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Executive Summary

This report investigates the link between plant science resegm@ctical on farm processes
and digital tooling to enable better management of defined zones widrimland It intends
to help growers make decisions with a better understanding of how they caseuglievant
farm and climateeal time andhistorical datag overlayed with research agronomyto gain
more profitandreduce emissions

The aim is to give confidence to farmers when adopting new agricultural technology or system
changes within operations and help identify areas that would beérfiefm new investment,
ensuring that time spent using new technology equates to money gained and not just an
addition to an already overburdened workload.

Fundamentals that need to be considered when looking at making systems changes or on
farm investmentsre highlighted. It also provides insight on how to use new tooling to ensure
crop production is reaching potential.

It is vital to addressll general farm business practices prior to new technology adoption.
Qurrent onfarm equipment and management sgms should be reviewed to investigate if
new goals can be achieved without new technology adoption.

Thoroughly explore agricultural technology options including their accessibility, cost and
serviceability and appropriately allocate within the budget famy transition. A well
constructed plan for financial investment is critical.

Employing experience can be difficult when transitioning into precision agriculture and data
analytics andit isdependenton whetherthe farmer has access wofessionakervces

There are profitable gains to be made with the application of rewechnolog, but plant
biology remains the same, soistimportant to ensure any changesade willimprove profit
Furthermore, it is also vitato understand how changes improve tgeowing environment for
the crop, and the end yield result.

Risk and interest drivilne focusof farm budgetsbut with more seamless technology systems
being introduced; and a critical approach to business observatipuigital agriculture and
technology adoption can provide new opportunities to maintdongterm business
sustainability.



Table of Contents

EXECULIVE SUMIMAIY ... uiiiiiie ittt e ettt e e e e e ana e e e e e e e eettaa e e e e e e e eeessnameeeeeees i
I 1o (0] @] 1= o 3PP \Y
LISE Of FIQUIES... et e e e e e e e e et e e e e emra e e e e e e eeennnes v
S 0 N = 1] = PSSP v
0T 15110 (o PSP URPRPPP Vi
ACKNOWIBAGMENTS ...ttt e e e e e anee e e e e e e e e e aaban e e e e e e e eesnaneeeeeeenes Vil
F Y o] o] €23V F= L1 o] o T PPPPPPPPRPPPPN Viii
(@ 0 T=Tox 11V SUPPPPPPTRN 9
(O gF=T o) (=T g AR [ 11 0T L1 Td 1[0 o P 10
1.1 Learning from the TOp 2Q%0........ccoooiiiiiiieiee et 11
Chapter 2: FarmMing SYSTEMIS ... ...ttt mr e e e e e e e e e eaeas 12
2.1 Water in grain ProduUCHION........ccooeeeiee e eaennanne 12
2.2 Nutrition and CONAILIONL.......ccoeeieiiiee e eeeeeees 15
Case Study: Francis Farms, TeXaS.JUSA .........uuuuuiiirriiiieiiiiissssnssssnn s e e e e e 19
Case Study: EMBRAPA, Brasilia, Brazil.............cccccociiiiiiiiiiiiiinisneeenee e 20
Chapter 3: TECNNOIOGY. ... ..uuuuuiiii e 22
3.1 Precision Agriculture (PA).......ccoo ot 23
3.2 AQronomiC KNOWIEAQGE. .........uuiiiiiiiieieee ettt 24
3.3 Techntogy from fertiliSer........coooeeei i 25
IS S T=T=To o] oo [F{od 1 T0] o FUU PP TP TOPOUPPPPPPPPPR 26
Case Study: Pioneer Dupont, Des MOINES, . USA.........iiiiiiiiirieeeeeaeeeeeeeeeeeaeeeens 26
Case Study: Louisiana State University, Rayne, USA...........ccccccieeiiiniiiee, 27

3.5 OPLICS AN IMABGEIY. ...eeeieieeeeeeee ittt e e e e e e e e e e e e s bbb e e e e e e e e e e s e annes 28
Case Study: Stanford University, USA. ... 28

3.6 SUDSOIl IMAGEIY....ceeiieeiieeieeieie s e e e e e e e e e e e e e e e e aaaaaaaaaaaaeeaes 29
Case Study: NATIVA, BIrazZil.........oooeeiiiiiiiiiiiiiiiiii s n e a e e e 30

