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Precision Dealer Survey Specs

» Conducted yearly 1997 to 2009, then every other year.

* Topics:
* Precision technologies used by the retailers in their business
 Precision products and services offered to customers
* Retailers’ estimation of farmer use of precision practices
* Profitability, technology investment, constraints to adoption
« Added more data questions in 2017

« Use U.S. CropLife magazine contact list

* Respondents include cooperatives, independents, multi-location
regional companies
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with more expansion expected by 2022.

More Moves

Toward

Decision Agriculture

2019 RETAILER SURVEY

BY BRUCE ERICKSON AND
JAMES LOWENBERG-DEBOER

'HE 2019 Precision Agri-culture

Dealership survey shows further

steps toward a future in which
crop management decisions will be
increasingly guided by data collected
from their farmer-customer’s fields.
Sensing-technology services, such as
grid/zone soil sampling, satellite and
unmanned aerial vehicle (UAV) imag-
ing, and yield mapping, all showed
steps up compared to the 2017 results.
Corresponding were increases in all
variable-rate services — for fertilizers,

lime, prescriptions for variable-rate
seeding, and even for pesticides, al-
though that remains relatively small.
After longer than a decade during
which only around half of dealers were
offering grid and zone soil sampling,
this increased to 67% of dealers offer-
ing in 2015 to 82% in 2017 and now
at 89% (Figure 1). Dealers offering
satellite imagery — a possible founda-
tion for creating management zones
or guiding site-specific decisions —
increased from 48% in 2015 to 59% in
2017 and 70% now. Similar increases
were seen for dealers offering UAV ser-
vices to customers and for dealers of-
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fering yield monitor analysis services.
Added to the survey this year were
questions about dealers offering grid
or zone tissue sampling, at 57%, and
electronic records/field maps, at 43%.
It should be noted that the data rep-
resents the percent of dealers offering
these services, not the percentage of
acres in which these services were ap-
plied. The 2022 results are what deal-
ers anticipate they will offer in three
years. Among dealers who do not cur-
rently offer, the largest increases iden-
tified will be in UAV/drone imagery
and precision plant tissue sampling.
Variable-rate technology (VRT),

Strong gains in sensing-based precision services vs. the 2017 survey,
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individual weeds.

In contrast to the data-intense
technologies that underlie decision
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agriculture is a set of automated
practices that does not depend ona
field's agronomic characteristics, only
a field's gize and shape and where the
machine has been. The economic ben-
efits of reducing overlaps and skips,
allowing drivers to work longer hours
Continued on p. 10

decision making,

ind seed selection.

Major influence on decision
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tion adds value more subtly by helping to reduce over-
and under- ion rates vs. reducing doubling-up
and skips. There are more dealers using telemetry to
exchange information among applicators or to/from
office locations and more dealers using GPS fleet man-
agement for vehicle logistics and tracking the loca-
tions of vehicles.

The biggest news for 20197 The impact of crop
management decisions from pooled data. A new ques-
tion in 2017 asked dealers to gauge the influence of
data shared among farmers on a variety of factors re-
lated to crop management decisions (Figure 4). The
2019 survey showed a dramatic increase overall in
the influence of pooled data — this would be data ag-
gregated from multiple farms, either managed within
the dealership or as part of an cutside offering. For
erop nutrient decisions, 80% of dealers said phospho-
rus and potassium decisions were at least somewhat
influenced by pooled data, up from 43% just two
years ago, and 79% saying nitrogen decisions were
being influenced, up from 39% in 2017. Eighty per-
cent of dealers (up from 39%) indicated pooled data
had at least some influence for overall hybrid/variety
placement, and 62% (30% in 2017) said it was influ-
encing variable hybrid or variety placement in fields.
Fifty-eight percent said pooled data was informing
variable planting rate prescriptions, up from 30%
in 2017. As mentioned before, some of this is likely
driven by an increasing presence of data service pro-

Continued on p.16
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* Highlights
published in July
CroplLife magazine

* Full reports posted
online:
http://agribusiness
.purdue.edu/precis
lon-ag-survey



2019 Headlines:

* Automated technologies are in a maturing market in North
America—this isn’t news;

« Knowledge intense technologies to sense, inform, and react
are making gains but still lag—this isn’t news either!

