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SUMMARY

For whom is this book?

This book is designed for a diverse audience, ranging from farmers and agronomists seeking

to modernize their operations to agtech enthusiasts intrigued by the possibilities digital agri-
culture offers. Whether you are a small-scale farmer looking to optimize your resources or an
agricultural professional searching for ways to help your clients, this book will provide you with
valuable insights and practical guidance to navigate the world of digital agriculture.

What can you get out of this book?

By reading this book, you will gain a comprehensive understanding of the components of dig-
ital agriculture and learn how to identify the right tools at the right time through implemen-
tation paths. You will also be introduced to the SmartAg Optimize Methodology, a structured
approach designed to guide you through the process of digital agriculture implementation,
helping you unlock its full potential.

As a result, you can expect to enhance your farm’s productivity, reduce input costs, and improve
sustainability, all while preserving the environment. Armed with the knowledge and strategies
presented in this book, you will be well-equipped to transform your agricultural endeavors and
reap the benefits of digital agriculture.

Short Summary

This book will take you on a journey to explore the key concepts of digital agriculture, which
include components such as farm management systems (ERP), data collection, decision support
(DS), and data-driven equipment and input adjustment. With these concepts in mind, you will
learn about the various implementation paths available, each catering to specific goals such as
increasing yields, reducing input costs, and improving sustainability.

Central to this book is the SmartAg Optimize Methodology, a robust and structured approach
that emphasizes data-driven decision-making, agile project management, continuous improve-
ment, and collaborative decision-making. By following this methodology, you will be guided
towards efficient and effective implementation of digital agriculture technologies.

This book serves as your roadmap to success in the realm of digital agriculture. Through its
combination of practical insights, real-life examples, and step-by-step guidance, you will be well
on your way to revolutionizing your agricultural practices and embracing the future of farming.
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COMPONENTS OF DIGITAL AGRICULTURE

*: MARCOBRINI

Farm Management
Systems (ERFP)

Adoption rate 25%

Data-Driven Equipment and
Input Adjustment

Adaption rate 30%

Proposed by Jonathan McFadden, Eric Njuki, and Terry Griffin in their recent report “Precision Agriculture in the Digital Era: Recent Adoption on
U.S. Farms” (February 2023 - USDA)

(Adoption rate aren’t including smallholder farmers and are best guesses
from aggregation of several sources)

Segmenting digital agriculture solutions is not a one-size-fits-all process, as different farms
have unique needs and priorities. However, using a segmentation based on Decision Support,
Data-Driven Equipment, and Data Collection offers several advantages:

1. Clarity: this approach provides a clear and structured overview of the digital agriculture
landscape, making it easier for farmers to understand and compare available solutions.

2. Focus on core functions: by dividing solutions into these categories, the focus is placed on
the primary functions that drive improvements in farm operations and management.

3. Comprehensive coverage: this segmentation covers a wide range of solutions, ensuring that
all aspects of digital agriculture are considered, from data analysis and visualization to automat-
ed equipment adjustments and data collection.
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COMPONENTS OF DIGITAL AGRICULTURE: SUMMARY TABLE

0 Farm Software systems Provides a Implementa Agriwebb,

Managemen for managing and centralized platform  tion can be  Granular,
t Systems Integrating farm for data collection, complex Trimble Ag
(ERP) operations, analysis, and and costly, Software,
Including financial, management, and may Conservis, etc.
inventory, and allowing farmers bo  require
labor management. make Informed specialized
decisions based on knowledge
real-time insights to use
into farm operations. effectively.
1 Data Methods for Provides accurate Data quality Yield monitors,
Collection collecting fleld and timebhy data for and soll sensors,

data, including decision making. accuracy aerial/drone
yield monitars, soll may be imaging, water
monitoring, and impacted by sensors, efc.
other sensors. environmen

tal factors

and

eguipment

malfunction

5.

2 Decision Systemns for Helps farmers make May require Yield maps, soil
Support analyzing and informed decisions  specialized maps, weed/
(DS) visualizing collected based on real-time  knowledge  pest maps,

data, including data. to use profitability
yield maps, soil effectively, maps,
maps, and other and can be  smartphone
crop management costly to apps, etc.
recommendations. implement.

3 Data-Driven Technologles for Optimizes resource May require Guidance
Equipment adjusting use and reduces specialized  systems,
and Input equipment and waste, equipment  automatic
Adjustment Inputs based on and training section control,

real-time data, o use variable rate
including guidance effectively. applications for
systems, automatic seeds,

section control, and fertilizers/lime,
variable rate pesticides, and
applications. irrigation, etc.

Digital agriculture solutions can be broadly categorized into Data Collection, Decision Support,
and Data-Driven Equipment and Input Adjustment. These categories work together to help farm-
ers collect valuable data, analyze it for actionable insights, and implement precise and data-driven
adjustments to optimize farm operations and achieve their desired goals.

: MARCOBRINI
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Farm Management Systems (ERP)

“ MARCOBRINT

To make this segmentation fully representative, it is essential to include Farm Management
Software (ERP) as well.

Farm Management Software serves as the backbone of digital agriculture, offering several bene-
fits:

1. Centralized management: ERP systems provide a centralized platform for managing vari-
ous farm operations, including financial, inventory, and labor management. This allows farmers
to have a unified view of their farm’s performance and make informed decisions.

2. Integration: Farm Management Software can integrate data from Decision Support, Da-
ta-Driven Equipment, and Data Collection solutions, enabling seamless data flow and analysis
across the entire farm operation.

3. Efficiency: by automating and streamlining various management tasks, ERP systems can
significantly improve overall farm efficiency, reduce errors, and save time and resources.

Data Collection
Data Collection solutions in digital agriculture involve gathering various types of data related
to crop, soil, weather, and other field conditions. These solutions employ various tools and tech-
nologies such as yield monitors, soil sensors, and remote sensing to collect valuable data that
can be used to make informed decisions on the farm.
Data Collection is the foundation for effective decision-making and enables farmers to monitor
and assess their farm’s performance in real-time.

Decision Support (DS)
Decision Support solutions help farmers analyze the collected data and generate actionable
insights. These systems provide visualizations such as yield maps, soil maps, weed or pest maps,
and profitability maps to identify patterns, trends, and areas of improvement.
Furthermore, Decision Support solutions may utilize biophysical and AI/ML models to predict
crop yields, pest and disease outbreaks, and weather patterns. By leveraging these insights,
farmers can make better decisions to optimize production processes, manage inventories, and
mitigate risks.
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Data-Driven Equipment and Input Adjustment

“ MARCOBRINT

Data-Driven Equipment and Input Adjustment solutions focus on precision agriculture tech-
nologies that optimize farm operations based on the collected data and insights from Decision
Support systems.

These solutions include guidance systems, automatic section control, and variable rate applica-
tions for seeds, fertilizer, pesticides, and irrigation.

By using these technologies, farmers can improve the efficiency of field operations, minimize
input waste, and enhance the overall productivity and sustainability of their farm.
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Key Precision Agriculture Technologies and Information Flows

“ MARCOBRINT

Data collection

Data mapping

Yield
Monitoring

Data trom
harvesting
combanes,
stored on
digital disk

Soil Cores
provide data
N a Tew
salected
Fighct
locations,
Combined
with
topography
to create scll

magps

Yield Map
created from
slored data,

Combined with
fakd boundarios
to show yisld
variakbility

Soll GPS
Mags
created
from
mulliple
sources of
s0ils data

DATA USE, maps often
used Independently of the

other applications below for

information purposes

Variable Hate
Applications (VRT)

Prescriplion
Maps bo suppor
VAT seading,
fartdizar and
paslicida
application

Locaticn-cnly
GPSdata
resqquired from
"DATA
MAPPING"

Arrow Legend
Primary information flow

Secondary flow

Source: Adapted from "Frecision in the Fields™ graphic developed Tor Mantional Geographic magazine (July 2014}

hitp:fwww.nationalgecgraphic.comfoodinmumbens# VPYSZWO0tik.
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FARM MANAGEMENT SYSTEMS (ERP)

MARCOBRINI

0 Farm Software systems  Provides a Implementati Agriwebb,
Managemen for managing and centralized platforrn  on can be Granular,
t Systems  integrating farm  for data collection, complex and Trimble Ag
{ERP) operations, analysis, and costly, and Software,

including financial, management, may require  Conservis, etc.
inventory, and allowing farmers to  specialized
labar make informed knowledge to
management. decisions based on  use
real-time insights  effectively.
inta farm
operations.

In modern agriculture, Enterprise Resource Planning (ERP) systems, also known as Farm Man-
agement Systems, play a critical role in streamlining farm operations and improving efficiency.
These comprehensive software solutions encompass various modules, each designed to manage
specific aspects of a farm’s business.

Although many ERP systems include all the essential modules, the degree of sophistication and
feature set can differ significantly among available solutions. This makes it important for farm-
ers to understand each module’s functionalities and select a market solution that aligns with
their farm’s unique needs and objectives. In this overview, we will discuss four key modules of
ERP systems:

- Financial Management,

- Crop and Livestock Management,
- Labor Management,

- Supply Chain Management.
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Main ERP’s modules

Financial
Managemen

Crop and
Livestock
Managemen
t

Labor
Managemen

Supply
Chain

Managemen
t

Manages financial
data, including
budgeting,
involcng, and
inventory
management.

