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INTRODUCTION AND CERTIFICATION

North CarolinaState University isNorth Carolina s1862|and-grant university and the only Research |
land-grantinstitution inthe state. The North CarolinaAgricultural Research Service (NCARS) within
the Collegeof Agricultureand Life Sciencesservesnot only asthe college’ sagricultural,
environmental andbiological sciences research arm but also provides the research foundation in these
areasfor educational activitieswithin academicsand extension. NCARS isthe principal state agency
for researchin agriculture, life sciences, forestry, and family and consumer sciences. Its research
projectsinvolve NC State University’ scollegesof Agricultureand Life Sciences, Forest Resources,
Physical and Mathematical Sciences, Engineering, and V eterinary M edi cine and the School of Human
Environmental Sciencesat the University of NorthCarolina-Greensboro. Withinthecollege, NCARS
coordinatesresearch in 18 departments and worksin partnership with the North Carolina Cooperative
Extension Service and Academic Programs.

Themission of NCARSisto devel op the knowledge and technol ogy needed to:
> improvetheproductivity, profitability and sustainability of industriesin
agricultureand lifesciences,

> conserve and improvethe state’ s natural resourcesand environment;
> improvethehealth, well-being and quality of lifeof al citizensof North
Carolina

Numerousfacilitiesare utilized in conducting research on and off campus. On-campusfacilities
includemany |aboratories, somehighly specialized (i.e., mol ecul ar imaging, genomi c sequencing, soil
analysis, x-ray crystallography, etc.); two greenhouse ranges, the Phytotron controlled environment
facility; the Biological ResourcesCenter small animal facility, and the Pesticide Residue L aboratories,
among others. Off-campusresearchfacilitiesincludeninefieldlaboratoriesnear campuswith
extensiveanimal and crop production capabilitiesandfacilitiesfor agricultural and municipal waste
management research; regional research and extension centerswith resident research faculty in both
western and eastern North Carolina; and 16 agricultural research stations spread throughout the state,
includingtheCenter for Environmental Farming Systems, which specializesinsustainableagriculture
research.

NCARSpersonnel include 350 researchfaculty accounting for approximately 180full-timescientist
equivalents, most on shared appointmentswith academicsor extension. Working with thesefaculty
are over 280 graduate students, researchers and research assi stants; 450 laboratory and field
techniciansand 90 clerical staff. Thesefaculty and support personnel conduct basic and applied
research in over 550 projectsto support morethan 70 commoditiesaswell asmany life science
industries.

Thefollowingfive-year Plan of Work coversthefull range of research conducted through the North
CarolinaAgricultural Research Serviceand emphasizesthe high priority areasin agricultureandlife
sciencesfor North Carolinanow and in the near future.
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|.PLANNED PROGRAMS

National Goal 1:
AnAgricultural System
ThatisHighly Competitive
inthe Global Economy

ProgramAreal.
Technologicaly Integrated

and SustainableCropand
Livestock Production Systems

SubprogramAreala:
CropProduction Systems

Satement of Issue

The devel opment of improved crop production systems haslong been the mainstay of research conducted
incommodity departments such as Crop Scienceand Horticultural Sciencewith support and collaboration
from departmentssuch as Soil Science, Biological and Agricultural Engineering, Poultry Science, Plant
Pathology, Agriculture and Resource Economics, Food Science and Biochemistry. Research hasfocused
on breeding and geneticswork designed to devel op improved varietieswith superior diseaseresistance and
quality; mechanizationinall phasesof crop productionfromplantingto harvest; technol ogically advanced
production systems; and post harvest handling. Advancesin these areas have given producersthe ability to
competitively producequality products, whichdirectly benefitstheconsuming public.

In recent yearsdeclining grain prices and pressures exerted on tobacco production haveimpacted our
research efforts. Programs have been redirected to explore and examine diversification of crop production
in North Carolinawith alternativeand specialty crops. I n addition, economic downturnsin agronomic crops
and sensitivity to environmental concernsregarding pesticides, nutrientsand animal waste have spurred an
increasein research on sustai nabl e producti ontechniques.

Toremaincompetitiveinanational and global agricultural economy, it will benecessary for our producers
to becomeeven moreefficient inthe production of traditional crops. They must also diversify their
operationstoincorporatealternative and specialty cropsintheir mix, thusspreading their risk. Inaddition,
consumersare becoming more educated concerning food safety, quality and nutrition. It will, therefore, be
incumbent upon our producersto supply aquality, nutritiousand safe product to the market place.
Performance Goals

1. Developimproved pre- and postharvest handling techniquesfor field, fruit and vegetable crops.

2. Developimproved production management systemsfor field, fruit and vegetabl ecrops.

3. Improvetheacceptability/quality of field, fruit and vegetablecrops.
1



Plan of Work
North Carolina Agricultural Research Service

Key Program Components

A total of 77 different North CarolinaAgricultural Research Service projectsin ninedepartmentsinvolve
crop production systems. Key program components arelisted below inrelation to the three performance
goalslistedabove.

Performance Goal 1.

Major areasthat will be addressed include mechani zation of crop planting and harvest and devel opment of
improved post-harvest handling for crops, with emphasi son perishabl e crops such as vegetables and fruits.
Field cropsare also addressed but, the number of projects devoted to horticultural cropswill be much
greater inthiscategory. Precision agricul tureisanother component of thisgoal and, of course, does
reguire mechanization of certain operationsto monitor yieldsand other parameters associated with crop
production and quality. Somebreeding and geneticsaswell acultural manipul ationswill be addressed as
they relateto constructing plant growth habit and yield traitsthat lend themsel vesto mechanical

harvesting.

Performance Goal 2.

Thereareatotal of 32 different projects underway in this category, with 15 in thefruit and vegetable area
and 17 infield crops. Inthefruit and vegetabl e area, research activitieswill include sustai nable production
systems; plant establishment; nutrient cycling andfertilizer management; stressphysiology; |PM strategies
for managing plant diseases; production systemsfor herbsand botanicals; and general cultural
management practicesfor anumber of different fruit and vegetable crops.

Theprojectswithfield cropswill involve economic assessmentsand modeling for anumber of different
commodities; assessment of precisionfarmingtechnol ogy; transpl ant production systems; environmental
factorsrelated to productivity of variouscrops; reducing herbicideand chemical inputsincropping
systems; and genetic variability in cyst and root-knot nematodes.

Performance Goal 3.

Thisgoal captures many of the resources devoted to crop production systems. There are atotal of 34
different projects, with 14 in horticultural cropsand 20infield crops. Plant breeding and genetics of
horticultural andfieldcrops will comprise alarge amount of the activity related to thisgoal. Therearea
number of overlapsbetween thisgoal and Goal 2, including someof thenutrient and fertility work with
vegetablesaswell as plant establishment projects. Other areas of emphasi swithhorticultural cropswill
includenondestructivequality sensingof high-valuecrops; physiol ogy of applefruit ripeningand

mai ntenance; and influence of orchard management systemson treefruit growth and devel opment.

Other areas to be addressed under field cropswill include chemical and animal eval uation of legumesand
nativesgrassesin sustai nableproduction systems; peanut cultivar and quality eval uation; mycotoxin
monitoring; parameter sensing and control systemsfor drying agricultural commodities; andbiodiversity of
soybean germplasmfor value-added traits.

Output Indicators: The performancegoal sinvolveresearch with direct application to the crop producer,
withultimatebenefitstotheconsuming public. Anticipated outcomeindicators include:

» adoption of labor saving and moreefficient practicesinthe planting, cultivating and harvesting of
crops;



Plan of Work
North Carolina Agricultural Research Service

» application of sustainabl e production techniquesthat result in reduced risk of off sitemovement
of nutrientsand pesticides;

» use of improved varietiesthat have multiple diseaseresi stance, improved quality characteristics
includingtaste, flavor andnutritional/healthval ue;

» use of crop varieties adapted to awiderangeof environmental conditionsand physiol ogical
stresses;

» improvement in post harvest handling proceduresresulting inincreased shelf lifeand storage
withminimal losses;

» use of nonchemica methods of pest control and/or reduced pesticide usethrough application of
IPM strategies; and

» applicationof precisionagriculturetechniquesto enhancesustai nability and production
efficiency.

Internal and External Linkages
Internal linkagesexist with many Collegeof Agricultureand Life Sciencesdepartmentsinthisprogram
area. Mgjor playersinthisprogram areaincludefaculty from thefollowing departments.

Crop Science

Horticultural Science

Biologica and Agricultural Engineering

Faculty inthesedepartmentswill collaboratewith faculty fromthefollowing departments.

Soil Science Pant Pathology
Food Science Biochemistry
Statistics Entomology
Poultry Science Animal Science
Botany Genetics

Multi-state collaboration existsin many of the programs, both formally through SRIEG agreementsand
Memorandumsof Understanding andinformally betweenindividual faculty at anumber of land- grant
institutionsin the Southeast and other regionsof the country. Additionally, anumber of theprojectsinvolve
directandindirectinternational collaborations, bothwithindividual sinother nationsandthrough
international centersin Central and South America, Europe, Africaand Asia. Both theinternal and
external linkages greatly enhance research effortswithin this program area.

Target Audiences

Producersof field and horticultural cropsin North Carolinaarethe primary stakeholdersor clienteleof this
program area. However, the ultimate consumers of the commaodities produced are al so important
customers. Although efforts are targeted for North Carolina, research related to this area often has
regional, national andinternational implications.