» Dealers see big promise for UAVs In future.
» Dealers see big promise in precision pest management.
* Big uptick in using on-farm data for decision making.
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Retailer Use of Precision Technology In

2019

« GPS Guidance and
sprayer section
control Is standard
practice

» Satellite and aerial
Imagery used by
two thirds for
Internal purposes.
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Precision Ag Technology 2017 2019
GPS guidance systems with automatic control (autosteer) for 28% 36
fertilizer/chemical application °
Auto sprayer boom section or nozzle control 73% 72
GPS guidance systems with manual control (light bar) for cco c6
fertilizer/chemical application °
Satellite/aerial imagery for internal dealership purposes 52% 65
Smart scouting using an app on a mobile device to record field
: . . 44% 44
situations and locations
Field mapping with GIS to document work for billing/insurance/legal
43% 46
purposes
UAV or drone for internal dealership purposes 34% 38
GPS to manage vehicle logistics, tracking locations of vehicles, and 34% 36
guiding vehicles to the next site °
Telematics to exchange information among applicators or to/from office
. 24% 30
locations
Sprayer turn compensation 22% 22
Y drops on fertilizer applicators 19% 25
Other soil sensors for mapping, mounted on a pickup, applicator or 9% 9
tractor (example: pH sensor) °
Chlorophyll/greenness sensors mounted on a pickup, applicator or 9% .
(0]

tractor (CropSpec, GreenSeeker, OptRx, etc.)



Retailers Adopted GPS Guidance Rapidly
for Internal Business Use (% of Retallers)

* Lightbars rapidly
adopted starting in
late 1990s

« Autosteer rapidly
adopted starting Iin
about 2004

» Both are easy to
use and have short
run benefits
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Ag Retallers Slower to Offer Data Gathering
Technologies to Customers (% of Retailers)

« Data collection technologies
are foundation of data-
driven farming

* Intensive soil sampling
services have become
almost standard practice.

« After many years 70% offer
satellite imagery

* Big future plans for UAV
services

« 2022 numbers are their
projections
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Grid pattern | 79%
Management zones | 2%
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Soll Sampling

—More dealers sample in grids
than zones

—If zones, soll mapping units or
yield maps most common
method for delineation

—If grids, 2.5 acres most common
size




Dealer Offerings of Variable Rate

Technologies

% of Retallers

* VRT Is the action side
of data technologies
for data-driven farming

Big plans for VRT
pesticides

2022 are projections
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Farmer Adoption Estimated by Retailers In

their Market

=eo=Satellite or aerial imagery
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Farmer VRT Adoption Estimated by

Retallers

* 06 acres, not %
farmers, In the
retailer’'s market
area

» Substantially
higher estimates
than USDA and

other sources

* VRT seeding and
pesticides lag
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Setting the Record Straight on Precision Agriculture Adoption

James Lowenberg-DeBoer and Bruce Erickson™

ABSTRACT

There is a perception that adoption of precision agriculrare (PA)
has been slow. This study reviews the public data on farm level
use of PA in crop production worldwide, It examines adop-
tion estimates for PA from completed surveys that urilized
random sampling procedures, as well as estimates of adoption
using other survey methods, with an objective to document the
national or regional level adoption parter ns of PA using existing
data. The analysisindicates that Global Mavigation Satellite Sys-
tems (GMSS) guidance and associated automated technologics
like sprayer boom control and planter rew or section shutoffs
have been adapted as fast as any major agricultural technology
in history. The main reason for the perception that PA adop-
tion is slow is because PA is often asociated with variable rate
technology (VERT) —just one of many PA technologies, one of
the first adopted by many farmers, but that now rarely exceeds
20% of farms. This level of adoption suggests that farmers like
the idea of VET, but are not convinced of its value, VRT adop-
tion estimates for niche groups of farmers may exceed 50%. The
biggest gap in PA adoption is for mediom and small farms in
the develapingworld that do not use marorized mechanization.

Core ldeas
* There iz a perception that adoption of precision agriculrure has been
slow,

* Precision agriculrure is not one rechnology bur a roalkir from which
farmers choose whar they need.

Global Mavigation Sarellive Systems guidance is being adopred
rapidiy

Wariable rare rechnology adop tion rarely exceeds 20% of farms.

+ Uke of predision agriculre rechnology on non-mechanized farms is

almost nonexiscent.

