


I
am honored to be the president of
ASABE. My first item of business
is to thank Sonia Maassel Jacobsen
for her leadership over the last

year. She has taken every opportunity
to promote the expertise of ASABE
members, to strengthen the image of
the Society, and to engage in outreach
that increases the value of the profes-
sion. The E-I-O that she established as
the focus of her presidency is of such

clear value that I intend to retain it as a platform for my work
in the coming year.

It is clear that agricultural and biological engineers have
the Expertise to face the challenges of the world’s growing
population. We are a diverse group, but basically we all work
to provide food, water, fiber, and energy for the world. It is
also clear that our Image is improving. A recent article in
Forbes recommended our discipline as one of the top majors
for college students to consider in the coming years. Why?
Because no other profession grasps all the elements of the
productivity problem, and because our profession is uniquely
qualified to meet the needs of a changing world.

In recent years, we have established a public initiative—
an Outreach—to carry our expertise to policymakers in
Washington, D.C. We recently completed a marketing study to
better reach professionals affiliated with our academic pro-
grams. Last year, a future-thinking committee was established
to evaluate our organizational structure and ensure that we are
meeting the needs of our members and potential members.

As ASABE president, I intend to promote outreach, and
I encourage each of you to do the same. For a start, you can
work with the schools in your community to promote science
and engineering. You might also provide projects for senior
design courses at a university, or mentor an ASABE prepro-
fessional member. The rewards for engagement in these activ-
ities can be profound.

There are millions of people on this planet whose quality
of life has been improved because of the innovative work of
agricultural and biological engineers. But the need for our
expertise grows greater every day. Together, working through
ASABE, we will continue to build a better world and make a
difference in people’s lives.

Tony Kajewski 
KajewskiAnthonyH@JohnDeere.com
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from the President

events calendar
ASABE CONFERENCES AND INTERNATIONAL MEETINGS
To receive more information about ASABE conferences and meetings,
call ASABE at (800) 371-2723 or e-mail mtgs@asabe.org.

2013

Jan. 28-31 2013 Agricultural Equipment Technology
Conference. Kansas City, Missouri, USA.

July 21-24 ASABE Annual International Meeting.
Kansas City, Missouri, USA.

2014

July 13-16 ASABE Annual International Meeting.
Montreal, Quebec, Canada.

ASABE ENDORSED EVENTS

2012

Nov. 2-6 2012 Irrigation Show & Education Conference.
Orange County Convention Center, Orlando,
Florida, USA.

Nov. 25-28 7th CIGR Section VI International Symposium
on “Innovating the Food Value Chain.”
Stellenbosch University, South Africa.

Nov. 26-29 Agricultural and Food Engineering for Life
(CAFEi2012). University Putra Malaysia, Putrajava,
Malaysia.

2013

Feb. 24-26 International Conference on Agricultural
Engineering: "New Technologies for Sustainable
Agricultural Production and Food Security."
Sultan Qaboos University (SQU), Sultanate of
Oman.

July 7-11 9th European Conference on Precision
Agriculture. Lleida, Catalonia, Spain.

E-I-O, the Next Verse
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6 Special Section: Information and Electrical Technologies
Brian Steward, guest editor
ASABE members are changing the profession—measuring, monitoring, and
characterizing agricultural and biological systems through information and electrical
technologies. Before IET, this ability was limited. It’s a new day ... read on!

8 Information Technologies for Field-Based 
High-Throughput Phenotyping
Kelly Thorp, Pedro Andrade-Sanchez, Michael Gore, Jeffrey  White, Andrew French
“Field-based, high-throughput phenotyping seeks to implement information technologies
to rapidly characterize the growth responses of genetically diverse plant populations in
the field and relate these responses to individual genes.”

10 CAN Bus Technology Enables Advanced Machinery Management
Matthew Darr
“The accessibility and standardization of CAN Bus technology has opened up
tremendous opportunities for machinery performance researchers and will serve 
as the platform for advances in machinery management and agricultural supply 
chain logistics. The possibilities are just being explored.”

12 Leveraging IT for the Benefit of Cooperative Extension
Jiannong Xin
“In Cooperative Extension, IT has fundamentally transformed the way we communicate,
engage clientele, and deliver information.” It is value-added technology on the advance.

16 Mechanization and Automation Technologies 
in Specialty Crop Production
Manoj Karkee and Qin Zhang
What is the current status and potential implications of specialty crop mechanization 
and automation? And what are the future possibilities?

18 The ADM Institute for the Prevention of Postharvest Loss
Steven T. Sonka
Focused on reducing post-harvest losses of cereals and oilseeds in developing 
countries, this new institute serves as an international information and technology 
hub. Research driven, it evaluates, creates, and disseminates economically viable
technologies, practices, and systems that reduce post-harvest loss in staple crops. 

20 The 10,000 Challenge
Thomas K. Grose
The Obama administration’s challenge throws into sharp relief several pressing 
problems in engineering education.

22 2012 ASABE International Meeting
Highlights from the Society’s annual gathering, this year in Dallas, Texas.

24 Visual Challenge 2
Ag and bio engineers speak the language of their profession through photography 
and illustration in our second call for images.
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ERRATUM In “Energy Security: Let’s
Get it Right” by Gale A. Buchanan
and James R. Fischer (Resource,
March/April 2012, pp. 14-15), the
GDP and energy consumption
figures were incorrect. The U.S. GDP
is about $48,000 per capita, with
about 300 million BTUs of energy
consumed per person. China’s GDP
is about $8,000 per capita, with over
64 million BTUs of energy consumed
of per person. Our thanks to ASABE
Fellow Howard P. Johnson for
suggesting these up-to-date
corrections. We regret the errors.
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Dear Editor,
Regarding the article by Jeong-Yeol Yoon in the May/June

2012 issue of Resource (“Who We Are and What We Can
Do”), much of what he writes is right on the mark. ASABE
has a very strong history of dealing with biological systems.
As agricultural engineers, we have been educated to view the
entire system of inputs and outputs, mostly biological in
nature, but not always. We had courses in machinery, but those
courses were different from the machinery courses taken by
mechanical engineering students; they included mechanical
properties of plants and animals. We had courses on soil and
water topics, but these were different from the water courses
taken by civil engineering students; they included water needs
of plants growing in soils. We took courses in structures and
environment, but these courses were different from the struc-
tures and environmental courses taken by mechanical engi-
neers or civil engineers; they included environmental interac-
tions between plants, animals, and physical conditions.

There is need for a society—some society—to represent
the field of engineering related to biological systems at all
levels. The best positioned society to fill this need is ASABE.
We have people who are experts in plant modeling, animal
modeling, and insect modeling, all related to environmental
conditions of the real world. There is no other society that has
as large a concentration of expertise in engineering of the
complete system of biology as ASABE.

There are three other primary societies with the words
“biology” and “engineering” in their names (not counting
AIMBE, which is a secondary society). The first is the
Institute of Biological Engineering (IBE). IBE was formed as
a community of ASAE (as was its name at the time), but dif-
ferences arose between the ASAE Board of Directors and the
IBE Council, so IBE split from ASAE. Some hope that IBE
could one day reconcile with ASABE, but that is not going to
be possible. Despite having foundational statements that it
serves biological engineering in the broadest possible sense,
the strength of IBE papers and publications is in biological
engineering at the cellular and tissue level, areas that do not
significantly overlap those of ASABE, and certainly not the
engineering of biological systems of interest in ASABE.

The society with interests closest to IBE, and the second
society with the words “biological engineering” in its name,
is the Society for Biological Engineering (SBE), a society
formed by chemical engineers with interests in biomolecular,
cellular, and tissue engineering. It is federated with the
American Institute of Chemical Engineers (AIChE) as a tech-
nical community. Despite the name of SBE, its interests do
not include the engineering of biological systems at all hier-
archical biological levels, as they do in ASABE.

The third society is the Engineering in Medicine and
Biology Society (EMBS), part of the Institute of Electrical
and Electronic Engineers (IEEE). EMBS is federated very
closely with IEEE and is almost exclusively concerned with
engineering related to human medicine. EMBS does not rep-
resent the broad perspectives that are found within ASABE.

Of all the societies with engineering related to biology,
the only one representing a broad, all-encompassing perspec-
tive of engineering related to biological systems at multiple
biological levels is ASABE. That is our strength, and that is
what we should promote.

At one time, engineering in agriculture was the keystone of
our society, and we did it well. Times have changed, however,
and agricultural research has metamorphosed into biological
systems research. Funding sources reflect this change. At the
same time, ASABE has changed, our students have changed, and
the word “agriculture” is no longer attractive. It certainly is not
as attractive as “biology” or “medicine.” If we are honest about
it, it wasn’t even as attractive as a field of employment to us. The
late Fred Wheaton, our former department chair, who grew up
on a dairy farm on Michigan’s Upper Peninsula, used to tell me,
“I’ve had good days as department chair, and I’ve had bad days,
but I’ve never had a day so bad that I wanted to put up hay.”

Our problem in ASABE is letting go of “traditional inter-
ests” and positioning ourselves for a future that attracts the new
breed of student, that feeds on the strengths that we have built
over the years, and that positions us as the go-to society for
understanding the interconnectedness of biological systems, the
environment, and human activities. We have promised our stu-
dents that they will learn about engineering, learn about biol-
ogy, and be able to deal with interesting challenges when the
two are put together. They don’t want to be labeled as agricul-
tural engineers, and they see little reason to associate with agri-
cultural engineers. If ASABE is to have a strong future, which
it most certainly can have, it needs to begin to seriously attract
graduates of the new academic programs and give them what
they need. There is no reason to abandon the traditional interests
of ASABE, but they need to be de-emphasized and made sub-
ordinate to the more inclusive term of “biological engineering.”