3.7 Equipment capacity and CONNECHIVILY.............coeeeiiiiiiiiii e 31
Manual INPUt SETUP data..........cccoeeiiiiiiiiiii e 31
USB OF SD CaAUS ...ttt e e e e e e e e e e e e e e e e e e e et e ettt e et eeeeeeeeeeeeeeessnesesnnennnnes 31
INEEINEEIEMELIY ... e s 31
Case Study: Lindley Downs, QUEeNSLand................uuvvurermimrimmiimmniiinnne s 32
@0} o T3 [F 1[0} o PP 37
RECOMMENUALIONS ...t e e e e e e e e e et e e e e e e eesanimeaeeeeees 38
] (=] €= o = U 39
Plain English Compendium SUMMAIY...........oiiiiiiiiiiiiiiieee e e e e e 41



List of Figures

Figure 1: GRDC, Northern Updates July 2014..........oooviiiiiiiiiiiiiiieieeeee e 14
Figure 2: Cluster plants grown in Texas. Source B, A, Stewart, 2017............cccevvenneee 14
Figure 3: Cluster trial seed meter discs. Source B, A, Stewart, 2017.......................... 15
CAIdzNE nY MRiBWMASBUWEXE.....[.k.0....2.F e 16
Figure 5: Farms are growing. Source: Peter Gooday, ABARES (2015).............ccc.eee. 17
Figure 6: Zone Map, generated from Filedvie®ource, L.P Bradley, 2018.................... 18
Figure 7: Francis Farms, Texas Source: Author, 2017............uuueviiiiiiiiiiiieee e e 19
Figure 8: Francis Farms, Texas Source: Author, 2017............vevieimiiiiiiiiiieeieeeee e 19
Figure 9: EMBRAPA P trial site, Brazil SOurci@m 2017............oevvveevvimvverrrnnnnninninnnnnnns 20

Figure 10: Cerrado Natural vegetation, West Bahia, Brazil Source Author, 2018.......21
Figure 11: Corn crop with Bracaria grass intawed and banded nutrition. Source Author

120 PP PPPPPPRPT 21
Figure 12: Data inside the harvester. Source L.P Bradley 2017...................cccoeeee 23
Figure 13: Watchdog Weather Station Source L.P Bradley 2017.............ccccvvvvvunnnnnnns 24
Figure 14: Pioneer Dupont, Des Moines, showihg thange in corn cultivars through

history. Source AUthor, 2017....... .o 26
Figure 15: LGC Hydrocycler at LSU. Source Author 2017..........cccooovviiiiiiieiiieeeeeeee. 27
Figure 16: Source D. Lobel, Stanford University, USA 2017........ccccceeiiieiiiiiiinneieeneennn. 28
Figure 17: Source VNET, Australia 2017...........coooviiiiiiiiieiiiieeeeeeeieeiiveeeesevaenns 29
Figure 18: NATIVA testing equipmeriprmosa Brazil Source L.P. Bradley 2018......... 30
Figure 19Produtiva Farm, Formosa Brazil. Source L.P. Bradley 2018....................... 30
Figure 20: Chickpea. Source Author 2016-igure 21: Wheat. Source: Author 2017.....33
Figure 22: PAW Zoned Layer Source: AUtNOr 2017..........oevvviiiiiiiiiiiiiiieieeeee e 33
Figure 23: NDVI Image Jw2€17. Source Precision Agriculture 2017...........ccceeeeeennnn. 35
Figure 24: Prescribed Urea Layer. Source Echelon, 2018............ccccccociiiiiiiiiiiinnnee, 36

List of Tables

Table 1: 1 Source USA
(http://3.bp.blogspot.com/_otfwl2zc6Qc/TCINcrIJvGOI/AAAAAAAANIY/S8hwBzi_3uk/s16

(01074 {00 1 o T ) PSSP 10
Table 2WUE of wheat; northeast NSW and soutleast Qld (20072012).Source: Fritsch &
Wylie, AGripath 2017........coooiii e 32
Table 3: Av of field versus zone management. Source: Author, 2Q17..................coe. 34
Table 4: Whole Field Tonnes. Source Author, 2017...........uiiiiiiiiiiieeeeee e 35



Foreword

In 2011 | took on a newusiness venture leasingd®O0 hectaresin the Orion farming district

on the Central Highlands in Queensland. The region can be defined as rolling to slopping hills
marked with contour banks, varying soil types and depths, spotted with areas of sodjc soils
accompanied by varying weather patterns and often heavy downpours (270mm overnight).

With no previous experience farming in these soils and topography, it was paramount to build

a datathat we could use to help uslentify and manage these variabilitidsitially starting

GAOUK FAYIFIYOAlLT o6SYOKYINJAYy3 G2 SyadaNB (GKI G
concentrate onwater use efficiencfWUE)and realised that the environment and farming
systems adopted played significant parts in the benchmark&tEwW

After spendinghree years countless hours and too mamppdownloads, | began to use only
what my machine software provided and our relevant research figures to build my
prescription maps and define our management zones, with the goal of neaxgproduction
whilst reducing financial and environmental risk, all without outlaying more money.

