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Foreword

Trace Element Nutrition has been a constant source of fascination throughout myistudies
Agricultural Science at secondary school and in Agronomy and Plant Nutrition at university.
Generally speaking, broadacre farmers in Australia focus more fully on macro elements, such
as Nitrogen, Phosphorus and Potassium in their crops. As a resuliygbrtance of Trace

El ements (TE6s) for crop growth is overl ook

ultimately to human health.

In contrast, cropsot deficient in TEs grow efficiently and thus return yield and profit to the
f ar mer 6 sThispstudykhast confirmed my belief that we can further optimise plant

production with the use of innovative met hoct

My goal as a Nuffield scholar has been to expand knowledge in the area of TE nutrition and
improve the productivity and pfitability of Australian grain farms. TE Nutrition in Australia
already encompasses many interesting, innovative and successful producers, advisors and

leaders in the agricultural sector.

On our farm in South Eastern Australia, my parents and | haygesblaur broadacre crop
planting equipment to inject l iquid TE®&s to
Initial observations of the improvements in crop growth and yields both on our farm and in
other regions of Australia have been encourggimgpiring us with enthusiasm to learn more.

I n paying closer attention to TEG6s, farmers
their crop production and growth. By providing adequate essential mineral concentrations in
optimum amounts to aple foods, farmers will also be able to offer more value to the

consumer, resulting in healthier people.

Findings
TEGs are an i mportant part of human heal th
healthy functioning of the human body. An alarmieg at i sti c i s that h &

population is deficient in Iron and Zirfelotz & Brown, 2004) (Welch & Graham, 2004)his
can be attributed to many factors including personal wealth, staple food diet products
consumed, the source of the food pradwmnd the nutritional content of the soil that plant and

animal produce is grown from.
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The addition of TEOG6s in some cropping situe
farmer, as well as increase the quality and possibly the value of thecptmeing produced.

This is because the soil may be deficient i
from, which in turn means the produce grown is deficient in important elements causing a
mineral deficiency in the humans who eat the produte Key issue in realising both a

benefit to the farmer/producer and the consumer is the recognition of the value of having
elevated levels of minerals in plant and animal products. For this to be realised there needs to
be consumer education through dostodieticians and health services together with
government assistance to ensure food is nutritious. Producers and processors must derive an
economic return from the extra effort, cost and attention to detail in fortifying the mineral

nutrition of the grairwhich in turn produces highalue, nutritious, quality food.

Nuffield Australia and the Grain Growers Association of Australia made my travel and study
possible for this project. The assistance provided by these two organisations to this study, to
the development of leadership, knowledge transfer and guidance in both Australian and

worldwide agriculture has been both visionary and practical.
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Abbreviations

Cd Cadmium
Fe Iron

FYM Farm Yard Manure
IP Identity Preserved
Mn  Manganese

QA  Quality Assured

RNI Reference Nutritional Intake

T E 6 $race Elements

Zn Zinc
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Glossary

Biofortification

Process of increasing the content (6density
especially cereals. There are two types: agronomic biofortification involves using fertilisers to
increase the density of ziramd other micronutrients cerealgrains; genetic biofortification

uses specialipred crops which have been selected on the basis of their ability to concentrate

zinc and other micronutrients in their edible parts, such as grains.
HarvestPlus

A Global Challenge Program of the ConsultatiGoup on International Agricultural
Research (CGIAR) dedicated to reducing micronutrient malnutrition through the

biofortification of staple food crops.
Reference Nutritional Intake
The level of mineral nutrition which is adequate for 97% of the humanlgtign.

Trace Element
Elements such as Zinc, Copper, Molybdenum, Iron and Selenium which occur in relatively
low concentrations in plant and animal tissues (<100 parts per million) and in rocks, all trace

elements together compromise <1% of tetamental composition on the earth.