Program Duration
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Long-term, 5-plusyears

Allocated Resources
Following areexpenditureand commitment datafor 1997-98.
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EXPENDITURES

Source Amount
CSREESFunds $366,606
USDA-CGCA Funds $162,009
Other Federal Funds $572,688
StateAppropriation $2,731,620
Non-Federal Funds $286,828
Totd $4,119,752

PERSONNEL COMMITMENT

Scientist Years 10.59
Professional Y ears 14.29
Technician Years 29.30
Clerical Years 10.64
Totd 64.82

No major shiftsin future resource all ocations appear to be warranted; however, in view of theimportance
of devel oping sustai nableagricultural practi ces, including organi cfarming techniques, moreresourcesmay
have to be assigned to Performance Goal 2 (Production Management Systemsfor Field, Fruit, and

V egetable Crops).

SubprogramArealb:
Anima ProductionSystems

Satement of Issue

Animal productioninNorth Carolinaimpactsvirtually all citizensinthestateby providingincome, products
for human consumption and use, and recreation. Production of bees, beef cattle, dairy cattle, fish, goats,
horses, poultry, sheep and swine accountsfor morethan $4.6 billionannually in sal es, representing more
than 56 percent of the agriculturd incomein the state. Thisamount does not include the value of salesand
servicesof animal sassoci ated with the pl easureindustriesinvol ving horsesand companionanimals.

Each of thebroad animal production categorieslisted consistsof subcategories. For example, poultry
production canbesubdividedinto broiler production, turkey production, chickenegg production, gamebird
production, etc. M ost of these subcategoriescontributesignificantly toNorth Carolina sagricultural
income and each has unique set of inputsand outputs.

Animal production systems have changed during the past coupl e of decades, and thereisan expectation
that they will continueto changein thefuture. Certain segments of the animal industry have undergone
aggregationintofewer controlling businessentitiesand have experienced vertical integration. For example,
corporate businessesnow haveacontrollinginterestintheboiler, swineand commercial fish production
industries. On the other hand, many segments of theanimal industry remain quitediverseand are
controlled by many individual s. Beef production continuestoincreasein North Carolina, withincreases
occurring in both the number of animal sbeing rai sed and the number of producersinvolvedintheindustry.

5
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Segmentsof the state’ sanimal industry that rely on the increased affluence of North Caroliniansalso
continueto grow, with the most notable among these being the horseindustry.

Whileanimal productionislocatedin every county in North Carolina, there are geographical areas of the
statethat contain concentrated production unitsinvol ving animals. For example, most of theswinein North
Carolinaarelocated on the coastal plain, whereas other industries are more geographically dispersed.
Certainrel ationships exist between intenseanimal production systemsand the surrounding communities
and land and water resources, and these rel ationshi ps need investigation. At the sametime, new
knowledgeisneeded to understand therel ationship of animal production systems that are more dispersed
or that are confined in paddocks and apartmentsto surrounding communitiesand land and water
resources.

Animal production systems are affected by both internal and external factors. Among these factorsare
businessconsiderationsand thebiol ogical limitationsof theanimal s. Lawsand regul ationsgoverning
animal production and the expectationsof society al so affect animal production.
Thefollowing key componentsthat contributeto abetter understanding of animal production systems have
beenidentified. Theinput of producersand usersof animal products, proponentsand opponentsof animal
production, and researcherswas used to identify these components.

» UnderlyingBiological Processesof Animals

» Economicsand Profitability of Animal Enterprises

» Impactsof Animalsonthe Environment

» RelationshipsAmongAnimals, Animal Housingand Equipment

» Associationsof Animal Production Systemswith the Health and Well Being of Animalsand the
Products Derived Therefrom

» Societal Acceptance of Best Management Practices

Performance Goals

1.Improvetheoverall biological efficiency of animal productionthroughunderstanding of the
basi c physiol ogical processesof animals. New knowledge gained and knowledgetransferred will
betheoutput/outcomeindicatorsfor this performance goal.

2. Investigateand devel op best management practicesfor animal sin variousanimal production
systemsthat areenvironmentally sensitive, economically realisticand socially acceptable. New
knowledgegained and knowledgeappliedto existing problemsthat resultin profitableand
environmental sustai nableanimal productionwill betheoutput/outcomeindicatorsfor this
performancegoal .

3. Develop, improveand enhancethe structures, facilitiesand equi pment used inanimal production
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systems. New knowledge gained and the transfer of knowledge into new waysto house and
mai ntai nanimal swill betheoutput/outcomeindicatorsfor thisperformancegoal .

4. Examinerelationshi ps between animal production systemsand animal usesand productsfor the
purpose of improving consumer and societal acceptance. New knowledge gained, new services
and products devel oped and asafer, more wholesomefood supply output/outcomeindicatorsfor
thisperformancegoal .

Key Program Components
Researchwill focuson devel oping abetter understanding of thefollowing topics. Adequately addressing
thesetopicsisconsidered key to successfully reaching the performance goals.

» The Reproductive Performance of Livestock, Poultry, Fish and Other Animals

» Environmental StressExperienced by Livestock, Poultry, Fishand Other AnimalsDuring
Production

» Production Management Systemsfor Livestock, Poultry, Fishand Other Animals
» Beesand Other Pollinating I nsects
» Improvement of Structures, Facilitiesand General Purpose Farm Suppliesand Equipment

» Mechanizationand I mprovement of StructuresUsed in Production of Livestock, Poultry, Fish
and Other Animals

» Production of Animal Productswith Improved Consumer Acceptability

Internal and External Linkages:

Numerouslinkageswill be required to meet the performance goals. Within each key programcomponent,
thereisan expectation that linkageswill beformed internally withinthe NC State University community as
well aswith partners outside the university. Listed below are members of partnershipsthat have been
formed previously to address these goalsand that most likely will al'so beforgedinthefuture.
Departmentsinthe College of Agricultureand Life Sciences

Animal Science Poultry Science

Biochemistry Zoology

Toxicology Biologica and Agricultura Engineering
Agricultural Resource Economics Crop Science

Entomology

Collegesat North CarolinaState University
Collegeof Veterinary Medicine
Collegeof Physical and Mathematical Sciences

InstitutesinNorthCarolina
Instituteof Nutrition
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UniversitiesinNorth Carolina
North CarolinaA & T State University
DukeUniversity
University of North Carolinaat Chapel Hill

Commaodity Organizations
Numerousincluding North CarolinaPork Council, North CarolinaCattlemen’ sAssociation, North
CarolinaDairy Producers, North CarolinaHorse Council

Other Land-GrantUniversities
NumerousincludingMichigan StateUniversity, University of lllinois, University of Georgia,
University of Caifornia-Davis

NorthCarolinaAgribusinesses
Numerousincluding Murphy Family Farms, Open GroundsFarm

International Universitiesand Companies
Numerousincluding BASF, Novuslinternational, Pfizer, Inc., PurinaMills, Smithfield Foods

Target Audiences
Theresearch conducted inthisareahasmany stakeholdersand beneficiaries, including North Carolinians
and thosewho live outsidethe state. A prioritized list of target audiencesfollows.

Animal producers

Consumersof animal products

I ndividual swhomaintainanimal saspets

Theagribusinesscommunity

Scientists and researchers

Students

Program Duration
Long-term, 5 years

Allocated Resources
Followingareexpenditureand commitment datafor 1997-98.

EXPENDITURES

Source Amount
CSREESFunds $721,546
USDA-CGCA Funds $22,001
Other Federal Funds $321,477
StateAppropriation $3,097,112
Non-Federal Funds $767,493
Tota $4,929,629
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PERSONNEL COMMITMENT

Scientist Y ears 7.76
Professional Y ears 12.89
Technician Y ears 4117
Clerical Years 2.67

Totd 64.43

Duringthenext fiveyears, itisexpected that thetotal Animal Production Systemscommitment will remain
at approximately $5million, adjusted annually for inflation, and that the personnel commitment will remain
consistent withthe1997-98fiscal year. Asconditions change and upon the appropriate recommendations
from stakehol ders, the budget and personnel inputsfor thisprogram may change.

SubprogramArealc:
Biologicd Systems

Statement of Issue

Basic research on fundamental biological systems creates the knowledge base and foundation used by
scientiststoimproveagricultural productionsystems, themarketability of agricultural productsand these
productsfor human health. The growth and devel opment of plantsand animalsand their responseto the
environment arekey to productivity, marketability and sustainability. Thereisaneed to understand the
basic biochemical, physiological and genetic mechanismsthat regul ate these processes and to devel op new
methodsto alter the responses of living systemsto their environment. In thelast decade, the new field of
genomic science has changed the paradigmfor basi c and applied biol ogical sciences. New technol ogies
have allowed rapid progressin the sequencing and mapping of organisms genomes, and advancesreveal
strikinginterrel ationshi psinthestructureand function of thesegenomes. Bioinformatics dealswith the
handling and analyzing of thevast amount of sequence, genomic mapping and expression databeing
generated. Theareaof functional genomicsencompassesgenediscovery, cellular and developmental
biology, structural biology and genomicapproachesto breeding aswell as comparative studies of ecology
andevol utionary biology. Genomi c scienceapproachesintegrated withtraditional approachesin
physiology, biochemistry and geneticsappliedtomodel biological systemswill providetheknowledge base
needed to prevent and treat disease, identify infectious organismsand improvetheyieldsand quality of the
foodswe produce and consume.

Performance Goals
1. Map, identify and analyze genesresponsiblefor quantitativetraits.