Manages crop and
livestock data,
including planting,
harvesting, and
animal health.

Manages labor
data, including
employes
schedules, payroll,
and performance
metrics.,

Manages supply
chain data,
including wendor
management,
shipping, and
receiving.

Financial Management

Helps farmers
manage costs,
monitor financial
performance, and
optimize resource
allocation.

Helps farmers
optimize
production
Processas,
manage
inventories, and
monitor animal
welfare,

Helps farmers
optimize labor
costs, Improve
productivity, and
Ensure
compliance with
labor regulations.

Helps farmers
optimize supply
chaln efficiency,
reduce waste,
and improve
customer
satisfaction.

complex and
may require
specialized
knowledge to
use effectively.

Implementatio
n<an be
complex and
may require
specialized
knowledge to
use effectively.

Implementatio
n can be
complex and
may require
specialized
knowledge to
use effectively.

Implementatio
ncan be
complex and
may require
specialized
knowledge to
use effectively.

QuickBooks,
Xero, Wave,
Freshbooks,
Zoho Books,
Sage Intacct

Agworld,
AgFiniti,
FarmlLogs,
Canservis,
Granular,
Farmbrite,
Cropln

TSheets,
Gusto, ADP,
Paychex,
Kronos,
BambooHR

SAP Ariba,
Oracle SCH,
Blue Yonder,
Infor SCM,
EZopen,
Elemica

This module is responsible for handling all aspects of a farm’s financial data, including budget-

ing, invoicing, and inventory management. It enables farmers to track expenses and revenue,

monitor their farm’s financial performance, and optimize resource allocation. By understanding

the financial health of their farm, farmers can make informed decisions to improve profitability.

: MARCOBRINI
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Crop and Livestock Management

This module deals with the management of crop and livestock data, including planting, harvest-

 MARCOBRINI
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ing, and animal health. It helps farmers streamline production processes, manage invento-
ries, and monitor animal welfare. With access to detailed information on crops and livestock,
farmers can identify potential issues and make necessary adjustments to optimize yields and
maintain healthy animals.

Labor Management
This module focuses on managing labor data, such as employee schedules, payroll, and perfor-
mance metrics. It allows farmers to optimize labor costs, improve productivity, and ensure com-
pliance with labor regulations. Effective labor management can contribute to a more efficient
workforce and lead to increased overall farm productivity.

Supply Chain Management
This module is designed to manage supply chain data, including vendor management, shipping,
and receiving. It helps farmers optimize supply chain efficiency, reduce waste, and improve
customer satisfaction by ensuring the timely delivery of products. A well-managed supply chain
can contribute to cost savings and enhance the farm’s reputation in the market.

When selecting an ERP solution, it is essential for farmers to evaluate the features and capa-
bilities of each module. Some solutions may have more advanced and sophisticated features in
specific modules, while others may have a balanced offering across all modules. Farmers should
prioritize the modules most relevant to their farm’s specific needs and objectives, ensuring that
the chosen solution meets their requirements and provides the necessary tools for efficient farm
management.
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ERP IMPLEMENTATION

|:| MARCOBRINI

Although the implementation path should adapt to the farm (see next chapter), starting the
adoption of digital agriculture with a farm software management (ERP) has several advantages
as it will help farmers to drive process reengineering, collect and evaluate data on digital agri-
culture solutions, and define and monitor KPIs for each technology implemented. By leveraging
the capabilities of an ERP, farmers can optimize their use of resources, reduce input costs, and
improve sustainability, ultimately contributing to a more efficient and productive agriculture

sector.

Regardless the order of implementation of digital technologies, the implementation of an ERP
is not optional but a key step of the digital agriculture implementation in a farm because it
serves as the foundation for all other digital agriculture solutions. An ERP system provides a
centralized platform for data collection, analysis, and management, allowing farmers to make
informed decisions based on real-time insights into farm operations. Without an ERP system,
managing multiple other digital agriculture solutions can be challenging and may not deliver
the expected outcomes. The ERP system serves as a key enabler for the efficient and effective
implementation of other digital agriculture solutions, making it a critical component of the

SmartAg Optimize methodology.

BENEFITS OF IMPLEMENTING A FARM MANAGEMENT SOFTWARE
FIRST

ERP AS FIRST LEVEL OF FARM PROCESSES REENGINEERING
Implementing an ERP can help to drive a first level of farm process reengineering by auto-
mating and streamlining key business processes. By analyzing and optimizing these processes,
farmers can identify areas for improvement and develop more efficient and effective workflows.

ERP AS «CENTER OF DIGITAL AGRICULTURE TECHNOLOGIES»
The ERP can act as a central hub for data collection and evaluation of all other digital agricul-
ture solutions that will be implemented. By integrating these solutions with the ERP, farmers
can collect and analyze data on a range of key performance indicators (KPIs) in a centralized
location, allowing for more comprehensive and accurate evaluation of the impact of digital agri-

culture solutions on farm operations.

ERP AS THE «KPIs’ meter»
ERP can be used to define and monitor the KPIs of each implemented technology. By setting
specific, measurable KPIs for each technology and tracking their performance using the ERP,
farmers can determine whether the technology is delivering the expected outcomes and adjust

their implementation strategies as needed.
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HOW TO IMPLEMENT AN ERP IN A FARM

“ MARCOBRINT

Implementing an ERP in a farm requires careful planning, configuration, and testing to ensure

that the system is integrated effectively and delivers the expected outcomes. By following these

steps, farmers can optimize their use of resources, reduce input costs, and improve sustainabili-
ty, ultimately contributing to a more efficient and productive agriculture sector.

1. Identify business requirements: Before implementing an ERP, farmers should identify their
business requirements and processes. This includes mapping out existing workflows, identifying
pain points, and defining goals for the ERP implementation.

2. Select an ERP system: Once the business requirements have been defined, farmers should
research and evaluate different ERP systems that are available in the market. They should con-
sider factors such as functionality, scalability, cost, and compatibility with their existing infra-
structure.

3. Prepare for implementation: Before implementing the ERP system, farmers should ensure
that their infrastructure is ready to support the new system. This may involve upgrading hard-
ware and software, ensuring that data is accurate and up-to-date, and training staff on the new
system (cloud based solutions simplify this step).

4. Configure the ERP system: Once the infrastructure is ready, farmers should configure the
ERP system to meet their specific business requirements. This may involve setting up work-
flows, customizing reports, and defining user roles and permissions.

5. Data migration: Once the ERP system has been configured, farmers should migrate their
data to the new system. This may involve transferring data from existing systems or manually
entering data into the ERP system.

6. Test the ERP system: Once data has been migrated, farmers should test the ERP system to
ensure that it is functioning as expected. This may involve running test scenarios and trouble-
shooting any issues that arise.

7. Training and adoption: Once the ERP system has been tested and is functioning as expected,
farmers should provide training to staff on how to use the new system. They should also estab-
lish a plan for ongoing support and maintenance to ensure that the ERP system continues to meet

their business requirements overtime.

See also paragraph: “Main ERP’s modules”
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THE ERP IMPLEMENTATION SHOULDN’T BE TAKEN LIGHTLY

“ MARCOBRINT

Implementing an ERP is the most complex and delicate step of the SmartAg Optimize meth-
odology because it involves integrating a new system into existing business processes and
infrastructure. If not implemented properly, it can lead to significant disruption and negative
consequences for the farm operation.

WHAT CAN GO WRONG
There are several things that can go wrong during an ERP implementation, including:

1. Misalignment of business requirements and ERP functionality: If the ERP system is not
aligned with the farm’s specific business requirements and processes, it may not deliver the
expected outcomes and may require significant customization and configuration.

2. Poor data migration: If data is not migrated properly, it may result in data inaccuracies and
inconsistencies that can negatively impact farm operations.

3. Inadequate staff training: If staff are not adequately trained on the new system, they may
struggle to use it effectively and may be resistant to change, which can lead to lower productivi-
ty and morale.

4. Integration challenges: If the ERP system is not integrated effectively with existing systems

and infrastructure, it may cause disruptions and delays in farm operations.
See chapters: SmartAg Optimize Methodology: in short” and “SmartAg Optimize Methodology: STEP-BY-STEP
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NEGATIVE CONSEQUENCES

The consequences of a wrong implementation can be significant, including:

“ MARCOBRINT

1. Increased costs: A poorly implemented ERP system can lead to increased costs associated
with customization, configuration, and troubleshooting.

2. Reduced productivity: A poorly implemented ERP system can cause disruptions and delays
in farm operations, leading to reduced productivity and lower yields.

3. Decreased morale: If staff are not adequately trained or are resistant to change, it can lead
to decreased morale and motivation, which can impact productivity and retention rates.

THE BENEFITS ARE LARGELY COMPENSATING THE RISKS
However, if implemented properly, an ERP system can deliver significant benefits for farm

operations, including:

1. Increased efficiency: An ERP system can streamline and automate key business processes,
reducing the time and effort required to complete routine tasks.

2. Improved accuracy: An ERP system can improve data accuracy and consistency, providing

a more comprehensive and accurate view of farm operations.

3. Better decision-making: An ERP system can provide real-time insights into farm opera-
tions, allowing farmers to make data-driven decisions that optimize their use of resources and

improve sustainability.