Vi



Contents

0] €210 o SR iii
ACKNOWIEAGEMENLS. ...ttt e ettt eeeneer s e s e s e e s e e e e eeeaaeeeaeeeemaesessnssnnennnennnennnnnnns] V.
FaN o] oY= [ L PP PP Vi
(0] 0115 o | £SO PPURPPPPPP viii
EXECULIVE SUIMIMAIY.....ciiiiiiiiiiie e e eees sttt e e e e e s s s e e ettt e e e e e e e e e sb b bnnnsssbbbbeeeeeeeeessannnes X
] o o 11 ox 1T o R 11
O] ][0 11V PP PP P PP PPPPPRRI 11
TrACE EIBMENTS ...ceiiiiiii ittt ettt e e e e e e e e bbbttt e e s eeemt e e e e e e e e e e nbbbb b et e e e e s eans 11
Why TEOGs are i mp.o.r.t.ant..t.o..humans. ... 11
Grain farmers role in lifting human NULAtIoN................ooo e 14
Why TE6s are i.mp.or.t.ant..t.o..pl.ant. s 15
(€] o] o= I T[T o0 1Y =T [ 16
Trace Elements in Australian Broadacre Cropping SYSIEMS.........ccoovviiiimmmniiiiieiieeeeennnnnns 17
Bi otech crop r eg.ui.r.ement.s. .. f.or. .  TEGQs........cooo.cce 17
(€1(0] o F= LN [ 4] o= ot FE OO PP PP PPPPPPPP 18
POIliticS and Crop NULITIOM ........uueiiiiiiieeie e iieres s e e e e e r e e e e e e e e m e e nnneeees 18
How | eading farmers and advisers are us.il:rg and
Testing fOr trace ElEMERLL. .......cccoii i e e e e e e e e e e e e e e e e e e e e emeereranerrrnnes 20
Addressing Trace Element DefiCIENCIES.........uiiii e 21
Lessons from Trace Element Management. ..........uuuiiiiiiiieeeeeeeeeeeeeeeeeeeee e e eeeeeennenenanans 21
How much tracelement fertiliser should we apply now given the discoveries above?........ 23
Innovations in TE application equipment and technologie®adly.............ccccccevviiiiimmniinnnnee. 26
Alternative Trace Element FErtiliSEES.........ooo i 27
Vol =Ty LT T I (=T 1] =T 4 28
PrOAUCE CHEIMISTIY.....eeiiiiiiie it eeet e ettt e e e e e s s eeenb s e e e e e e e e e e e annnnne e 29
00 18] = 1T o USSR 29
Y= Toto] o T g T=T T oY 1o 1 30
LI = S = 30
The key recommendations of this StUAY Are:..........ciiiiiiiiiccceiieeeeer e 31
] 1T (= o 33
Plain English Compendium SUMMATY...........coiiiiiiiiiiiii e 35

viii



Executive Summary

Initially this study focussed upon the role of trace elements in braadaoming. The
Adefinitionod of broadacre farming for this I
barley, and oats) and oilseeds (canola, soybeans). This Nuffieldstatlened & focus as it
progressed expanding to the global issues @dyre quality and human health, these areas of

importance are explored in this report.

The principle of crop nutrition across most plant types remains constant and is not exclusive
to cereal and oilseed crops. Plants need adequate nutrition to perfbier tgptimum, which

is also true for animals, humans and all other organisms on the planet. In the broadacre
farming system, if there is a mineral nutrition deficiency, this has consequences for not only
the current crop6s Vi talsdinthermpodudtibndalug ehaimte thed s |
consumer who eats the final food product. Trace element deficiencies in human diets are a
current and wurgently important Il ssue gl obal

and to humanity.

This reportaddresses factors that may benefit farmers, food processors, consumers and
legislators. Issues pertaining to food affect everyone, and, depending upon whether your role
is in the chain between the producer and the consumer or as someone who can affect broa

scale legislative change, the issues in this paper are significant.

As an agricultural scientist who has worked as an agronomic advisor the role of trace
elements and their ability to help plants achieve their true genetic potential has been a great
motivation for this study. Now as a fetiime farmer my interest is keener than ever as the
growth of my crops effects me directly. We only have control in agriculture over certain parts
of our system and it is easy to become defeated by the apparent lackrof over the final
outcomes of our system. There is no point dwelling on the effects of weather, prices, strikes
etc, because we usually do not have direct control over these things as pratlecgdoshave
control, however, over more components of uoduction systems than we ever had before,
such as the technologies of irrigation, precision farming, weather radar, efficient large scale
machinery, futures contracts for grain pricing and the choice of an amazing array of inputs to
make our crops growttheir potential. The focus of this report lies in a part of the system we

are able to control, TE nutrition.

The aim of this report i s to educate the r
them, and to then generate discussion around thefukem more widely within agriculture
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and the food industry. Trace el ements are
profitability and humanity as a whole. For this study | travelled for six months through 2009
to four continents during three ge attending conferences, interviewing farmers and their
advisers and companies involved in nutritional produce production, observing first hand the
best strategies and techniques farmers use to improve the quality and quantity of the produce

from their faming system.

Many people in the developing world suffer from TE deficiency at chronic and severe levels.
Some third world populations are worse off because they not only suffer a deficiency, they
also suffer toxicities from another contaminants for examguisenic and cadmium. These soil
contaminants are taken up by plants such a

available because of soil deficiencies.

| recommend that farmers assess their crops for TE deficiencies that may be asymptomatic,

limiting yield, production, profit and product quality.

It is recommended that the grain industry set up a standard for food products that are
enhanced or enriched with minerals for improved human health outcomes. The Australian
grains industry would benefitdm an Identity Preserved (IP) value chain for grain which has
been produced under an accredited Quality A
stages of crop growth tafely elevate the nutrition of the end product. The elevated TE food
product must be profitable for producers to grow it and consumers will need to see the value

for their health and the grains industry will need to accept this parameter in their standards for

Success.