Published in Agron.J. 111:1-18 (2019)

doiz10.2134 /agron]2018.12.0779

Awailable freely online chrough the author-supporred open acoess oprion
© 2019 The auchor(s).

“This is an open access article distributed under the CC BY-NC-ND
license (heeps// crearivecommons. orgflicenses/ by-nc-nd/'4.0/)

an appmarh that meets pmductim and environmental

goals simultancously, both scientists and policymakers
have been investigating tech niques to overcome adoption barri-
crs (Pierpaoli etal., 2013: Silva et al., 2015; Keskinand Sckerli,
2016; Panstian and Thenvsen, 2017; Kendall et al., 2017; and
Thompson et al., 2018]. Far emmplq, the Wodd AE:i-chh
Summitin London, UK, Oct. 17, 2018, had a session entitled,
“Tackling Adoption Barriers: What Value is Digital Agriculture
Bringing to the Farm™#, and in 2015 the UK Parliament Office
of Science and Technology stated, “Precision farming uses tech-
nologym improve c&i:ncy. It affers benefits for Yielda pmﬁts
and the environment. However, uptake by farmers has been
slow”™ (POST, 2015:p. 1). The Italian Ministry of Agricaltare,
Food, and Forestry (2015) guidelines for PA make a similar
comment. These reports suggest that there is anadcpﬁonba.r—
rier, which may or may not be accurate.

In spite of high profile reports, the data tells a different stary.
Some aspects of PA were adopted as quickly and as widely as
any technology in history, while others have lagged behind for
technical and economic reasons. The objcct'wc ofthis s!:ud)r isto
set the record straight on PA adoption by reviewingthe available
data with an eye on data reliability and to hypothesize adop-
tion trends. Becanse PA adoption data collection methods vary
wide_lf from conuntry to conntry, there are limitationsin msk.ing
direct mumerical comparisons. Consequently, the methodal-
ogy isimpressionistic comparison that looks at the big picture,
rather than making quantitative comparisons. This study will be
of interest to PA researchers and sducators across all the diszi-
pJ.incs involved, to agribusincsses involvcdjnmanufachlring
and selling PA tools, and policymakers concerned about agricul-
tural productivity and the environment.
The lack of a clear definition of PA makes tracking adoption

more difficult. One aspect ofthis problem is how to distinguish
PA from other terms describing agricultural technology (e.g.

B ECAUSE PRECISION AGRICULTURE (PA) is considered

1. Lowenberg-DeBoer, Elizabeth Creak Chair of Agri-Tech Economics,
Harper Adams Univ., Mewporr, Shropshie UK TF10 8NB; B.
Erickson, Educarion Disrance 8 Outreach Direcror, Purdue
Univ., West Lafayerce, IN 47907. Received 14 Dec. 2018. Accepred 27
Feb. 2019. *Cormsponding authar (berickso@purdue.edu).

Abbreviarions: ARMS, Agriculrural Research Management

Survey; DEFR A, Department of Food and Rural Affairs; EC,
ckecuical conducriviry; EMBRAPA, Brazilian Agricultural Research
Corporation; GM, Genetically Modified; GNSS, Global Mavigation
Sarellice Systems; GPS, global positioningsyswm; GRIVC, Grain
Research and Developmenr Corporation; ISPA, [nternarional Sociery
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Precision Agriculture; TAM, Technology Acceprance Model; VRT,
Variable Rare Technology; WCA, World Census of Agriculonre.
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site-specific farming, smart farming. and digital agriculture).
From another perspective, there is no clear definition of what
technologics are included in PA. There have been many attempts
to define PA. The Lleida University Rescarch Group in AgroT1C
and Precision Agriculture lists 27 definitions from the scientific
literature and the Internet (Lleida University, 2018). Some focus
the definition on variable rate technology (VRT). Others con-
centrate on application of electronic information technology. The
International Socicty for Precision Agriculture (ISPA) solicited
input from their members on a definition. After the 2018 ISPA
conference in Montreal, Precision Ag.com posted three candidate
definitions of PA (Sulecki, 2018). This study will use a slightly
madificd version of the third proposed definition:

“Precision agriculture is a management strategy that uses
clectronic information and other technologics to gather,
process, and analyze spatial and temporal data for the
purpose ofguid.ing carg:b:d actions that improve dﬁcicﬂc‘_ﬁ
productivity, and sustainability of agricultural operations.”