Whilst | had noble intentions in my quest to improve our farm management, it was the
information that our machines had been gatheritngit gave me the abilityd plan our future
farming systems. This datalong with our financial benchmarkingelped to outline areas we
were doing well and areas that required further atteort.

My report highlights the fundamentals that need to be considered when looking aingak
systems changes or on farm investmeritsprovides insight on how to use new tooling to
ensure crop production is reaching potential.

The Nuffieldcholarship presente@n opportunity to explore in depth an emerging industry
of new service provider® the farm. It opened doors toesearches, government,farmers,
educators andeaders around the world. The experience has broadened my gieat only
on the grains industry but all ofagriculture andworld trade.

| have visited Brazil, Argentina, ileh Uhited States of America @A, Canada, The
Netherlands, Italy and New Zealarmthd was amazed at how vibrant and positive the
agriculture community isas well apoised and ready to meet the challenges of tomorrow.
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Objectives

The objectives of this research were to defiagricultural echrology that would offer
valuable return on investmer(ROIwithin the followingcriteria:

T

= =4 4 A

The role of watelin plant production and how farming systems can benefit fram
micro-climate.

Limitations inplant nutrition andsoil condition.

Possibilities and limitations of curremtgriculturaltechnologies.

The smplicity of data transfer to aithrm management decisions.

Spatialdata inputs.



Chapter 1: Introduction

As global food has become cheaper (Table 1), farmers have continuonshaied their
farming systems to increase productivity, improve quality, and maintain profit margins.

Food Expenditures
Share of Disposable Personal Income
1929 - 2009

28 -

24 -

20-

16 - Percent

12~

9.47%

Source: USDA
8= | | [

| | | | |
1930 1940 1950 1960 1970 1980 1990 2000 2010

Tablel: 1 SourcdJSA
(http://3.bp.blogspot.com/ otfwl2zc6Qc/TCIONcrJvGOI/AAAAAAAANIY/S8hwBzi 3uk/s16

00/food.|

With the development of spatial referencing, farmers have gained new abilities to monitor
analyse and control their farming systems. Despite this, adoption of addaprecision
farming has stalledNew machinery purchases come with some level of new gadgetry that
makes up the useful side of thegrtech industry, and with companies like Monsanto, John
Deere and AGCO headlining financial papers with acquisitions, teeesh in data and
information is evident.

With Global Positioning Syste(@®P$equipment becoming standard farm inclusions in the
fLr0S wmdphpnQa Sindtdingl the releas€d thel pbcked Int&rnet device that
attention has been given to what possible with new technologies.
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Silicon Valleyas been producing endless new apps from new sigrcompanies filling the
air with excitement that silver bullets wibme firing out of every farme¢#hone and world
food security willsuddenlybe achievedfor the next 100 years because computers arere
advanced.

Yet the reality is thaplants donot need the internet to grow, and phones do not print cash.

Farmers all over the world prioritise cost control as the key to remaining viable. Farm budgets
however look very differenacross the worldFuel,labour, machinery,agro-chemicals and
environmental management expenses vanpstantiallyfrom region to region and are largely
impacted by world trade andovernment regulation.

Australianfarmers opeate in one of the most extreme and varying climates in the wdtlid
an extremely developed society with high employee standards, strict environmental
regulations It is alsaequired to service consumers with a growing choice of products.

1.1 Learning from the Top 20%

The GRDC has publishedresedfcE I Ny Ay 3 FNRY ( KGRDOI2D1Ghishr™z 4 2 L
involved collecting up to five years of benchmarking data from more than 300 cropping
businesses nationallyrhe main take home messagasluded:

1 Top 20% businesses are regularly generating 10% more crop yield from a similar
investment into fertiliser costs.

1 Replicating Top 20% farm business performance requires developing -eosiw
business model in addition to optimising gross margins.

1 Strive to keep variable costs less than 40% of business turnover.

1 A 0.8 to 1.0:1 machinery investment to income ratio is possible while maintaining
excellent operational timeliness.

1 Top 20% businesses can keep Total Plant Machinery and Labour (TPML)cetis
below 25% of business turnover compared to an average of 35% across the data set.

Whilst this information has been researched frgnain andfibre productionsystems other
aspects of agricult@ production operate under similar systamNew tools are giving
farmers greateropportunities to manage their business in new waysncluding greater
transparency for cost control and new marketing opportunitiggstralian agriculturshould
lead the world to new standasin production, environmental stvardship and food safety.

11



Chapter 2: Farming Systems

Australian farmers produc®od and fibrein one of the harshest and most variable locations
in the world. Withintense heat, strong windand historic rainfall charts to rival Ricky
t 2 y U fesfiang scoresa large proportion of research and development (R&&Y gone
into managing variable climat conditions and breeding genetics to withstand the
unpredictable weather.