Increased collaboration: An ERP system can facilitate collaboration and communication among
staff and stakeholders, promoting a culture of continuous improvement and innovation.

FINALLY
While implementing an ERP system can be a complex and delicate process, the benefits of a
good implementation largely overcome the risks. By carefully planning, configuring, and testing
the system, farmers can optimize their use of resources, reduce input costs, and improve sus-
tainability, ultimately contributing to a more efficient and productive agriculture sector.
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DATA COLLECTION

1 Data
Collection

Methods for
collecting field
data, including

Provides accurate
and timely data far

decision making.

yield monitors, soil

monitoring, and
other sensors.

Data quality
and accuracy
may be
impacted by
environmental
factors and
equipment
mialfunctions.

Yield monitors,
soll sensors,
aerial/drone
imaging, water
sensors, etc.

Data Collection in digital agriculture encompasses a wide range of tools and technologies that

collect valuable information on various aspects of farming, such as crop yields, soil properties,

and weather conditions. By understanding these factors and their variability, farmers can make

better decisions to optimize their operations and achieve their desired goals.

Categories of data collection

Yield
Monitor

Saoll
Monitoring

Other Data

Collection
Methods

Collects data on

crop yields
during harvest,

Collects data on
soil properties,
including
nutrients,
maisture, and
pH.

Collects data on
crop conditions
and other
factors that
influence

production.

Helps farmers
optimize yield
performance and
identify areas for

improvement.

Helps farmers
optimize fertilizer
application, reduce
soil erosion, and

improve crop health.

Helps farmers

monitor crop heailth,

detect pests and
diseases, and
optimize irrigation.

Implementation
can be complex
and may
require

specialized
equipment and

knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

John Deere
Harvest
Monitar,
AglLeader Yield
Monitor,
Trimble Yield
Monitoring
System,
Precision
Planting
YieldSense,
Case [H Yield

Pl P

Veris
Technologies
iScan, CropX,
AgroVIR, Pessl
Instruments,
Solum, Holland
Scientific,
SollOptix

DroneDeploy,

Farmers Edge,
Taranis,

Climate
Corporation,

Ceres Imaging,
MicaSense
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1. Other Field Collectsdataon Helps farmers Implementation Topcon
4 | Data topography, soil  optimize field can be complex  Agriculture,
surveys, and drainage, reduce and may Rawven Eem
weather soil eompaction, and  require Industries, %
conditions. plan for weather specialized AglLeader, SR
events, equipment and  Dawvis

knowledge to Instruments,
use effectively. Onset HOBO

Within Data Collection, there are several subcategories, each focusing on different aspects of
the farming process.

Yield Monitor
Yield Monitors are tools that collect data on crop yields during harvest.
They measure the amount of harvested crop in real-time and record spatially-referenced data,
allowing farmers to understand variations in yield across their fields.
This information can help farmers identify areas of low productivity, optimize yield perfor-
mance, and determine the effectiveness of various farming practices.

Soil Monitoring
Soil Monitoring solutions collect data on soil properties, including nutrients, moisture, and pH
levels.
These systems typically use sensors placed in the field or remote sensing technologies to gather
information about soil conditions.
By understanding the variability in soil properties, farmers can optimize fertilizer application,
reduce soil erosion, and improve overall crop health.

Other Data Collection Methods
This category includes various techniques for collecting data on crop conditions and other fac-
tors that influence agricultural production.
Examples of these methods include remote sensing through satellites, aerial imagery from
drones, and ground-based sensors.
These technologies can help farmers monitor crop health, detect pests and diseases, and opti-
mize irrigation based on field conditions.

Other Field Data
Other Field Data refers to the collection of data on topography, soil surveys, and weather
conditions.
This information is crucial for understanding field drainage patterns, reducing soil compaction,
and planning for weather events that could impact crop growth.
Some solutions in this category include topographical mapping tools, weather stations, and soil
survey databases.
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DECISION SUPPORT (DS)

2 Decision Systems for Helps farmers May require Yield maps,
Support analyzing and make informed specialized soil maps,
(D5) visualiring decisions based on  knowledge bo  weed/pest

collected data, real-time data. use maps,
including yield effectively, profitability
maps, soil maps, and can be maps,

and other crop costly to smartphone
management implement. apps, etc.
recommendations.

Decision Support in digital agriculture consists of various tools and systems that help farmers

make data-driven decisions to optimize their operations.

From visualizing data in the form of maps to utilizing advanced modeling techniques, these

solutions provide invaluable insights to improve crop management, resource allocation, and

overall farm profitability.

Categories of

Decision Support (DS)

Yield Maps Provides Helps farmers Implementation Agleader
visualization of crop  identify yield can be complex SMS, Climate
yields across fields. wvariability, and may FieldView,

optimize crop require Trimble Ag
management, and spedalized Software,
assess field equipment and FarmlLogs,
perfarmance. knowledge to Granular,
use effectively.  Agworld

Soil Maps  Provides Helps farmers Implementation AgroCares
visualization of soll  Identify soll can be complex Scanner,
properties across variability, and may SoilCptix,
fields. optimize fertillzer require Solum, Veris

application, and specialized Technologies,
reduce soil equipment and Holland
Erosion. knowledge to Scientific

use effectively.

Weed or  Provides Helps farmers Implementation FarmLogs,

Other Pest visualization of identify pest can be complex Climate

Maps weed or other pest  pressure, optimize and may FieldView, The
distribution across  pesticide require Climate
fields. application, and specialized Corporation,

improve crop equipment and Taranis, BASF
health. knowledge to xarvio,
use effectively. Corteva
Agriscience
Granular
Insights

MARCOBRINI
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Profitabilit
y Maps

Other
(nen-map)
bs
Systerns

Modeling

{ Biophysic
al and AL/
ML)

Provides
visualization of
profitability across
fields.

Provides analysis
and
recommendations
based on data
analysis.

Uses blophysical
and machine
learning models to
predict crop yields,
pest and disease
outbreaks, and
weather pattermns.

Helps farmers
identify
profitability
trends, optimize
resource
allocation, and
assess feld
performance.

Helps farmers
optimize
preduction
processes
manage
inventories, and
assess field
performance,

Helps farmers
optimire resource
alkocation,
mitigate risk, and
improve yield
performance.

Dennis Buckmaster: Professor Purdue University recommended to include this in the list.

Yield Maps
Yield Maps provide a visual representation of crop yields across fields, enabling farmers to iden-

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively,

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Agro.Club,
Agworld,
Granular,
Trimble Ag
Software,
Conservis

John Deere
Cperations
Center,
Agworld,
Granular,
Farmers Edge,
The Climate
Corporation

IBM Watson
Decision
Platform for
Agriculture,
CropX,
FluroSat,
Climate
FieldView,
BASF xarvio,
Taranis

tify areas of yield variability and assess field performance. These maps help farmers optimize

crop management practices and allocate resources more efficiently by pinpointing areas that

need attention or improvement.

Soil Maps
Soil Maps offer a visualization of soil properties across fields, such as nutrient levels, pH, and

moisture content. By understanding soil variability, farmers can optimize fertilizer application

rates, reduce soil erosion, and promote healthy crop growth.

Weed or Other Pest Maps
These maps provide a visualization of weed or other pest distribution across fields, allowing

farmers to identify areas with high pest pressure. By understanding pest distribution, farmers

can optimize pesticide application rates, improve crop health, and reduce input costs.

Profitability Maps

Profitability Maps offer a visualization of profitability across fields, helping farmers identify

trends, optimize resource allocation, and assess field performance. These maps allow farmers to

allocate resources to the most profitable areas and identify opportunities for improvement.
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Other (non-map) DS Systems
These DS systems provide analysis and recommendations based on data analysis but do not rely
on map visualizations. These solutions help farmers optimize production processes, manage
inventories, and assess field performance.

Modeling (Biophysical and AI/ML)
Modeling solutions use biophysical and machine learning models to predict crop yields, pest
and disease outbreaks, and weather patterns. These advanced techniques help farmers optimize
resource allocation, mitigate risks, and improve overall yield performance.

DATA-DRIVEN EQUIPMENT AND INPUT ADJUSTMENT

2 Data-Driven Technologies for Optimizes resource  May require Guidance

Equipment adjusting use and reduces speclalized systems,

and Input equipment and waste. equipment automatic

Adjustment Inputs based on and training section control,
real-time data, to use variable rate
incduding guidance effectively. applications for
systems, automatic seeds,
section control, fertilizers/lime,
and variable rate pesticides, and
applications. irrigation, etc.

Data-Driven Equipment and Input Adjustment solutions leverage technology and data to
optimize various aspects of farming operations. By focusing on precision and efficiency, these
solutions enable farmers to manage resources effectively, minimize waste, and achieve higher
productivity and sustainability in their agricultural practices.

: MARCOBRINI
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CATEGORIES OF DATA-DRIVEN EQUIPMENT AND INPUT ADJUST-

N

« W

Categori Description
25

Guidance
Svystems

Automatic
Section
Control

Variable
Rate
Application
& (VRT) -
Seeds

Variable
Fate
Application
s (VRT) -
Fertilizer/
Lime

Variable
Rate
Application
5 (VRT) -
Pesticides

Variable
Rate
Application
5 (WVRT) =
Irrigation

Uses GPS
technology to
guide farm
machinery for
precise fleld
operations.

