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New Course Request
ENTOM 555, Agricultural Chemical Technology for Crop Protection & Production

Rationale

CAHNRS is offering an M.S. in Agriculture exclusively through on-line instruction.
Prospective students are likely to be professionals and/or practitioners directly in
agricultural production or a business related to agriculture. These employees and/or
business owners must necessarily be aware of and possess more than a surface
knowledge of the technologies used in agriculture. At present, no comprehensive
course exists that focuses on the use of chemical or biochemical technologies designed
for plant protection and productivity. Particularly needed are focused modules on
multiple aspects of agricultural chemical technologies (which disproportionately will
involve pest management). ‘

This course will solve this oversight in graduate level studies of agriculture by
brining together a mechanistic perspective of all the agricultural chemical technologies
used to enhance crop protection and productivity. The main elements of the course will
focus on the need for pest control technologies and review the overriding decision-
making strategy of integrated pest management (IPM). Modern IPM practices still
overwhelmingly rely on therapeutic use of registered pesticides. Thus, the main
- technologies to be discussed will include synthetic pesticides, biological pesticides,

genetically engineered crops with traits conferring pest control, and fertilizers/soil
conditioners; all are contained within the modern definition of an agricultural chemical.

For each major type of pesticide (which legally ranges from synthetics to
biologicals and transgenes), mechanism of biological activity will be elucidated,
emphasizing the concept of selectivity toward pests and reduced hazard for non-target
organisms. Discussions will include the application and formulation/adjuvant technology
necessary to deploy effectively the agricultural chemicals and biological protectants.
The efficacy of the various types of agents will be examined by reviewing journal
literature. Finally, managing the technology for environmental stewardship and
sustainability will be examined through published examples.

This course fulfills in part the objectives delineated for the M.S. Agriculture
program. Specifically, the course lectures in conjunction with the exams contributes to
the following objective: “To transition students to higher level of understanding of
agriculture-based disciplines through graduate education.” The requirement for
student’s to compile a dossier on a specific crop protection technology partly fulfills the
following objective: “To provide students with an experiential-based research

“opportunity designed to translate content provided in course work to reality.”

Impact of Course

Presently no course exists in the academic catalog that will comprehensively
cover agricultural chemical technology as defined in the above rationale statement.
Minor elements of the proposed course may be touched on in other courses listed in the
M.S. Agriculture program, but they are scattered and not coherently discussed,
especially from a deeper mechanistic understanding of functionality as well as



deployment. Thus, the impact of this course within the program will be an affirmative
enhancement to the information about agricultural technology in general garnered from
the other courses.

Only one proposed course for the program touches exclusively on pesticides,
namely IPM 552, Pesticides and the Environment. The focus of that course is strictly
environmental impacts of pesticides. The focus of the proposed course is on
deployment, functionality, and efficacy of the chemical and biological technologies
registered as pesticides and permitted for use in soil fertilization.



ENTOM 555 Agriculture Chemical Technology Fall 2011

ENTOM 555 (3 cr)
Agricultural Chemical Technology for Crop Protection & Production

Course Objectives & Syllabus
Instructor: Allan Felsot, Professor, Department of Entomology

Contact Information:
Email: afelsot@tricity.wsu.edu or afelsot@wsu.edu
Office Phone: 509-372-7365; iPhone: 509-460-6082
Campus Address: Rm 128 East, 2710 University Drive, Richland, WA 99354

Textbook and Class Notes:

This course will not require purchase of a textbook because one has not been
written that encompasses the technological aspects of the comprehensive use of
agricultural chemicals for.crop protection and production. Rather, the information is
scattered among numerous journal articles and books specializing in various aspects of
this broad topic. Lecture notes will be formatted as PowerPoint files that will be
accessible as an adjunct to the on-line lectures and activities associated with this
course. A bibliography of references will be provided. The schedule of individual
lectures shown below lists recommended readings.