As to whether we should permanently banish biomedical
engineering from the interests of ASABE, the response needs
to be nuanced. Let the engineering of diagnosis, prognosis,
and treatment of human medical needs be recognized as the
purview of EMBS and BMES. But we cannot abandon
human interests entirely. Let us embrace human safety, pre-
ventive health measures, and human interests in environmen-
tal preservation. The human being was, is, and always will be
the motivation for much of what we do. Besides, looking at
biology as a whole means that we cannot ignore the human as
an important source of biological research information. It is
appropriate that we recognize the human element in engineer-
ing related to biological systems.

This country and the world need a professional group
with expertise concentrated at the overall, global, systems
level. Someone needs to understand how everything fits
together. This is an exciting prospect for ASABE; it could be
exciting for its present and future members, for funding agen-
cies, and for society as a whole. We have this strength, and it
is time. As Dr. Yoon said, “What are we waiting for?”

Arthur Johnson, Professor Emeritus
Fischell Department of Bioengineering

University of Maryland, artjohns@umd.edu
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Editor’s note: Sarah Luther, a member of the University of Florida
team, reflects on the 2012 International 1/4-Scale Tractor Student
Design Competition, held in Peoria, Ill., May 31 to June 3. Although the
University of Kentucky took top honors at the 15th annual competition
—nearly sweeping the judging categories and collecting sixteen 
trophies for their efforts, Luther—as a good Florida Gator—proves that
winning isn’t every thing. 

Through involvement in the competition, students gain practical
experience in the design of drive train systems, tractor performance,
and manufacturing processes. In addition, they develop skills in 
communication, leadership, teamwork, and fundraising.

The competition is unique among student engineering-design contests
in that it provides a realistic 360-degree workplace experience. Teams of
students are given a 16 hp Briggs & Stratton engine and a set of Titan
tires. The design of their tractor is up to them. A panel of industry experts
judges each design for innovation, manufacturability, serviceability, maneu-
verability, safety, sound level, and ergonomics. Teams also submit a writ-
ten design report in advance of the competition, and they must sell their
design in a formal, face-to-face presentation to the experts, who play the
role of a corporate management team. Finally, the machines are put to the
test in a performance demonstration comprised of four tractor pulls.

Dear Editor,
As a first year team, we had no clue

what we were getting into when we arrived
in Peoria. We had scoured every bit of
information given to us and prepared as
best we could, but we couldn’t have fore-
seen the challenges that awaited us. For
example, we met the Saskatchewan team
in the parking lot, and as competition vet-
erans, they enlightened us about the tech
inspection process and warned us about
the cone that’s used to check exhaust 
safety. Good and much appreciated advice.
It seemed we were in for a number of 
surprises that weekend.

Right before we left for Illinois,
Florida had endured tropical storm
Beryl, and we had been stuck inside the
shop trying to paint with a leaky roof and rain blowing in
sideways through the doors. We spent most of the night of our
arrival (Wednesday) painting and fixing some of our
wiring—things that should have been done prior to arriving.

Thursday brought rain and freezing temperatures—at least
it felt like freezing to us Floridians. The technical inspections
required us to fix a few more things, in addition to faulty wiring
and inadequate brakes. Luckily, Saskatchewan’s electrical
genius was there to help us. I spent the whole day fussing with
our tractor. It seemed that about half the teams sailed through
the tech inspections with flying colors. At least we know what
to expect next year!

Thursday evening we met the Université Laval team and
were bewildered that they had to cut so much off of their trac-
tor to meet the weight requirement. They were all very nice,
and we had a long chat about their team and their trip to the
competition. We were quite impressed by the efforts that
some of the teams make just to get to the competition. Our
measly 18-hour drive was nothing compared to the 42-hour
drive by Cal Poly or the flights Laval had to take. 

Friday morning, we again spent hours fixing the tractor
and were almost late to design judging. Our brakes couldn’t
hold up to the rigorous test at the competition, so we had to J.
B. Weld new automotive pads onto the old Cub Cadet plates.
Some of the Kansas guys had been walking around that morn-
ing checking out the other tractors, and they were kind enough
to help us put the wheels back on our tractor and push it over
to the design judging barn, as our brakes were still unhooked.
Design judging made us realize how far behind we were com-
pared to the veteran teams. I never thought about making an

owner’s manual for our tractor, and we
were so impressed with how polished
some of the other teams’ designs were.

Later that day, the teams competed in
the maneuverability competition, but we
completely missed out because of our
brakes. Thankfully, though, by the end of
the day we had passed all of our tech
inspections and had received our
dinosaur sticker. We got a sticker for each
tech inspection test we passed, and the
dinosaur signified final weigh in. I have
never been so excited about receiving
stickers in my whole life! 

On Saturday, my team finally got to
relax a little. We gave our design presen-
tation in the morning at a Caterpillar
facility and got to play around a bit with

all of the interactive exhibits on display. Later that afternoon,
we faced our first performance test: the tractor pulls. Our
clutch slipped in the first practice pull, but with the help of
Saskatchewan, we put some more pressure on the spring and
completed both of the lightweight pulls.

Sunday, during the practice pull and first heavyweight pull,
we busted both the original differential gear carrier and the only
spare we brought with us. The University of Tennessee-Martin
helped us change out our carrier and even tore apart their spare
transaxle to let us borrow a bearing cup. Satisfied with our first-
year performance, we packed up our things and headed to lunch
while the other teams finished their last pull.

The competition was a huge learning experience and
quite stressful at times, but we had an absolute blast. I was
amazed to see how helpful everyone was, and I remain
incredibly impressed with how sophisticated all of the teams’
tractors looked. We definitely learned that we need a lot more
money and teammates to be competitive, as there are a lot of
components to the competition. It is extremely challenging,
but in a very good way. You can easily see how much heart
and soul the competition planning committee puts into coor-
dinating all of the competition events. I don’t know how we
would have been able to compete without the help of so many
teams, who eventually just told us to “go into our trailer and
get whatever you need.” We can’t thank them enough, and we
are so glad to have been able to meet so many outstanding
teams. We are looking forward to next year’s competition and
hope to move up in the ranks a bit, now that we know more
about what’s expected!

Sarah Luther, sarahlou91@yahoo.com

Luther, center, and her UFL team members
pose with their tractor, the culmination of
many months of hard work.

© kanate/Fotolia.com



A
ccording to the Computing
Research Association,
“Information technology has
amplified our intellectual and

physical abilities more than anything
since the development of the written
word ... We are hard-pressed to think of
change of comparable magnitude in
human history.” While you may argue
that other historical advances, such as the
development and mechanization of agri-
culture, rival the advances currently seen
in information and electrical technology
(IET), you cannot deny the effects that
these ongoing technological develop-
ments are having on our lives today. 

Coincident with these advances in IET
are the challenges that we face in sustain-
ably providing the food, water, fiber, and energy needed for our
growing global population. While IET by itself will not solve
these problems, it represents a big piece of the puzzle. With
advances in IET, agricultural and biological engineers have
access to low-cost data acquired from biological systems, algo-
rithms to transform that data into information and subsequently
into knowledge, models to simulate highly complex living sys-
tems, advanced controls to improve agricultural machines and
machine system performance, and even agricultural robots that
mimic intelligent behavior.

Many of these advances are well established in industry,
such as the controlled environment of the factory floor.
However, until recently, their application to agriculture has
lagged. The reasons for this lag include the tremendous spatial,
temporal, climatic, and geographic variability that is character-
istic of agriculture; the economics of agriculture, with its low
profit margins or low volumes; and the low number of people
who are trained to work with both IET and agricultural systems. 

Nevertheless, IET is transforming
our profession by enhancing our ability to
measure, monitor, and characterize the
processes, parameters, and relationships
of agricultural and biological systems.
Before IET, this ability was limited. A
generation ago, when low-cost computing
power first started to become available,
modeling and simulation programs made
a big impact by providing unprecedented
insight into how agricultural systems
work, and how they change with changing
conditions. Today, the costs of sensor
technology and data processing are lower
than ever, and we can better characterize
highly uncertain parameters that vary in
time and space. With this ability comes
new knowledge and insight, new tools and

technology, and safer, more efficient, more sustainable sys-
tems. This is an exciting time
to be an agricultural or bio-
logical engineer!

In this special issue of
Resource, we explore several
examples of how ASABE
members are enhancing our
profession through IET
research and applications. In
the first article, Kelly Thorp
and his colleagues discuss
field-based, high-throughput
phenotyping experiments for
cotton in Arizona that use a
variety of information tech-
nologies. This article pro-
vides a good example how

Information and 
Electrical Technologies
Transforming ag and bio engineering

from the guest editor

Brian Steward, special section guest 
editor, is a professor at Iowa State
University, Department of Agricultural
and Biosystems Engineering, Ames, USA;
bsteward@iastate.edu.

Field-based, high-throughput
phenotyping experiments for
cotton in Arizona use a variety
of information technologies.
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geneticists are relying on the skills of
agricultural engineers to acquire the
plant knowledge necessary to devel-
op genetic improvements.

Similarly, the development of
viable biomass production systems
requires cost optimization. One impor-
tant way of controlling production cost
is effective management of the agricul-
tural machinery. Traditionally, agricul-
tural machinery management has been
based on limited data collected manu-
ally in field studies. Now with the
availability of vehicle data networks,
onboard sensors, and GPS, machinery
management data can be collected
continuously and automatically. In the
second article, Matt Darr explains how
this is being done in the Midwest
United States for corn stover production.