In this definition, "agriculture” should be broadly defined to
include all types of biological production systems (e.g., arable
cropping. perennial foragcs, ﬁ:rtscr}{. old'lnlds.vincyalds. horti-
culture, livestock busbanclr}', and aqu aculture). Unfortu nately,
adoption data for precision animal production is even more
sparse than for crops. Consoquently, this study focuses on crop
PA, especially grain and oilseed production.

Sicc—spcciﬁc «crop management is ancient, but the idea ufusing
electronic information tﬂ:hno]ogf to automate that process is
relatively recent. From the dawn of agriculture, farmers instine-
tively managed crops site-specifically. For example, some crop
varieties were planted in the lowlands and others in uplands.
Manure was often applied on thinner or lighter soils or where
the crop was less vigorous. In the 19205, some US universicy
researchers advocated grid soil sampling and spot application of
fertilizer and lime to optimize soil nutrient levels (Linsley and
Bauer, 1929), and most soil sampling protocols noted the impor-
tance of collecting different composite soil samples from areas
with different characteristics. Depending on the information
provided by the farmer, fertilizer recommendations would be
made for each of these areas. Farmers applying fertilizers would
often manua]ly :u:ljurt the rates as they drove across the field.

The modern age of PA is often linked to the announcement
by US President Ronald Reagan in 1983 that would allow global
positioning systems (GPS) for civilian use. The term GPS refers
to the US system; GNSS refers collectively to GPS plus other
systems in usc around the world. In the 1980s, soil scientists and
agribusiness researchers in the United States and Europe started
to develop equipment and methods for variable rate fertilizer
application (Haneklaus and Schnug, 2002; Mulla and Khasla,
2016). The first commercially successful grain yield monitors
were introduced in 1992, The combination of GNSS-cnabled
soil sampling, variable rate fertilizer applications, and yield
monitoring was the “clasic precision agriculture” package in the
19905 and some adoption studies focus on whether that classic
Pa.ckﬂ? ba! b{ﬂﬂ Qdcpted.

Global Mavigation Satellite Systems equipment guidance
was commercialized in the late 19905, first in Australia and
shortly after in North America. In Australia guidance was
closely linked with controlled traffic to reduce soil compaction,

where farm equipment follows the same pcuhs for various field

operations (Quick, 2007), but in North America controlled
traffic was a minor motivator for adoption. Soon after the intro-
duction oFgui:lanc: came a wave of related I:cchnolog‘v includ-
ing automatic boeom/nozzle control for sprayers and automatic
row shut offs for planters.

During the 20th century, the technologies used to collect
remate sensing information changed from visual observations
of airborne individuals, to cameras mounted in p]ancs, to high
resolution satellites, vo digital sensors mounted in unmanned
aerial wehicles (Mulla, 2013). Use of unmanned aviation for
crop monitoring began experimentally in the first years of the
2lst century.

Proximal soil sensing started before the release of GNSS for
civilian use (Shonk ctal., 1991). Electrical conductivity (EC)
was first used to measure soil salinity by USDA ARS rescarch-
ersat the Riverside, CA, research site in the 1970s. On-the-go
soil sensing to guide fertilizer use started with the "Soil Doctor”
sensor, invented in 1982 and originally used without GPS to
vary nitrogen application on the go within fields. (Colburn,
1999; Lowenberg-DeBoer, 2004). Global Navigation Satellite
Systems technology was later used with EC and the Soil Doctor
to create maps of the sensor rt:u:lings that could be used to gui:lc
crop management decisions. Starting in the 19905 numerous
aptical, EC, mechanical, and #on soil sensors were developed
and some have been commercialized (Adamchuok et al., 2004).

The history of proximal plant sensors is similar to that of
soil sensors (Mulla, 2013). Dievelopment oFupcic,aJ SEMS0Ts to
diagnose plant conditions based on reflectance started several
decades before PA was a concept (Markwell et al., 1995). With
GMNSS it became possible to use sensor readings to create fer-
tilizer and pcsc'u:jdc app]imcion maps, o to create on-the-gﬂ
sensor-algorithm-application equipment. In the mid-1990s com-
peting rescarch teams in Furope and North America created
sensors which could guide nitrogen application. Those sensors,
such as the Yara N-Sensor, CropCircle, and Greensecker were
eventually commercial ized starti ngin the late 1990s.