Overview of Course:

Perhaps nothing has been as controversial in agricultural production systems as
the use of pesticides to protect yields against pest damage. The early findings of DDT
residues in animal bodies and ubiquity in the environment raised public alarm that was
enhanced significantly following publication of Rachel Carson’s Silent Spring. The
concern about use of chemicals as the main tool for managing pests grew to
encompass the use of mineralized fertilizers for crop productivity as seasonal anoxic
zones in the Gulf of Mexico coincided with the commencement of the Corn Belt’s
growing season. The nature of our modern understanding of environmental chemistry
dictates that if we use any type of chemical, whether it be for so-called conventional
agricultural production or certified organic agriculture, those chemicals will move. With
the acutely sensitive detectability of modern instrumentation, analytical chemists will find
those residues in the environment and perhaps in organisms themselves. However, the
nature of crop protection and production chemical technology has changed since the
banning of DDT and compounds with similar properties in the early 1970s. Chemical
technology has grown to encompass biochemical technology and genetic engineering of
“built-in” pesticides and tolerance to herbicides. Products used are more selective for
pests rather than non-target organisms. Products break down faster on plants and in
the environment. Products are used in increasingly smaller quantities. Application
technology and practices, which includes those recommended for fertilizers, have
improved and become more accurate. A need exists to be familiar with these changes
and understand the modern technology rather than “beating to death” the “sins” of a
technology that is long gone.
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ENTOM 555 Agriculture Chemical Technology Fall 2011

Beyond doubt, crop yields have increased since the since early 1950’s advent of
intensive chemical use in crop management. The tremendous increase of greater
yields from less harvested land is attributable to crop enhancements through breeding
but also to widespread deployment of diverse synthetic herbicides for weed control.
Fungicides with specific biochemical modes of action have been invented for disease
control. Insecticides increasingly became more selective for pests and and less toxic to
the biological control organisms that feed on them and thereby regulate their population
densities. With regard to fertilizer use, precision application strategies marked a big
change to focus on feeding the plant no more than needed and using soil management
practices to minimize water runoff in addition to erosion. The invention and
advancement of recombinant DNA technology eventually led to breeding crops with
desirable traits for pest resistance as well as tolerance to safe but broad spectrum
herbicides that could only be deployed on non-growing crops. Standing from a
distance, the broadening of the meaning of crop protection technology has been
changing at a rapid pace. Certainly the changes have been faster than the public’s
understanding of modern agricultural production systems. Thus, in a curriculum for
agriculturally oriented careers, especially those destined for management level
positions, a need exists for deeper understanding of how the modern technology works.

To fulfill this need, the course will focus first on the context of the ecology of
agricultural systems that necessitate intervention with crop protection technologies. The
deployment of crop protection technologies will be examined within the context of an
integrated pest management strategy for decision making. Because crop health is one
form of enhancing pest control, the course will necessarily cover fertilizer technology
and its efficient application to avoid unnecessary nitrogen and phosphorus losses.
Following several lectures that provide the context for deployment of agricultural
chemical technologies, specific types of pest control products will be introduced and
discussed from the perspective of how they work. Pesticides approved for agriculture in
general and for certified organic agriculture specifically will be broadly covered. In
addition, attention will be given to the use of genetic engineering to enhance crop
protection. The main focus of all discussions will be mechanistic: what is the
physicochemical or biological nature of the technology, how does it work from a
biological perspective, how is it deployed, and how should it be best managed for
environmental protection and perhaps as importantly, sustainable use of the technology.

A comprehensive textbook does not presently exist that covers the nature of a
rapidly changing technology. Furthermore, what we know about the technology is best
learned by directly examining the published scholarly literature. Thus, the course
information will be delivered via a combination of lectures and readings of selected
research articles. In addition, the student will be expected to choose one specific crop
protection or fertilization technology and provide a thorough history of its use, its
mechanisms, and review of data that shows its efficacy in crop management.

Student Objectives: ,

1. Students will explain why crop protection technology is needed in modern farming
systems. A

2. Students will study principles of integrated pest management (IPM) and apply them
as a decision-making strategy for optimal deployment of crop protection technologies.
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3. Students will be able to differentiate preventative from therapeutic methods of crop
protection.

4. Students will be able to discuss the necessity for controlling pests (weeds, insects,
diseases) from the viewpoint of biology and economics of these organisms.

5. Students will be able to explain how environmental and biochemical processes
influence the efficacy of chemicals used for crop protection.

6. Students will recognize different application technologies for crop protection products,
including mechanical equipment and chemical adjuvants.

7. Students will recognize all the groupings of chemicals used in crop protection and
production and summarize their general properties and utility.

8. Students will gain experiencing accessing research literature that elucidates the
efficacy of crop protection products.