Automatically
furms equiprment
sections on and
off to avoid
overlapping of
inputs.

Optimizes seed
application rates
based an solil
variability and
other factors.

Dptimizes fertilizer

and lime
application rates
based an soil
wariability and
other factors.

Optimizes
pesticide
application rates
based on pest
pressure and
other factors.

Optimizes water
application rates
based on soil
maistura leveals

and other factors.

Solutions

Trimble, John
Deere, Raven
Industries, Ag
Leader, Topcon
Agriculture, Case
IH

Trimble, John
Desre, Raven
Industries, Ag
Leader, Topoon
Agriculture, Case
IH

Precision Planting,

AGCO, John
Deere, Kinze,
Raven Industries

AGCO, Case [H,
John Deere,
Trimble, Raven
Industries

John Deere,
AGCO, Case [H,
Raven Industries,
Trimble

Valley Irrigation,
John Deere,
Reinke, Lindsay
Caorporation,
Trimible

Benefits

Helps farmers
reduce
overlap,
optimize field
operations,
and improve
productivity.

Helps farmers
reduce input
waste,
optimize field
operations,
and improve
productivity.

Helps farmers
optimize seed
use, improve
yield
performance,
and reduce
input costs,

Helps farmers
optimize
fertilizer use,
reduce soil
erosion, and
improve crop
yield.

Helps farmers
reduce
pesticide use,
optimize pest
management,
and Improve
crop health.

Helps farmers
optimize
water use,
reduce water
waste, and
Improve crop
vield.

Implementa
tion Advises
B Risks

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use affectively.

Implementation
can be complex
and may
require
specialized
equipmeant and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.

Implementation
can be complex
and may
require
specialized
equipment and
knowledge to
use effectively.
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Guidance Systems
Guidance Systems use GPS technology to guide farm machinery for precise field operations.

“ MARCOBRINT

By enabling accurate navigation, these systems help farmers reduce overlap, optimize field
operations, and improve overall productivity.

Automatic Section Control
Automatic Section Control (ASC) systems automatically turn equipment sections on and off
to avoid overlapping of inputs, such as fertilizers, seeds, or pesticides. By minimizing overlaps,
ASC helps farmers reduce input waste, optimize field operations, and enhance productivity.

Variable Rate Applications (VRT) - Seeds
VRT for seeds optimizes seed application rates based on soil variability and other factors,
ensuring that the optimal amount of seed is sown in each area of the field. This approach helps
farmers maximize seed use, improve yield performance, and reduce input costs.

Variable Rate Applications (VRT) - Fertilizer/Lime
VRT for fertilizer and lime optimizes application rates based on soil variability and other fac-
tors, promoting efficient nutrient use and reducing the risk of soil erosion. By tailoring fertilizer
and lime application to specific field conditions, farmers can improve crop yield and reduce
input costs.

Variable Rate Applications (VRT) - Pesticides
VRT for pesticides optimizes pesticide application rates based on pest pressure and other
factors, helping farmers reduce pesticide use and manage pests more effectively. By targeting
pesticide applications, VRT can improve crop health and reduce input costs.

Variable Rate Applications (VRT) - Irrigation
VRT for irrigation optimizes water application rates based on soil moisture levels and other
factors, ensuring that crops receive the optimal amount of water. This approach helps farmers
optimize water use, reduce water waste, and improve crop yield.
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DIGITAL AGRICULTURE:
IMPLEMENTATION PATHS

The “implementation paths” represent the crucial fourth step in the “SmartAg Optimize Meth-
odology” Recognizing the importance and critical nature of this step, the following paragraphs
aim to provide further insights and clarity on the subject.

What is an implementation path?

An “implementation path” refers to a structured, step-by-step process that guides farmers in
adopting and integrating various digital agriculture components into their farm operations. The
scope of an implementation path involves identifying the most appropriate digital technologies
and solutions, planning their adoption, and (along with the SmartAg Optimize Methodology)
managing their successful integration into the farm’s workflow and decision-making processes.

An implementation path is essential for a farm or farmer for several reasons:

1. Strategic adoption: an implementation path helps farmers identify the most suitable digital
agriculture components for their operations, ensuring that they invest in technologies that pro-
vide the best value and align with their farming objectives.

2. Streamlined integration: by following a structured process, farmers can more efficiently
and effectively incorporate new digital tools into their operations, minimizing potential disrup-
tions to their workflow and ensuring a smoother transition.

3. Risk mitigation: an implementation path reduces the risks associated with adopting new
technologies by providing guidance on best practices, potential challenges, and necessary re-
sources, allowing farmers to make well-informed decisions.

4. Maximizing benefits: a well-designed implementation path enables farmers to get the most
out of their digital agriculture investments by ensuring that they fully understand and utilize
the capabilities of the adopted technologies, ultimately leading to improved productivity, profit-
ability, and sustainability.

5. Continuous improvement: an implementation path encourages ongoing evaluation and
adaptation of the adopted digital agriculture components, ensuring that farmers stay up-to-date
with the latest advancements in technology and continue to optimize their farm management
practices.



GENERAL IMPLEMENTATION PATHS VS. GOAL-ORIENTED
IMPLEMENTATION PATH

The main difference between the two implementation paths is the focus: a general implemen-
tation path takes a broader approach to digital agriculture adoption, while a goal-oriented
implementation path targets a specific outcome to drive improvement in a particular aspect of

farm operations.

- A general implementation path involves a broader approach to adopting digital agriculture
technologies and practices, aiming to improve overall farm operations without targeting a
specific outcome. This path allows farmers to explore a wide range of technologies and integrate
them into their farm management strategies, enhancing efficiency and productivity across vari-
ous aspects of their operations.

- A goal-oriented implementation path focuses on achieving a specific, predefined objective,
such as increasing yields, reducing input costs, or improving sustainability. This targeted ap-
proach enables farmers to concentrate their efforts on selecting and adopting digital agriculture
components that directly contribute to their desired goal, ensuring efficient resource utilization
and tailored solutions.

Benefits of general implementation paths (top-down)

A general implementation path may be more appropriate when a farmer or farm operation
seeks to explore and adopt digital agriculture technologies without focusing on a specific goal
or objective. This approach allows for flexibility and adaptability as the farmer gradually inte-
grates digital tools and solutions into their operations.

The benefits of a general implementation path compared to a goal-oriented implementation
path include:

1. Holistic approach: a general implementation path allows farmers to explore various digital
agriculture components and assess their compatibility with their farm operations without being
constrained by a specific goal.

2. Incremental learning: by adopting digital agriculture components step by step, farmers
can learn and adjust their farm management practices at a manageable pace, reducing the risks
associated with drastic changes in their operations.



BENEFITS OF GOAL-ORIENTED IMPLEMENTATION PATHS (BOT-
TOM-UP)

A goal-oriented implementation path offers numerous advantages for farmers looking to adopt
digital agriculture technologies. By focusing on a specific objective, farmers can streamline their
efforts, tailor their solutions, measure their progress, and make informed decisions that lead to
better outcomes and increased success in achieving their desired goal. More specifically:

1. Clear focus: a goal-oriented implementation path provides a well-defined objective, allow-
ing farmers to concentrate their efforts on adopting digital agriculture components that directly
contribute to their desired outcome. This focused approach ensures that resources are utilized
efficiently and effectively.

2. Tailored solutions: by targeting a specific goal, such as increasing yields, reducing input
costs, or improving sustainability, a goal-oriented implementation path enables farmers to
focusing in identifying and adopting the most relevant digital agriculture technologies and
practices for their unique needs and circumstances. This customization ensures that the imple-
mented solutions have the highest potential impact on achieving the set goal.

3. Measurable outcomes: a goal-oriented approach allows farmers to establish clear metrics
and benchmarks for measuring the success of their digital agriculture adoption. By setting
quantifiable targets, farmers can better track their progress, evaluate the effectiveness of the
adopted technologies, and make necessary adjustments to optimize performance.

4. Enhanced motivation: focusing on a specific goal can increase motivation and drive
among farmers and farm staff, as it provides a clear purpose and direction for their efforts. This
heightened motivation can lead to greater commitment and engagement in the implementation
process, ultimately contributing to better results.

5. Bottom-up: a goal-oriented implementation path encourages farmers to learn the digital
agriculture process by doing: gather data, analyze performance, and make informed decisions
based on the targeted objective.



WHICH GOAL-ORIENTED IMPLEMENTATION PATH TO FOLLOW?

While the Goal-oriented implementation path presented in the following paragraphs can pro-
vide good starting points for implementing digital agriculture on a farm, it is important to note
that there is no “one size fits all” solution when it comes to implementing digital agriculture.
Every farm is unique, and the implementation path should be customized to the specific needs,
goals, and constraints of each farm.

There may be better implementation paths for certain types of farms, crops, or regions depend-
ing on factors such as the size of the farm, the level of existing technology adoption, the avail-
able resources and infrastructure, and the regulatory environment. The optimal implementation
path may also vary depending on the farmer’s objectives, such as increasing yields, reducing
input costs, or improving sustainability.