To accompany the adoption information, a timeline of PA
milestones and technology introduction was developed to
provide points of reference (Table 1), Determining the year of
bccbnolug‘vi ntroduction can be oumplicab:d, as inventions can
exist in an entreprencur’s shop, a researcher’s lab, or in prototype
testing for many years with little docomentation. As the com-
mercial introduction is most relevant to adoption and is often
better documented, the dates in the table below for specific
technologies are the approximate year they came to the market.

Ohver the years, several studies have tried to provide a world-
wide overview of PA adoption (Zhang et al., 2002; Griffin and
Lowenberg-DeBoer, 2005; Say et al., 2018). Zhang et al. (2002)
focused mainly on the technical issues associated with PA adop-
tion and cited several adoption studics from the United States,
United Kingdom, and Australia. They identify the following
constraints to adoption: (i) the quantity of PA data exceeds the
ability of farmers to analyze and use it for management, (i) lack
of scientifically validated procedures determining variable rate
application of inputs, (i) absence of evidence for the benefits of
PA, (iv) labor intensive and costly data collection, and (v) need
for improved technology transfer.

Griffin and Lowenberg-DeBoer (2005) summarized the
worldwide data on PA ndupcion, reviewed the studies of PA

2 Agronomy Journal * Volume 111, lssue 4 = 2019




Precision Agriculture Timeline

Table 1. Key precision agriculture milestones.
Technology Company/organization,

Tear or activityt product name Reference
| 283 Executive order that LI5S government Brustein, 2014

allowed civilian use of GP3 Rip and Hasik, 2002
| 287 Computer-controlled VRT fertilizer Soil Teg Mulla and Khosla, 2016
| 288 Handheld GMN5S5 Magellan Smithsonian, 2018
1992 First conference dedicated International Conference K hosla, 2010

to precision agriculture research on Precision Agriculture

* First InfoAQg?
 Impact plate grain yield monitor?
« Autoguidance?
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Precision Agriculture Timeline

Table |. Key precision agriculture milestones.

Technology Company/organization,
Year or activityt product name Reference
1983 Executive order that LIS government Brustein, 2014
allowed civilian use of GPS Rip and Hasik, 2002
1987 Computer-controlled VRT fertilzer Soil Teg Mulla and Khosla, 2016
1988 Handheld GMSS Magellan Smithsonian, 2018
1992 First conference dedicated International Conference Khosla, 2010
to precision agriculture research on Precision Agriculture
1992 Impact plate grain yield monitor Ag Leader, Yield Monitor 2000 Agp Leader, 2018
1995 First conference dedicated Infolg IPMIL 2010
to precision agriculture industry
1997 Auto guidance Beeline Rural Retailer, 2002
|oa7 Cin-the-go soil EC sensor Weris {Lund, E., personal communication,
| 3 Mov. 2018)
1997 Cotton yield monitor Micro-Trak, Zycom Vellidis et al., 2003
2000 End of G55 selective availability U5 government Coalition to Save Ouwr GPS, 2012
2002 Integrated optical sensor M-Tech Industries, Greenseeker Rutto and Arnall, 2017
and variable rate nitrogen applicator
2003 Cin-the-go soil pH sensor Veris, Soil pH Manager (M5P) Lowenberg-DeBoer, 2003
2006 Automated sprayer Trimble, ApGPS EX-Boom 2010 Trimble, 2006
boom section controllers
2009 Planter row shutoffs Ap Leader, Sure Stop Ap Leader, 2018
2017 First fully Harper Adams Uiniversity Hands Free Hectare, 2018

autonomous field crop production

T EC. electrical conductivity; GMNSS, Global Mavigation Satellite Systemns; GPS, global positioning system: WRT, variable rate technology.




USDA Data:
Acres with

Autoguidance
in U.S.
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USDA Data:
Acres Using
Any VRT

in U.S.
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Big Uptick in Data for Decisions

2017

P and K decisions
Nitrogen decisions
Liming decisions

Variable hybrid or variety...
Overall hybrid or variety selection
Irrigation decisions

Pesticide selection (herbicides,...
Overall crop planting rates
Variable seeding rate prescriptions

Cropping sequence/rotation...