For the findings of this report to make a significant improvement to farming, grain farmers
need to understand the importance of TEOG6s t
them where required. Farmers have an opportunity to improve and markeiathg of their

product to the processor and end user. Legislators would do well to recognise that the diets of
people in Australia are | acking in essentie
health. Consumers who are becoming more sophistidat their buying decisions and how

this affects their health and wdilking will recognise their need for nutritious food containing
essential elements required for their good health atadily function



Introduction

Trace EIl ement s (off thedmoper fanctoning ef wery tongamism on the

pl anet . The interaction between TEO6s in bi
biological and chemical reactions that are essential to life are still being discovered by
biologists and scientist every year.Expanding knowledge regardingE functions in
commercial food crops arttleir importance for cqogrowth and genetic expression continues

to bereinforced by researcfAlloway B. J., 2009) The medical field is constantly being
reminded of tk importantole thatT E davein human health

As farmes andfood producersve need to tell our sty of how we grow the most nutritiously
rich, healthiest, safest food in the world each day to theobdliof people who eat it.his
fascinatingstoryofhowp | ant s and h u neach their optireudh gen&ié capadity
should spur consumers to embrace TE consumption and farmers to enhantarheg

systemto providethe essential elements required for life.

Objective

The primary objectvevas t o expl ore the role of TEG6s 1in

to the opening up of an interest in areas |

Trace Elements

Trace EI e nmmenthose ndtrierEséreqlired in extremely small quantities (less than
100ppm in plant dry weight)They are essential for the correct functioning of many plant,

animal and human biological systems.

Why TEGs are i mportant to humans

Micronutrient malnutrition is a growing concern in the developing and developed world. It
results in mental retardations, impairments of the immune system and overall poor health.
Zinc deficiency, for example, represents a major cause of child death in the world and is a
widespread global issu@Cakmak 1. , Enrichment of fertiliser with zinc: Aexcellent

investment for humanity and crop production in India, 200Z)nc deficiency is

11



predominantly prevalent where cerpalsed foods are the main source of calorie and protein
intake in diet, and is often exacerbated by the concentration of zioeréal crops being
inherently low. The situation is often made worse by the growing of cereal crops on deficient
soi |l s. For exampl e, 50% of I ndi ads soils a
(enrichment) of rice through plant breeding effartay save the lives of 48,000 children in
India each yea(Cakmak I. , Enrichment of fertiliser with zinc: An excellent investment for
humanity and crop production in India, 2008nother consideration when Zn is deficient is

that Zn and cadmium (Cd) ardamically very similar, competing for binding sites and
transport proteins. This means that Cd will be taken up by plants and deposited in the grain
where Zn is not available but Cd is. The high content of Cd in Asian grain is of a growing
concern as Cadmim is a toxic element to humans in very low concentrat{@akmak |I. ,
Enrichment of fertiliser with zinc: An excellent investment for humanity and crop production

in India, 2009)

Macronutrients, just like protein, are an important measure of graile | i t y. Why ar e
mineral nutrition not measured as a quality parameter of grain for payment to the producer?
The human race needs to look more closely at plants and how these supply humans with their
requirements. Among all the mineral cations,cZis required the most in biological proteins

and is essential for gene regulation and expression under stress, protecting against infectious
di seases. Farmers need to | ook at how they

to their business.

Human deficiencies in TEOGOs are not exclusive
Australia have documented evidence of widespread deficiencies based on a lack of adequate

Il evel s o fir ddildes. Iniwork dorte &yRyan, Norton, KirkegaardylcCormick,

Knights, & Angus, 2002)wheat grain Zinc concentrations were documented to be routinely

in the range of 127ug/g in Australian samples. Investigations done for this report indicate

that 40ug/g would be closer to an ideal level to ensure sufficient Zn is in the diet (between
7,0009,500ug Zn/day) Reference Nutritional Intake (RNI), especially where cereal grains are

a major component of a diet. Zinc deficiency can also become an issue in developed countries
due to highly refined diets where foodse highly processed excludingimc in place of
sweeteners and preservatives. Also of concern and importance igthati s a O0Typ:
nutrient, which means that its concentration in blood does not decrease in proportion to the

degree of deficiency in humans and animals. As a resultjgathygowth slows down and

12



excretion is reduced to conserve Zn. Most children suffering from Zn deficiency have stunted

linear growthwhich is a symptom of this type 2 deficien@raham, 2008)

Zinc is also a critical micronutrient required for structussmd functional integrity of
biological membranes and for detoxification of highly aggressive free radcalsnak |I. ,

2000) Any alteration in Zn homeostasis or any decrease in Zn concentration of human body
will, therefore, result in number of celluldisturbances and impairments such as i) immune
dysfunctions and high susceptibility to infectious diseases, ii) retardation of mental
development and iii) stunted growth of childi@iack, 2003)