2. Characterize the structure and expression of genes and pathways required for growth,
development andbehavior.

3. To develop new approachesfor gene transfer and gene regulation, and new methods for
visualizinggeneproductswithincells.
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4. 1dentify biochemical factorsand pathwaysinvolved in responseto abiotic and biotic stresses
and environmental factorssuch asdrought, gravity, light and pathogens.

5. Elucidate the structure, function and evol ution of macromoleculesthat are key to growth,
devel opment, defenseandbehavior.

Key Program Components

Thisprogram areainvol ves more than 60 projectsin 13 departments. Projectsfocus on the fundamental
processesthat regul ate growth, devel opment and responsesto the environment at the cellular, tissue and
organismal levels. Theproj ectsincludethefollowing overlapping research areasin model plant, animal and
microbial systems.

Statistical, quantitativeand evol utionary geneticsof complex traits. Projectsinfour departmentsusing
experimental andtheoretical statistical, quantitativeand evol utionary geneti csapproachesfocuson:
» Themappingandidentification of quantitativetrait|oci;
» Quantification of theextent of genetic diversity in natural and domesticated species;
» Detection of genes affecting economic traitsin plants and animal's, and genes affecting human
disease; and
» Reconstruction of theevol utionary history of modern species.

Analysisof genesand pathwaysinvolvedin growth, devel opment, and behavior. A large number of
projectsinsix departmentsfocuson an understanding of the genetics, biochemistry and physiol ogy that
impact growth, devel opment and behavior inmodel systems. Theseincludeprojectson:
» Theidentificationand expression of genesandinvolvedina) microbial, plant, insect and
mammalian growth and devel opment, and b) insect and mammalianbehavior;
» Anunderstanding of themechanismsof generegulationinmicrobial, plant and animal systems
and thedevel opment of methodsfor optimizing transgeneexpressionin plants; and
» Anunderstanding of biochemical pathwaysaffectinggrowthanddevelopmentinmicrobial, plant
and animal systems.

Structure, function and evol ution of macromolecules. Projectsin three departmentsfocuson an
understanding of macromol ecul esand macromolecular complexesthat arekey to growth and
development. Theseincludeprojectson:

» Thestructure/functionrel ationshi psof macromol ecul ar assembliesinvol vedinreplication,

tranglation, and proteinand nucl el cacid degradation;

» Thethermodynamicandkineticfolding propertiesof proteins,

» An analysisof higher order DNA structuresinvivo; and

» The molecular evolution of transcriptionfactors.

Responsesto the environment, including biotic and abi otic stresses. Projectsin seven departments address
responsesto the environment. Thesefocuson:

» Thegenetic and biochemical basisof pathogenesisin plant, animal and microbial pathogens,

» Defense responses to pathogensin plants;

» Responsesto oxidative and nutrient stressin microorganisms; and

» Plant responsesto external stimuli suchaslightandgravity.

10
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Output indicators: These performance goalsinvolvefundamental research on model systems, and thus, the
output indicatorsarethedissemination of thisinformation anditsuseby other scientists. Indicatorsinclude
thedissemination of knowledgeto scientific colleagues, postgraduates, graduatestudents, undergraduate
students and K-12 teachers through peer-reviewed publications, technical publications, seminars,
presentationsat scientific conferences, classroominstruction, student laboratory trai ning, teacher
workshops, and web accessto publications and laboratory protocolsfor teaching and research.

Internal and External Linkages
Thisprogram areaincludesfaculty from 13 departmentsin the College of Agricultureand Life Sciences.

These departments are:
Biochemistry Biologica and Agricultural Engineering
Botany Crop Science
Entomology Food Science
Genetics Horticultural Science
Microbiology Pant Pathology
Statistics Toxicology
Zoology

Many projectsaremultidisciplinary in natureand invol vefaculty fromdifferent departmentsand/or other
universities. Faculty work freely acrossdepartmental and college boundariesand variousfaculty arelinked
throughanumber of university programsand research and training grants, including:

theBiotechnology Faculty,

the NIH Program Project in Statistical Genetics,

theNIH Training Grant in Quantitativeand Molecul ar Genetics,

the TriAgency (USDA/DOE/NSF) Training and Research Program,

theNASA Center of Training and Researchin Gravitational Biology, and

theKeck Programin Behavioral Biology.

External linkagesincludetheinvolvement of thefaculty inanumber of Research Triangle areagroupsthat
includescientistsfromthe University of North Carolinaat Chapel Hill and Duke University and scientists
atlocal industry and government organi zations. Theseinclude:

the RNA Society of North Carolina,

North CarolinaBiotechnol ogy Center Plant Mol ecul ar Biology Program,

TriangleVirology,

TriangleLower Eukaryotes Group and

TriangleArabidopsisGroup.

Target Audiences
Thenational and international community of scientific researchersand teachers

Program Duration
Long-term, 5-plusyears

Allocated Resources
Following areexpenditureand commitment datafor 1997-98

EXPENDITURES
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Source Amount
CREESFunds $721,321
USDA-CGCA Funds $77,108
Other Federal Funds $2,466,290
StateAppropriations $4,666,484
Non-Federal Funds $838,136
Totd $8,844,370

PERSONNEL COMMITMENT

Scientist Y ears 2250
Professional Y ears 60.11
Technician Y ears 28.03
Clerical Years 5.94
Totd 116.58

Itisanticipated that future funding and human resourceall ocationsfor thisprogram areawill continuewith
roughly the same emphasis as shown in the above tables during the period of this plan of work (5 years).
Goal 1, Program Area2:

Pant and Anima Germplasm,

GeneticResourcesand Conservation,

andPlantImprovement

SubprogramAreaZ2a:
CropImprovement

Satement of Issue

An adequate quantity of nutritiousfoodiscritical for ahealthy human population and for sustained
economic growth. To ensure continued sources of useful plant products, technol ogies must be enhanced to
economically grow thefood and fiber resources needed to feed both the human popul ation and animal
industry, aswell asto supply quality raw materials to thenation’ sindustrial complex. Plant cultivarsthat
are grown on the state’ s high-quality soilsare mostly productive, but onlessfavorabl e soilstherecan be
significant declinesinyields. Further, diseasesand insectscontinueto plaguefield cropsand orchardsin all
areas of the state, and they cause significant yield reductions aswell asreduced quality of marketable
products. In addition tofield crops, orchards and vegetabl es, morethan 2.5 million acres of foragesin
North Carolinasupply about 70 percent of the feed resources for the state’ s cattle, horse, sheep and goat
industries. These perennial crops provide both feed for animalsand arapid, low-cost method of utilizing
animal andindustrial by-products.

Agricultural industrieshaveundergone dramatic changes during recent years as prices have greatly
fluctuated and government support programsfor several commoditieshave comeunder political scrutiny.

If they areto continueto be economically solvent, producers must grow their products with either fewer or
lessexpensiveinputswhile at the sametime generating a high- quality product. Inaddition, producing crop
productseconomically hasbecomedifficult asfederal and state environmental regulationsrestrict some
farm management practices and chemical use to control weeds, pathogens and other pests. Many farms
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produce both plant and animal products, and management problemsbecome more complicated asanimal
wasteisused on croplandin place of commercial fertilizers, sometimesresultinginhigh concentrationsof
nitrogen, phosphorous, and other el ementsin soil and groundwater. New, innovative strategiesmust be
devel oped andimplemented onfarmsto enhanceeconomical and environmentally sustainablecrop
production.

Performance Goals

1. Improveplant productivity and quality of fruits, vegetabl esand agronomic cropsthrough
breeding methodol ogiestoincreaseyield and quality and reducetheincidence of diseases
and insects.

2. Increasebiological efficiency through control of metabolic processesand gene
regulationin plantsused for food, fiber and fodder.

3. Develop methodsand strategi esto moreefficiently producehorticultural and agronomic
cropsinNorth Carolina.

Key Program Components

Performance Goal 1.

North CarolinaAgricultural Research Serviceprogramstoimproveplant productivity throughimproved
breeding methodol ogiesencompass awide range of horticultural and agronomic speciesand research
areasincluding: a) quantitativegenetics, b) qualitativegenetics, c) mol ecul ar genetics, including molecul ar
marker technol ogiesand transformation methodol ogies, d) i nterspecific hybridization, €) mani pul ation of
ploidy levels, f) germplasmcollection, introductionand conservation, and g) variety development. Plant
breedersin the Crop Science and Horticultural Science Departmentsinteract with alarge number of
faculty and programsin Agriculture Engineering, Botany, Entomol ogy, Food Science, Genetics, Plant
Pathol ogy and Soil Science.

Plant breeding programs are being conducted to devel op improved varietiesand/or genetic stocksin
barley, blueberries, corn, cotton, cucumber, luffa, oats, peanut, potato, rubus, soybean, strawberry, sweet
potato, tomato, tritical e, watermel on, and wheat. Specifically, the objectives of these programs are to:

» Develophighyieldingand superior quality cultivarsand germplasmlineswithresistance

to biotic stresses, including plant di seases caused by fungi, bacteria, viruses, insectsand

nematodes;

» Develophighyieldingand superior quality cultivarsand germplasmlineswithresistance

to abi otic stresses, especially to drought and soil toxicities; and

» Develop and test new breeding methodol ogiestoimproveefficiency of genotype

selection.

Breeding program goal saremet through anumber of hybridization and plant mani pul ation techniques.
Researchinvolvesclonal materials, cross- and self-pollinated species, annualsand perennials. Breedersof
blueberries, peanuts, cotton, potato and small grainsmakeextensiveuseof interspecifichybridizationto
introduce new genesfrom related wild speciesinto the respective cultivars. Corn breedersare
manipulating daylight sensitivity inaprogramto utilize South Americanland races. New germplasm
resourcesare acquired both by plant exploration and through seed acqui sition from cooperators.