Therefore, it is essential for farmers to carefully assess their situation and develop an implemen-
tation path that is tailored to their needs and goals. This may involve consulting with experts

in digital agriculture, conducting a comprehensive needs analysis, and considering factors such
as the available resources, budget, and timeline. The implementation path may also need to be
adapted over time as new technologies emerge, new challenges arise, or the farm’s goals and
priorities change.



GOAL-ORIENTED IMPLEMENTATION PATHS (EXAMPLES): SUMMARY

#ift MARCOBRINI

Implementat Key Steps [(Digital Rationals Solutions
ion Path Agriculture
Components)
1. 1.1 Data Collection: Yield Identify yield variabilty John Deere Harvest
Increasing Monitor and areas for Monitor, Agleader,
Yields improvement Trimble
1.2 Data Collection: Soil ~ Optimize fertilizer Veris Technologias
Monitoring application and improve iScan, CropX,
crop health AgroviIR
1.3 Decision Support: Visualize yield Agleader SM5,
Yield Maps performance and Climate FieldView,
identify patterns Trimble Ag Scftware
1.4 Decision Support: Predict crop yields and  IBM Watson, CropX,
Modeling (Biophysical and optimize resource FluroSat
AL/ML) allocation
1.5 Data-Driven Optimize sead use Precision Planting,
Equipment: Variable Rate  based on soll variabllity AGCO, John Deere
Applications (VRT) - Seeds
1.6 Data-Driven Optimize water use and Valley Irrigation,
Equipment: Variable Rate  improve crop yield John Deere, Reinke
Applications (VRT) -
Irrigation
2. Reducing 2.1 Data Collection: Soil Optimize fertilizer Veris Technologies
Input Costs Monitoring application and reduce  iScan, CropX,
input costs AgrovIR
P
2.2 Decision Support: Soil  Visualize soil variability AgroCares Scanner, ﬁ
Maps and optimize input SolDptix, Solum §
allacation >
2.3 Data-Driven Improve field operation Trimble, John Deere, 7
Equipment: Guidance precision and reduce Raven Industries E
Systems input waste 5
=
2.4 Data-Driven Avoid overlapping of Trimble, John Deere, =
Equipment: Automatic inputs Rawven Industries &
Section Control E
(ol
2.5 Data-Driven Dptimize fertilizer/lime  AGCO, Case IH, John g
Equipment: Variable Rate  application based on Deere =
Applications (VRT) - soil variability s
Fertilizer/Lime Z
=
2.6 Data-Driven Optimize pesticide John Deere, AGCO, |
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Sustainabilit Monitoring reduce soll erosion iScan, CropX,
¥ AgroVIR
3.2 Decision Support: Soil  Visualize soil variability AgroCares Scanner,
Maps and implemeant ScilOptix, Solum
sustalnable practices
3.3 Data Collection: Other Maonitor weather Topoon Agriculture,
Field Data conditions and adapt to  Raven Industries,
climate change Agleader, CropIn
3.4 Decision Support: Predict and mitigate IBM Watson, CropX,
Modeling (Biophysical and  climate-related risks FlurnSat, Cropln
ALSML)
3.5 Data-Driven Optimize fertilizer/lime  AGCO, Case IH, John
Equipment: Variable Rate  application for Deare
Applications (VRT) - sustainable nutrient
Fertilizer/Lime management
3.6 Data-Driven Optimize water use for  Valley Irrigation,
Equipment: Variable Rate  sustainable water John Deere, Reinke
Applications (VRT) - management
Irrigation
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GOAL-ORIENTED IMPLEMENTATION PATH EXAMPLE 1:
INCREASING YIELDS

By implementing these digital agriculture solutions in a sequence that builds upon the previous
steps, farmers can increase yields while optimizing input use and reducing input costs. The im-
plementation path prioritizes data collection, decision support, and data-driven equipment and
input adjustment to optimize yield performance.

Key Steps | Goal

1. Farm Management System Provides a platform for managing crop and livestock
(ERP) for crop and livestock cperations, tracking input use, and analyzing
management performance data.

2. Soll Maps and Monitoring for Frovides visualization of soll properties across fields,
Decision Support helping farmers identify soll variability and optimize
fertilizer application.

3. Yield Monitors for Data Provides real-time information on crop yields across
Collection fields, allowing farmers to identify yield variability and
optimize crop management.

4. Weed or Other Pest Maps for Provides visualization of weed or other pest distribution
Decision Support across fields, helping farmers identify areas with high
pest pressure and take corrective action to protect

5. Modeling (Biophysical and Helps farmers optimize resource allocation, mitigate

AI/ML) for Decision Support risk, and improve yield performance. By predicting crop
yields, pest and disease outbreaks, and weather
patterns, farmers can adjust management practices to
optimize yields.

6. Variable Rate Applications Optimizes Input application rates based on soll

(VRT) for Data-Driven variability and other factors, helping farmers optimize
Equipment and Input Input use and reduce input waste,
Adjustment

Step 1: Farm Management System (ERP) for Crop and Livestock Management

The first step is to implement a Farm Management System (ERP) for crop and livestock man-
agement. This provides a platform for managing crop and livestock operations, tracking input
use, and analyzing performance data. By streamlining these processes and providing real-time
data, farmers can optimize crop and livestock management practices and improve yields.



Step 2: Soil Maps and Monitoring for Decision Support Soil maps and monitoring

It can provide visualization of soil properties across fields, helping farmers identify soil vari-
ability and optimize fertilizer application. This can improve soil health and fertility, resulting in
higher yields.

Step 3: Yield Monitors for Data Collection

It provides real-time information on crop yields across fields, allowing farmers to identify yield
variability and optimize crop management. By analyzing yield data, farmers can identify factors
that contribute to lower yields and adjust their management practices accordingly.

Step 4: Weed or Other Pest Maps for Decision Support

Weed or other pest maps can provide visualization of weed or other pest distribution across
fields, helping farmers identify areas with high pest pressure and take corrective action to pro-
tect crops. This can improve crop health and reduce yield loss.

Step 5: Modeling (Biophysical and AI/ML) for Decision Support

Modeling using biophysical and machine learning models can help farmers optimize resource
allocation, mitigate risk, and improve yield performance. By predicting crop yields, pest and
disease outbreaks, and weather patterns, farmers can adjust management practices to optimize
yields.

Step 6: Variable Rate Applications (VRT) for Data-Driven Equipment and Input Adjustment
Variable rate applications for seeds, fertilizer/lime, pesticides, and irrigation can optimize input

application rates based on soil variability and other factors, helping farmers optimize input use
and reduce input waste. This can result in improved crop yields and cost savings.



GOAL-ORIENTED IMPLEMENTATION PATH EXAMPLE 2:
REDUCING INPUT COSTS

Key Steps Goal

Step 1. Farm Management Provides a platform for tracking input costs and analyzing
System (ERP) for performance data. By streamlining these processes and
Financial Management providing real-time data, farmers can optimize input use and

Step 2. Soil Maps and Provides visualization of soll properties across fields, helping
Monitoring for Decision farmers optimize fertilizer application and reduce input waste,

Support This can improve soil health and fertility, resulting in lower input
Step 3. Crop Condition Provides real-time information on crop health and growth across
Sensors for Data fields, allowing farmers to identify areas with low crop vigor and
Collection adjust their management practices accordingly. By monitaring

crop hiealth, farmers can optimize input use and reduce costs.

Step 4. Weed or Other Provides visualization of weed or other pest distribution across

Pest Maps for Decision fields, helping farmers ldentify areas with high pest pressure

Support and take corrective action to protect crops. By targeting input
use in areas with high pest pressure, farmers can optimize input

Step 5. Modeling Helps farmers optimize resource allocation, mitigate risk, and
{Biophysical and AT/ reduce input costs. By predicting crop yields, pest and disease
ML) for Decision putbreaks, and weather patterns, farmers can adjust
Support management practices to optimize input use and reduce costs.

Step 6. Variable Rate Optimizes input application rates based on soil variability and
Applications (VRT) for  other factors, helping farmers optimize input use and reduce
Data-Driven Equipmaent input waste. This can rasult in lower input costs and cost
and Input Adjustment  savings.

By implementing these digital agriculture solutions in a sequence farmers can reduce input
costs while optimizing input use and maintaining or improving crop yields. The implementa-
tion path prioritizes data collection, decision support, and data-driven equipment and input
adjustment to optimize input use and reduce input costs.

Step 1: Farm Management System (ERP) for Financial Management

The first step is to implement a Farm Management System (ERP) for financial management.
This provides a platform for tracking input costs and analyzing performance data. By stream-
lining these processes and providing real-time data, farmers can optimize input use and reduce
costs.

Step 2: Soil Maps and Monitoring for Decision Support
Soil maps and monitoring can provide visualization of soil properties across fields, helping

farmers optimize fertilizer application and reduce input waste. This can improve soil health and
fertility, resulting in lower input costs.



Step 3: Crop Condition Sensors for Data Collection

Crop condition sensors provide real-time information on crop health and growth across fields,
allowing farmers to identify areas with low crop vigor and adjust their management practices
accordingly. By monitoring crop health, farmers can optimize input use and reduce costs.

Step 4: Weed or Other Pest Maps for Decision Support

Weed or other pest maps can provide visualization of weed or other pest distribution across
fields, helping farmers identify areas with high pest pressure and take corrective action to pro-
tect crops. By targeting input use in areas with high pest pressure, farmers can optimize input
use and reduce costs.