Selenium (Se) deficiency in Scandinavia and Finland besn a significant problem

i mpacting the popul ationds cardiovascul ar
addition of Se fertiliser on all crops grown in these countries. Major studies have been
conducted in the United Kingdom (UK) k¥ran, 2008)reporting that the current average

daily amount of Se eaten by people in the UK is half the RNI. This is an alarming statistic
because Se is important in the human body in reducing the risk of cancer and cardiovascular
diseas€Combs & Gray, 1998)Reilly, 1996)

The mineral content (TE content) of grains has unintentionally been decreased since the plant
breeding efforts which started the (Fgmeen
2008)it was discovered that the TE concentration in grain leasedsed markedly since the
semidwarf cereal varieties were introduced. It is thought that the reason for this is that the
T E 6 distribaetion at grain fill (with photosynthates) from the leaves and stem to grain does
not catch up with the much enhanaeedistribution of photosynthates in these selwiarf,

short straw cereal crop varieties. There is currently a worldwide program called Harvest Plus

(www.harvestplus.ofgwhose goal is to breed crop cultivars wilevated TE levels in the

grain to address this issue.

Like most complex problems, the solution to these deficiencies must come from an integrated,
multidisciplinary approach for improvement. High yielding varieties that require more
nutrition to develogo their genetic potential are of little advantage if they are planted on TE
deficient soi |l s. This will al so become a
varieties that are more efficient in extracting nutrition from the soil and depoditinghe

pl ant 6s g rpemgnapproakh wheréby agronomic knowledge of soils and plants

13
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combined with plant breeding and observations of the nutritional status of the human

popul ation is the best way to i mprove healt!/l

Grain farmers role in lifting human nutrition

Farmers have the potential to increase their productivity and profitability through using trace
elements. Consumers of the future will be demanding an adequate level of mineral nutrition in
the food they eat and farmers must encourage this and in turmdentae monetary value

for food thatis enhanced with minerals. Organically grown produce contains no actual
additional mineral nutrition benefit over nanganic producéAlan D Dangour, 2009and

yet it commands more money from consumers. Farmers sheuldwarded for food that is
enhanced with mineral TE6s and is more nutr
by marketing spin with no additional nutritional benefits. Food processors have the potential
to use raw food ingredients that havem&nhanced with minerals naturally by farmers using
fertilisers on their crops. This would reduce the instance of food contamination at toxic levels
at the processing stage such as the melamine scare in milk in China during September 2008.
Melamine was u=d in China to make milk appear higher in prot@nais normaly used in

plastic products. The addition of melamine to milk powkiled at least four children and
caused illness to 53,000 inhabitants in mainland CgAdd?, 2010) Minerals are best adde

to plants rather than at the food processing stage to ensure the minerals are in plant products
in forms that are able to be absorbed by humans and animals and in biologically metered

amounts to lower the chance of a mineral toxicity.

The broadacre farmg industry is a stakeholder in the issue of TE biofortification of food.

The Australian and global agricultural industry should embrace trace element nutrition as a
quality parameter for differentiation just as it did more than 50 years ago with product
differentiation based on protein. More value could then be derived from this for the producer
and throughout the entire grain product value chain. Policy makers, by understanding the
value of having elevated and adequate levels of trace elements in fomulat the issues of

heart disease, cancer and other preventable diseases based in part on inadequate TE nutrition
will be better equipped in their decision making. Australia may also be able to create more
benefit in its ongoing aid efforts to countriagfering food production shortfalls by assisting

with food aid containing elevated levels of nutrition to assist health goals instead of just

throwing money at problems of this type.

14



Why TEGs ar e | mplantst ant t o p

The very first 60 dayare crucial tgplant growth and are amongst the most important. These
early days of crop growth can determine the final yield so it is important that plants are not
stressed when they are sensing their environment and placing energy into root exploration and
shoot growh. The challenge for plants is that most soils worldwide have deficiencies due to
poor past management practices of the parent soil material from which they originated
causing modern deficiencies and plant stresBaemers must manage the growth of their

plants and crop according to the needs based on the type of plant and the soll it is growing in.
Supplying TE6s to plants not only optimises
plants to survive and thrive through stressful growth peribds ¢an reduce vyield is also

widely documented, especially the importance of fbakmak I. , 2008) TEG&6s ar e vi
medi ating the production of pl ant hor mones
Acids as components of eimpodaptrfoe dediatingtghoets &d h o r n
plant stress responses. This concept is illustrated in Figure 1 below. By providing an optimum
environment for plant growth in the soil, with TE nutrition as a vital component, the crop is

set up to thrive in good cordins and survive stress.