13



Plan of Work
North Carolina Agricultural Research Service

Introductions are then eval uated for important disease, insect and quality traitsfor the respective species.
Ploidy level saremanipulated to utilizesimpler genetic systemsat thehaploidlevel for several
autotetraploidandallotetraploid crops. M olecular marker technol ogiesare utilized by the corn, peach,
peanut, potato, small grains, soybean and other programs. Transformation technol ogiesare used for
peanut, grasses, tobacco and several other crop species.

Each commodity program has genetic componentswherethequality of oils, fibers, flavors, disease and
insect resistance are characterized. Genotype x environment interactions are eval uated at field sitesto
estimate adaptability of cultivars. Variety testing programsare conducted prior to releaseto the user
community for all major crop speciesgrownin North Carolina.

OutputIndicators:
» Release of superior cultivarsfor use by commodity producers
» Release of improved germplasm linesfor usein hybridization programs
» Release of inbred linesfor use as parentsin hybrid production

Performance Goal 2.

Research in crop management has historically been crop specific, but in recent years amore systems
approach has been implemented. Research projectsinclude the major agronomic crops, cover crops,
vegetables, vineyards, orchards, herbs and botanicals produced in North Carolina. A large percentage of
the research focuses on quality issues during the time of plant growth and development asrelated to plant
establishment, pest and fertility interactions, tillage practi ces, weed and integrated pest management,
fertilizer management and harvesting methodol ogi es. Post-harvest i ssues are especial ly important for
preserving quality of apples, grapesand other fruits.

Environmental i ssueshaveasignificant impact on crop management dueto implementation of federal and
stateregulations. Theeffectsof conservation tillage and cover cropsonyieldsare being investigated. Soil
fertility isanimportant component of research projectsfor management of nitrogen and other elements
fromfertilizersand animal waste. Inaddition, soil microorganismsplay akey rolein plant utilization of
nutrients, and studies are underway to determinethediversity and interactions of bacteria and fungi inthe
rhizosphere.

The specific objectives of these programs areto:
» Developimproved cultural methodol ogiestoincreaseyiel dsof highquality plant
products; and
» Understand the interactions between plantsand the environment in which they are
grown.

The objectives of the management projects are met at research stations across the state of North
Carolina, which aregenerally located in the centers of the commodity production area. Both traditional and
newly devel opedagricultural practicesaretested experimentally. For example, sustainableagricultural
systemsare being tested at one farm using ahighly integrated systems approach to both crop and animal
production. Management researchismultidisciplinary andinvolvesintegrationof all disciplinesinplant-
related agriculture. Thisresearchisleading to higher degreesof specializationand modeling production
practicesto the ultimate benefit of abroad range of farming enterprises.

Outputindicators:
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» Development of New Technologies That L ead to Higher Quality Plant Products
» Higher Levelsof Crop Production With Economical Management Practices
» Implementation of Best Management Practices That Lead to Production of Safe
ProductsWith Considerationfor Both Growingand Surrounding Environments

Performance Goal 3.

Plant metabolism and cell functionsareinvestigated to understand the biochemical and plant processes
leadingto higher yieldsand better quality products. Source-sink rel ationshipsare studied to direct more
photosynthetic productsinto desired organs. Carbohydrateand sugar metabolismand protein synthesis
have significant effects on harvesting and product maintenance in storage. To create more efficient plants
and higher quality products, it isnecessary to understand the devel opmental and metabolic processes
leading to the plant part that is marketed.

The specific objectives of these programsareto:
» Understand biological processeswhich canleadto higher yieldsand quality of plant
products; and
» | dentify uniquegenotypeswhich canbeutilizedin applied plantimprovement programs.

Output Indicators:
» Number of New Technol ogies Developed That Lead to Higher Quality Plant Products
» Number of New Basic Biological PrinciplesElicited Relatedto Crop Plants

Internal and External Linkages
Internally, thisprogramareaprimarily includesfaculty fromthefollowing departments.

Crop Science Horticultural Science

Botany Genetics
Faculty from these primary departments cooperate and col | aboratewith faculty fromthefollowing
departments.

Food Science Entomology

Plant Pathology Biologica and Agricultural Engineering

Biochemistry Microbiology

Soil Science Statistics

Faculty alsointeract with faculty inthe College of Forestry. M ost projectsaremultidisciplinary andinvolve
several NC Statefaculty from different departments. Many projectsinvolvefaculty from different
universities. Several projectshavecooperativelinkswithindustry and commodity groups. M ost projects
havedirect or indirect linksto foreign countriesin Central and South America, Europe, Africa, and Asia.
Linkageswithinternational instituteshave been extremely important for crop productionresearch.

Target Audiences

Theprimary audienceincludesthe producersof agronomicand horticultural cropsin North Carolina.
Farmers and companiesin other states and foreign countries who use the products produced in this state
also benefit from enhanced germplasmfor traitsaffecting yield and quality.

Program Duration
Long-term, 5 years
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Allocated Resources
Followingareexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitments are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $724,123
USDA-CGCA Funds $222,771
Other Federal Funds $352,565
StateAppropriation $6,125,954
Non-Federal Funds $1,021,486
Totd $8,473,899

PERSONNEL COMMITMENT

Scientistyears 19.67
Professional years 17.33
Technicianyears 88.12
Clerical Years 2147
Tota 146.59
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SubprogramArea2b:
Animd Improvement

Statement of Issue

Animal agriculturein North Carolinaaccountsfor morethan $4.6 billion of annual sales, representing more
than 56 percent of the agricultural incomein the state. Tremendousincreasesin the economic impact of
animal agriculture have been observed during thelast couple of decades, with significant increases noted
in both the absol utevalue of animal production aswell as an increase in the percentage of the total
agricultural incomeinthe statethat isderived from animal production. Among the many factorsthat have
contributed to the substantial increasein animal production areafavorableeconomic environment and the
adoption of modern production practicesby animal producersinthestate.

Dramaticimprovementsin the productivity of animalshave been observed during thelast half of this
century. Growth rate and feed efficiency of meat-producinganimals, milk production per cow, number of
eggsproduced per chicken, etc. haveall increased substantially, contributing bountiful quantitiesof animal
proteinfor our world’ spopulation. Theseincreasesin production efficiencieshaveresulted froma
fundamental and basi c understanding of the geneticsand biology of the animal sused for human purposes.

Research has clearly shown that our production systemsare not closeto reaching the biol ogical limits of
theanimal sraised for human use. Additional improvementsin the efficiency of productionandinthe
safety and quality of productsfor human consumption are achievablethrough further understanding of the
basi ¢ genetic makeup of our animal sand €l ucidation of the physiol ogical processeswithinanimals.

I nvestigativeapproachesthat involveunderstanding theanimal genome, preserving geneticdiversity, and
mani pul ating growth, digestionand reproducti on viageneti c and bi otechnol ogi cal strategieswill contribute
toaneconomically viableanimal production industry and asafe, wholesomefood supply for theworld’s
population.

Performance Goals

1. Investigate basic biological systemsinanimalsfor thepurposeof improving the
biological efficiency of animalsraised for human use.

2. Modulatelifeprocessesin animalsin order to enhancethe productivity of animals, the
safety and wholesomeness of animal products, and reduce the environmental impact of
animal productionviagenetic, nutritional , physiol ogical and biochemical manipul ation.

3. Investigatethe genome of animal sand el ucidaterel ationshi psamong the genome,
functionand structure.

4. Create useful animal modelsfor study of human and animal diseasesviagenetic and
biotechnol ogical manipulation.

Key Program Components

The major research efforts that will be conducted to meet these four stated performance goalsarelisted in
thefollowing key program components. Knowledge gained and knowledgetransferred will bethe
output/outcomeindicatorsfor thisperformancegoal .
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» Determination of Animal Nutrient Requirements
» Control and Manipulation of the Basic Reproductive Processesin Animals

» Mapping of the Animal Genome, Determination of the Gene or Complex of Genes
Responsi blefor Economically Important Traits

» Enhancement of Animal Productivity and Reduction of Environmental Impact Via
Quantitativeand Mol ecul ar A pproachesto Genetic I mprovement

» Improvement in the use of Nutrientsthat Regulate Growthin Animalsand
Determination of the FactorsControlling theFat-to-Lean Ratioin Animals

» Basic Studiesof the Function and Modul ation of Enzymesand Enzymatic Functionin
Animas

Internal and External Linkages

Numerouslinkageswill berequiredto meet the performance goals. Within each key program component,
thereisan expectationthat linkageswill beformedinternally withinthe NC State University community,
aswell aswith partnersoutside the university. Many of these partnerswill be other scientists both from
withinand outside of theuniversity working on similar aspectsof the programscontained herein.

Inorder tofacilitatetheactivitiesinvol ved inthisplan of work, linkageswill beformed among various
departmentsin the College of Agricultureand Life Sciencesat NC State University.
Among these departmentsare:

Animal Science Poultry Science
Zoology Biochemistry
Crop Science Genetics
Microbiology

Inaddition, linkagesof faculty in the College of Agricultureand Life Scienceswith faculty inthe College
of Veterinary Medicineand College of Physical and Mathematical Sciencesat NC State University will be
important to accomplishthekey program components. Linkagesof investigators at NC State University
and with scientistsat other universitiesin the state and nation will also beformed. Among these
universitiesare:

North CarolinaA& T State University,

University of North Carolinaat Chapel Hill,

DukeUniversity,

Michigan StateUniversity,

University of lllinais,

University of Kentucky, and

theUniversity of Georgia.