Agricultural extension has been a key component of the
U.S. land grant university system, and it has played a major
role in the development of U.S. agriculture. Extension experts
have always been eager to use the latest technology to share
their knowledge with their clients. IET, in the form of per-
sonal computers, the internet, and now social media, has
completely transformed ag extension. Jiannong Xin shows

how ASABE members are
at the forefront of develop-
ing technologies for the dis-
semination of Extension
knowledge.

Substantial progress
has been made in the devel-
opment and commercializa-
tion of precision agriculture
and field automation tech-
nologies for major commod-
ity grain crops. However,
despite the need to reduce
production costs, specialty
crops have not yet benefited
substantially from these new

technologies. Several research groups
around the world are working on IET for
specialty crops. The last article, by
Manoj Karkee and Qin Zhang, high-
lights work in the Pacific Northwest on
automated pruning processes in
orchards.

These articles represent only a small
sample of the ongoing work of ASABE
members in developing IET for agricul-
tural and biological systems. While IET
activities cut across all technical divi-
sions within ASABE, the IET Division
serves as ASABE’s focal point for the
organization of IET technical sessions,
Standards activities, and publications.
All ASABE members are encouraged to
get involved in this exciting area.

It has been exciting for me to learn
about this important work, and I’m eager to learn more. In
addition, it has been a pleasure to serve as the guest editor of
this special section of Resource. Special thanks to all of the
authors, and to Sue Mitrovich, Glenn Laing, and Melissa
Miller at ASABE.

Citation for the quotation in the first paragraph: From the introduc-
tion (p. 1), “Grand research challenges in information  systems.”
Copyright 2003, Computing Research Association, Washington, D.C.
Available at: http://archive.cra.org/reports/gc.systems.pdf.

ASABE members are at the fore-
front of developing technologies
for the dissemination of
Extension knowledge.

Some IET work in the Pacific Northwest focuses on automated
pruning processes in orchards.

With the availability of vehicle data networks,
onboard sensors, and GPS, machinery manage-
ment data can be collected continuously and
automatically.
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A
pressing objective in the plant science community
is to understand the connection between a plant’s
observable characteristics (phenotype) and its
genetic makeup (genotype). Great advances in

DNA sequencing have unlocked the genetic code for many
important commodity crops, such as rice, sorghum, and
maize. However, understanding how genes control complex
plant traits, such as drought tolerance, time to flowering, and
harvestable yield, remains challenging. Field-based, high-
throughput phenotyping seeks to implement information
technologies, including sensing and computing tools, to rap-
idly characterize the growth responses of genetically diverse
plant populations in the field
and relate these responses to
individual genes.

In central Arizona, we
have completed two seasons
of field-based phenotyping
experiments in two types of
cotton. The experimental
design included 25 extra-
long staple (ELS) cotton cul-
tivars and 100 upland cotton
lines replicated under both
full and limited drip irriga-
tion. The ELS cotton experi-
ment included pima cotton
cultivars released over a
period of 90 years (1918-
2009) by breeding programs
in Arizona, heat-sensitive
Sea Island cultivars from the
Caribbean, and a recently

released commercial pima cotton cultivar. The upland cotton
experiment consisted of 100 lines from a genetic cross
between two parents that varied in their tolerance to heat and
drought stress.

Proximal sensing
Field-based, high-throughput phenotyping hinges on the

availability of a proximal sensing system, including a sensor
platform and instrumentation, that can rapidly quantify phe-
notypic variation in the field. There are many potential
options for sensor deployment: tractors, crane-like vehicles,
cable robots, sprinkler irrigation machines, or unmanned aer-

Information Technologies 
for Field-Based 
High-Throughput Phenotyping
Kelly Thorp, Pedro Andrade-Sanchez, Michael Gore, Jeffrey White, and Andrew French

Proximal sensing of cotton quickly quantifies phenotypic variations.
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ial vehicles. We are currently using a high-clearance tractor
for full-season field access. The instrument package includes
four active radiometers for measuring canopy spectral
reflectance in three wavebands, eight infrared thermometers
for measuring canopy temperature, four sonar sensors that
measure canopy height, and an RTK GPS receiver for hori-
zontal and vertical positioning. A spectroradiometer has also
been used to measure canopy reflectance in hundreds of nar-
row spectral wavebands. This year, we will deploy a LIDAR
sensor in an effort to map canopy geometry.

Geospatial analysis
By nature, field-based phenotyping generates large vol-

umes of spatial information. For rapid data processing,
geospatial analysis is needed
to locate data within field
plot boundaries. We are
developing a suite of open-
source geoprocessing tools in
the Quantum GIS environ-
ment (www.qgis.org). The
software handles coordinate
transformations from the
GPS receiver position to the
sensor positions and assigns
a plot identifier to each data
point based on its position in
the field.

Inverse modeling
Proximal sensing is limited to measuring only a few crop

canopy characteristics. By coupling the field observations with
canopy radiative transfer models or crop growth simulation
models, we can glean additional useful information. For exam-
ple, PROSAIL is a radiative transfer model that simulates
canopy spectral reflectance given information on solar geome-
try and plant canopy traits, including leaf area index (LAI),
chlorophyll content (Cab), and others. For more information,
see the article recommended under “For further reading.”

As shown in the accompanying diagram, using an opti-
mization algorithm, we can adjust PROSAIL input parame-
ters (i.e., LAI and Cab) while other parameters are held fixed
(P1, P2, ... , Px) with the objective to minimize error between
PROSAIL-simulated spectral reflectance (solid oval) and
field-measured spectral reflectance (dashed oval). The result-
ing optimized plant canopy trait parameters add physical and
biological meaning to the field observations and can be used
in subsequent genetic analysis. Incorporation of process-
based crop growth models that simulate plant growth and
development over the growing season permits model inver-
sion for time-series proximal sensing observations rather than

observations at single points in time. This also allows for esti-
mation of crop canopy characteristics at times between prox-
imal sensing observations.

Genetic analysis
Genetic mapping studies are used to identify genes that

control the observed phenotypic variation in the field. These
analyses test for statistical associations between genotypic
and phenotypic data collected from the experimental cotton
population. This allows for the identification of genetic mark-
ers that can be used to rapidly develop cotton cultivars that
are both high yielding and tolerant to environmental stress.

Field-based, high-throughput phenotyping using only
manual labor is prohibitive because thousands of distinct

genetic lines must be charac-
terized. To overcome this
obstacle, plant geneticists
and breeders are turning to
agricultural and biological
engineers for sensor deploy-
ment solutions and informa-
tion technologies that can
rapidly quantify the pheno-
typic variation of genetically
diverse plant populations in
field conditions. Proximal
sensing technologies, geo-
graphic information sys-

tems, crop growth simulation models, and other
computational approaches may all play a role in unlocking
the complex relationship between a plant’s genetic code and
its observable growth characteristics in the field.

AASSAABBEE  mmeemmbbeerr  KKeellllyy  TThhoorrpp is a research agricultural engineer with
the USDA-ARS Arid-Land Agricultural Research Center, Maricopa,
Ariz., USA (kelly.thorp@ars.usda.gov); AASSAABBEE  mmeemmbbeerr  PPeeddrroo
AAnnddrraaddee--SSaanncchheezz is an assistant professor in the Department of
Agricultural and Biosystems Engineering, University of Arizona,
Maricopa, USA (pandrade@ag.arizona.edu); MMiicchhaaeell  GGoorree is a
research geneticist (michael.gore@ars.usda.gov); JJeeffffrreeyy  WWhhiittee is a
research plant physiologist (jeffrey.white@ars.usda.gov); and AAnnddrreeww
FFrreenncchh is a research physical scientist with the USDA-ARS Arid-
Land Agricultural Research Center (andrew.french@ars.usda.gov).
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Inverse modeling diagram.

For further reading
Jacquemoud, S., W. Verhoef, F. Baret, C. Bacour, P. J.
Zarco-Tejada, G. P. Asner, C. Francois, and S. L.
Ustin. 2009.  PROSPECT + SAIL models: A review
of use for vegetation characterization. Remote
Sensing of Environment 113: S56-S66.



A
controller area network (CAN) provides the cen-
tral communication link on virtually every modern
agricultural machine. Tractors, combines, and
other powered vehicles use CAN Bus technology

to connect multiple individual electronic control units
(ECUs) and exchange sensor and control data. The advent of
CAN technology has improved vehicle diagnostics, simpli-
fied electronic control design, and enabled advanced imple-
ment management through standards such as ISOBUS.

In addition to serving the primary needs of electronic
design in agricultural machinery, CAN Bus systems can also
provide high-precision machinery performance and logistics
information. In agriculture and bioenergy applications,
parameters for machinery performance and management are
widely used for equipment sizing and cost estimation. Direct
measurement of CAN Bus metrics, including average operat-
ing speed, engine load, implement engagement, and fuel con-
sumption, can help supply chain managers design equipment
solutions that maximize field and transport efficiency while
lowering equipment costs.

The CyCAN data logging platform
With that in mind, a research team at Iowa State

University has developed a series of technology solutions to
directly capture CAN Bus machinery management parame-
ters. The CyCAN data logging platform is a standalone ECU
specifically aimed at quantifying the key parameters of agri-
cultural machinery. CyCAN data loggers connect directly to
the ISOBUS diagnostic port in the tractor cab and provide
direct access to all available CAN Bus information. The
CyCAN data loggers can also merge this CAN data with GPS
information to support spatial analysis of machinery systems.