To grow any plant requires three key componenigter, lightand amedian for the plant to

live into support and feed itselfAs a farmer, lte task of raising plants is distributimg
requirements and not limit its ability to use the water it can access, but to also manage the
financial risk of this investmentn both dryland and irrigation systemeater ¢ and its
management; are key to having a profitable and sustainable farming system.

2.1 Water in grain production
When water falls to the ground five things can happen

It can run off.

It canevaporate.

It can dain beneath the root zone.

It can emain in the root zone

In can be used by the plant for transpiration.

a s wde

Water run offcan be managedut should be reduced to ensure maximum water storage
capacity of the soil. The retention of stubbleas been a big driver in the adoption of zero
tilageand minimumtill operations, and more recently strgil and deep ripping in certain
soil types has indicated farmers looking to manage precipitation further.

Any form of tillage used in this fashi@mbeing used to target compaction or a soil condition
ailment that may be affecting healthy root development and nutrient and water availability.

To go further than thiControlled Traffic FarmingC{TfF has been implemented into many
farming systems towaid compaction from machinery frequenting the paddoakd to direct
water in paddocks at times of exceaslding in the reduction of waterlogging. Crop rotations
help to keep stubbles in the system without bui@ of pest and disease.

Evaporationcan ato be managed with similar techniqudsor example, @und cover over
the fallow period shades and cools the soil surfagarrowing rows up in the growing crop
has the same affect by obtaining canopy closure fasiey subsequent water increases the
cangy humidity reducing the opening of the cuticular on the leaf aiding to improved
transpiration activity.

12



Water lost beneath the root zonean be difficult to manageequiring the storage oplant
available water (PAWh the profile. But with cover croppg or short fallow plantings it is
possible to gain better use of this water to improve cover of the @iA Stewart, West Texas
A&M University, 2017)

In the northern grain region of Australikeeping water in the plant root zons what gives
plants the ability to perform in climates with high heat units and variable rainfall patterns
0An extra 20mm of soil stored water could add 400kg/ha to yeldough to double the profit
Ay a2YS HR \indi, 20842 Yy A HE

The planningfor the storing of water starts with systems adopted on farWethods of
applicating fertilser to aid infiltration, planter row configuration to maximise stubble cover,
tyre configurations across machines and implements to travel on the-mterand redice
compaction affecting root development and water infiltration.

Transpiration increases yield!

A

@KS 3F2Ff 2F | RNBfIFIYR FINNSNI A& G2 dzasS I ff
available for grain filling.

GY =ET x T/ET x /TR x HI

When any ae factor is changed, the others are also changed but not always in the same
direction. Big yield increases can only occur when they are all changed in the positive direction
and ET is the first limiting factdré 6. d! {GSeFNILZ 28) ¢SElFLa !9

ET Evapotranspiration is the amount of water used by the crop between when it is planted
and when it is harvested.

T/ET Is the portion of ET used for Transpiration.
1/TR Is the kilograms of water transpired to produce a kilogram of above ground biomass.
HI: Is the harvest Index.

All components are expressed as dry weight.
Much of what farmers have built into #ir farming systems has focused on Rir example:

1 Wider rowconfigurations enable moisture to be rationed over the growing period.
1 Reduced plant populations ration higher amounts of water per plant.

However, both actions have a negateféect on the other parts of the equation:

1 Wider rows take longer to establiglanopy closure which increases evaporation loss,
and the stubble left over reduces ground cover.

1 Reduced plant populations reduce biomass which affects canopy climate.

13



With these fundamentalsit becomes increasingly important to evaluate hole farming
system influences the climate ithe cropwhilst well developed systems are reducing askl
returning well. @nstantcrop monitoring ofwater use efficiency (WUE needed.

Research has beetione to establish baseline WUE and NUE budgeting figure&GRRC
funded programs. The use of this data can be implemented into any farm planning budget.

100

y=851x-31.58 #1892 = 1993-1996

R7=0.73, P=0.001
20

Grain NUE (%)
o o
= =1

=)
=1

v = 4.80x - 50.90
R =049 £=0.1

20 T T T T
o 5 10 15 20 25
GrainWUE (kg ha™' mm™”)

Figurel: GRDC, Northern Updates July 2014

Figurel shows that not only does the plants ability to transpire more efficiently positively
effect yield, but this graph shows increasing WUE is directly proportional to the plants NUE.
In field trials can be done to study the effect of population and row sgaeiithin a season
(Figure 2)

> % \ ! . . r
.
n . & -
[
T Wity N X X . . ‘
“ ¥ o B N N v
Ay \ Iy e g " . A
- v -
e @y
% \ 4 - \ /

~

Figure2: Cluster plants grown in Texasurce B, A, Stewart, 2017
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By grouping plants, it is possible to check the performance of the selected plant spacing in a
Rowby-Population triawithout changing the planting configuration. The cluster leaves more
space around the plants on the end of the cluster row to allow for observational differences
of the plant. With even numbers of the seed holes on the meter discs covered over in quarters
of the discs and alternated by 90 degrees across the machine, it gives the same effect on the
plants as doubling the row spaciigigure 3) For accurate comparison, another lot of discs
can have every second seed hole covered to replicate the same pmpulahd yield
comparisons can be made.