Linkageswith pharmaceutical companiessuch asNovus|nternational, Pfizer, Ely Lilly arealsoimportant
tofacilitate theresearch requisitein the plan of work. In addition, knowledgetransferability to end users
involvespartnershipswiththeanimal industriessuchas:
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Murphy Family Farms,
GoldshoroMilling,
Purdue Farms,

Carrol’ sFoods, and
Smithfield Foods.

Target Audiences
Theresearch conducted in thisareahas many stakeholders and beneficiaries, including the citizens of
North Carolinaaswell asthosewho live outsidethe North Carolinastate boundaries, both nationally and
internationally. A prioritizedlist of target audiencesisasfollows:
Animal producers

Consumersof animal products

I ndividual swhomaintainanimal saspets

Theagribusinesscommunity

Scientists and researchers

Students

Program Duration
Long-term, 5 years

Allocated Resources
Followingareexpenditureand commitment datafor 1997-1998.

EXPENDITURES

Source Amount
CSREESFunds $701,320
USDA-CGCA Funds $1,001
Other Federal Funds $371571
State Appropriation $4,212,962
Non-Federal Funds $686,128
Tota $5,972,982

PERSONNEL COMMITMENT

Scientist Y ears 11.53
Professional Y ears 1594
Technical Years 49.6
Clerical Years 3.56
Totd 80.60

Duringthenext fiveyears, it would be expected that thetotal commitment in the animal production
systemsprogramwill remainapproximately $6 million adjusted annually for inflation, and that the personnel
commitmentwill remainconsistent withthe1997-98 fiscal year. As conditions change and upon the
appropriaterecommendati onsfrom stakehol ders, the budget and personnel inputsfor thisprogram may
change.
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Goal 1, Program Area3:
Plant Protection Strategies

SubprogramArea3a:
ForestandHorticultural Crop Protection

Satement of Issue

Theaim of the Forest and Horticultural Crop Protection subprogramistodevel optechnology and
biological knowledgethat will allow theforestry and horticultural industriesaswell asurban dwellersto
producefiber, food and ornamental swith |essdamage from pest insects, mites, nematodes, pathogensand
weedsinamoreenvironmental ly friendly manner while obtai ning an adequate economic return. Research
inthissubprogramiscritical to achievement of the GPRA goal sof maintaining andimproving an
agricultural systemthat ishighly competitiveinthegloba economy and enhancing a safe and secure food
and fiber system.

Pest insects, mites, nematodes, pathogens and weeds are organismsthat are continuously adapting to new
conditionsor migratingtodifferentlocalities. Technol ogy must continually changeto meet the altered pest,
pathogen and weed pressures and to be compatible with changing production systems. Asthe human
population increases moreforest, food and ornamental plantsare required. Protection of plantsfrom pests,
pathogensand weedsall ows producersto maintain productivity or to evenincrease productivity with less
cost to natural resources.

Research, both basic and applied, isnecessary to assurethat plant protection technology remains
efficacious, economical and environmental ly sound.

Performance Goals

1. Develop and enhance pest, pathogen and weed management technology for growth and
production of forestsand horticultural plantsfor greater enjoyment and profitability inan
environmentally sustainablemanner.

2. Improveunderstanding of the ecology and genetics of pest, pathogen and weed
populationsand their interactionswith plantsand antagonistsfor moreeffectiveintegrated
pest management.

3. Incorporateresistanceto pests, pathogens and weedsinto improved, productive

cultivarsthrough classi cal breeding and biotechnol ogy/genomics.

Key Program Components
North CarolinaAgricultural Research Service programsthat devel op and enhance management
technol ogy inanenvironmental ly sound manner includethefollowing general approaches.

» Development of Alternativesto Chemical Pesticidessuch asBiological Control Agents
for Pest Management
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» Development of Utilization Methodsfor the new Pesticidesthat are Derived from
Natural Productsthat Alter the Hosts' Resistance Mechanisms or that can be Appliedin
verylow Volumes

» Improvement of Modelsand Decision Assistorsthat Utilize Cultural Practices, Host
Resistance and Physical Environmental Factorsto Enhance Pest Management

» Establishment of aSmall Fruit Center that has Fostered Regional Dissemination of Best
Management Practices

» TheMicropropagation UnitisFurnishing Pathogen-Tested, True-to-Type Sweet Potato
and Strawberry Cultivarsfor the Region

Programsthat improve understanding of pest ecology and geneticsfor better IPM practicesinclude the
following.

» Improved Understanding of Pest Primary and Secondary Sources aswell as Better
Knowledge of Pest Short and Long-RangeMovement

» Improved Understanding of Pest Biology and Geneticsat the Cellular and Molecular
Level to Develop Knowledge of the Interactions of Pests with their Hosts and
Environment

» Improved Understanding of the Popul ations of Peststo Better Understand how to
Utilize Various Types of Resistanceto give Better Pest Management Without | oss of
Resistance Traits

» Improved Biological Control Tacticsto Enhance Integrated Pest Management

Thefollowing programsthat incorporate resistanceinto cultivarsinvolveanumber of forest and
horticultural plantsand emphasize numerous aspectsof resistance.

» Breeding and Selection of Fraser fir Christmas Tree, Peach, Nectarine, Strawberry,
Blueberry, Rubus, Cucurbits, Tomato, Potato, Sweet Potato, A ppleand Numerous
Ornamental Plants

» Resistanceto Insects, Fungi, Viruses, Bacteria, Nematodes and MitesisBeing
Examinedand IncorporatedintoMultipleResistant Cultivars

» Increased Knowledge of the Molecular and Genetic Basis of Pest Resistancein Plants,
Allowing moreEfficient Incorporation of Resistanceinto Plantsby Classic Breeding
Methodology

» Biotechnol ogy/GenomicsWork that Allows Production of Transgenic Plantswith Novel
Mechanisms of Resistance
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Thegreatest programmatic effort isexpended on understanding the basi ¢ biol ogy and ecol ogy of insects,
mites, pathogens, nematodes and weeds that affect forest and horticultural plants. Thisnew basic
knowledgeisthen adapted by the clientel e stakehol dersthrough the NC Cooperative Extension Service.
Most of the new technology for pest management isincorporated into Integrated Pest M anagement
programsto allow growersto operate profitably andin anenvironmental ly sustai nable manner.

Pest ecology and genetics areimportant components of much of the research effort asisbiological
control. Theagricultural industry is producing new transgenic plantsaswell as new types of pesticides.
Significant effort is expended to test these new products and to determine how they perform under grower
conditions. Usually pest management practices need to be adapted to utilizetheseproductsmost
effectively. Another major research areainvolvesthe study of pest population changesto develop abetter
understanding of how pests changein rel ation to management practices, how thelife of host resistanceto
pests can be extended, and how pest management tactics can be utilized to extend their useful ness.

Output Indicators:

Indicators of the effectiveness of North Carolina Agricultural Research Service research include peer
reviewed publicationsthat enhance science, other publicationsthat communicateand synthesize
informationtoall levelsof society, andlocal, national andinternational awardsthat enhancethe moral e of
scientists. Adoption of research information by extension for pest management programsand
communication from stakehol ders about the useful ness of research are also output indicators.

Internal and External Linkages

Forty eight North CarolinaAgricultural Research Serviceprojectsinvolving 45 principal investigatorsfrom
seven departments currently address Forest and Horticultural Crops Protection. These projects cover
research on numerous approaches to the management of insects, mites, pathogens, nematodes and weeds
that affect major forest and vegetable aswell as ornamental plants.

There are numerousinternal linkagesamong researchers, bothintra- and interdepartmentally. Greater than
75 percent of the projectsinvol vemulti-statecollaborationsthrough official or unofficial arrangementsor
throughregional or interregional research projects. Among the organizationswith which the Research
Service hasformed linkagesarethefollowing.

USDA-ARSIaboratories

otheruniversities

USDA-APHIS Programs

Center for Integrated Pest M anagement

IR-4 Program

North American Disease Forecast Center

NOAA

Small Fruit Center

MicropropagationUnit

North CarolinaCrop Improvement Association

North CarolinaFoundation Seed ProducersAssociation

North CarolinaBiotechnology Commission

many agriculturecompanies

Target Audiences
TheNorth Carolina Agricultural Research Service hasworked closely with the major forest and
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horticultural commodity groupsfor years. Thereare annua meetingswith thecommodity groupsaswell
asfield daysfor many commaodities such asthe Apple Growers Association, Associationof Nurserymen,
Blueberry Council, Certified Sweet Potato Seed Producers, Christmas Tree A ssociation, Commercial
Flower GrowersAssociation, Eastern North CarolinaChristmas Tree Growers, Grape Council, Muscadine
GrapeGrowersAssociation, GreenhouseV egetabl e Growers A ssociation, Herb A ssociation, Horticultural
Council, Landscape Contractors Association, Master Gardener Association, Peach Growers Society,
Pecan Growers Association, Pickle Producers Associ ation, Pine Needle Producers A ssociation, Potato
Association, Strawberry A ssociation, Sweetpotato Commission, Tomato GrowersAssociation, Vegetable
GrowersA ssoci ation, Watermel on A ssoci ati on and Winegrowers A ssoci ati on.

Research Service scientists enhance the body of science associated with pest management of Forest and
Horticultural Plants. Their research al so enhances extension faculty in the whole Southeast who adapt the
knowledgefor use by growers. The farmers, foresters, and general public that grow ornamental plants
benefit from Research Serviceresearch. The general public also benefitsfrom the quantity and quality of
low-cost food and animproved environment aswell asquality forest products.