Capturing essentials and more
To date, this technology was used to capture high-preci-

sion logistical data on over 6,000 ha (15,000 acres) of corn

stover biomass production. The machinery operating state is
determined automatically based on a matrix of CAN informa-
tion. For example, the ground speed and PTO speed of the
tractor used to bale the biomass can be analyzed to distin-
guish between in-field productive time, in-field downtime
and maintenance, and over-the-road transportation time.
Additionally, by capturing ISOBUS virtual terminal mes-
sages, information from ISOBUS balers, such as bale drop
location, bale pressure, and bale length, can be captured to
create yield maps of the harvested biomass.

More advantages
The automated and deployable nature of this technology

also allows researchers to determine averages and distribu-
tions of machinery performance within a given supply chain.
By integrating machinery performance into their event mod-
eling systems, researchers can develop risk and cost distribu-

CAN Bus Technology
Enables Advanced
Machinery Management
Matthew Darr

This CyCAN data image logger connects to the ISOBUS diagnostic
port and provides direct access to all available CAN Bus information.
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tion models for biomass
supply chains and accu-
rately model the impacts
associated with modifica-
tion to the supply chain.
Additionally, analysis of
engine loading provides a
direct assessment of the
power requirements for
specific tractor-imple-
ment pairs and can be
used to optimize tractor
sizing for a specific appli-
cation. The integration of
GPS information allows
all of these performance
indicators to be compared
for a variety of soil and
terrain conditions.

The accessibility and
standardization of CAN
Bus technology has
opened up tremendous
opportunities for machinery performance researchers and
will serve as the platform for new advances in machinery
management and agricultural supply chain logistics. The pos-
sibilities are just beginning to be explored.

AASSAABBEE  mmeemmbbeerr  MMaatttthheeww  DDaarrrr is an assistant professor,
Department of Agricultural and Biosystems Engineering, 
Iowa State University, Ames, USA (darr@iastate.edu).

CAN Bus information can enable detailed assessment of new machinery systems, such as single-pass harvesting of corn grain and stover.

GIS analysis of fuel consumption while baling corn stover at two rates in a single field. Green indicates high
fuel consumption, and red indicates low fuel consumption.



I
nformation technology (IT) has impacted our lives in
many ways. Today’s IT is no longer just about hardware or
software; it’s about finding new efficiencies and innova-
tive ways of doing things that align with the mission of an

organization. IT holds promise for expanding markets,
increasing global integration, improving Extension services,
and increasing productivity in all phases of agriculture. 

In Cooperative Extension, IT has fundamentally trans-
formed the way we communicate, engage clientele, and
deliver information to much broader audiences. This article
briefly describes a few applications, developed at the

University of Florida/Institute of Food and Agricultural
Sciences (UF/IFAS), to illustrate the impact of IT in
Cooperative Extension.

Hitting the bull’s eye
Engaging and effective communication with Extension

clientele is vital in the age of information overload. The real
challenge, rather than blindly broadcasting information, is to
deliver personalized, relevant, and up-to-date information to
target audiences. The Subscription Management System
(SMS) developed at UF/IFAS is a distributed subscription

Leveraging IT for the Benefit
of Cooperative Extension
Jiannong Xin

Highlights of IT and its application domains in Extension.
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and Extension clientele management system. This centralized
system contains information about Extension program areas,
newsletters, and clientele profiles. Extension agents can com-
municate with their clientele with personalized and relevant
information tailored to a group of clients who are interested
in publications, announcements, upcoming events, or pest
outbreaks. The system provides Extension faculty with
reports on clientele activities and their profiles to better

understand their interests and to improve the delivery of
Extension programs. As a result, the system has enhanced our
ability to serve our clientele.

Connect, communicate, and collaborate
Early detection and accurate diagnosis of a pest problem

is crucial for determining appropriate management options.
The Distance Diagnostic and Identification System (DDIS)

allows growers, Master Gardeners,
Extension agents, and specialists at
UF/IFAS and other locations to collaborate
on the diagnosis of infestations, diseases,
and other agricultural problems. The ability
to quickly connect, communicate, collabo-
rate, and address pest problems and to net-
work with regional and national plant diag-
nostic systems can avoid potentially huge
economic losses due to pests and misman-
agement.

Information and tools for emergencies
The Florida State Agricultural

Emergency Response System (SART) is
another example of using IT for facilitating
communication, locating county emergency
resources, and dynamically mapping a dis-
aster area to support emergency response
during a disaster. With the readily available
emergency resource information and data
visualization tools, the system provides an
effective collaboration environment for
multiple agencies to coordinate emergency
response activities.

Structure of the UF/IFAS Subscription Management System.

A screenshot of the DDIS website.
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All photos on this page and the following are from the collections of the
DDIS media library, courtesy of the University of Florida, showing confirmed

diagnosis and are used as reference for diagnosis. 
Above, anthracnose fruit rot (Colletotrichum). Photo credit: Hank Dankers.

Right, tomato blossom-end rot. Photo credit: Eva Pabon.

Below, daylily rust (Puccinia hemerocallidis). Photo credit: Carrie Harmon.
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Tools at your fingertips
Dissemination of scientific knowledge to

clientele is an essential component of Extension
services. EDIS, an Extension publication system
at UF/IFAS, provides a wide range of informa-
tion at users’ fingertips. The Florida Automated
Weather Network delivers not only critical infor-
mation for citrus cold protection but also farm
management tools, which could help growers
make informed management decisions.
Additionally, our e-Learning environments pro-
vide Extension clientele with solutions for con-
tinuing their education, earning certifications,
and obtaining pesticide licenses. As the stagger-
ing growth in mobile and social media usage
continues, we are moving toward mobile webs or
apps for pest diagnosis and other topic areas to
meet the demands of users.

Value-added technology
These are only a few examples of IT appli-

cations addressing the needs of Cooperative
Extension. The value of IT in Extension is not
only improving our ability to do what we can do
better and more efficiently, but more importantly, it allows us
to do things we couldn’t do without the technology. To fully
leverage IT, we should see it as a strategic partner instead of
a mere support. As we move forward, we will experience
increasing mobile usage, cloud-based applications, and rapid
adoption of social media. As a result, we are seeing a shift of
delivery platforms, communication, and collaboration chan-
nels. Advances in IT are constantly challenging us to rethink
how to embrace the technology to achieve our mission. After

all, it’s not about the technology; it’s about creating value with
the technology. It’s up to us to come up with new ideas and
innovative solutions that leverage the potential of IT for the
benefit of Cooperative Extension.

AASSAABBEE  mmeemmbbeerr  JJiiaannnnoonngg  XXiinn is a senior associate in the Office of
Information Technology, Institute of Agricultural and Food Sciences,
University of Florida, Gainesville, USA (xin@ufl.edu).

Striped mealybugs. Photo credit: Lyle Russ. A digital sample of citrus mealybug (Planococcus citri) on foxglove.
Photo credit: Theresa Friday.
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Tomato yellow leaf curl virus (TYLCV). Photo credit: Hank Dankers.



A
griculture has seen its most dramatic advance-
ments in the past century. Recognizing the trans-
formation, agricultural mechanization was ranked
as one of the greatest engineering achievements of

the 20th century by the National Academy of Engineering.
However, specialty crops such as fruits and vegetables have
not yet benefited fully from many of the technologies that
have been successful in row crops. In this article, we discuss
the current status, future possibilities, and potential implica-
tions of specialty crop mechanization and automation.

Current status
Mechanization and automation can play a cru-

cial role in enhancing crop production and reduc-
ing labor demand. These technologies have been
used in specialty crop production as well, although
only to a relatively limited extent. Crop monitoring
is one of the areas where non-contact sensors are
used to reduce labor and provide nearly real-time
information for effective pest management.
Precision and variable-rate chemical application is
another area where sensor and automation tech-
nologies have been helping production. GPS-based
guidance has also been effective in land prepara-
tion and planting.

Some mass mechanization technologies are
also available in specialty crop production.
Hedging and topping of fruit trees is one example.
Non-selective blossom thinning machines for tree
fruit are also commercially available. However,

these non-selective machines may not always achieve the
desired results. Shake and catch mechanisms are widely used
in harvesting berry crops, although fruit loss is still an issue.
This technology has also been used to some extent in cher-
ries, apples, and oranges destined for processing markets.

Unbounded possibilities
Even though there have been some successes in mecha-

nization, specialty crop production still remains highly labor
intensive. Labor availability is uncertain at best, and labor

Mechanization
and Automation
Technologies in
Specialty Crop

Production
Manoj Karkee and Qin Zhang

Co-author Karkee stands amidst hyperspectral and 3D cameras scanning apple
trees in a mechanization-friendly tall-spindle orchard. Photo courtesy of Allan
Bros., Inc., Prosser, Wash., USA.
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costs have been steadily increasing. On top of the labor issues
are more stringent regulations for quality and safety that rein-
force the need for more automated production. Looking
ahead, if no new mechanization and automation solutions are
developed in the next five to ten years, the specialty crop
industry could suffer greatly.

There are particular challenges for successfully applying
mechanization and automation technologies in specialty
crops, including complex plant structures, inconsistency in
product shape and size, the delicacy of the products, and
smaller economies of scale. But there are opportunities, too.
New mechanization-friendly orchard
architectures are opening up possibili-
ties for automation. For example, the
SNAP architecture (Simple, Narrow,
Accessible, and Productive) represents
these types of training systems that cre-
ate very narrow two-dimensional
canopies in which the majority of
branches and fruits are visible and
accessible to machines. Additionally,
the availability of low-cost computa-
tional power, recent advancements in
robotics, and new sensor technologies show good promise in
automating specialty crop production operations.