ﬂ:: &, o o § v 1: 4 '
Figure3: Cluster trial seed meter discSource B, A, Stewart, 2017

2.2 Nutrition and condition
LYy mMynnzZ G§KS DSNXI Yy aoa S)fii Aad Wdzyl'}\drﬁszéi%y (’)[CR\Si
4) which states that

GThe rate of growth of a plant, the size to which it grows, and its overall health depend
on the amount of the scarcest of its essential nutrients that is availabl®t® it 6 h E F 2 NR
Plant Dictionary, 2nd edition, 2006

15



' soil conditions
and other growth facyq,.

o
c
=
i~
=
O 4

| Nitrogen

\ Phosphorus
Potassium

¥\ Magnesium

Figured: [ ASO0A3IQ& [ ISour@@F aAyAYdzy

Water isoften the limiting factor of crop production in Australia. Nutrition and plant oaii
command a significant portion of the farm budget.

Nutrition budgets aredesigned around expected yield potentiahd key drivers for this
assessment are

Croptype

Varietytraits
Paddockhistory

Soiltesting

Cost of fertiliser source
Application equipment
Contract services available
Riskprofile of the business

=4 =4 =4 4 45 48 -2 -9
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Farms are growing..... A

v
OUTLOOK

2.5
essmHectares operated Index Whole-farm receipts Index

2

1.5
S e el

1 w—/\
0.5

0

1977-78 1982-83 1987-88 1992-93 1997-98 2002-03 2007-08 2012-13p

Figure5: Farms are growing. Source: Peter GOodABARE&015)

It is easy to blama lack ofrainfall for less than expected yielddith so many factors to
consider, improved nutrition within cropping systems is likely to remaaimajor constraint in
Australian productionAccording to ABARES, the overadlls of the average farm and farm
business in Australia has continued to grow in recent y@&gare 5and so does the risk and
2ydza 2y | Yl Yyl 3SNIDA ndiabdedsipns.e G2 YI 1S azdzyR

Goodnutrition management is essentitd a farm business. Many farmers use rotation in a
way to help maintain nutrient level$or example, plse crops are now widely used to help
form a mutually beneficial relationship with rhizobia telp fix atmospherimitrogen. But

with years of continuous cropping and naturally occurring denitrification sequences such as
flooding and severe soil water saturations events, the inherit levels ofismben are being
depleted, even in the best soils.

Each year farmers in th@RDQorthern region make decisions on the amountnitrogen
fertiliser they will apply across approximatdtur million hectares of paddock, with most of
decisions made without the benefit of soil testing (GRDC, 2012). Bultlggttaon ofnitrogen
fertiliser in thenorthern cropping region can be up to 40% of variable inputs (GRDC, 2014).
This is expected to continue whilst soil organic matter declines, along with otiaero
nutrients, and the need for fertders increass

Baseline data needs to be collected thrbugarious formssuch as:

1 Soilmaps to consider solil starting and finishimgtrient levels
1 Harvestyield maps to considenutrient removal
1 Grainprotein levels to considemitrogenremoval

17
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The expense of large soil sampling operations such as grid sgnoplinoften be a hurdle in
providing more accurate analysis, particularly fields with varying soil typessaub
constraints, and topography. Having a sampling strategy and using geo referenced recording
of sampling sights can reduce the number of plo¢gjuired to give a more accurate
distribution of soil nutrition. A single sample within a varying field is not likely to give a concise
picture of the field uitrition status.

Figure6: Zone Map, generated from Filedviewource L.P Bradley, 2018

Figure 6 showafield separated into seven zones for better economic management of a 526
hafield. By having this type of reference data, the farmer can better ensure their investment
in nutrition sampling.

The goal of the nutrition strategy is to ensure tlzabp productivity is not limited by any one
specificnutrient or subsoil constraintnd may also impact a farmefdedsion on crop type

Also, sodic fields may require a different crop rotation or maragnt strategyfor example

LT GKS AYLI OGAy3a 1 2yitS@anotbe\sihificahtenoudNdd Qlterdhd t &
rotation.