0%

18% 39% 32% 11%
17% 44% 29% 10%
29% 34% 28% 9%
31% 39% 22% 8%
20% 40% 32% 7%
55% 30% 11%%
23% 42% 30% 4%
25% 45% 27% 3%
33% 38% 27% 3%
37% 37% 25% 2%
50% 100¢

% of respondents

P and K decisions
Overall hybrid or variety
Liming decisions
Nitrogen decisions

Overall crop planting rates

Variable hybrid or variety... 8%

Variable seeding rate
Pesticide selection
Cropping sequence/rotation

Irrigation decisions

1%

...6%

7%

2019

1%19%
~4%19%
3% 35%

2%20%

4% 19%

35%
36%
39%
41%

13%

0% 20%

39%

45%

26%

47%

45%

41%

66%

40%
% of respondents

39%

36%

41%

60%

80%

41%

36%

36%

32%

31%

31%

19%

19%

12%

19%2%

100%
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Nutrient Mgmt. and Hybrid/Variety Selection
Dominate Decisions Based on Farm Data

 61% of retailers
manage and/or
archive yield, soil test
and otheér data for
farmers.

« 22% pool that data
within their customer
base.

* 11% pool that data
beyond their
customers

* Only 8% of retallers
do not help
customers with farm
data

PURDUE =

AGRICULTURE

No answer M No influence ™ Some influence ™ Major influence on decision
P and K decisions 1% 19% 39% 41%
Overall hybrid or variety selection 4% 19% 45% 36%
Liming decisions 3% 35% 26% 36%
Nitrogen decisions 2% 20% 47% 32%
Overall crop planting rates 4% 19% 45% 31%
Variable hybrid or variety placement... 8% 35% 41% 31%
Variable seeding rate prescriptions 7% 36% 39% 19%
Pesticide selection (herbicides,... 6% 39% 36% 19%
Cropping sequence/rotation decisions 7% 41% 41% 12%
Irrigation decisions 13% 66% 19% 2%

0%

200  40% 60% 80% 100%

% of respondents




Profitabllity
of Offerings

* 0o of Retallers

* VRT fertilizer
related services
usually profitable

* Sensing services
(e.g. UAV,
satellite/aerial
Imagery, soll EC,
chlorophyll
sensors) less
profitable

PURDUE

AGRICULTURE

Don't know

Not breaking even

Breaking even

Making a profit

VRT fertilizer appl

Grid or zone soil sampling
VRT fertilizer or lime presc
Precision planter equip sales
VRT lime appl

Telematics equip sales

Guidance/autosteer sales and...

VRT pesticide appl

Grid or zone Plant Tissue Sampling
Soil EC mapping

VRT seeding presc

Yield monitor sales/support
Chlorophyll/greenness sensors
Field mapping (with GIS)

Yield monitor and other data...

Profit/cost mapping
VRT irrigation prescriptions
Satellite/aerial imagery

Electronics Records/Mapping for...

Wired or Wireless Sensor Networks
UAV

5%3% 23%

494A% 29%
5% 6% 27%
16% 6% 16%
7% 4% 32%
18% 11%
9% | 13%
19% 11%
8% 18%
11% = 9%
8% 22%
20% 15%
31%
16% 21%
14% 30%
17% 23%
54%
12% 30%
25%
39%
16%
0% 20%

22%

69%

63%

63%

62%

58%
56%
47%
44%
43%
41%
40%
39%
19% 38%
35% 27%
31% 25%
38% 23%
15% 8% 23%
39% 19%
37% 13%
26% 13%
24% 12%
60% 80% 100%

% of respondents who offer the service




Dealer Barriers to Adoption

80%

~
o
X

30%

% of Respondents that Agreed or Strongly Agreed
S
X

72%

2004

2008

2009

2011

2013

2015

2017

2019

—e—|t is difficult to find employees
who can deliver precision
agricultural services

—e—Lack of manufacturer support for
precision services limits our ability
to provide such services

Creating a precision program that
adds significantly more value for
the grower than a traditional

—e—The equipment needed to provide
precision services changes
quickly, increasing my costs

—e—The equipment required to
deliver precision services is too
complex for many of my

Io ee use
—O-Fnc ati 1i?tles across types of

precision equipment and
technology (different data
formats, inability to share

20



CropLife-Purdue Survey Summary:

* GPS guidance technologies have been adopted rapidly by
retailers

 Information-intensive technologies more complicated, adoption Is
slower but increasing