In addition, cross-disciplinary research efforts are in
place across the country, ranging from consumer studies to
horticultural system modification to developing advanced
mechanization and automation systems. These ongoing
efforts include automatic weeding in vegetable crops,
mechanical fruit harvesting, mechanical blossom thinning,
and auto-guidance in orchards. At the Washington State
University Center for Precision and Automated Agricultural
Systems (CPAAS), we are working on a variety of sensing
and automation technologies.

For example, an intelligent bin dog for orchard applica-
tion is under development. This utility vehicle will carry fruit
bins, automatically unload full bins, and load empty bins as
needed. The goal is that the bin dog will be capable of locat-
ing and following workers using proximity sensors so that
workers don’t have to walk to bins during harvesting. 

Another project involves the development of a machine
vision system and a rule-based decision making system for
robotic pruning of apple trees. First, a sequence of images of
tall-spindle apple trees was captured using a time-of-flight-
of-light-based 3D camera. Then background and noise were
filtered, followed by image skeletonization and tree recon-
struction. Meantime, we studied pruning practices of experi-
enced workers and learned about pruning strategies being
used in tall-spindle apple orchards from growers and horticul-
turists. Based on these studies, pruning rules were developed

that maintained specified distances between branches and
branch lengths. These rules were then used to identify and
locate branches that needed to be pruned. The results closely
matched with the pruning results of experienced workers. The
next step in this work is to develop an end effector and an arm
for robotic pruning.

Other specialty crop mechanization and automation proj-
ects that CPAAS is conducting include sensor-based decision
making, robotic hop twining, robotic apple harvesting, and a
fixed system for chemical application systems for orchards.
These integrated efforts of biological scientists, engineers,

economists, and extension educators
across the United States have potential to
increase the robustness, decrease the
cost, and increase the adoption rate of
new technologies.

What does it mean?
Specialty crop production is not just

labor-intensive; it is laborious. Few peo-
ple will work on these farms when there
are employment alternatives. The indus-
try has already been hit by severe labor

shortages in recent years. Both industry and government have
realized that focused efforts are needed to develop new mech-
anization and automation technologies to deal with the 
serious issues facing specialty crop production, and agricul-
ture in general. If these efforts continue, highly automated
specialty crop production can become a reality.

What are the implications when that day comes? First,
labor demand will be dramatically reduced and labor safety
will be ensured, leading to a more competitive and sustain-
able industry. It is also anticipated that some consolidation of
small farms will occur to justify the investment in automa-
tion. Therefore, some growers may be displaced. However, if
no labor-saving technologies are developed, even more grow-
ers may have to abandon specialty crop farming in the future.

Finally, while automated farming will support fewer
jobs, it will develop more skilled jobs that will pay a living
wage all year long. No seasonal labor will be needed, and
therefore there will be no seasonal towns, as we see in 
specialty crop production regions today: towns that barely
survive when there are crops to be harvested and that vanish
when the crops are gone. Instead, there will be more healthy,
sustainable communities with year around residents.

MMaannoojj  KKaarrkkeeee is assistant professor and QQiinn  ZZhhaanngg is professor and
director, Department of Biological Systems Engineering and Center
for Precision and Automated Agricultural Systems (CPAAS),
Washington State University, Pullman, USA (manoj.karkee@wsu.edu
and qinzhang@wsu.edu).
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Left: depth image of apple trees created by
a 3D camera; right: automatically identified
pruning points (green circles) for robotic
pruning.



I
n January 2011, the Archer Daniels Midland Company
(ADM) presented the University of Illinois at Urbana-
Champaign with a gift commitment of $10 million dollars
($2 million per year over five years) to establish the ADM

Institute for the Prevention of Postharvest Loss. This collab-
orative effort is focused on reducing post-harvest losses of
cereals and oilseeds in developing countries.

Why post-harvest loss?
Postharvest loss (PHL) refers to crops and products

wasted after harvest, particularly during the handling, stor-
age, transportation, and processing stages. In practice, losses
during harvest also are relevant, as harvest activities can be
tightly interwoven with losses in later stages of the food
chain. PHL can be caused by wrongly timed
harvests, extreme temperatures, drought,
micro-organism and other contamination,
spillage, and physical damage.

A commonly cited statistic is that, in total,
about one-third of agricultural production is
wasted and doesn’t reach the food consumer.
More detailed estimates of loss are shown in
the accompanying graph. As indicated there,
perishables suffer the most extensive losses.
However, significant losses occur across com-
modity types.

In the past few years, post-harvest losses
have become a topic of interest in the news, as
international organizations such as the World
Bank and the FAO have published influential
papers and reports detailing the extent and

causes of loss. PHL takes on even more importance because
of its links to societal concerns regarding food security, sus-
tainability, and poverty.

As the world’s population advances toward nine billion
by 2050, the global agriculture system must meet the food
demands of that growing population. Many expect that crop
production will need to double in the next 40 years.
However, arable land, water, and energy are in limited sup-
ply. To lessen pressure on scarce resources, we must learn to
do more with less.

Reducing PHL is expected to be an efficient means to
respond to the increasing need for food. Less waste effective-
ly extends scarce land and water resources. Investment
required to reduce PHL could be modest, and technology

The ADM Institute
for the Prevention 
of Postharvest Loss
Steven T. Sonka
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advances could make reduction more feasi-
ble and less expensive. However, lack of
awareness regarding the potential benefits of
reducing PHL has historically hampered
progress.

The ADM Institute
To address these global concerns, the

ADM Institute seeks first to serve as an inter-
national information and technology hub for
evaluating, creating, and disseminating eco-
nomically viable technologies, practices, and
systems that reduce post-harvest loss in sta-
ple crops such as rice, corn, wheat, and oilseeds. The ADM
Institute is research driven, and its resources are primarily
focused on innovation and application of knowledge so as to
reduce PHL in developing agriculture. In addition, the insti-
tute strives to heighten the understanding of this issue
through sponsorship of conferences, support of undergradu-
ate experiential learning, publications, and presentations, as
well as by engaging the public through the institute’s website
and social media outlets.

Providing leadership and guidance for the institute are an
external advisory board and its steering committee. The exter-
nal advisory board is comprised of distinguished leaders from
around the world and provides strategic guidance to the insti-
tute. The steering committee oversees the activities of the insti-
tute. Five University of Illinois faculty members and one rep-
resentative from ADM serve on that body. I serve as director.

A research focus
During 2011, the ADM Institute allocated $2.5 million in

funding for research projects, particularly focused on PHL in
India and Brazil. More than 20 Illinois faculty members from
four different colleges are engaged in this research. These
faculty members are linked to a growing network of collabo-
rators in developing nations. Not unexpectedly, the agricul-
tural engineering faculty provide essential research and
organizational leadership. The ADM Institute’s research and
development activities focus on the following four themes:

• Measurement and technology development efforts that
strive to determine methods to better assess the extent of
loss and create specific innovations that, if successful,
can effectively reduce postharvest loss.

• Systems informatics and analysis investigations that
focus on data organization, quantitative modeling, and
results delivery, particularly at the supply chain and food
system level.

• Policy analysis initiatives that concentrate on the effects
of existing public and private sector policies and evalua-
tion of potential enhancements.

• Education, training, and information transfer activities
that serve to transfer knowledge and implement tools to
enhance the performance of farmers and supply chain
participants.

Raising awareness
Although post-harvest loss is not a new topic, analysis

has shown that PHL reduction is under-publicized relative to
its potential to contribute to societal goals. One responsibility
of the institute is to increase awareness of the extent of PHL
and, more importantly, the opportunities associated with
reducing PHL. To address this need, the ADM Institute has
adopted an ambitious agenda to provide leadership at signif-
icant conferences, sponsor key events, and disseminate find-
ings through electronic and other media.

For example, the institute was a co-sponsor of the Indian
Society of Agricultural Engineers’ Annual Convention in
February 2012. In March of that year, the institute supported
an experiential learning program for undergraduates to exam-
ine agriculture and post-harvest loss in India.

Each year, the institute publishes several reports to doc-
ument institute activities, future plans, trips, and publications.
“PHL in the News,” a weekly e-letter published by the insti-
tute, compiles recent news about PHL issues, projects, and
opportunities. Additionally, representatives of the ADM
Institute provide presentations at conferences around the
world to better collaborate with entities involved in related
areas of work. In addition to the recent convention in India,
early 2012 keynote presentation venues included the
22nd International Food and Agribusiness Management
Association World Forum and Symposium in Shanghai,
China, and the XLI Congresso Brasileiro de Engenharia
Agrícola in Londrina, Brazil.

Additional information on the activities and goals of the
ADM Institute for the Prevention of Postharvest Loss can be
found on the institute’s website at http://postharvestinstitute.
illinois.edu. For further inquiries, the ADM Institute can be
reached by phone at 217-333-5115 or by e-mail at posthar-
vestinstitute@illinois.edu.

To keep informed on the state of post-harvest losses
around the world, subscribe to the institute’s “PHL In the
New” weekly newsletter at http://illinois.edu/gm/sub-
scribe/6325.