Increasing fertiliser inputs by volume and investment can often be limited by a farm business
risk capacity, but many ojans exist to improv&kOf

Placement
Variablerate application
Source ohutrient
Timing

= =4 =4 4

New methods of adoption offer multiple solutions, and compounding effects can give
exponential gains.

18
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Case Study: Francis Farms, Texas USA

On the high planes of Texas, Andrew and Marka Francis of Francishaaemsiproved yields

by 25% whilst maintaing the same applied rate of fersér. Andrew has been banding
fertiliser in hiscotton, corn row crop rotation using striill at depth and banding with his
planter at seeding. The system was focusing on improving his return on inputs instead of
increasng his application rates.

.
=

Figure?: Francis Farms, Tex&ource Author, 2017

The onplanter liquid application allows for late season changes of fatilnputs. It creates
flexibility of timing, an alternative source, andriable application without requiring another
field operation.

The striptill has enabled Franciarmsto directly bandnutrition directly into the root zone
while preparing a seed bed in tlsandy,duplex soils on the high plains. The machine has also
helped to retain valuable stubbles by inteowing the crop sequences.

19



Case Study: EMBRAPA, Brasilia, Brazil

The author visited EMBRAPHRe Brazilian Agricultural Research Corporatiwhich was
foundedin 1973andis under the aegis of the Brazilidinistry of AgriculturelLivestockand
Food SupplyTheir role is to overcome barriers that limit the production of food, fibre and
fuel in Brazil.

;-

Figure9: EMBRAPA P trial site, Brazil Soufaghor, 2017

Figure9 Is aphosphorus trial site at Embrapa Cerrados. The site han treated for PH, the

soil conditioned, andutrition corrected with all butphosphorus. Varying rates have been
applied in different plots and it shows a clear deficiency in the OP control with an average
annual rainfall of 2ZO0Omm this represents the ipact of an extreme deficiency.

Amelioration programs are often expensive and logistically challenging, but subsoil
constraints can also be catastrophic to plant production systems. In many growing regions
the addition of ameliorants is essential to haveddorm of plant production.

Newly alopted BMMBRAPAesearch in Brazil has led tbe opening of new farmlandhat
would otherwise bainused due to poor soil conditions and low natural fertility.
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FigurelO: CerradoNatural vegetation, West Bahia, Brazil Souréeithor, 2018

The Cerrado region has enormous potential if the correct steps are taken. landrggpsum
applications, cover cropping and stubble retention is the key to farming productively in this
region (D Schadeck 2018).

X o

Figurell: Corn cro with Bracaria grass intsowed and banded nutrition. Souro&uthor
2018

Anintegrated approach to a farming systasputting steps in place to manage the natural
existing limitations withina farm site Good crop yields are a result of good planning and
implementation of crop production considering all factors, starting with crop choice, the
rotation program and how moigre is stored and used on the farm.

Every mistake, delay or oversight on inputs can cost 10 or 15% in yield. Correct these problems
and average grain yields can be doubled inEhes 5 /ndRtiern grainsregion. Profits could
lift five to ten times!(GRDC, 2016)
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Chapter 3: Technology

Technology exists in every facet mbdernday life. People are connecte@4-hoursa-day
through mobile phones(oogle is storingsearch preferences, and cacsn customise the
automatic gear shiftManyare happy to eceivenotifications on their phone any time of day
and enjoy the way new gearbox works in theMazda 3 Yet G@ogleproviding anmproved
searching experiengeparticularly as you scroll through Facebpa& often met with
scepticism and conspiracy thees.

The point is that technology exists in many layers. Not just the deémtdechnologies
leverage off one another to improve the original concept and people use twetinually.

In crop productiorthe layers of technology are extensive, including:

Seed genetic tooling.@ (GMO, CRISPR)

Seed genetic proofing.g.(LGC Hydrocycler)

Agro Chemical Distributioa.g.(SAP software)

Machinery Telematic Communicatieng.(JD Link)

IOT, IOk.g.(Spectrum Technologies, Climate Field View)

Optic and Satéte Imagerye.g.(Weedlt, Weedseeker, Planet Labs)

=4 =4 4 4 A 2

Theseplatforms and systems have becordailytools used by farmers that are not directly
required to operate a farmusinessut used toimprove its management and deliver targeted
outcomes, reducingine, cashand human error.

oHave | fully exhausted the internal opportunities within my business to increase gross
margins and net profit through crop rotation, crop agronomy and operational
timeliness? (S. Vogt, Rural Directions 2018)