9. Students will be able to discuss the diversity and properties of crops developed using
agricultural biotechnology to incorporate traits for pest control and also proposed
traits for stress tolerance that will enhance crop production.

10.Students will discuss fertilizer technology for crop production and improved methods
of application to minimize environmental effects. ‘

11.Students will recognize occurrence of pest resistance to crop protection technologies
and develop plans for management practices to avoid its development.

12.Students will recognize management practices that avoid off-site and non-target
impacts of crop protection and production technologies.

Schedule of Class Lectures

(Note that the recorded lectures are structured to f|t into approximately a 75 minute

“time slot corresponding to two lectures per week that is typical for a 3 credit “real
time” course. However, how long each lecture requires to view will depend on
individual learning styles. The recommended readings were selected to provide a
background to the recorded lecture material and/or an illustration of some of the
concepts that will be discussed. In addition to the listed readings, the presentation
slides will often contain specific references from which graphics or tabulated
material is borrowed.)

1 Why Crop Protection Technology Is Needed: Felsot & Racke (2006)
Comparison of Agricultural and Natural Frank (2009)
Ecosystems Grube et al. (2011)

2 Integrated Pest Management Theory Kogan (1998)

3 Integrated Pest Management Theory‘ Castle & Naranjo (2009)

Zalom (2010)
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4 Overview of Environmental & Biochemical Bromilow & Chamberlain
Dynamics of Chemicals that Make them Effective | (2000); Goring (1967);
Pest Control Agents Hsu & Kieier (1996)

5 Governmental Regulation of Pesticide Technology; | Fenner-Crisp (2010);
Information Resources; Understanding Product EPA FIFRA Web Page
Labels

6 Application Technology: Equipment Gan-Mor (2003); Law

(2001); Kuhar et al. (2010)
7 Application Technology: Formulations & Adjuvants | Miller & Ellis (2000);

Gaskin et al. (2000);

Muller & Appleby (2010)

8 Weed Control Technology: Overview of weed Muller & Appleby (2010)
biology; yield losses from weeds; economic
aspects of weeds; preventive management

9 Weed Control Technology: Herbicides HRAC Herbicide MOA

Classification;

Green & Owen (2011)
Grossman (2010);
Mallory-Smith & Retzinger
(2003);

Peterson et al. (2010)

10 Weed Control Technology: Herbicides Abu-Qare 2002

Duke (1990)

11 Weed Contrbl Technology: Bioherbicides (Non- Bailey et al. (2010);
synthetic chemical alternatives) Chandler et al. (2008)

12 Overview of Technology for Breeding Pest Control | Basic Genetic Engineering
Traits Felsot (2000a);

McHughen (2006)

13 Weed Control Technology: Genetically ‘Duke (2005)
Engineered Herbicide Tolerance Traits Tan et al. (2005)

14 Insect Pest Control Technology: Overview of Barfield & Stimac (1980);
insect biology; yield losses from insects, economic | Metcalf (2005); Gianessi
aspects of insects; preventive management (2009)

15 Insect Pest Control Technology: Insecticides Casida (2009)

IRAC (2011) MOA
Classification List
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_ Fertilizers

16 Insect Pest Control Technology: Insecticides; Dekeyser (2005)
Acaricides
17 Insect Pest Control Technology: Bioinsecticides | Bailey et al. (2010);
(Microbials & Biochemicals) Chandier et al. (2008)
18 Insect Pest Control Technology: Use of Felsot (2000b);
Genetically Engineered Insect Resistant Crops Gray (2011);
, Naranjo (2011)
19 Pesticide Use for Control of Public Health Pests: Rose (2009)
Insecticides & Disinfectants Siebert (2009)
20 | Plant Diseasé Control Technology: Overview of | Goring (1967);
plant disease biology; yield losses from diseases; | Wrather & Koenning
economic aspects of diseases; preventive (2009)
management; soil fumigation
21 Plant Disease Control Technology: Fungicides FRAC Code List 2011;
Bartlett et al. (2002)
Knight et al. (1997)
22 Plant Disease Control Technology: Fungicides Rosslenbroich & Stuebler
(2000)
23 'Disease Control Technology: Biofungicides Bailey et al. (2010);
‘ Chandler et al. (2008)
Wilson & Wisniewski
(1989) -
24 | Disease Control Technology: Use of Genetically Collinge et al. (2008);
Engineered Disease Resistant Crops ?gggg;”e" & Woffenden
25 Crop Protection Technology for Certified Organic | Bahlai et al. (2010);
Production Larentzaki et al. (2008);
Montes-Molina (2008)
26 Technology for Protecting Stored Products & EPA (2004)
Structures: Fumigation; Rodenticides; Wood Phillips & Throne (2010)
Preservation Pommer & Jaetsch (2007)
27 Technology for Enhancing Crop Productivity: Rademacher and Brahm
' Plant Growth Regulators (2010)
28 Technology for Enhancing Crop Productivity: Dittmar et al. (2009);