SStteevvee  SSoonnkkaa is the director, ADM Institute for the Prevention of
Postharvest Loss, and Professor Emeritus of Agricultural Strategy,
University of Illinois, Urbana-Champaign, USA (ssonka@illinois.edu).
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F
or years, U.S. industry has repeated the mantra “We
need more engineers.” Now the White House is lis-
tening, with the President’s Council on Jobs and
Competitiveness declaring a national goal of gradu-

ating 10,000 more engineers a year—a jump of 14 percent
from the 72,300 engineering bachelor’s degrees awarded last
year. To help the process along, companies have pledged to
hire 7,000 more interns, and the Council has promised fur-
ther, as yet unspecified, initiatives. But the Obama adminis-
tration’s challenge has thrown into sharp relief several
pressing problems in engineering education: declining state
support for public institutions, necessitating tuition hikes; a
stagnant graduation rate relative to other academic majors;
and poor retention. 

To the question, do engineering schools have the needed
capacity, the answer from many deans is yes—but the trend is
not universal. “That is a very doable goal,” says Feniosky Peña-
Mora, engineering dean at Columbia University. Indeed, many
are already doing so. Michigan Technological University plans
to increase its graduation rate by around 15 percent by 2020.
Cammy Abernathy, dean of the College of Engineering at the
University of Florida, has seen enrollment there shoot up
nearly 20 percent over the past five years to 5,500 and says,
“We simply cannot graduate enough students to satisfy
employers.” Iowa State University says it’s on track to increase
graduate numbers by around 14 percent. A number of private
engineering schools are also in growth mode. Yet Gary S. May,
dean of the College of Engineering at Georgia Tech, says, “We
are pretty close to full capacity,” and with no additional state
funds in the pipeline, expansion isn’t in the cards.

Not everyone is convinced that the White House goal is
either reachable anytime soon or even desirable. C. Daniel
Mote Jr., a mechanical engineering professor who was the
long-time president of the University of Maryland, says that
state schools will be hard-pressed to graduate that many addi-
tional engineers, especially given budget constraints. “There
could be a real capacity problem,” he explains, with some
schools forced to overcrowd their classrooms, rely too heav-

ily on adjunct and temporary faculty, and schedule Saturday
classes. Mote is not surprised that most engineering deans
welcome the White House plan and are keen to expand their
programs. But he claims the surge isn’t necessary. Currently,
the nation has about 1.9 million engineers. Over the decades,
American schools have typically graduated about as many
engineers as industry needed, he says, and that’s still largely
true, except in a few narrow areas—the petroleum and cyber-
security industries, for example. 

Increasing the supply of engineers won’t create more
jobs, Mote says, and it actually risks dampening demand and
depressing salaries. “My heart says there should be more engi-
neers, but I don’t see that demand at the moment.” He does not
dispute that employers are snapping up recent graduates but
says that’s not proof of a supply shortage. The “young ones”
are relatively cheap hires and have up-to-date skills. “Industry
does not want to retrain employees,” he says. If he’s correct,
the case for more engineers may lie less in the current state of
the workforce—with the economy still in recovery—than in
what National Academy of Engineering President Charles
Vest anticipates will be a “wave of retirements in the coming
years” as the baby boom generation ages.

The impact of tight budgets
The burden of increasing capacity will fall largely on

public universities. Why? Around 36 percent of the nation’s
641 institutions offering ABET-accredited engineering pro-
grams are private, but they account for slightly fewer than
20 percent of total graduates. “The bulk of America’s engi-
neers are produced at public universities,” Abernathy says, and
that’s not going to change. That fact also exposes the compli-
cated economics faced by public and land-grant universities.
Budget-constrained state legislatures have been slashing high-
er-education funding. Leonard Bohmann, associate dean at
Michigan Tech, estimates that most public schools now get
less than 30 percent of their revenues from states. Accordingly,
tuition increases have become de rigueur at many schools.
“Public schools are becoming increasingly like private univer-
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Thomas K. Grose

©
Fr

oz
en

sa
ge

/D
re

am
st

im
e.

co
m



sities. That is just the reality,” says Jonathan Wickert, Iowa
State’s engineering dean. For some, this is an incentive to
increase enrollment. “The more students we have, the more
money we have,” Bohmann says. Iowa State’s budget system
likewise rewards growth. The engineering school’s financial
resources have expanded as its enrollment has increased. It is
even adding 17 new faculty members this year.

In Iowa and some other states, the budget gods have
tended to smile on engineering, relatively speaking. While
Iowa State’s appropriations have nosedived 25 percent over
the past three years, lawmakers found $74 million to fund a
new engineering building complex. And although Michigan
Tech also plans to add faculty in coming years, Bohmann
argues that additional teachers are not necessary nationally to
reach Obama’s goal. He estimates the current national BS
degree to teacher ratio at around 2.75 percent; an additional
10,000 students could nudge it up to
3.1 percent, an average he calls “rea-
sonable.” 

While their numbers won’t make
a big dent in the national total, engi-
neering deans at a number of private
universities say they, too, are expand-
ing operations. Since elite schools are
reluctant to dilute their student bod-
ies by adding many more students,
this means drawing a bigger propor-
tion to engineering. At Harvard, Dean
Cherry Murray says her goal is to
enroll 15 percent of the Harvard stu-
dent body, which would more than
double enrollment to around 1,000.
Yale graduates around 70 engineers a year, and Dean T. Kyle
Vanderlick says, “We could easily grow to 120 or 140, and it
would still be an intimate setting.” Columbia graduates around
400 engineering students a year, and Peña-Mora says it could
boost that number by around 14 percent. At Princeton, engi-
neering enrollment has climbed 20 percent in five years; this
year’s freshman class numbers a record 330, outpacing overall
student enrollment growth. Princeton’s undergraduate popula-
tion, now 5,149, “grew by 10 percent over the last five years,”
explains H. Vincent Poor, engineering dean. “It’s not going to
grow again.” 

Retention: “Low-hanging fruit”
Attracting, and keeping, a bigger proportion of incoming

students requires a reversal of more than two decades’ gradua-
tion trends. The high-water mark in engineering education was
1985, when 77,572 undergraduate degrees were awarded, or
7.8 percent of the total number of bachelor’s degrees conferred
that year. A lengthy decline followed. While the numbers have
ticked upward in recent years, engineering’s share of the total
number of degrees awarded has fallen to about 4 percent. 

Deans at public and private schools agree that better
retention would be the quickest, most economical way to

increase graduate numbers. Georgia Tech’s Gary May calls it
“low-hanging fruit.” A 2007 report in Science found that the
average retention rate at U.S. engineering schools was just
56 percent, and at some schools it was as low as 30 percent.
Few students drop out because they can’t do the work,
Florida’s Abernathy says. “They are just not enamored with
the first-year courses.” So the notion is: fix that curricular
defect, lose fewer students, and increase graduates.

Some deans sound confident this will happen. “There is
a revolution going on in engineering teaching,” Harvard’s
Murray says, one that should eventually improve retention
rates. “It’s one way to address the question of creating more
engineering graduates without a huge amount of additional
resources.” For example, more schools are embracing active-
learning techniques and entrepreneurship, and giving first-
and second-year students hands-on projects that can include

some engineering design to help keep
them interested and staying put.

But tighter budgets can ham-
string retention efforts. “We have not
had the resources to scale up the suc-
cessful pilot programs that we believe
would have the biggest impact,” says
Abernathy. For instance, Florida cut a
pilot scheme that placed engineering
teaching assistants into freshman
chemistry courses to help students
see how they would eventually use
what they were learning. Moreover,
the reality is that, for several years
now, many schools have tried hard to
improve their retention rates with lit-

tle to show for their efforts. In fact, Maryland’s Mote argues
that reducing student attrition won’t increase graduation lev-
els. Typically, public schools accept fairly large numbers of
transfer students from community colleges to replace the
freshmen and sophomores who drop out. If retention
improves, there will be fewer places for transfer students, he
says. “So, the overall numbers would not change much.”

Clearly, many engineering deans and educators believe
that the Obama administration’s goal is necessary and reach-
able. But Mote, for one, hopes that the effort evolves at a
leisurely pace. He would prefer to see degree numbers
increase by only a few percentage points at a time, to see if
the market accepts the new additions. “If we are going to try
to do this, I’d do it slowly, in increments.” Given austerity
budgets and hard-to-change attrition levels, that may be the
only way it’s going to happen.

TThhoommaass  KK..  GGrroossee, based in London, is chief correspondent for
Prism, the magazine of the American Society of Engineering
Education. This article originally appeared in the February 2012
issue and has been reprinted with permission.
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TT exas at the tail end of July was hot—and not just as registered
by an outdoor thermometer. With 1,500 attendees, the 2012
ASABE Annual International Meeting in Dallas was one of
the most well-attended in recent history, drawing guests from

29 countries and a high numbers of students as well.
The sprawling Hilton Anatole, with its lofty atrium and stunning

collection of Asian artwork and artifacts, provided a satisfying cool
serenity to four heady days of technical sessions; numerous education-
al, recognition, social, and networking events; and a full complement of
committee meetings.

One of the highlights of this year’s meeting was the well-received
keynote address by Nestlé’s Ramana Sundara, whose presentation on
the company’s research and development operations was capped off
with a delivery of crowd-pleasing, Skinny Cow-brand treats. Sundara’s

presentation is available for review at www.asabe.org,
Special appreciation is extended to meeting sponsor

CNH, which generously supports Foundation and student
activities. Its strong presence is a valuable addition to the
ASABE Annual International Meeting.

Mark your calendar now for next year’s ASABE
Annual International Meeting, July 21-24, in Kansas

City, Mo. It promises to be a memory-maker as well.

2012-2013 ASABE President Tony Kajewski acknowledged his predecessor, 
Sonia Maassel Jacobsen, the first woman to be elected president of the Society.
Kajewski noted that historians would do well to credit Jacobsen for her vision
and achievements as president.

The 2012 Robotics Competition required the design of an
automated machine to deposit “feed” into a series of bins.