To ensure thaadopted technologies are a profit drivet is essential to seek technology that
can deliver return on capital and time investddr example, in the last ten years the humble
harvester has become a monumental cash debt chasm, with added tech and aemeleg

cycle of ratcheting increases, but most importantly, productivity increases aside it creates the
base platform with geaeferenced real time yield maps which creates the foundation for
prescription development.
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Figurel2: Data inside the harvesterSource L.P ’Bradleyl/ 2017

Along with the production increase also came a set of tools such as header front height and
return control, automated setting adjustments, in cab function of all parts adjustments from
a button, somuch equipment added to the cab, that due to not needing to leave the seat,
manufacturers decided to install a fridge to occupy the operator during long simétsassist

with their ability to function the machine at optimum capacity for longEigure 12)

Modern equipment can greatly improvke ability to transfer knowledge, observe production
variabilities and executa croppingprogram, all the while maintaining the parameters that
are put in place by the managétorexample the harvester generatesyaeld map which thn

gets calibrated by the manage®il tests are undertakencross referenced with the geo
reference site on the yield map before generating a prescription map for applied nutrient
after establishing the financial budget allocatidn.summarythe manager doesot create

the map, instead the manager sets the paeters for the job using knowledge of crop
production and the risk profile of the business.

3.1 Precision Agriculture (PA)
G2 A0K AYONBhASBR AOQdNNRAY I Ay SOSNE aSOoi2N
needs to produce better, greater, cheaper, dadter to remain viable. Precision
CIENXYAY3I OFy KStfLI 2RIF&Qa FIFNXYSNI YSSiG GKS
input, in the right amount, to the right place, at the right time, and in the right manner.
The importance and success of precision farmin§ B Ay (0 K SRaXhdBlardS & w ¢
Colorado State University.)
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PAseeks to exert more control over a production systend can managdifferent areas of
land differently,Tools existo meetPAneeds but each tool must be well considered, and the
farmer should have a good understanding of its advantages and limitations.

PAtechnologies can be suyrouped into inputs and outputs. Inputs contain information
received to enable an action in the fiel®bmetimes these inputs are direeind sometimes
they ae indirect or require modelling to enable the action.

3.2 Agronomic knowledge

Agronomicknowledge is often overlooked in discussions surrounding PAag#ech. It is

more challenging to digitise knowledge into a useable format for PA purposes, but the
development of new agronomy platforms such as Farmers Edge, Echelon, and Climate
Fieldview are going a long way to bridging this gap.

G/ EtAYIFGS NBE OSNE F20dzaASR 2y NBOdz2NYy 2y Ay
rather to enable managers to make bettinformed decisions around variability with
a Collecting, Describing, Prescribing apprédachd + SNR Yy a2y 2y S>> [ f A

These platforms can replicate an agronomic decision invariably throughout a paddock.
Through geereferenced collection ofi¢ld data, new layers can be generated being guided by
the agronomist or manager parameters. These platforms chronologically collect and file
operational data also for future reference and create the conduit between GPS and machinery
operations. Offering wistomisable inputs such as climate data, (precipitation, radiation,
evapotranspiration), can also build new layers previously not available.

Media Access Control (MAC) protocols such as Sigfox, LoRoWan, and MESH networks, provide
channel access control meanisms that make it possible for several terminals or network
nodes to communicate within a multiple access network that incorporates a shared medium.

24



Whilst many of these companies were founded producing sensor products, market growth
and consumer demand has seen them transferring into applied uses from research which
enables users without being educated in their sensors to utilize the product and ke ma
better decisions (David Lau, Spectrum Technologies, Aurora, IL(RigAe 13).

With the cost of this type of infrastructure coming down, it creates opportunities for farmers
to collect climate, soil reference and insect data in real time and mucle sibespecific to

the currentgovernment infrastructureand data sets providie Having an opesource focus

on these products can also open new options.

Leaf wetness sensors placed in fields can help guide new management decisiongioile
applications with better climate indicators than pmetermined experience. Instead of
adhering to rules of thumb around weather predictioasnanager can begin to map in field
indicators to calculate accurate thresholds for application operatidhsan alsaaid with
retailers to position stock where it is required faster instead of the farmer having to pre
purchase products at the start of a season.

Insect traps work in the same way to extend the eye of the scout to make better useiof the
time in tight seasomwindows. Hot spots and migrations can be more quickly and accurately
identified, to optimise the workload of the scout and to speed up the lapsed time to applicate.

CSV file generation from using these types of sensors along with collected imagery has the
potential to produce RX files fdungicide andnsecticide applications, but speed iofiage
collection and optics are still a major limitation in this process being broadly adopted.