Step 5: Modeling (Biophysical and AI/ML) for Decision Support

Modeling using biophysical and machine learning models can help farmers optimize resource
allocation, mitigate risk, and reduce input costs. By predicting crop yields, pest and disease out-
breaks, and weather patterns, farmers can adjust management practices to optimize input use
and reduce costs.

Step 6: Variable Rate Applications (VRT) for Data-Driven Equipment and Input Adjustment
Variable rate applications for seeds, fertilizer/lime, pesticides, and irrigation can optimize input

application rates based on soil variability and other factors, helping farmers optimize input use
and reduce input waste. This can result in lower input costs and cost savings.



GOAL-ORIENTED IMPLEMENTATION PATH EXAMPLE 3:

IMPROVING SUSTAINABILITY

Step 1: Implement a Farm Management
Systemn (ERP) for Sustainable Crop and
Livestock Management

Step 2: Implement Soil Maps and
Monitoring for Decision Support

Step 3: Implement Water
Management Tools for Data
Collection

Step 4: Implement Integrated Pest
Management (IPM]) Tools for
Decision Support

Step 5: Implement Modeling
(Biophysical and AT/ML) for
Decision Support

Step 6: Implement Precision
Livestock Management

Manage crop and livestock cperations, optimize
Input use, and improve sustainability.

Visualize soil properties and optimize fertilizer
application, resulting in improved soil health and
fertility, and improved sustainability.

Optimize irrigation practices, conserve water
resources, and improve sustainability.

Reduce reliance on pesticides, minimize
environmental impact, and improve sustainability.

Optimize resource allocation, mitigate risk, and
improve sustainahility.

Dptimize feed, water, and medication use, reduce
waste, and improve sustainability of livestock
operations.

With this implementation sequence farmers can improve sustainability while optimizing crop

and livestock management practices. The implementation path prioritizes data collection,

decision support, and precision livestock management to improve sustainability and reduce the

environmental impact of farming operations.

Step 1: Implement a Farm Management System (ERP) for Sustainable Crop and Livestock

Management

The first step is to implement a Farm Management System (ERP) for sustainable crop and live-

stock management. This provides a platform for managing crop and livestock operations, track-

ing input use, and analyzing performance data. By streamlining these processes and providing

real-time data, farmers can optimize crop and livestock management practices and improve

sustainability.

Step 2: Implement Soil Maps and Monitoring for Decision Support

Soil maps and monitoring can provide visualization of soil properties across fields, helping

farmers identify soil variability and optimize fertilizer application. This can improve soil health

and fertility, resulting in improved sustainability.



Step 3: Implement Water Management Tools for Data Collection

Water management tools can provide real-time information on soil moisture and water usage,
allowing farmers to optimize irrigation practices and conserve water resources. By conserving
water resources, farmers can improve sustainability and reduce their impact on the environ-
ment.

Step 4: Implement Integrated Pest Management (IPM) Tools for Decision Support

Integrated pest management (IPM) tools can provide real-time information on pest populations
and the effectiveness of pest management practices, allowing farmers to reduce their reliance on
pesticides and minimize their impact on the environment. By reducing pesticide use, farmers
can improve sustainability and protect natural resources.

Step 5: Implement Modeling (Biophysical and AI/ML) for Decision Support

Modeling using biophysical and machine learning models can help farmers optimize resource

allocation, mitigate risk, and improve sustainability. By predicting crop yields, pest and disease
outbreaks, and weather patterns, farmers can adjust management practices to improve sustain-
ability and reduce their impact on the environment.

Step 6: Implement Precision Livestock Management for Sustainable Livestock Operations

Precision livestock management tools can provide real-time information on animal health and
well-being, allowing farmers to optimize feed, water, and medication use and reduce waste. By
improving livestock management practices, farmers can improve sustainability and reduce their
impact on the environment.
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SMARTAG OPTIMIZE METHODOLOGY

Methodology developed by Marco Brini

What is the SmartAg Optimize Methodology

The SmartAg Optimize methodology, is a data-driven, technology-enabled, and agile approach

to farming that aims to optimize yields, reduce input costs, and enhance sustainability.

This methodology involves a step-by-step process for adopting Precision Agriculture at the

farm level, making use of the best management strategies and technologies.

The methodology includes:

defining clear goals and objectives,

evaluating farm resources and infrastructure,

conducting site surveys and data collection,

analyzing data and developing a Precision Agriculture plan,
implementing Precision Agriculture technologies,

monitoring and evaluating performance,

continuously improving and iterating the Precision Agriculture system.

By following this methodology, farmers can leverage cutting-edge technologies and manage-

ment strategies to improve farm operations and resource utilization, ultimately contributing to

a more efficient and sustainable agriculture sector.

Methodology developed by Marco Brini



MANAGEMENT STRATEGIES ADOPTED IN THE SMARTAG
OPTIMIZE METHODOLOGY

Data-Driven Decision Making
Precision agriculture relies heavily on data collection and analysis to make informed decisions.
Using data analytics tools, farm managers can monitor soil and crop health, optimize irrigation
and fertilizer use, and predict yields. This approach helps to increase accuracy and reduce waste,
leading to better decision-making and improved profitability.

Agile Project Management
Agile project management involves breaking down large projects into smaller, more manageable
tasks or “sprints.” This allows for greater flexibility and adaptability as new information or chal-
lenges arise. By using an agile approach, farm managers can more quickly adjust their plans and

make course corrections as needed.

Continuous Improvement
Adopting Precision Agriculture is an ongoing process that requires continuous learning and
improvement. By seeking feedback from stakeholders, monitoring performance, and regularly
reassessing goals, farm managers can identify areas for improvement and make adjustments
over time. This approach helps to maximize the benefits of Digital/Precision Agriculture and
optimize outcomes.

Collaborative Decision Making
Digital/Precision Agriculture adoption involves multiple stakeholders, including farmers, re-
searchers, and technology providers. Collaborative decision-making strategies involve working
together to identify goals, share information, and make joint decisions. This approach helps
to ensure that all stakeholders have a voice in the adoption process and can contribute to its

success.

BENEFITS

The benefits of these management strategies include:

o Increased efficiency and profitability

o  Reduced waste and environmental impact

« Improved decision-making and risk management

o Greater flexibility and adaptability

« Enhanced collaboration and stakeholder engagement

«  Continuous learning and improvement

By utilizing these management strategies within a Digital Agriculture adoption program, farm
managers can optimize outcomes and achieve their objectives in a more efficient and effective

manner.
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THE SMARTAG OPTIMIZE METHODOLOGY TABLE
Step

Why

Set the
direction for
the project
and align It
with the
farm’s long-
term
objectives.

Identify areas
where
Precisian
Agriculture
can Iimprove
Farm
operations and
optimize
resource
Utilization.

Provide the
necessary
data for
developing a
Precision
Agriculture
plan.

Ensure that
the plan
includes the
mast sultable
crops, the
optimal
planting and
harvesting
dates, the
right amaunt
of water,
fertilizer, and
other inputs
required, and
the
appropriate
Digitalf
Pracision
Agriculture
technologies
Lo use.

Estima
ted
Time

1-2 weeks

2=4 wieeks

2-4 weeks

4-5 weeks

Risks

Lack of
clarity or
alignment
between
goals and
farm vision.

Liriced
access o
NEcessary
resources or
inadequate
infrastructure
for
implementin
g Precision
Agriculture
technologies,

Difficulty
collecting
accurate
data due to
SENSOF
malfunctions,
weather
conditions,
or other
factors.

[naccurata
data analysis
leading to
the
development
of an
inaffective
Digitalf
Frecision
Agriculture
plan.
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technologies.

Identify areas
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plan as
necessary to
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results.

Ongoing
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ongeing
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Inability to
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changing
technologies
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conditions.
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SMARTAG OPTIMIZE METHODOLOGY:
STEP-BY-STEP

How Why Estima Risks
ted
Time
1 Digital Define Define clear goals Set the 1-2 weeks Lack of clarity

Farm Goals and  and objectives direction for or alignment
Strategy Objectives that align with the project and between

the farm's overall align it with the goals and

strategy and farm's long- farm vision.

vision. term

objectives.

STEP 1: DIGITAL FARM STRATEGY
The first step of the SmartAg Optimize methodology is called “Digital Farm Strategy” and in-
volves defining clear goals and objectives that align with the farm’s overall strategy and vision.

The Digital Farm Strategy step of the SmartAg Optimize methodology lays the foundation for a
successful Precision Agriculture adoption process by ensuring that everyone involved is work-
ing towards a clear and shared set of goals and objectives.

DEFINING THE GOALS
To begin, farmers should consider their long-term objectives and develop a vision for their
farm that takes into account factors such as profitability, sustainability, and growth. This vision
should then be broken down into specific goals and objectives that can be achieved through the
adoption of Precision Agriculture practices.

Some examples of goals and objectives that farmers may consider include:

o Increasing crop yields

«  Reducing input costs (such as water, fertilizer, and pesticides)
« Improving soil health and fertility

«  Reducing environmental impact and enhancing sustainability
» Expanding the farm’s customer base or market share

»  Diversifying the farm’s product offerings

“ MARCOBRINT
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COMMUNICATION & CROSS CHECK

Once these goals and objectives have been defined, they should be communicated clearly to all

stakeholders involved in the Precision Agriculture adoption process, including farm workers,

advisors, and service providers. This can help to ensure that everyone is aligned with the farm’s

overall strategy and vision and can work together to achieve the desired outcomes.