Program Duration
Long-term, 5 years

Allocated Resources
Following areexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitments are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $553,305
USDA-CGCA Funds $32,838
Other Federal Funds $241,849
StateAppropriations $2,823432
Non-Federal Funds $623,723
Totd $4,275,147

PERSONNEL COMMITMENT

Scientist Y ears 11.38
Professional Y ears 18.23
Technician Y ears 30.99
Clerical Years 4.46
Tota 65.06
SubprogramArea3b:
AgronomicCrop Protection

Satement of |ssue
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Agronomic Crop Protection emphasi zesthe need to devel op technol ogy and strategi esthat will ultimately
allow our stakeholders, who are principally producersof our major row crops - corn, soybean, peanut,
cottonandsmall grains - to produce these crops with less economic |oss due to the effects of pest insects,
mites, nematodes, diseases and weeds. Research accomplishmentsfrom thissubprogramwill beacritical
component of our inputstoward achieving our GPRA goal of maintainingandimprovinganagricultural
systemthat ishighly competitiveintheglobal economy.

Despitemany advancesin technol ogical devel opmentsfor reducing impactsof pest organismson these
crops, new challengescontinually arise. Introductionsof new pestsintoour cropping systemscontinually
occur. Inaddition, theliving pestswearestriving to control are continually adapting to overcomethe
methods we devel op to fight them or their impacts. In order for the farmer to be able to produce acrop
and obtain sufficient return on investment to live and continuein the farming business, he/shemust beable
to reduce pest-caused |osses to a sub-economicdamagelevel. Thus, thereisacontinuing and ongoing
need to refine old technol ogies and devel op new and novel technol ogiesto maintainaneconomically
competitive edge over these pest organisms. Concurrent with the devel opment and use of pest
management strategiesis concern over theimpact that they may have on the environment. This
necessitates that research be conducted to ensure that any potential environmental risksrelated to pest
management strategi esbeidentified and minimizedor eliminated.

Performance Goals
1. Devel op new and refine exi sting mechanisms and techni ques for managing pests of
field cropsthat are economically feasiblefor the producersand are environmentally
compatible.
2. Improveenvironmental quality throughimproved pest management technol ogy.
3. Investigate the genetic basis of key phenotypic characters of pests, their host plants,
and their natural enemies, and to use the knowledge gained to manipul ate their genetic

makeup inwaysthat will directly or indirectly reduceor eliminate the economic impact of
the pests.

Key Program Components
North CarolinaAgricultural Research Service programsthat include devel opment of new or improved pest
management technol ogi esinvol vethefollowing general approaches.

» Development of Cropsthat Contain Genetic Resistance to I nsects, Nematodes and
Disease Organisms

» Control of Pests Using Numerous Alternativesto Chemical Pesticides
» Control of Pests Through Crop Rotationand Other Cultural Techniques

» Development of Pesticide Resistance Management Strategiesto Prevent |oss of
Efficacy of Available Compounds
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» Development of Promising new and more Environmentally Compatible Chemical
Pesticides

» Development and Refinement of Modelsfor Making Decisions on Pest Management
Inputsinto Cropping Systems

Environmental quality improvement will beachieved through anumber of direct andindirect research
approachesincludingthefollowing.

» Examination and Monitoring of Soil Health in the Presence and A bsence of Numerous
Pest Management Strategies

» The Development and use of Pesticide-Reducing Technologies
» The Development of Holistic Ecological Pest Management Programs
Genetically based studiestoimprove pest management technol ogy and practicewill invol vethefollowing.

» The Devel opment and Wise Deployment of Transgenic Organisms Designed to
Alleviate Pest Impact on Field Crops

» Using Molecular Techniques, the Manipulation of Genesin Organismsto Increaseor
Decreasetheir Environmental Fitness According to their Role as Host Plants, Pests or
Natural Enemies of Pests

» The Molecular Characterization of Plant/Pest | nteractions

Asabasisfor devel opment of economically sound and environmental ly compatible pest management
systems, considerable effort is placed on research on the basi c biol ogy and ecology of pest organisms and
the environmentsinwhich they occur. Studiesof diversity of soil micro floraand microfauna, for example,
are being conducted so that impacts of various pest management tacticsand practiceson “normal” soil
biodiversity can bedetermined. Basi c studies of plant pathogen mode of action are being carried out to
learn possible weak pointsthat might be targeted for control purposes. A number of projectsare
examining epidemiol ogy of plant pathogensand seasonal movementsof insectsto moreprecisely predict
their occurrencein space and time during the growing season.

By far the greatest programmatic effort isin development of new or improved toolsfor usein pest
management. Theseincludethe development of alternativesto broad spectrum pesticides,including
development of biological control techniquesfor weeds, insects, plant pathogensand nematodes;

devel opment of crop rotation methodsand other cultural techniquesfor managing specific pest/crop
combinations; devel oping new low-impact chemical pesticides; and devel opment of model sthat predict
precisely when control practices need and do not need to be applied. Heavy emphasisis placed on
traditional plant breeding to devel op small grain crops, peanut, and other row crop linesthat haveincreased
resistanceto plant disease, insects and nematode damage. Genetic techniquesare a so being appliedin
tobacco, which servesasamodel system applicableto other cropsto produceresistant cultivars.
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Chemical pesticidesarebeing studied for their maximum utility astoolsin IPM programsand for
determining their mode of action. In someinsecticide studies, results areleading to research on new, safer
compoundswith unique modesof action. Pest resistanceto pesticides, whether delivered by traditional
means or by transgenic techniques, isacritical issue for growers, and mechanisms by which resistance
occurs and by which it can be prevented are being studied.

Mol ecul ar and geneti c approachesto understanding pest biol ogy, host/pest i nteractions, devel opment of
resistant host plants, and understanding the basisfor pest resistance to pesticides are being aggressively
pursued. Genomicresearchisdirected at el ucidating gene structure, associating genefunction with
specific regions of genes so that we can manipul ate those regionsto modify hosts, pests, or natural
enemiesfor pest management purposes. Studies are assessing the economic impacts of use of transgenic
row crops.

Concurrent with research on alternative pest management strategiesand on chemical pesticide strategies
arecost benefit analyses of such strategiesrel ativeto reduction of chemical pollutionintheenvironment.
Studiesare also being conducted to assesstherole agricultural pesticidesplay inbiological systems
contaminated with them as non-point sourcepol lutants.

OutputIndicators:
» Dissemination of researchinvaryingforms, including refereedjournal articles, presentationsat scientific
meetings, farmer field meetings, commodity meetings, newsmediaand others

» Transfer of technology on new and improved | PM tools devel oped through research to growersand
other end usersthrough extension specialists

» Release of genetically superior cultivarsand improved germplasm for use by field crop producersand
hybridizers

» Acceptance and adoption of new technologies by producers

Internal and External Linkages

Currently, 78 North CarolinaAgricultural Research Serviceresearch projectsinvol ving 56 principal
investigatorsfrom 10 departments addressissuesrel ated to agronomic crop protection. Projectsinvolve
approachesto management of major insect, disease, nematode and weed pestsof corn, small grains,
cotton, peanut, soybean and tobacco.

Internal linkagesamong researcherswithin and between the ninedepartmentsidentified with this
subprogram areacrossall unitsand to many other unitswithin theuniversity. Thisistherulerather than
the exception. Greater than 75 percent of the projectsinvolvemulti-statecollaborations, either through
individual arrangementsor through official regional or interregional research projects. Theseexternal
linkages are with researchers from USDA-ARSIaboratories, with faculty frommany other universities
throughout the United Statesand theworld, with USDA-APHI S personnel, and through the Center for
Integrated Pest Management, the North American Disease Forecast Center, NOAA, the North Carolina
CropImprovement A ssociation, theNorth CarolinaFoundation Seed Producers Association, and scientists
fromalarge number of agricultural product companies.
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Target Audiences

TheNorth CarolinaAgricultural Research Service hasworked closely with the principal row-crop
commaodity groupsfor many years. Annual meetings are held with state soybean producer, small grain
producer, corn producer, peanut producer, cotton producer and tobacco producer associations. At these
meetings, producers are given written and oral reports of the research being funded by federal, state and
private funds. They provideinput at these meetings on their needs and concerns and hel p shape our
specific research agendas. This has been an excellent system and has promoted afeeling of partnership
between our growers and our researchers. Other important stakehol dersare theindustrieswho produce
productsfor agricultural pest control and management. Our students, pest management scientists
worldwide, and numerousnon-governmental organizationsareal soimportant stakeholdersandclientele.

The audiencesfor thiswork are other research scientistswho will build on research results obtained,
extension faculty whowill transfer the technol ogies devel oped to thefarmer, the farmer who will
ultimately benefit economically fromtheresearchdiscoveries, and the general publicwho will receive
quality,low-cost food and animproved|livingenvironment.

Program Duration
Long-term, 5 years

Allocated Resources
Followingareexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitments are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $847,212
USDA-CGCA Funds $309,612
Other Federal Funds $999,446
StateAppropriation $4,030,299
Non-Federal Funds $1,035418
Totd $7,221,987

PERSONNEL COMMITMENT

Scientist Years 17.34
Professional Y ears 28.33
Technician Y ears 3842
Clerical Years 11.39
Tota 95.48

Goal 1, Program Area4:
Animal Diseasesand Animal Hedlth
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Satement of Issue

North Carolina sfood-animal industries produce approximately 56 percent of the state’ sannual farm gate
income. A number of distinct sub-industriesareincluded, namely for the production of broiler chickens,
turkeys, egg production chickens, gamebirds(i.e. ducks, pheasants, bobwhitequail), swine, dairy, beef,
dairy goats and aquaculture. Each sub-industry iseconomically significantinitsownright, but collectively
theseindustriesare extremely important to the overall economic well being of North Carolina.