* Most ag retailers offering farm data management & archiving
* Big increase In use of data to make decisions

 Creating a profitable data driven ag input supply business remains
a challenge for retallers

PURDUE =

AGRICULTURE




AGRONOMY

EEEG PRECISION AGRICULTURE

ONLINE COURSE
INSTRUCTORS

PURDUE

AGRICULTURE

E-Learnin

PRECISION AGRICULTURE
ONLINE COURSE

COURSE MODULE OUTLINE

Academy

2018 Session Starting Dates for this 12-Week Course: January 10, June 13 and September 19

PRECISION AGRICULTURE EDUCATION
OFFERED IN A CONVENIENT FORMAT

Applying technology to crop production through mechanization, fertilizers,
crop protection chemistry, genetics, and other innovations has resulted in
multiple-fold gains in productivity and efficiency. Now, the application of infor-
mation technology to crop production, known as precision agriculture, has
transformed many aspects of crop production and promises even more.

While the capabilities of precision agriculture have progressed dramatically in
recent years, the inability to understand and apply these to benefit crop pro-
duction can greatly limit utility. Change has come so fast that many involved
in crop production are unfamiliar with, or uncomfortable working around an
often intimidating array of sensors, wires, controllers, monitors, and computer
programs.

In 2017, Precision Agriculture eamed Purdue’s highest award for profession-
al online courses. Precision Agriculture is a fully online course that provides
knowledge from which those working in agriculture can better understand the
science of site-specific agriculture to help their customers and benefit their
companies. Designed for working professionals who must mix continuing ed-
ucation with other responsibilities, participants in the course can access con-
tent at their convenience by computer, tablet, or mobile device.

The foundation of the lessons in this course are dozens of high-definition vid-
eos featuring leaders in precision agriculture, along with supplemental read-

ing, graphics, glossaries, and tests. Through visual and audio presentations,

this course connects with all learning styles and was specifically designed to

meet the needs of off-campus learners.

Contact Us

Successful Completion
Earns a Certificate of
Completion & 18 Certi-
fied Crop Adviser CEUs

Agricultural profession-
als in this course will
gain current knowledge
of precision agricuiture
that will help them un-
derstand management
challenges of crop pro-
duction. The course will
equip them to befter
communicate with and
advise customers, help-
ing build customer confi-
dence and trust.

For more information about this or other online agronomy
courses designed for the needs of sales staff, farmers and other

agricultural professionals:

Email: elearn@purdue.edu
Webpage: hitp:/lag.purdue.edufagry/ADE/pages/default.aspx
OR http:/itinyurl.com/purdueagry

Bruce Erickson, PhD, CPAg
Course Designer & Instructor
Agronomy

Purdue University

John Fulton, PhD
Food, Agricultural and
Biological Engineering
Ohio State University

Terry Griffin, PhD, CCA
Agricuttural Economics
Kansas State University

Derek Heeren, PhD, PE
Biological Systems Engineering
University of Nebraska

Josh McGrath, PhD
Flant & Soil Sciences
University of Kentucky

Phillip Owens, PhD
Agronamy
Purdue University

Dharmendra Saraswat, PhD
Agricuttural & Biological
Engineering

Purdue University

Tim Stombaugh, PhD
Biosystems & Agricultural
Engineering

University of Kenfucky

Introduction to Precision Agriculture
Scope and overview of the technologies and their applications

Global Positioning Systems
Global navigation systems used around the world, how they
work, equipment, factors affecting accuracy

Differential Correction
Ground-based and space-based correction systems, levels of
accuracy, manual guidance and autoguidance

Sensors
Satellite, aerial, UAV, and proximal sensing platforms; activ
Vs. passive sensing; spectral, spatial and temporal resolution;
soil, crop and weather sensors

Soil & Water Spatial Variability
Soil formation and change across landscapes, soil mapping
technology and utility, precision land management, irrigation
and drainage

Nutrient Spatial Variability
Grid and zone sampling approaches, developing management
zones, nutrient-specific sensors, equipment for nutrient VRT

Crop Spatial Variability
Yield monitors for grain and non-grain crops, calibration of
monitors, data cleaning, yield map interpretation, yield
stability, crop quality sensors

Geographic Information Systems
GIS coordinate systems, map scales and standards, capture,
storage, editing, analysis, display, image classification