Plant Hormene Cycles

STAGE | STAGE I1 STAGE 111 STAGE IV

Germination Ui?ehtive Flowering Maturity
& Establishment rowth & Ref i &

Cytokinin Auxin GA ETH ABA

)
Cell Maturity Soqeeg

Hormone Levels

Q.
Cell Sizing

Cell Initiation
(Cell Division)

Key Nutrients
Hormone N, Ca, P, Zn, Ca, Cu, Mg, B, Ca, B, Mg, B, Cu, P, K, Mo,
Co-Factors Mg, K. Mn Mn, N, Zn, NO3 amine N Mg, amine N

Any imbalance in these hormone cycles at any time can i ibly reduce genetic

Figure 1: The Plant Hormone Cycle during plant growth and the key Nutrients that are Horméawo@o
(Stoller, 2009)

Farmers in the Canadian prairies have been observing decreases in the fungal disease ergot
where plant tissue test levels of copper are adequate or high. Ergot is also observed to be a
problem along with copper deficiency in New Zealand and often assbeiéte crops grown

in soils with high levels of organic matter. Farmers in lowa, USA have been observing less

15



As udd e nfusdraia solami a fungal disease in soybeans, in fields where chicken litter
(containing TEOG6s) has baasfartilisedvathout eclicken litterp a r e
Zinc in the UK is being used in wheat to increase early growth, it also was observed that it
regulates hormones essential for flowering and strengthen the fibrous root mass of the plant
(Fuller, 2009) This is suppded by(Stoller, 2009who produces plant enhancers containing
TEOGS and pl ant hor mones for crop product.i
approximately 70 grams of Zinc. Where has or is this being replaced from? This is an
important consideration fo f ar mer s as the TEOs taken off

diligently as the macrelements of Phosphorus, Nitrogen and Potassium.

It is never advisable to let plants fall into a significant TE deficiency as up to 20% of plant
yield can be sacrificed beor e vi sual symptoms are evident,

of the plants where yield loss can occur undiagnosed by the farmer/advisor.

Global Discoveries

Ismail Cakmakfrom Sabanci University in Turkey has discovered that zinc and nickel can
affect nitrogen metabolism in plants When they are deficient there is no avenue for amino
acids manufactured in the | eaf to be conve
dysfunctional in protein synthes@Sakmak |. , Trace Element DiscoveriesTiarkey, 2009)
Molybdenum is vitally important for low temperature tolerance and in addition it is needed by
enzymes to produce abscisic acid for stomatal regulation in plant leaves, resulting in
implications for plant water use efficiency and droughvisat when adequate molybdenum

is absent.

Boron is important for early growth and cell wall strength in addition to its important role in
pollen formation, survival and viability. Canola plants in Canada and Australia ¥anaha
demand for boron that outstrips the soils natural ability to supply enough to fulfil flowering
requirements. A foliar application of boron or an upfront treatment at planting will ensure this

does not hold back genetic expression and yield.
There ae interactions which have been observed between plant manganese levels and take all

disease in wheat, where manganese is deficient take all yield loss is greater. A similar trend is
observed with crown rot damage in wheat being more pronounced when ZAlaficient.

16



Additional Zinc will be beneficial to yield if crown rot is a risk factor, especially in

susceptible cultivars such as Durum wheat.

Trace Elements in Australian Broadacre Cropping Systems

TEGs applied i(mrohe |toteedldnnagedvgry impertant in drier years
when the plant roots are ngtowing vigorously and they cant intercept nutrition readily.

Work done in the study byOzturk, 2006)which was reinforced byCakmak I. , Trace
Element Discoveries in Turkey, 2009fvealed that seeds with relatively low Zinc
concentrations showed poor seedling vigour and seedling establishment. Conversely, seeds
with relatively high Zinc concentrations act to protect the germinating seedlings from
infection by so#born pathogensand increase seedling tolerance to environmental stress
factors such as drought, extreme temperatures and salinity. In Australia we are routinely
subjected to all the above stresses so that having an elevated Zinc concentration in the
developing seedlingsian advantage. The above references also stated that Zinc should be
provided to seeds at levels that exceed the optimum level for the crop itself to achieve
optimum seed viability and seedling vigour, especially when planted under stressful

conditions.

Bi otech crop requirements for TEOGS

Concentrations of iron (Fe) and manganese (Mn) in glyphosate tolerant plant seeds and Mn in
the plant tissue have been discovered to decline after application with the herbicide
glyphosate(Cakmak, Yazici, Tutus, & zturk, 2009) This has broad implications for the

suite of crops that are genetically altered to be resistant to glyphosate and it is recommended
that anutrientfertilisation andplant breeding strategy be determintecddress this issue. The
mechanismof this interaction appears to be quite specific and may affect seed quality for
germination and the mineral content of the grain for human and animal nutrition. Work by the
Stoller company in the USA indicates that the mechanism involves thehatyglygosate

kills weeds by limiting the amount of auxin transport from the new leaves to the roots.

Therefore, the roots of weeds do not have enough auxin for continuous new cell division.

On the other hand, glyphosate resistant plants appear to have tlye@lpildve enough auxin

from the leaves to the roots s@tthe glyphosate does not stop cell division in the roots.

