing as little as possible
to create a fine crumion the top two inches
alone, irrespective of what is going on further
down the soil profile. The aim of primary
cultivation is to till crop residue into theseobic
root zone in order b break it down to be
recycled and to repair soil structute facilitate
better air and water movement through the
soil.

Soil left in ridges will warm up faster, dry out
faster and be ready to worksooner than
worked soil left flat.lt is then imperative that
further cultivation to plant the seed or improve
tith does notdamage the lower structure, so
tractors and machinery should get lighter as
seedestablishment progresseand tyres should
become wider Care must also be taken to carry
out primary cultivations when the soil is quite
dry to prevent smearingSecondancultivations

- drilling and rollingg should take placevhen
the soil is damps any dust behind a tractor is
made up of clay colloid and the nutrients
attached.

An deal soil will have 45% minerals, 5% humus,
25% air, 25% oxygenThis creates a well
drained, oxygenatedsoil that allows roots and
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soil microbiology to respire, cycle nutrients and
grow.

Soil is negatively charged. Particles should repel
each other ¢ as magnets. Under adequate
mineral balance they do and thus are resilient
to machinery ruming on them, thus
maintaining air and water spacesmuch like a
sponge.So the better condition the soik in the
more abuse from machinery it can talgthout
creating compaed layers that require
mechanical correction

The four cornerstones of soil managemein
order of importanceare:

Soilaeration
soil water
residue decay
soil fertility

[ ontE ent- A e e

Soil aeration is vital because aealed soil
surface will prevent oxygen entering and
prevent carbon dioxide from leaving. Anaerobic
conditions will be created and photgsthesis

will cease. Low oxygen soil struggles to use N, S,
K and Mg. Anaerobic bacteria cause
denitrification and increase N lossesnaerobic
conditions are also favourable to many weed
species and unfavourable to most crop species.

One way anaerobic calitions are createdis
through waterlogging, eitherbecause ofa high
water table or through compaction. hlis soil
water movement is importantA soil with 1%
organic matter can &ld 10,000 gallons of
water, (L inchof rain equals 28,000 gallons).
This orgnic matter is just as important in
retaining moisture as in allowing good
penetration.
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