Production methods, especially for the swine and poultry industriesand to alesser degreefor thedairy
industry, have undergone major changes over the past four to five decades. In thefirst half of the 20th
century, animalswere produced in small numberson singlefamily farms. Inthe second half, flock and
herd sizeshaverapidly increased to the point wherein the new millennium the vast majority of food
animalswill be produced in very large herds and flocks on acontractual basisunder the control of very
largevertically integrated companies. Theconcentration of animal production hasresultedinincreased
risks of disease exposure and disease outbreaks and has resulted in much greater attention to preventative
medi cineand methodsto minimizepathogenexposure (i.e., biosecurity). These changesin the scale of
animal production have al so caused changesin the general approach to animal health, i.e., from the
treatment of single animalsto the treatment of large groups (i.e., herds and flocks) of animals. Numerous
vaccines, antibioticsand other preventative medi cations have been devel oped and havegreatly improved
producers’ abilitiesto maintainlarge concentrationsof animals. Neverthel ess, new formsof pathogenic
organismsand new disease conditionsfrom new forms of known and even from unknown pathogenic
agentscontinueto challengeour food animal industries.

Theconcentration of animal productioninlimited geographical areasal so posesmajor challengesfor the
food-animal industriesintermsof maintai ning aheal thy and sustai nabl eenvironment. Theproduction of
extremely largeamountsof animal by-products(i.e., manure, litter, mortalities, offal and feathers) and the
odors and pests associated with the production and degradation of some of those by-productsconstitute
one of themajor challengesto the food-animal industries. M ethodsmust be devel oped to handleand
recycle these by-productsinamanner that isnot only environmentally safe but economically feasibleand
socially acceptableif present production methods and practices areto remain sustainable. Effective best
management practices must al so be devel oped for the control of the pests and odors associated with the
production of theindustriesby-products.

Performance Goals
1. Improve overall animal health and performancethrough methodsthat reducethe
incidence and/or severity of diseases caused by pathogenic agents and/or other

environmental factorsfor all of North Carolina’ sfood-animal industries.

2.Developenvironmentally safe, economically realisticand socially acceptablemethods
for thehandling and recycling of the by-products of the food-animal industries.

3. Develop effective, safe and acceptable practices for the control of odor and pests
associ ated with food-animal production.

Key Program Components
North CarolinaAgricultural Research Service programsfor improving thehhealth and reducing the

29



Plan of Work
North Carolina Agricultural Research Service

incidenceof diseasesaffecting North Carolinalivestock, poultry and aguacul tureindustrieswill involve:
» control and/or elimination of insect pathogen vectorsand external parasites,
» control or eradication of bacterial, viral and fungal pathogens;
» control or eliminationof internal parasites;
» identificationand control of mold-based toxinsin animal feeds; and

» reduction and/or elimination of pathogenssuchas Salmonella, Campylobacter and
Listeria that can be transmitted to humans through animal products.

Environmental protectionand sustai nability for North Carolina sfood-anima industrieswill involve:

» development of economically sound and effective practicesthat reducethe
environmental impacts(i.e. on air, ground and surface water quality) of food-animal
production;

» devel opment of economically viableand socially acceptabl eval ue-added productsfrom
animal by -productsthat will helpmovethoseby-productsout of theanimal producing
aress,

» devel opment of methodsfor reducing the odorsassociated with animal production; and

» control of nuisance pests (e.g., flies, litter beetles and cockroaches) associated with the
productionof animal by-products.

Currently morethan 40 research projectsinvolving 35 NC State University principal investigatorsare
included under this general area of research.

Input from the Departments of Animal Science and Poultry Science Advisory Committees, from the
Collegeof Veterinary MedicineAdvisory Committee, and fromdiscussionswith variousanimal commodity
groups at the state and national level haveindicated that animal health and the environmental concerns
surroundingthefood-animal industriesarehigh priority issues. Thefollowing general approacheswill be
utilized to addressthe major components of theseissues.

» Understanding the Basic Biological Mechanism(s) of Pathogenesis of Known Animal Pathogens
and of Animal Food Borne Human Pathogens

Work continuesin several laboratoriesin the collegesof Agricultureand Life Sciencesand V eterinary

M edi cine on determining the basi c geneti c control mechanismsfor and the physiol ogical effectsof animal
pathogens(e.g., Bordetella avium, Escherichia coli, Saphylococcus aureus, Salmonella sp.,
Campylobacter jegjuni, Listeria monocytogenes, the putative small viral agentsfor Poult Enteritisand
Mortality Syndromein Turkeys(PEMS), RotavirusEnteritisinPigs, etc.). Understanding of the basic
geneticmechanisms of pathogenic agents that affect the onset and severity of adisease should help the
industry with the devel opment of Best M anagement Practicesfor the prevention and/or amelioration of
that diseaseaswell asprovideinsight into potential avenuesfor the development of novel vaccinesto
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prevent the disease.

For example, research isunderway that isaimed at understanding the geneticsand cell biology of
Salmonella andpathogenic E. coli infections. Thiswork isdirected at gaining abetter understanding of
how those pathogensresist and overcomethe host’ simmune system. A combination of classical genetics
and current molecular technigues are being used to dissect the virulence of Salmonellaand to usethis
knowledgeto expresspathogenic E. coli genesin Salmonellavaccinestrains. Constructed mutationsin
genes have been shown to profoundly attenuate the ability of Salmonellato cause the disease in food-
producing animals. Use of mutants asalive vaccineto expressforeign antigensfrom pathogenic E. coli is
also being pursued. The primary goal of thistype of researchisto produce safe, effective, live vaccines
that will ultimately prevent long term carriage of food-borne pathogensinfood-producinganimals.
Vaccination of cattle, swine and poultry with such constructed mutant strainswill prevent the col onization
of pathogenic Salmonellaand/or E. coliintheir intestinal tracts. Ultimately, reducing the presence of
such pathogensin our food-animal sshouldresultinmicrobiol ogically saf er food.

Outcomeindicators:

» Number of new Genetic/Cellular Mechanisms|dentified Related to Pathogenicity

» Number of Mutant V accine Strains Produced

» Number of Best Management Practices Developed for the Prevention and/or Control of one or more
Animal Diseases

» Elucidation of the Pathogenic Agent(s) Associated with Diseases of Unknown Origin

Diseases of livestock and poultry continueto arisefor which thereis no known pathogenic or
environmental cause. The causative agent(s) for most enteric or diarrheal diseasesin livestock and poultry
species are unknown. PEM Sisagood example of such adisease that for the past 7 or 8 years has caused
major economic lossesto the North Carolinaturkey industry. Considerabletimeand effort hasbeen
expended by faculty inthe collegesof Agricultureand Life Sciences and V eterinary Medicine over the
past few yearsto identify the causative agent(s) for this disease. Two putative viruses have recently been
identified, and are now being characterized. Work on PEM S and other diseaseswith unknown agentswill
continue as the need arises and funding supportisavailable.

Outcomeindicators:

» Number of new Pathogens | dentified

» Number of new Pathogens Characterized

» Development of New, Improved and/or Novel Vaccines and Therapeutics for the Prevention and
Control of Food-Animal Diseases

Biotech methodol ogies are being used to devel op novel vaccinesfrom known pathogens. Work aimed at
devel oping an understanding of thebasi ¢ biol ogi cal mechani smsof pathogenesisshouldleadtothe

devel opment of strategiesfor the production of novel vaccinesand therapeutics.

Outcomeindicators:

» Number of Novel Potential V accine Methods Devel oped

» Number of Novel Potential Vaccines Devel oped and Produced

» Integrated Pest Management for Food-Animal Pests

Pests associ ated with confined poul try and livestock include muscoidflies (housefly, and lesser housefly),
bitingflies, darkling beetles, mites, and cockroaches. I ntegrated Pest Management (IPM) includes a
multidisciplinary approach tothe management of these pests, among theseare sanitation, cultural control,
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biological control and chemical control. Successful sanitation programseffectively reducethehabitat
conducivetothe growth and devel opment of the pest. Cultural control relieson the manipulation of the
habitat through alternativelitter material s, moi sture management and trapping technol ogy toreducethe
pest popul ation. Although significant reducti onsin pest popul ationsoccur, somecompl etedevel opment.
Predators and parasitoids searching for hosts clean up those that were missed.

Poultry and livestock are considered minor use groupsby the pesticideindustry. Consequently, few
companiestake thetime and effort to register pesticidesfor animal use, limitingthepesticideoptions
availableto the producer. Fortunately, IPM has devel oped strategiesthat allow the conservation of
effective pesticidesfor usethrough alast resort strategy. Chemical controlsare used judiciously, thus
protecting the beneficial predatorsand parasites, delaying the onset of resistance, and reducing pesticides
inour foods. Our goalsare: 1) to focuson thelaboratory and field eval uation of avariety of biological
control agents, parasitic and pathogenic, for the control of poultry and livestock pests, 2) to develop
alternativesto chemically based pest management strategies, and 3) tointroduce the use of promising
agentsfor integration into pest management plansthrough research and extension publicationsand
meetings.