17



It is becoming more apparent froht o | research thatuding certain periods of climatic
stressor due tosoil conditions(wet soil ordry soil) glyphostate resistant crops cannot move
adequate auxin from the new leaves down to the growing root tips. Therefore, there is
interference for a short period of time in cell division and new root hair formattois.

during this condition thaglyphosate can cause manganese deficiency in soybeans and zinc

deficiency in corn. More commonly copper deficiencg beennoted(Stoller USA, 08)

Global Impact

The World Bank reports that by 2030, 50% more food will be needed, including an 85%
increag in meat demand. The Pioneer seed company in the USA has a goal to increase corn
and soybean yields by 40% by 2018. To double crop yields at current production trend
increases there will need to be a 2.5% increase in crop yields each year for theyeat30

We need to bend yield trend |ines upwards t ¢
With all of this new technology being used to produce plants with enhanced genetic potential

there is relatively little work being done on fertiliser researchdawvelopment.

ARSeeds produced with the technology of 20
t e ¢ h n ¢Blaio, 0P

Breeding alone will not answer a requirement for higher yields. Plant densities need to be
increased and more water and nudritiis needed to meet this challenge. As yields are
increased, more nutrition is removed from the soil and nutrients are transported away from

where they are required to grow nutritious, high yielding food crops.

Approximately 100 million tonnes of nitreg is used globally each year and is only taken up

and used by the plant at 50% efficiency. A (
more than ever before for a human popul ati ol
in this may be its ality to improve the utilisation of macrelements like Nitrogen,

Phosphorus and Potassium.
Politics and Crop Nutrition
In Australia crop nutrition does nafften enter into politics, however in Europe it is being

regulated at the farm user level across the European Union (EU). The current EU directive is
18



to decrease¢he use of inorganiphosphorusand nitrogenousertiliser by agriculture The
reductiors in Nitrogen (N) arerelated to availability of organic N. Fertiliser N is deemed to be

100% available in the year it is applied.

From January 1st 2010 Ireland organic N is deemed to be between 30 and 50% available in
the year of application depending on theawig product one useBor example in pig and
poultry manure the N conters deemed to be 50% availabileFarm Yard Manur&YM it is
deemed tde 30% availabland in Mushroom Compost the N is deemed to be 45% available.

Organic P and fertilizer P adeemed to be 100% available in the year of application.

This directive will have a dramatic effect upon crop production systems throughout the EU.
Efficiencies of Phosphorus use must be improved or farm grain production and profitability

wi || pl ummet . The wutilisation of TEOGse to i1
efficiency and availability is an area that requires further reseéarcthe current political
environment in the EU, however, organic sources of nutrition and more efficient use of

fertilisers are a necessity to maintain productive and profitableudtgne.

How leading farmers and advisers are using and recommending
TEGs in broadacre field crops

Just like people, plants witlit healthstresgsare more productive

Kip Cullers a farmer from Missouri, USAolds the world record for growing the hagt

yielding soybean crop in the worltie is a vegetable farmer who also grows soybeans and

corn, using his expertise across vegetable and broadacre crop types to succeed. He nurtures
his crops as much as possible, irrigating them when required, papsg aftention to the

planting arrangement and exact distances between plants and uses a meticulous fertilisation
strategy together with the best crop geneti
are growing O6di e andbsdrayybd .alMovue naenedd vytioe |l ndadk e
the best farmers in the world was their at:H
producing the highest yielding crops in the world and they are part of the attention to detail

and the recipe thatrpducers like Kip use. Just like a master chef who alters his recipe to
enhance the result, a farmer needs to change his strategy and his inputs to maximise the end

result of yield and quality.
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Figure 2: Kip Cull er éds wotrieldbd ainfost Ofmnesthectarie e | di ng soybe

Testing for trace elements

~

Ailn business what gets measured gets donebo

Zinc deficiency is an ongoing issue in Australian agriculture and until it is tested for, or
symptoms are recognised in plants, it will continugdaauntreated. st of the coastal land in

the cultivated belt of Australia through Victoria, South Australia, Queensland, Northern New
South Wales, the South West of Westerrsthalia, and theoastal areas of Tasmia, have

all been found to have zinc dagéncy (Alloway B. J., Zinc in Soils and Crop Nutrition,

2008) Close to 50% of the world cereal cropping soils are deficin zinc and an estimated

50% of the worldés population is at risk of
(Cakmak, 200) (Alloway B. , 2003)
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Addressing Trace Element Deficiencies

Farmers and crop advisors need to understandatkatical value and the analysis for a
deficiency performean a plant tissue is really only applicable for that particular location

the study or experimentPublished critical values need to be taken as a rough guide in the
context of the crop variety, crop type, field, farm, region and country that they have been
taken in. Critical values derived from tissue and soil tests in individyegdrignents are often
extrapolated and used as guides in situations where their relevance as a yardstick is
guestionable. The experimental error present when taking a tissue test renders the results
usage as a guide questionable, even in small plots atulartal crops. For example, in a
typical broadacre cropping situation where 100 plants from a field of 65 hectares are samples
for a tissue test, there are 1.75million plants/ha potentially (using wheat with a 1000grain
weight of 40g and a planting ratef 60kg of seed/ha). This field of 65ha would have
theoretically more that 113million plants of wheat in it.