The YPC Fun Run included a choice of a boot-camp-style
course that combined running with calisthenics.
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At the welcome reception, 2011-2012 ASABE President
Sonia Maassel Jacobsen (center) visits with an attendee.
Behind her, FFA Director of Individual Giving Ryan
Gallagher (left) converses with ASABE Executive Director
Darrin Drollinger and ASABE President-Elect Designate
Lalit Verma.

The International Breakfast provided opportunities to make new
acquaintances and business contacts.

Black hat or white? The YPC-sponsored an “All-in-Good-Fun” contest that 
ventured into the wild, wild west, making Nerf-gun adversaries out of such sharp-
shooters as Joe Luck (left), Alex Thomasson (center), Kent Thoreson (dark shorts),
and Darrin Drollinger (right).

Attendees peruse the poster session.

Ramana Sundara of Nestlé Corporation provided the keynote address.
Nestlé's 8,000 brands form the foundation of a company that works
globally to bring value to customers and agricultural producers. 

Fun with the sprayer hose was optional at the 2012 Fountain Wars competi-
tion, where students worked in afternoon heat that exceeded 100 degrees.



IMAGES of AGRICULTURAL and BIOLOGICAL ENGINEERING
VISUAL CHALLENGE 2

Engineers are proficient in science and technology — and are good communicators as well. In fact, engineers have a unique responsibility to communicate 
technical concepts to a larger audience. Though traditionally done with words and numbers, Resource asked readers to communicate in images.

To call attention to and celebrate the visual aspects of agricultural and biological engineering, we are delighted to present these selected entries received for
our Agricultural and Biological Engineering Visual Challenge 2.

The beauty and meaning of one's work, research developments, and your Society's divisions come to life on these pages, showing those outside the ABE field: 
This is what we do." Acknowledging that the selection process was inevitably subjective, the Resource staff is confident that these photos provide a glimpse
into the vast variety of activities, work places, and surprises an ag and bio engineering career can offer. Thank you to all respondents in our quest for ag and
bio art. We look forward to showcasing entries again in Visual Challenge 3.
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SSuubbmmiitttteedd  bbyy::
GGaarryy  FFeeyyeerreeiisseenn

Research Agricultural Engineer, 
USDA-ARS Soil and Water 

Management Research Unit, 
St. Paul, Minnesota, USA

“Surveying Ghana“
Photographed by Pete Maskal

Traveling with Engineering Ministries
International, a group of eight engi-

neers designed a reservoir to provide
municipal and irrigation water for three

villages in the Volta region. Project
intern Carl Tompson (now eMi's Director

of the Intern Program) surveys water-
shed boundaries and reservoir location,

foundational to project success.

PPhhoottooggrraapphheerr::
BBeennjjaammiinn  CCoovviinnggttoonn
Graduate Research Assistant,
Agricultural and Biosystems
Engineering Department, 
Iowa State University,
Ames, USA

Before Storm Duet 1 
“Flying Away“ 

At the end of the day before a
storm, a flock takes flight during
the wheat harvest in Highwood,
Montana.

creo
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PPhhoottooggrraapphheerr:: PPaattrriicckk  RRaannssddeellll
May 2012 Hydropower Design Team Leader, Department of Civil Engineering, Purdue University, West Lafayette, Indiana, USA

CCaammeerroooonn  QQuuaarrtteett, clockwise from top left:

“Momanyi Works on Hydropower Turbine”  
Momanyi, a Kenyan technician, works diligently in the small Cameroonian village of Bangang to better understand a new
hydropower turbine design proposed by a student-lead team from Purdue University's Global Engineering Program in
May 2012.

“Finished Shaft Seal” 
A delicately fabricated, oil-impregnated bronze shaft seal, for use on a new hydropower turbine prototype, is held by a
student from Purdue University during the trip to Cameroon.

“Student Fabricating a Basic Utility Vehicle”
Chester Magiera, a student in the College of Agriculture at Purdue University, grinds through a piece of angle iron during
the fabrication of a basic utility vehicle design in Cameroon.

“Shaft Seal on the Lathe”
An oil-impregnated bronze shaft seal is spun around on the lathing machine during fabrication of a new hydropower tur-
bine prototype design implemented by students from Purdue.



PPhhoottooggrraapphheerr::
BBeennjjaammiinn

CCoovviinnggttoonn
Graduate Research

Assistant,
Agricultural and

Biosystems Engineering
Department, 

Iowa State University,
Ames, USA

Before the Storm
Duet 2 “Blowing 

in the Wind“ 

Ripe fields during
the wheat harvest in
Highwood, Montana.

PPhhoottooggrraapphheerr::
AAJJ BBootthh
Associate

Extension Specialist,
BioEnvironmental

Engineering, Department
of Environmental

Sciences, 
Rutgers University, 

New Brunswick, 
New Jersey, USA

“A rose is a rose
is a rose ... “ 

A supplemental
lighting system (high

pressure sodium lamps)
shines over a green-

house-grown rose crop.
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Photographer: Robert “Bobby” Grisso
Professor and Extension Engineer, Biological Systems Engineering,
Virginia Tech, Blacksburg, USA

“Energy Crop“ 

Field chopping of switchgrass, February 2012, near Vonore,
Tennessee, creates a cloud of green haze. Operator is John
Walton, University of Tennessee extension specialist.

Photographer: Scott Clark
Design Engineer, John Deere Harvester Works, Global Crop
Harvesting Product Development Center, East Moline, Illinois, USA 

“Do More With Less:
Feeding the World One Kernel at a Time“ 

Innovative technology and automation makes it possible for 
agriculturists to get more crop to the table quicker, as shown 
in this shot taken on the plains of western Kansas harvesting 
hard red water wheat. 

Photographer: Tom Trout
Agricultural Engineer, Research Leader,
USDA-ARS Water Management Research Unit, 
Fort Collins, Colorado, USA

“Taking the Heat“ 

Due to low moisture and high elevation, the U.S. High
Plains commonly experiences wide ranges and extremes 
in temperature. The draught-tolerant sunflower is 
an excellent crop option for this area. 

Photographer: Freddie Lamm
Research Agricultural Engineer, Kansas State University
Northwest Research-Extension Center, Colby, Kansas, USA

“Driptape Job“

With the installation of subsurface driptape, the water is 
precisely placed in the soil root zone and uniformly distributed
across the field to help maximize its productivity. Surface evapo-
ration losses are minimized since the crop and soil surface are
not wetted. Although the initial cost of drip systems is high, the
resulting water conservation, high yields, and long life can 
combine to make drip systems a good economic choice.
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Lab  Triioo: Toodayy’s  RResearrcch,  Toommoorrrooww’’s  Realityy

PPhootooggraaphherrs: MMaattheeww  DDiCCiccccoo//SSureshh  NNeeethhiraajaan
Graduate Student/Assistant Professor, 
BioNano Laboratory, University of Guelph, Canada

Top left “Seemingly Spotless Surgical Screw Studied Up-Close” 
Stainless steel screw, used in canine orthopedic surgery, at scale 1.5 millimeters.

Illuustrraator: MMaarrkk  Fletccher, CCoonnceppt:  SSuuressh  NNeethiraajaan
Undergraduate Student/Assistant Professor, 
BioNano Laboratory, University of Guelph, Canada

Top right “Exploring the Great Red Sea”
Computer-assisted illustration of bionanorobots maneuvering through 
the blood stream in search of tumors.

TToommooggraaphers: AAnnupp  Suresh//SSuureeshh  NNeeethhiraajaann
Undergraduate Student/Assistant Professor, 
BioNano Laboratory, University of Guelph, Canada

Immediate left “3D Grain Kernel”  
Real-time three-dimensional visualization of fissures and cracks Inside
insect-infested durum wheat kernel using X-ray micro-computed tomography.

lllusstrraatoors:
Stepphen  L.  YYooungg  

Weed Ecologist, University of 
Nebraska-Lincoln, North Platte, USA

Michael Heller
Graphic Artist, University of 

Nebraska-Lincoln, North Platte, USA

“The Future of Weed Control“ 

Robotic weed control will be an essential 
element of tomorrow's more targeted, integrated

weed management in cropping systems.
Researchers at UNL's West Central Research and

Extension Center are looking at what these systems
would need and how they could integrate the latest

technologies in weed identification, biology, 
engineering, and control into a single platform.
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professional opportunities

POSTDOCTORAL RESEARCH ASSOCIATE
NORTH DAKOTA STATE UNIVERSITY

The Dept. of Agricultural and Biosystems Engineering is seeking a
Postdoctoral Research Associate in the field of precision agriculture
applied to crops grown in North Dakota. For necessary qualifica-
tions and to apply:  https://jobs.ndsu.edu/postings/2455.

NDSU is an EE/AA employer. This position is exempt from North
Dakota Veterans’ Preference requirements.

Title: Assistant Professor of Biological and Agricultural Engineering,
Machinery Design/Systems. Full-time, nine month, 50% research and
50% teaching, (term or tenure track position).

Position Responsibilities: Develop and conduct a nationally recog-
nized research and teaching program.

Academic program will include:

• Developing and teaching a series of courses related to power trans-
mission of off-road vehicles

• Advising undergraduate and graduate students with an interest in
off-road machinery

• Provide mentorship and design guidance to undergraduate extracur-
ricular activities

Research program in one or more of the following off-road machinery
engineering core areas:

• Improving energy efficiency of off-road vehicle power trains

• Utilization of bio fuels in off-road vehicles 

• Machinery systems in food, fiber and/or bio-based fuel production 

• Utilization of hybrid power transmission in off-road vehicles

The candidate is expected to develop an integrated teaching and
research program of excellence. The individual will be expected to
advise both graduate and undergraduate students for careers related
to biological and agricultural engineering, to establish a nationally rec-
ognized research program with internal and extramural support, to pro-
vide leadership to the profession through national and international
professional society participation, and to collaborate with faculty in the
BAE department and other related units in the university as well as
industry, national lab and other universities. The successful research
program will include graduate student mentorship and training.