3.3 Technology from fertiliser

Fertiliser products are also helping to assist in the accuradfofNot only to placement but

the right amount, and at the right timean be a big challenge in Australian farming systems,
most notably due to unpredictable weather. Nitrogen is still considecdokt a major limiting
factor in Australian grain production, but often this is the result of not being able to add more
nitrogen particularly to drylandrops Spreading can have severe losses if climate conditions
are unsuitable at the time of applicatipresulting in reduced rates aoftrogen begin accessed

by the crop or the timing of the operation being lesaitideal for the growth stagddowever,

the cost of liquidnitrogen in many regions provides a clear cost and operational advantage
over other methods for application.

Benchmarking of WUE and NUE after crop sequences aids future nutrition straf@sgpie

a season showing good profits, benchmarking ensures desnare optimising ROI on
resources. Urease inhibitors such as Incitec Riw@én urea NV and Impact Fertilizeldack

urea containurease inhibitors, which not only reduce ammonia losses but can also aid in
targetingnitrogen availability at a more desiole time with greater flexibility on application
timing.
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Research has shown wheat yield increases of 7.5% with a 70% positive result and Corn yield
increases of 7% with a 9B% Positive result using urease inhibitors, on spread applications.
(Nico VarioASP, BA, Argentina.)

3.4 Seed production

Seed production is the first step in a plant production system but interestiwgly operating
systems modernising and such a large variation in farm practees farmer has a different
preference to what typeof genetics they are looking to bring into production. Many seed
companies have claimed responsibility for historical production gaimestiver it be GMO
technologies, new disease packages or Flex attributes.

Considering the impact a fiawrsystem has on #growth of a crop and its phenology, it is also
more relevant tlan ever that breeders have a good understanding of the client they are
producing for, in particular levy funded public breeding programs.

Case Study: Pioneer Dupont, Des Moines, USA

The autlor visitedDuPont Pioneem Des Moines, lowa, in 2017. They are arld/leader,
developer and supplier of advanced plant genetics to farnreegpproximately 90 countries.

Plant breading is a slow and arduous,jtaking significant time and investmetd bring new

traits and products to market. GMO and CRISPR have been monumental in accelerating these
programs, able to bring crosses over in a single function irrelevant to crop growth cycles (M
Owens 2017) but have however had their critics and acsestdllidebated worldwide.

Figurel4: Pioneer Dupont, Des Moines, showing the cange in corn cultivars trough
history. SourcéAuthor, 2017
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Case Study: Louisiana State University, Rayne, USA

Hydrocyclerdike seen here atouisiana State University of RayineLouisiana (Figure 15),

KSf L) 6NSSRSNDa LINRP2F 3ISYySGAO GeLlS FNRBY FASEF
145,000 samples in an eighbur day. This ability speeds up plot analysis engbdiccurate

monitoring of individual plants within plots. Nesompliant plants can then be removed from

the plot to maintain purity.

Figurel5: LGC Hydrocycler at LS&burceAuthor 2017

The 8c/sackice levies at this site are focused on varietal gains and speed of development to
keep pace witHRed Rice Induced Mutati@Clearfield rice was developed here M@pn.Q a
This technology allowed for the chemical control of red rice in a rice producétzhfér the

first time. (A, Famosa, 201®)

Andrew FarquharsagrDirector at Toowoomba Engineerihgs been in the agnomy industry
for25yearsHe hatJSy Yy SR (tKES2 Ui SiNgy taf 2 0 GlRotherwds2ib| G2 t
current computing systems i ipossible to have total production transparency from the lab

to the table, giving consumers an accurate picture of what goes into growing the products

they purchase, and allowing them the choice at the shelf.
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3.5 Optics and imagery

This area of technolyy is one of the most talked abqutot only inagriculturebut in all
industries, with similar uses overlappingdustries. Tiese forms of imagery give both
observers and operators enormous insight into crop performance and enables direct decision
makingthrough such equipment as spot spray®veeditand Weedseeker.

Optic technology has been keenly adopted in the spraying industtying a newbenchmark

for fallow weed control. With huge reductions in a single pass herbicide knockdown control,
it is eay to quantify if this technology has a fitanfarm systemFurthermore, imagery gives
insights into trends and crop production at any stage of the growing season.

Case Study: Stanford University, USA

Figure 16is an image from Planet Lalpsoviding 3n to 5m resolution representing the
average corn yields acrogse USA states dbwa, lllinois and Indiana between 2000 and 2015.
David Lobel PhD is aréctor at the Center on Food Security and the Environimaerd his
research focuses on aguiture and food security, specifically on generating and using unique
datasets to study rural areasie states that wen the distribution of these yields by year is
considered against density, it shows that yields are increasing in the higher yieldisgoarea
fields whilst lower yielding areas are remaining similar over {ibevid Lobel, USA). This clear
focus on improving yields in higher potential zones has proven to have increased overall
production.

Figurel6: Source D. LoleStanford University, USA 2017
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