REVIEW & UPDATE

In addition, it's important to regularly review and update the farm’s goals and objectives as

needed to ensure that they remain relevant and aligned with changing market conditions and

other external factors. This can help farmers to stay agile and responsive in a rapidly changing
agricultural landscape.

STEP 2: PRECISION RESOURCE ASSESSMENT

Step What Why

Estima Risks
Name ted
Time

2 Precision Evaluate Conduct a Identify areas  2-4 weeks Limited
Resource Farm thorough where Precision access to
Assessme Resources evaluation of the  Agriculture can NEeCessary
nt and farm's resources  Iimprove farm resources or

Infrastruct and infrastructure  operations and inadequate
ure to Identify areas optimize Infrastructure
where Precision resource for
Agriculture utilization. Implementing
technologies can Precision
be implemented. Agriculture
technologles.

The second step of the SmartAg Optimize methodology is called “Precision Resource Assess-
ment” and involves conducting a thorough evaluation of the farm’s resources and infrastructure
to identify areas where Digital/Precision Agriculture technologies can be implemented.

The Precision Resource Assessment step of the SmartAg Optimize methodology helps farmers
to identify opportunities for implementing Digital/Precision Agriculture technologies and to
assess their existing infrastructure and resources to support the adoption of these technologies.
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ASSESSMENT

To begin, farmers should evaluate their existing resources and infrastructure, including equip-

“ MARCOBRINI

ment, labor, land, and financial resources. This evaluation can help to identify areas where
Digital/Precision Agriculture technologies can be most effectively implemented to optimize

resource utilization and improve farm operations.
Some examples of areas that farmers may consider evaluating include:

«  Soil properties and fertility levels

o Irrigation and water management systems

«  Nutrient management and fertilizer application practices

«  Crop rotation and cover cropping practices

o  Pestand disease management practices

o Machinery and equipment utilization and maintenance practices

Through this evaluation, farmers can identify areas of their operation that may benefit from
Digital/Precision Agriculture technologies, such as remote sensing, GPS-guided equipment,
automated irrigation systems, or variable rate technology for input application.

REQUIRED SIDE INTERVENTIONS
Once potential areas for implementing Digital/Precision Agriculture technologies have been
identified, farmers should assess their existing infrastructure and determine what upgrades or
modifications may be necessary to support the adoption of these technologies. This may include
installing sensors, upgrading irrigation systems, or investing in new equipment or machinery.

FINANCIAL IMPLICATIONS
Finally, farmers should evaluate the financial implications of adopting Digital/Precision Agri-
culture technologies, including the potential return on investment and the cost-benefit analysis
of implementing new technologies versus continuing with existing practices. This can help to
ensure that the adoption of Digital/Precision Agriculture technologies is financially feasible and
sustainable for the farm in the long term.
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STEP 3: DATA-DRIVEN FIELD SURVEY

Step What Why Estima Risks
Name ted
Time
3 Data- Conduct a  Collect data on Provide the 2-4 weeks  Difficulty
Driven Site soil properties, necessary data collecting
Field Survey crop health, for developing accurate data
Survey and Data  weather a Precision due to sensor
Collection  conditions, and Agriculture malfunctions,
other relevant plan. weather
variables using conditions, or
sensors and other other factors.
data collection
tools.

The step 3 of the SmartAg Optimize methodology is called “Data-Driven Field Survey” and
involves collecting data on soil properties, crop health, weather conditions, and other relevant
variables using sensors and other data collection tools.

The Data-Driven Field Survey step of the SmartAg Optimize methodology helps farmers to
collect and analyze critical data points that can inform their Precision Agriculture practices and
help them optimize their farm operations for maximum efficiency and sustainability.

DATA
To begin, farmers should identify the specific data points that are most relevant to their farm
operation and the Precision Agriculture technologies they plan to implement. This may include
data on soil moisture levels, nutrient levels, crop yield and health, weather conditions, and
more.

TOOLS
Next, farmers should select the appropriate data collection tools and sensors to gather this
information. This may include soil moisture sensors, remote sensing tools, weather stations, or
other sensors and data collection tools.
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IMPLEMENTATION

Once the necessary sensors and data collection tools have been identified, they should be de-

';MARCOBRINI

ployed in the field to collect data on an ongoing basis. Farmers should also establish a system
for collecting and storing this data, such as a cloud-based data management platform or a farm

management software system.

FIRST ANALYSIS
After data has been collected, farmers should conduct a thorough analysis of the data to identify
patterns, trends, and areas of concern. This analysis may involve the use of data visualization
tools, such as charts or graphs, to help farmers better understand the data and make informed
decisions about how to optimize their farm operations.

CONSISTENCY CHECK
Throughout the data collection and analysis process, farmers should also take steps to ensure
that the data they are collecting is accurate and reliable. This may involve regularly calibrating
sensors and data collection tools, using appropriate data validation techniques, and ensuring
that data is collected consistently over time.
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STEP 4: IMPLEMENTATION PATH DEVELOPMENT

“ MARCOBRINT

This section provides a concise summary of the “Digital Agriculture: implementation paths” for
your convenience. It is highly recommended that the reader consults the dedicated chapter for a

more comprehensive understanding of this critical step.

Step What Estima Risks
Name ted
Time
4 Implement Analyze Analyze the data Ensure that 4-6 weeks Inaccurate
ation Path Data and collected and the plan data analysis
Developme Develop a develop & includes the leading to
nt Digital/ Precision most suitable the
Precision Agriculture plan  crops, the development
Agriculture  that outlines optimal of an
Flan specific planting and ineffective
management harvesting Precision
strategies and dates, the Agriculture
technologies to  right amount plan.
implement on of water,
the farm. (pigitar  fertilizer, and
Agaculture; other inputs
Implementation required, and
paths the
appropriate
Precision
Agriculture
technologies
o use,

The step 4 of the SmartAg Optimize methodology is called “Implementation Path Develop-
ment” and involves analyzing the data collected in step 3 to develop a Precision Agriculture
plan that outlines specific management strategies and technologies to implement on the farm.

The Implementation Path Development step of the SmartAg Optimize methodology helps
farmers to develop a detailed plan for implementing Precision Agriculture technologies and
management strategies on their farm. By leveraging data-driven insights, farmers can optimize
their farm operations, reduce input costs, and improve sustainability, ultimately contributing to
a more efficient and productive agriculture sector.

WHRE TO FOCUS
To begin, farmers should review the data collected in step 3 and use this information to identify
areas of the farm that may require additional attention or intervention. For example, they may
identify areas of the field that require additional irrigation, fertilizer application, or pest man-
agement.
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FROM DATA TO CROP PLAN

Based on this analysis, farmers should develop a Precision Agriculture plan that outlines spe-

“ MARCOBRINT

cific management strategies and technologies to implement on the farm. This plan should take
into account the most suitable crops, optimal planting and harvesting dates, required inputs
such as water, fertilizer, and pesticides, and the appropriate Precision Agriculture technologies

to use.

The Precision Agriculture plan should also take into account the farm’s overall strategy and
goals, as well as any financial or resource constraints that may impact the implementation of
these strategies and technologies.

Once the Precision Agriculture plan has been developed, it should be communicated clearly to
all stakeholders involved in the Precision Agriculture adoption process, including farm workers,
advisors, and service providers. This can help to ensure that everyone is aligned with the plan
and can work together to achieve the desired outcomes.

It’s also important to regularly review and update the Precision Agriculture plan as needed to
ensure that it remains relevant and aligned with changing market conditions and other external

factors.
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STEP 5: TECHNOLOGY INTEGRATION

“ MARCOBRINT

Step What
Name
5 Technole Implement Implement the Optimize farm  4-6 Implementati
ay Precision Precision operations and months on challenges
Integrati Agriculture Agriculture resource due to
on Technologi  technologies utilization by equipment
es identified in the leveraging malfunctions,
plan, such as cutting-edge inadequate
variable rate technologies. training, or
technology (VRT) other factors.
for applying
inputs, automated
irrigation
systems, remote
sensing for
monitoring crop
health, and GPS-

guided equipment
for planting and
harvesting.

Step 5 of the SmartAg Optimize methodology is called “Technology Integration” and involves
implementing the Precision Agriculture technologies identified in the plan developed in step 4.

The Technology Integration step of the SmartAg Optimize methodology helps farmers to lever-
age cutting-edge technologies and management strategies to optimize their farm operations, re-
duce input costs, and improve sustainability. By embracing new technologies and implementing
them effectively, farmers can stay competitive in a rapidly changing agricultural landscape and
contribute to a more efficient and sustainable agriculture sector.

EQUIPMENT & INFRASTRUCTURE ASSESSMENT
To begin, farmers should assess the equipment and infrastructure needed to implement the Pre-
cision Agriculture technologies identified in the plan. This may involve upgrading or modifying
existing equipment, purchasing new equipment or software, and training farm workers on how
to use the new technologies.