Qualifications: Required: MS plus 5 yrs minimum industry experi-
ence (term appointment) or Ph.D. (tenure track appointment) in disci-
plines such as biological, agricultural, biosystem, automotive or
mechanical engineering or a closely related field is required - one MS
or PhD degree in an engineering discipline. The successful candidate
should have a solid background in one of the research areas men-
tioned above and demonstrated record of scholarship and evidence of
potential to secure extramural funding, and be able to perform and
publish high quality research. Excellent speaking and writing skills, an
ability to teach effectively at the undergraduate and graduate levels,
and an ability and desire to work collaboratively in interdisciplinary
environment are expected.

Preferred: PhD degree, record of success in securing extramural
funding. Eligibility to be licensed as a professional engineer.
Knowledge of midwest USA agricultural machinery systems.

Other: If MS degree must be willing to obtain PhD degree in next
5 years 

Salary: Salary commensurate with qualifications and experiences.

Starting date: July 1, 2013 (or as negotiated).

Application: The application deadline is November 1, 2012 with
screening following immediately and continuing until a suitable candi-
date is found. Submit a letter of application including a statement of
teaching, outreach and research philosophy, resume, transcripts, and
complete contact information for at least three professional references
to: Dr. Joseph P. Harner, Professor and Head, Department of
Biological and Agricultural Engineering, Kansas State University, 129
Seaton Hall, Manhattan, KS 66506-2906, Phone: 785-532-5580, Fax:
785-532-5825, Email: jharner@ksu.edu

Kansas State University is an Affirmative Action/Equal Opportunity
Employer and actively seeks diversity among its employees.
Background check will be required.

DEPARTMENT OF BIOLOGICAL AND AGRICULTURAL ENGINEERING
KANSAS STATE UNIVERSITY, MANHATTAN, KANSAS
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Resource is published six times per year: January/
February, March/April/, May/June, July/August,
September/October, and November/December. The
deadline for ad copy to be received at ASABE is four weeks
before the issue’s publishing date.

For more details on this service, contact Melissa Miller,
ASABE Professional Opportunities, 2950 Niles Road,
St. Joseph, MI 49085-9659, USA; 269-932-7017, 
fax  269-429-3852, miller@asabe.org, or visit
www.asabe.org/resource/persads.html.
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Your personal or company consultant 
business card could appear here.

For information on rates, contact 
Melissa Miller

Resource: Engineering & Technology for a Sustainable World
2950 Niles Rd.

St. Joseph, MI 49085 
tel: 269-932-7017; fax: 269-429-3852; miller@asabe.org

http://www.asabe.org/resource/index.html

CURRY-WILLE & ASSOCIATES
CONSULTING ENGINEERS P.C.

Animal and Livestock Facility Design
Feed and Grain Processing and Storage
Fertilizer/Pesticide Containment Design

TSP/Manure Handling Design
Agricultural Research Facilities

AMES, IA
515-232-9078

WWW.CURRYWILLE.COM

J.M. Miller Engineering, Inc.
James M. Miller, PE, PhD, President

Idaho: Boise – Twin Falls Michigan: Ann Arbor
888-206-4394 734-662-6822

www.millerengineering.com
e-mail: miller@millerengineering.com

Agricultural, Chemical, Mechanical, & Forensic Engineers;
Dairy & Food Processing Safety – Tractor & Harvester Safety – Equine & Bovine
Accidents; Guarding & Entanglement Accidents – Silage & Grain Storage Accidents –
Warnings, Labeling, & Instruction Manuals – Worker Safety & Health (OSHA) –
Chemical Application & Exposures – EPA RCRA, Clean Water, Compliance – Irrigation,
Riparian, & Hydroelectric

INDUCTIVE ENGINEERING
DALE GUMZ, P.E., C.S.P.

10805 230th Street
Cadott, WI 54727-5406

• Accident Reconstruction
• Mechanical & Electrical
• Safety Responsibilities
• Product & Machine Design

715-289-4721 dgumz@centurytel.net
www.inductiveengineering.net

Integrated Product Development Services
Vehicles, Implements and Tools
Engineering, Design and Analysis
Prototype Build, Test and Evaluation,
40,000 sq. ft. Experimental Shop.

R. O. Diedrichs, P.E. Cedar Falls, IA
319-266-0549 www.iowaengineer.com

Irrigation and Wastewater Systems, Sales and Engineering/Design

www.IRRIGATION-MART.com
300 S. Service Road, E.
Ruston, LA 71270-3440
Ph: 800-SAY RAIN (729-7246)

318-255-1832
Fax: 318-255-7572
info@irrigation-mart.com

Robin Robbins, Agronomist; 
Michael Pippen, Mechanical Engineer, P.E., CID, CAIS
Jay Robbins, Agricultural Engineer, P.E., CID, CAIS, TSP; 
Jackie Robbins, CEO, CID, Ph.D., Agricultural Engineer, P.E.

we SAVVY Irrigation

DIEDRICHS & ASSOCIATES, Inc.

AG ENGINEERING SERVICES
• AGRICULTURAL BUILDING DESIGN
• MANURE STORAGE SYSTEM DESIGN
• CAFO AND NPDES PERMITS
• FARMSTEAD EXPANSION PLANNING

STRUCTURAL ENGINEERING SERVICE
• STRUCTURAL DESIGN OF WOOD, STEEL AND 

CONCRETE STRUCTURES
• ENGINEER CERTIFICATIONS
• STRUCTURAL INSPECTIONS

Visit our web site: www.timbertecheng.com or 
E-mail us tte@timbertecheng.com

fsemke@semke.com

154 Hughes Lane
St. Charles, MO 63301

T 636.896.9995
F 636.896.9695
C 314.603.6382

www.semke.com

Fred B. Semke, P.E.
Principal Engineer

professional listings
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A
s I contemplated the recent passing of an old fam-
ily friend, I recalled a conversation that he and I
had about 20 years ago. I was visiting my home
town, and my old friend Frank and I were dis-

cussing the “local” baseball team. Frank commented that
only three or four of the players actually lived in the district.
The rest came from surrounding towns that no longer had
teams. Our conversation drifted from baseball to the local
ice rink and the difficulty the town was having keeping it
open. We agreed that it was a situation that was all too com-
mon in the rural areas of western Canada.

And then Frank shocked me by saying, “You realize this
is all your fault.” My shock must have been obvious because
he quickly followed up by noting that by “you” he was refer-
ring to the engineering profession, not me personally. We left
it there, but his comment kept haunting me.

Two or three years later, on another visit home, Frank and
I were sitting in the shade, enjoying some of the end product
of the previous year’s barley crop, when I reminded him of his
earlier comment. I asked him to explain what he meant. He
thought a moment and then provided me with his observation
of the link between engineering design and fewer prairie
baseball teams.

At that time, Frank and his son were farming the land
that he and my dad had farmed, plus the land that had sup-
ported four other families when I was growing up. They were
able to do this because of the improvements in farm equip-
ment that were the direct result of engineering design. Wider,
bigger, faster, more efficient equipment let the two of them
farm more land with less effort. So, the up side was that they
farmed more land but didn’t have to work as hard. The down
side was that there were four fewer families associated with
that particular land base. And the same story could be repeat-
ed for every farmer who was still functioning in the district.

Simply put, my home town was now about 33 percent of
what it had been: 67 percent fewer ball players, 67 percent
fewer students, and 67 percent fewer grocery stores. That
explained much of what I saw when I looked around.

Frank acknowledged that engineers had simply respond-
ed to a demand for better equipment, and had responded very
well. He agreed that this equipment allowed him to survive
despite the fact that grain prices were about the same as when
I had last helped him harvest. He assigned no fault to the
engineering profession, but he saw a clear link between our
“success” and rural depopulation.

In the intervening years, Frank and I revisited the issue
as we watched the “local” ball team continue to play where I
once played. I was never able to advance a plausible argument
that de-linked engineering design from rural depopulation,
but my discussions with Frank clarified my thinking on the
responsibilities that our profession bears for the designs we
create. Frank’s insight provided me with the understanding
necessary to explore Billy Koen’s concept of “best change.”
“Best” depends on the perspective we bring to a question. The
new machinery was “best” for Frank and his son. It was not
“best” for population retention.

We engineers have the skills required to bring new and
better “things” into existence. The world we live in today is
the direct result of the successful application of those skills.
Electricity, cars, computers, aircraft, artificial hips, skyscrap-
ers, and farm machinery all exist because of engineering
design. Our profession has created profound changes, and
each change has had both positive and negative impacts. On
balance, in my view, the changes have been positive. Others
may disagree. However, because the application of our capa-
bilities has allowed these changes to occur, we must accept
both the credit and the blame.

Next time you find yourself pushed toward an “expedi-
ent” solution, think about the disappearance of the small
towns of western Canada. We do have a responsibility. And as
for my old friend Frank, not all engineering educators go to
university and have numerous degrees.

ASABE Member Ron Britton is a professor, Faculty of
Engineering, University of Manitoba, Winnipeg, Canada
(Ron.Britton@ad.umanitoba.ca). 

Some thoughts on design ...
and on who is responsible for the consequences

last word
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