Automation
Implement steering, VRT seeding, planter unit controllers,
variable hybridf variety planting, spray boom and nozzle
controllers, boom leveling

Data Analysis
Experimental design, data quality, compatibility, privacy,
interpretation and correlation, product comparisons

Telematics
Understanding telematics technology, wireless network
applications, product comparisons

Precision Farming Economics and Adoption
Cost effectiveness of guidance systems, section controllers,
site-specific management in various crops, regions, situations
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] Unit 1 -UNDERSTANDING THE LAND/FIELD PREPARATION (5 Modules)
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Agronomy Essentials

Agronomy Essentials Home
Page

Announcements

Course Schedule

Unit 1 -UNDERSTANDING
THE LAND/FIELD
PREPARATION (5 Modules)

Unit 2 -PLANT
NUTRITION/SOIL
FERTILITY (5 Modules)

Unit 3 -CROP AND
VARIETY
SELECTION/PLANTING (5
Modules)

Unit 4 -CROP GROWTH
DEVELOPMENT, AND
DIAGNOSTICS (5 Modules)
Unit 5 -CROP
PROTECTION/PEST

MANAGEMENT (4
Modules)

Unit 6 -HARVESTING AND

MARKETING THE CROP (2
Modules)

Student Help

COURSE MANAGEMENT
Control Panel

Content Collection

Course Tools

Evaluation
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Water and Solute Movement, Irrigation and Drainage (click to open module) Edit Mode is: (*
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Table of Contents
Crop Water Use
1|0/~ Page 3 of 8
[ Introduction Page 30f 8

[® Water and Solute Movement
[®|Crop WralrérrUser

[® lrrigation

[3 Drainage

[® Glossary

[3 For More Information

B Test: Water and Solute Movement in Soils, Irngation an

Evapotranspiration
and the Water Cycle
Evapotranspiration is
the sum of the water
lost to the o0
atmosphere from I 8(:5?_% 5
evaporation from the R 2 e - -
earth’s surface and etes ot

Water Balance Equation

Leaf Architecture

WC,=WC,, + IRR + RAIN - AET — DP where:

WC,  Soil water content today (inches), the transpiration of
i plants. Warm
WC,., | Soil water content yeste conditions, dry air, and the thickness of the plant canopy are some of the factors that
IRR  Irrigation depth since y can increase evapotranspiration, which is a major part of the water cycle. Openings in
RAIN | Rain si % the leaves of plants called stomates open to allow the diffusion of CO2 for
ain since yesterday (i photosynthesis, but also regulate transpiration, or the loss of water from plant leaves.
AET  Actual ET (inches), and

Plant Available Water During part of a plant’s lifecycle, precipitation may not meet its
demand for water, so it will rely on irrigation or water stored in the soil. When a field is
saturated, the pore space available for water and air is filled with water. Gravity will force
the water to drain, leaving a layer of capillary water surrounding the solids in soil, a level
called field capacity. The wilting point is reached when the remaining capillary water is
so tightly held by the soil that it is unavailable to plants. A soil’s plant available water is
the volume of water between field capacity and the wilting point

Deep percolation (inches).

Water Availability in Different Soils Plant available water in different soil textures is
related to soil particle shape and size. Water drains most quickly from sandy soils,
whereas clay soils hold more water, but the tight pores between clay’s small particles
make it more difficult for plants to access the water. Soils that have the most plant

available water are loams and silt loams.

P = 40 =120 Fraction
Farmers can track the water available in soils using Plant available water = volur!)e'of Water Texturos Avaitable Water
sensors connected to irrigation systems or a formula that between field capacity and wilting point 5 e 100 f [ <010
calculates the soil's water balance by using the previous - ‘ Awailable wotee - st brsindidssies]
day's water content, adding any rain or irrigation water 1| Modde 2 -! - s =" ¥ by very fine sand
and subtracting evapotranspiration and water lost to i : — - E Loamy sancs and sandy 0.10-0.15
== \ loams in which very fne
ground storage 3 v §  sandis the dominant sand
" 25 2 fraction, and loams. clay
Presentation Slides Crop Water Use loams. sandy clay loams,
- = - and sandy clay
. Goh | Lewm | s | Cla Silty clay, and clay 010020
Silt, st loam, and sity clay 0.15-02%

e reasing heaviness of 1extiere mmmm——
i loam
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