Averageplant tissue testalues for nutritioal guidancen fields such as the one described
aboveare not adequate. Therefore critical valpablishedn literature are not adequatden

the average tissue test value for a field of plants is.used

If the average value of a group of plants being tissue tested is close to the critical value
then MORE fertiliser is required to optimise plant growth. The affordability of this
approach needs to be determined for the individual situation. Nutrient demand is
determined by yield and the economics of the fertiliser application depend upon the

return on investment or profitability of the exercise to thegrower.

Lessons from Trace Element Management

One approach that may have merit in Australian cropping recommendation systems is to
demonstrate to farmers and advisers a range of levels that cavifiene the nutritiortest

level sits amongst other fields sampled with crops growing at a similar growth stage

Visual symptoms observed by the grower and advisomadlely cited as one othe best
means of diagnosing and then correcting a deficiehbg. issue here is thaften 20%, and
up to 40%, of the yield may be lost without obvious symptoms. This is termed a transient or

insipient deficiency. Farmers and their advisers educated with the knowledge of the visual
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symptoms as well as the soil and tissue values of@dig often the best means of diagnosis.

Figure 3 illustrates the difficulty of visually assessing a deficiency with boron deficiency only

obvious in the reproductive growth of the sunflowers displayed.

Figure 3, Varying levels of Boron deficiency in flomwers affecting reproductive growth (floweringjhe plant
in the front left has no Boron available to it, the plant in the front right hand side has 50% of its requirement, the

plant at the back left has 75% of its requirement and the one at the diatdkas 100% of its Boron requirement.

Once there are TE deficiency symptoms, the mechanics and processes of the plant cell may
have already been damaged beyond their ability to recover and to produce effective growth.
Plants are akin to a complex machindhat needs to be adjusted t|
run efficiently. Specific examples of this are when Zinc, Manganese, Boron and Copper
deficiencies, that are not detected and remedied before flowering, result in the pollen
formation being adverseBbffected.

The largest returns on fertiliser used will nearly always come from situations where there is a
pronounced deficiency and the crops are suffering large losses. However, there are additional
profitable gains to be made also where yields are dngha deficiency is holding back further
yield. Additionally where there is a biotic or abiotic stress that could affect plant growth,

having adequate TE nutrition assists the plant to survive and thrive.

In California, USA advisers and growers in therticultural industries are fertilising above
recommended benchmarks, giving field average leaf tissue test values that are over and above
recognised published critical values from research. This is done to fulfil the needs of all plants
in a field to enste none are deficient. However, this approach is not always possible in
broadacre field crops where the cost of fertiliser can be a high proportional cost in production
meaning that sometimes fertilisation for optimum agronomic performance may not be

econanically viable.

AThe critical val ue i n -1@% redaction in tgrevah, this is anwh e r

i nsipient deficiency. o (Patrick Br own, 200
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growers who fertilise with the aim to have 95% of their abpve a recognised critical value

will result in a field mean nutrient concentration of at least two standard deviations above the
established critical value derived from scientific research. In plain English this means farmers
need to fertilise more ondbeir average field tissue test is equal to the established critical

value.

How much trace element fertiliser should we apply now given the
discoveries above?

The established practice in production agriculture is that TE fertilisers should be applied to
reach a critical value and then no further production gain is to be made to fertilise beyond this
point. The above theory would appear to be correct on its own, however the variability
inherent in sampling plant materials for analysis and the variabsityween plants within a

field mean that a critical value used for guidance without knowledge of variability within

plant samples will give a false i mpression

The YARA/PHOSYN company have taken the innovative step of leadiing leaf tissue
samples they have analysed and graphed, sho
plant growth using the program MEGALAB. This analysis of information for a given region,

crop type and TE type is powerful data enabling a fartoebenchmark his/her crop
performance against. Currently most tissue test reports only tell the grower or agronomist
whether the sample submitted is adequate or not. This information alone is not adequate for
optimisation of the managegmerd. Agnovewand histhdr adoiserg h |
need to know where their sample sits amongst a benchmark of crops within the region, crop
type and for the specific element. Armed with nutritional benchmarking information the
farmer and his/her adviser can themadi de how far to push the p

given the profitability of specific inputs in question.
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Figure 4: This graplilustrates the amount of molybdenum in Canola plant tissue samples in Victoria and the
upper and lower limits associated with the tegtancl, 2009)

Fertiliser applied to soil is a good investment as long as the soil has the ability to give the
nutrition to a plant when it requires it. Foliar applications of fertiliser have a place where soils
are hostile or strongly absorb a given nutr.i
particularly if there is a macrelement that binds it. Commomtéractions like this are
Selenium and Sulfur and Zinc and Phosphorus. A general philosophy in terms of ameliorating

a plant nutritional deficiency iIis to fAkeep
advisable to make rash changes in thelifgr program until the correct reason why the plant

is deficient is determined. Generally, leading advisers and growers advise taking a measured

and logical approach until a comprehensive view of the nutrient interactions can be gauged.