Scherer et al. (2009);
Fertilizer Statistics
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29 Environmental Issues with Fertilizer Use Gruber & Galloway (2008)
Werner (2009)
30 | Biotechnology for Enhancing Crop Productivity: Peleg et al. (2011);
Tolerance to Temperature, Drought, Salt Stress Vinocur & Altman (2005)
31 Sustaining Efficacy of Crop Protection Brent & Holloman (2007);
Technologies: Avoiding Pest Resistance Dekker (1976);
' Duke (2011)
Gisi et al. (2002)
32 Sustaining Efficacy of Crop Protection Giles et al. 1992;
Technologies: Minimizing Environmental Issues = | Pimentel 2005

“Grading

Students will complete three on-line exams that will be open for a 24-hour
window. The exams will cover all written and spoken notes associated with the
scheduled lectures and assigned reading materials. Some questions will require
student access to internet searching. In addition to the regularly scheduled exams, the
students will write a three-page maximum paper (i.e., report) that provides an overview
of the use of a specific crop protection or production technology in a specific cropping
system. The rubric of expectations and grading for this paper is given below. The
assignment of points for the exams and written paper are equally weighted, and total
points will be normalized to a 100-point scale. Thus, the grade will be determined by
averaging the four required elements of the class, i.e., the three exams and one report.
The final letter grade will be determined as follows.

93-100: A

90 - 92: A-

85-89: B+

80-84: B

75 -79: B-

70 -74: C+

(Note for graduate courses: letter grades of C or below are not consistent with
acceptable graduate level performance)

Exams

All exams will be on-line and open to students for a defined 24 hour period.
- Exams 1, 2, and 3 will disproportionately cover the material in Lectures 1-11, 12-22, and
23-32, respectively. However, knowledge garnered in any one lecture grouping will be
useable throughout the course.

For the on-line exam, you will record all answers in the course exam space. The
exams will be open-book and you are allowed to use any resources necessary. In some
cases, questions will refer to specific journal articles. Although questions will typically fit
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the conventional structures of multiple choice, multiple select, fill-in-the-blank, true/false,
or matching, the questions will focus on problem solving given a specific situation or
dilemma to resolve. Each exam will be equally weighted as indicated above.

Report Expectations ‘

The scenario for the report involves the outbreak of a pest population that must
be managed. Preventative measures failed to prevent the outbreak, and the pest
density is already at a damaging level. You are in charge of getting the pest infestation
under control, but you work for a corporation with a reputation to uphold and thus you
must assure the board of directors that the chemical technology you deploy is cost
effective, efficient, and not likely to cause adverse effects on nontarget organisms. Your
Board has directed you to prepare a dossier about the chemical that you are going to
deploy. The dossier will include at a minimum the product name, active ingredient,
registration number, rate of application, and any required management conditions.
Furthermore, to assure the chemical is likely to be effective, you will need to include
references to literature that proved that chemical is effective against the pest problem.
The dossier should also include the mode of toxic action and what precautions will be
used during mixing, loading, and application. Finally, if the pest infestation flares up
again (assuming you are successful in dampening it) and you need to reapply the
pesticide, indicate what you will do to allay the development of pest resistance.

For this scenario, you are free to choose any pest situation that interests you.
The habitat could be agricultural or residential, involve rights-of-way management, or be
public health related. You will need to identify the specific pesticide product that you will
deploy. Note that the likelihood of meeting the latter goal is greatly increased by
choosing a crop protection chemicals that was registered and/or re-registered after
1996 (i.e., passage of the Food Quality Protection Act).