Examples of Precision Agriculture technologies that farmers may implement include variable
rate technology (VRT) for applying inputs, automated irrigation systems, remote sensing for
monitoring crop health, and GPS-guided equipment for planting and harvesting (more on next
chapters).
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DEFINE KPIS
Defining Key Performance Indicators (KPIs) for each new technology implemented is of the
highest importance because it helps farmers to maintain the focus on the goal of the technology

(vs. the technology itself) tracking the performances of the technology and assessing its impact
on their farm operations.
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By setting specific, measurable KPIs for each technology, farmers can determine whether the
technology is delivering the expected outcomes and adjust their implementation strategies as
needed.

Some examples of KPIs that farmers may use to assess the performance of Precision Agriculture
technologies include:

Yield: Farmers may track changes in crop yields before and after implementing Precision
Agriculture technologies to assess their impact on productivity.

« Input Costs: Farmers may track changes in input costs, such as fertilizer or pesticide use, to
determine whether Precision Agriculture technologies are helping to reduce costs.

»  Water Use Efficiency: Farmers may track changes in water use efficiency to determine
whether automated irrigation systems or other water management technologies are helping to
optimize resource utilization.

«  Soil Health: Farmers may track changes in soil health indicators, such as organic matter
content or nutrient levels, to assess the impact of Precision Agriculture technologies on soil
fertility and productivity.

o  Labor Productivity: Farmers may track changes in labor productivity, such as the time re-
quired for planting or harvesting, to assess the impact of Precision Agriculture technologies on
farm worker efficiency.

By tracking these KPIs and regularly evaluating the performance of Precision Agriculture tech-
nologies (more on the next step), farmers can make informed decisions about how to optimize
their farm operations and ensure that their adoption of new technologies is financially feasible

and sustainable in the long term.

DEerINE KPIS




EQUIPMENT & INFRASTRUCTURE ASSESSMENT

Once the necessary equipment and infrastructure have been established along with their KPIs,

“ MARCOBRINT

farmers should begin implementing the Precision Agriculture technologies identified in the
plan.

Throughout the implementation process, farmers should also prioritize communication and
collaboration with all stakeholders involved in the Precision Agriculture adoption process. This
may include farm workers, advisors, service providers, and other industry experts.

The attention should always be on continuously evaluating the performance of the Precision
Agriculture technologies and adjusting them as needed to optimize results. This may involve
collecting and analyzing data on crop yields, input costs, and other metrics to assess the impact
of Precision Agriculture on farm operations.
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STEP 6: PERFORMANCE ANALYTICS
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Step What Why Estima  Risks
Name ted
Time
6 Performa Monitor Continuously Identify areas  Ongoing Inadequate
nce and maonitor and for data
Analytics Evaluate evaluate the improvement collection or
Performanc performance of and revise the analysis
e the Precision Precision leading to a
Agriculture Agriculture lack of insight
system by plan as into the
collecting data on  necessary to performance
crop yields, input  optimize of the
costs, and other results, Precision
metrics o assess Agriculture
the impact of system.
Precision
Agriculture on
farm operations.

The step 6 of the SmartAg Optimize methodology is called “Performance Analytics” and in-
volves analyzing data on the performance of Precision Agriculture technologies implemented
in step 5 to assess their impact on farm operations and make informed decisions about how to
optimize results.

The Performance Analytics step of the SmartAg Optimize methodology reinforces the last point
in the previous step (KPIs); it helps farmers to make data-driven decisions about how to opti-
mize their farm operations and ensure that their adoption of Precision Agriculture technologies
is delivering the desired outcomes. By regularly analyzing data and making informed adjust-
ments, farmers can stay competitive in a rapidly changing agricultural landscape and contribute
to a more efficient and sustainable agriculture sector.

KPIS (CONSTANT) COLLECTION & ANALYSIS
To begin, farmers should collect and analyze data on a range of key performance indicators
(KPIs), as defined in step 4, to determine whether the Precision Agriculture technologies are
delivering the desired outcomes. This may involve analyzing data on crop yields, input costs,
water use efficiency, labor productivity, soil health, and other relevant metrics.
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KPIS AS “FINE TUNING DRIVERS”
Based on this analysis, farmers should identify areas where the Precision Agriculture tech-
nologies are performing well and areas where they may need to be adjusted or optimized. For
example, they may identify that certain crops are responding particularly well to VRT, or that a
particular irrigation strategy is not delivering the expected results.

PROCESS ADJUSTMENT
Once potential areas for improvement have been identified, farmers should develop and im-
plement new strategies or technologies to optimize their farm operations. This may involve
fine-tuning existing Precision Agriculture technologies, implementing new technologies, or
adjusting crop management strategies based on data-driven insights.

(COLLABORATIVE) PROCESS ADJUSTMENT
Throughout the Performance Analytics process, it's important to prioritize collaboration and
communication with all stakeholders involved in the Precision Agriculture adoption process.
This may involve seeking input and feedback from farm workers, advisors, service providers,
and other industry experts to inform decision-making and ensure that everyone is aligned with
the farm’s overall strategy and goals.

EXTERNAL BENCHMARK
It’s also important to regularly review and update the KPIs used to evaluate the performance of
Precision Agriculture technologies to ensure that they remain relevant and aligned with chang-
ing market conditions and other external factors.

|:| MARCOBRINI
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STEP 7: CONTINUOUS INNOVATION
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Why Estima Risks

ted
Time
6 Performa Monitor Continuously Identify areas  Ongoing  Inadequate
nce and manitor and for data
Analytics Evaluate  evaluate the improvement collection or
Performanc performance of and revise the analysis
e the Precision Precision leading to a
Agriculture Agriculture lack of insight
systemn by plan as into the
collecting data on  necessary to performance
crop yields, input  optimize of the
costs, and other results. Precision
metrics to assess Agriculture
the impact of sysbem.
Precision

Agriculture on
farm operations.

The step 7 of the SmartAg Optimize methodology is called “Continuous Improvement” and
involves establishing a culture of continuous improvement that prioritizes ongoing learning,
experimentation, and innovation.

The Continuous Improvement step of the SmartAg Optimize methodology helps farmers to
establish a culture of ongoing learning and innovation that prioritizes the adoption of new
strategies and technologies to optimize farm operations and ensure long-term sustainability. By
embracing new ideas and continuously seeking to improve their farm operations, farmers can

contribute to a more efficient and productive agriculture sector.

INNOVATION AS FARM’S DNA
Farmers should establish a culture of continuous improvement that encourages all stakeholders
involved in the Precision Agriculture adoption process to share ideas, provide feedback, and
collaborate on new strategies and technologies.

COMPLETED? NO: ONGOING PROCESS
Farmers should regularly evaluate their farm operations and the performance of Precision
Agriculture technologies to identify areas for improvement. This may involve conducting
regular site surveys, collecting and analyzing data on key performance indicators, and seeking
feedback from farm workers, advisors, and service providers.

Based on this analysis, farmers should develop and implement new strategies or technologies
to optimize their farm operations and ensure that they are staying competitive in a rapidly
changing agricultural landscape. This may involve experimenting with new crop varieties,
implementing new Precision Agriculture technologies, or adopting new management strategies
based on data-driven insights.
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CONSTANTLY LEVERAGE ALL STAKEHOLDERS

Throughout the continuous improvement process, it'’s important to prioritize communication

“ MARCOBRINI

and collaboration with all stakeholders involved in the Precision Agriculture adoption process.
This may involve regularly sharing information and updates, seeking feedback and input, and
working together to identify new opportunities for innovation and improvement.

TECHNOLOGY UPGRADE
Staying updated on new technologies is an important part of the Continuous Improvement step
of the SmartAg Optimize methodology.
As new digital agriculture solutions are constantly entering the market, it's important for farm-
ers to remain aware of these developments and evaluate whether upgrading an existing solution
with a new available solution would be beneficial.

To evaluate when it's convenient to upgrade an existing solution with a new available solution,
farmers should consider several factors:

o  Performance: Farmers should evaluate the performance of the existing solution and deter-
mine whether the new available solution offers improved performance or additional functional-
ity that would be beneficial.

o  Cost: Farmers should evaluate the cost of upgrading to the new available solution and de-
termine whether the benefits justify the investment.

o  Compatibility: Farmers should evaluate whether the new available solution is compatible
with their existing equipment and infrastructure.

o  Scalability: Farmers should evaluate whether the new available solution is scalable and can
be easily integrated with their overall Precision Agriculture plan.

o  Support: Farmers should evaluate the quality and availability of support for the new
available solution and ensure that they have access to the necessary resources and expertise to
implement and maintain the solution.
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BOOK’S KEY TAKEAWAYS
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This comprehensive guide to digital agriculture will equip readers with the knowledge and tools
they need to successfully navigate the world of modern farming. Through its well-structured
content, readers will:

Gain a deep understanding of digital agriculture tools and their components, enabling them to
make informed decisions about which technologies are best suited to their farming operations.

Learn how to choose the right digital agriculture tools by exploring various implementation
paths tailored to specific goals, such as increasing yields, reducing input costs, or improving
sustainability.

Master the efficient and effective implementation of digital agriculture through the SmartAg
Optimize Methodology, a step-by-step process designed to optimize farm performance by inte-
grating cutting-edge technologies and data-driven decision-making.

By the end of this book, readers will have a solid grasp of digital agriculture tools and tech-
niques, allowing them to transform their farms into more productive, sustainable, and profit-

able enterprises.
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