Producers and dwisers need to be mindful of the interactions between elements when
deciding how much to apply to correct a deficiency. This balance between nutrients in the soil
and the plant described simply Gylulder, 1953)demonstrate the effects that elements have
on TE nutrient availability.
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Most nutrients interfere with the availability or uptake of another which ied¢ahtagonism.

In Figure 5 below, the lines cakd green indicate an antagonistic relationship between each
connecting element. Also, soreements can stimulate the uptake or increase the availability
of another. Theserles are indicated by the colourple.
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\
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Anatagonism ——— Stimulation =—————-
Figure 5: Mul der 6 s CHaacque,8¥I0) Nutri ent I nteract

Examples of the antagonistic and synergistic effects between nut@eats

a where excessive, phosphorus applications will reduce the availability o
calcium, potassium, copper and zinc which increase in sterilésfl@egyot, lodgin¢
and disease

a high levels of calcium will reduce the availability of phosphorus, z
magnesium, iron, potassium and manganese. This reduces seedling vigang,1
standability and maturity

ua high nitrogen fertilization can reduce the availability of boron, potash
copper. This Increases sterility, ergot, flowering, increasing ihadgnd increasin
transpiration

U increased levels of boron will increase the availability of nitrogen.

Increases chlorophyll, protein and amino acid productianocque, 2010)

Croptypes and species also have varying responses to TE application based on their genetics.
Table 1 below highlights #h differences that require consideratimhen testing for and

treating a deficiency.
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Table 1 (Alloway B. J., Zinc in Soils and Crdgutrition, 2008)

Genetic response of crops to treatment with Trace Element fertilisers

Zinc Copper Boron Manganese | lron
Barley Medium Medium Low Medium High/Medium
Canola Medium Low High Medium -
Oats Low High Low High Medium
Wheat Med/Low High Low High Low

Farmers need to assess their crop production in each paddock on their farm separately from
other farmers in their area and critical levels for TE deficiency need to be determined for their
system. Farmers may think their levels of fertilisatame adequate based on published critical
levels of leaf tissue analysis or soil testing. However, the critical level for each farm needs to
be determined by the farmer to afford him the greatest profitability. Each field, crop type and
variety has a slight varying requirement for nutrition. No biological system is identical. To
achieve an average optimum an overview of the system is required and is best done by the

farmer with the right information.

Innovations in TE application equipment and technologies, globally

Appl i cat i o mdoliaodpplicatiod sarlyvnit@e cr opés growt h abov
wastefulin a broadacre situatioas there is littldeaf area for uptake. It isore efficient to

apply TEG6s i n a onceotlerie asr70% ar nor@ ground cover bylants. Foliar
applications of zinc (Zn) have been found to improve grain zinc concentrations ligl@®

(Cakmak, Yazici, Tutus, & Ozturk, 20Q9An alternative means of application is with-Zn
enriched urea applied to rice and whedtisThas been found to significantly improve both

crop yield and grain zinc concentrations also. This has merit in situations where it is not

practical or easy to apply foliar TEOG6s.
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Figure 6, Some of the liquid application equipmentusddine | and t o firow | oado nutri e

In order to ensure there is not a defi@y in the plants prior to a foliar application at 70%
canopy cover, it is advisable to have nutrients in the furrow with or on the seed for early
growth. TE fertiliser reeds to be applied witlon or near the seed at plantinguccess has

been gained in some broadacre systems by coating seeds or soaking them in a nutrient
solution containing TES®Os(Ozurkj2006)antd (@akmpak ant i ng.
Enrichmentof fertiliser with zinc: An excellent investment for humanity and crop production

in India, 2009)foliar treatments applied late in the seed development were found to be
effective in causing distinct increasing seed Zinc concentrations. These incream®® bec
more pronounced with the frequency of zinc application.

It is currently thought that the best timing of application for TE foliar applications is under
higher humidity conditions when leaf uptake is also optimised. Generally the same rules for
applying foliar applications of pesticides should also apply to applying TE fertilisers in a
foliar delivery system. The main elements of this are to monitor for higher humidity, lower

plant moisture stress and optimal temperature during and immediately poshtagppl

Alternative Trace Element Fertilisers

Organic materials from industry (paper pulp) or intensive animal whsta Cattlefeedlots

and chicken broiler farm)s ar e a wor t h whifi theg carsbe aconomically f TE ¢
sourced. Userseed to maitor contaminants such as heavy methkt can cause issues such

as arsenic in chicken litter and heavy metals such as Cd in paper pulp. Farmers who use
wastes as alternatives to conventional fertilisers successfully, like Kip Cullers, apply 3 tonnes

of poultry manure per acre each year and find that the nutrition from this is over a slow and

extended period and the best type of starter fertiliser. An analysis from a large commercial
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