The following rubric will help you organize your report (i.e., dossier), and explicitly
assigns a point value if you meet the expectations for each of the required elements.

The report must have a title. Define the pest problem at the
beginning of the report. Definition means explicity stating the
species of the pest and the context in which it is problematic.
For example, you can simply search the literature and find an
insect, weed, or plant pathogen in an agricultural system or
perhaps a residential environment. You could also look for an
insect pest important for public health. The context of the
problem is the type of injury or damage the pest can cause.
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2 What chemical technology (typically a pesticide) will be used. - 20

* | State the active ingredient name (common chemical name and
the chemical nomenclature) and the available formulations
registered for control of the pest? How does this chemical work.
In other words, what is it’s biochemical mode of action, and why
is it selective for the pest and not non-target organisms when
used in legally proscribed manner?

3 What peer reviewed and/or university extension information has 20
been published that confirms the efficacy of the chosen
pesticide against the pest (this latter part requires citation of
literature in the last section)? Review this information in a
paragraph. You can include tables or graphs.

4 How will you recommend that this pesticide be applied? What 10
will be the rate of application. How will you achieve this rate of
application?

5 What precautions will you need to take in mixing, loading, and 10

applying the pesticide formulation? How will these precautions
ensure minimal worker health or environmental problems?

6 How will you manage use of the chemical to avoid resistance 20
should you need to make multiple chemical control applications
over several years? What is the rationale for the resistance
management strategy that you have described?

7 Literature Cited (see http://www.wsulibs.wsu.edu/electric/ 10

quickguides/docs/CSEhome.html; use the ‘Name Year’

convention)

The report will be easier to read and likely appear more logically arranged if you

use subheadings in association with each of the required elements as shown below.

: Report Title (& your name) '
Pest Problem
Crop Protection Technology for Solving the Problem
Evidence of Efficacy
Application Methods
Precautions
Strategy for Avoiding Development of Pest Resistance
Literature Cited

ONOO A WD =
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Disability Services Reasonable Accommodations Statement

Reasonable accommodations are available for students who have a documented
disability. Classroom accommodation forms are available through the Disability Services Office.
If you have a documented disability, even temporary, make an appointment as soon as possible
with the Disability Services Coordinator, Cherish Tijerina (West 269J, 509-372-7352,
ctijerina@tricity.wsu.edu) on the Tri-Cities campus. In Pullman, contact the Disabilities :
Resource Center located in Room 217 of the Washington Building; stop by or call 509-335-3417
to make an appointment with a disability specialist. You will need to provide your instructor with
the appropriate classroom accommodation form. The form should be completed and submitted
during the first week of class. Late notification can delay your accommodations or cause them to
be unavailable. All accommodations for disabilities must be approved through the Disability
Services Coordinator. :

, Academic Integrity Expectations Statement

The Student Handbook for each WSU campus mandates that any member of the
University community who witnesses an apparent act of academic dishonesty shall report the
act either to the instructor responsible for the course or activity or to the Office of Student
Affairs. The Handbook defines academic dishonesty to include "cheating, falsification,
fabrication, multiple submission [e.g., submitting the same or slightly revised paper or oral report
to different courses as a new piece of work], plagiarism, abuse of academic material, complicity,
or misconduct in research.” Infractions will be addressed according to procedures specified in
the Handbook.

Campus Safety Statement
WSU Tri-Cities and Pullman campuses are committed to maintaining a safe environment
for its faculty, staff and students. The WSU TC Campus Safety Plan can be found at http://
www.tricity.wsu.edu/safetyplan/, and the WSU Puliman plan is located at http://
safetyplan.wsu.edu/. See also the WSU Office of Emergency Management site at http:/
oem.wsu.edu/emergencies. Up-to-date WSU emergency alerts are available at http:/
alert.wsu.edu/. You can sign up for emergency alerts through the MyWSU site (http://

my.wsu.edu).

The Writing Center
WSU offers help and guidance with student writing assignments, as well as provides
other tutorial services. Information about the Pullman based Writing Center can be accessed
via URL: http://universitycollege.wsu.edu/units/writingprogram/units/writingcenter/undergrad/.
Information about the TC program is at URL: http:/www.tricity.wsu.edu/writingcenter/. Walk-ins
are welcome (Smith CUE 403 @ Pullman; West 263 @ Tri-Cities).
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