Outcomeindicators:

» Number of Nonchemical Alternative Management Strategies Devel oped for Poultry and Livestock
Pests

» Number of Alternative Pest Management Agents Introduced to the Industry

» Development and Improvement of Methods for Identifying and Controlling Feed Based Toxins
That Reduce Food-Animal Performance

Mycotoxinsand Fusarium toxinsin feed grains continueto cause feed refusal and performance problems
when animalsreceivethemin their diets. Scientistsworking withthe Collegeof AgricultureandLife
SciencesMycotoxin Laboratory continueto work with thefood-animal industriesto monitor thelevel sof
thevarioustoxinsinfeedstuffs. They continueto explorethe devel opment of new rapid, accurate, low cost
analysis and sampling methods that can be used to assessthe levels of such toxinsin feed grains. Novel
approachesfor binding suchtoxins(e.g., with the addition of inert substances such as clay to the diet) so
that they will not be absorbed as they pass through the animal are also being explored.
Outcomeindicators:

» Number of Mycotoxin AnalysisM ethods Devel oped and/or Improved

» Number of Mycotoxin Sampling and Amelioration M ethodsDevel oped and/or Improved

» Number of Mycotoxin Binding TechniquesDevel oped and/or Improved

» Improving the Basic Understanding of Immune Function and the Interrelationships of Genetic
and Environmental Factors Affecting Immune Function and Animal Performance

Thecontinued health of any animal isdependent uponitsgenetic ability towithstand pathogenic challenges
toitsimmune system. Thus, avery basic understanding of theimmune system, how it devel ops, how it
functions, and how it withstands genetic and environmental insultsiscritical tothemaintenanceof good
animal health. The collegesof Agricultureand Life Sciencesand V eterinary Medicine have avery strong
interdepartmental immunol ogy programinvolving research onboth humoral and cellularimmuneeffector
functions. Macrophage devel opment and function has been and will continueto beamajor part of this
research. Macrophages are, of course, often considered to be thefirst line of defense against pathogens.
Onamoreapplied basis, the production and role of varioustypes of cytokinesis another basic area of
immunefunction research. At amore applied level, studies of the effects of different forms of nutrientsin
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the diet (e.g., organic versusinorganic formsof minerals) onimmunefunction aredsoyieldinginteresting
approachesto waysto improveimmuneresponse. These general typesof studieswill continue.
Outcomeindicators:

» Number of new Immune Effector Functions Discovered and Described

» Number of Roles of Cytokines Discovered and Described

» Number of Nutritional Strategies Developed for thel mprovement of Immune Functions

» Use of Probiotics to Competitively Exclude Pathogenic Organisms From Food-Animals

Theability of certain typesof naturally occurring gut microfloraif introducedinto theintestinal tract of the
neonate to competitively exclude sometypesof pathogens has been known for many years. Unfortunately,
many of the competitive exclusion agents are destroyed by the use of feed-gradeantibiotics, soinorder to
takeadvantageof probioticsinanimal sreceiving low level sof antibiotics, the probioticsmust besupplied
totheanimal son acontinuousbasis. The expenseand problemsinvolved in doing so have prevented
probioticsfrom being used on an extensive basisin the North Carolinaand U.S. animal industries. In
Europe, however, with the banning over the past few years of the use of feed-gradeantibiotics, probiotics
has taken on amuch larger role.

Severa Collegeof Agricultureand Life Sciencesfaculty membershave been involved for anumber of
yearswith research on probioticsfor food-animal species. Their research hasfocused on the bacterial
genus and speciesto be used as a probiotic, on the methods and timing of exposure, and on the effects of
the probiotic on the performance of the receiving animals. Probiotic research should be expanded if the
use of feed-gradeantibioticsisalso bannedintheU.S. market, which appearslikely at somepoint in the
future. Inthemeantime, basic probiotic research will continue.

Outcomeindicators:

» Number of Novel Probiotics Devel oped and Tested for the Replacement of Feed-GradeAntibiotics

» Adoption Ratefor use of Probiotics by the Industry

» Measurement of the Environmental Impact of Food-Animal Production on Ground and Surface
Waters

NC State University and the College of Agricultureand Life Scienceshavealong history of being
involvedinresearch and extension effortsrelated to improved methods of animal waste management and
of protecting and improving ground and surface water quality. In recent years, the college devel opedits
Animal and Poultry Waste Management Center, whichisaimed at the devel opment of new technologies
for therecycling of animal by-productsintoval ue-added co-productsfor the animal industries. These co-
products must not only beeconomically feasible, they must al so be socially and aesthetically acceptable.
The center has also been involved with the demonstration and testing of numerouscommercially available
waste remediation technologiesin order to seeif they could be adapted for the animal industries. A novel
approach, i.e., using the naturally occurring radioi sotopes of nitrogen, isbeing developed andtested asa
accurate method for the determination of non-point sourcesof pollution. Throughfiscal year 1998-99,
nearly 100 different research and/or demonstration proj ects have been sponsored by the Animal and
Poultry Waste Management Center, and projectsof thistypewill likely continueto expand. Most of the
center’ sprojects, athough generally not directly involved with ground and surfacewater studies, havethe
potential of reducing the amountsof nutrientsending up in such waters. Most are multi-disciplinaryin
nature, and asignificant number of them requireand invol ve multi -stateparticipation.

Outcomeindicators:

» Number of new Technologies Devel oped with Potential for Reducing Impactson Ground and Surface
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Water Pollutionfrom Animal Wastes

» Measuring the Environmental Impact of Food-Animal Production on Air Quality and Odor
Collegeof Agricultureand Life Sciencesfaculty involved with the Animal and Poultry Waste

M anagement Center have al so beeninvolved with thetesting of commercially availableodor control
products. The development of specifictechnologiessuchasbiofilters, air washingwalls, windbreak walls,
etc., to reduce and eliminate odors has been another major area of research. The development of an

el ectronic nose to measure odor is one of the componentsthat will continueto be devel oped and refined.
Duetotheintense public pressure, especially related to the odors produced by swine operations, thistype
of research will continue and expand during the foreseeable future.

Outcomeindicators:

» Number of TechnologiesDeveloped for Reducing Odors

» Number of Industry Products|dentified and Tested that have Significant Impact on Reducing Animal
Odors

» Number of Technol ogies Devel oped that Improvethe Ability to Accurately Measure Odor Levels

» Development of Value-Added Products From Food-Animal By-Products

Severa Collegeof Agricultureand Life Sciencesfaculty are deeply involvedinthe devel opment of
alternative usesfor animal wastes. These aternative uses not only have the prospective of reducing and/or
eliminating someof the problems associ ated with these by-products, but they will likely increasethevalue
of thewaste product to the point whereit will be economically feasibleto moveit out of the production
area. Projects on the recycling of separated manure solids, animal mortalites, and manuresandlittersare
underway and several show great promisefor changing what hastraditionally been considered awaste
product into something that isfar more valuable. Thesetypesof studies will becontinued and expanded.
Outcomeindicators:

» Number of Value-Added Products Devel oped from Animal By-Products

Internal and External Linkages
Internally, subprogram area4 activitiesinvolvefaculty from at least 12 different departmentsinthe
Collegeof Agricultureand Life Sciences. Faculty from thefollowing departmentsareactivity inthisarea.

Animal Science Agricultural and ResourceEconomics
Biologica and Agricultura Engineering Crop Science

Entomology Food Science

Genetics Microbiology

Poultry Science Soil Science

Statistics Zoology

Faculty inthe colleges of Forestry (Department of Forestry), Physical and Mathematical Sciences
(Department of Earth, Marine and Atmospheric Sciences), and V eterinary Medi cine (departments of Food
Animal and EquineMedicineand Microbiol ogy, Pathology and Parasitology) areal soinvolvedinthisarea.
Most projectsaremultidisciplinary innature, and involveseveral faculty from different departments
and/or universities. Someprojectsalsoinvol veindustry personnel ascollaborators.

Externally, thisareainvolvesnumerouslinkages. The Collegeof Agricultureand Life Science’ sAnimal

and Poultry Waste Management Center, under which most of the environmental studiesare conducted,
hassevenindustrial companiesand eight other Universitieson its board of directors. NC State was one of
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theprimary instigatorsof amulti-state consortium for animal waste management research that now
includesthestatesof North Carolina, lowa, Missouri, Oklahoma, Indianaand Minnesota. The College of
Veterinary Medicine hasreceived amajor Fund for Rural Americagrant that includes severa universities
that arejointly working ontheepidemiol ogy and biosecurity rel ated to poultry diseases. | nternational
linkageshave beenformed withthefollowinguniversities.

Applied Poultry Research Centrein Beekbergen, the Netherlands

National Agricultural University at Wageningen, theNetherlands

Universita degli Studi di Bologna, Bologna, Italy

Nationa TaiwanUniversity, Taipei, Taiwan

University of Sydney, Sydney, Australia

A number of the College of Agricultureand Life Sciencesfaculty areworking with other scientistsfrom
around the United Statesthrough several Regional Research projectsrelated to animal waste
management. New linkageswill continueto bedevel oped withindustry and other university groups.

Target Audiences

Theprimary audienceincludesall of thefood-animal producingindustriesinNorth Carolina. Other
beneficiarieswill includesegmentsof thoseindustriesoutsideof North Carolina, both nationally and
internationally, aswell asthegeneral public or consumers. Studentsstudying to becomeinvolvedwiththe
animal industries, either asmanagersor veterinarians, will beamong thedirect recipientsof these
technologies. Alliedindustry companieswill also bedirect beneficiariesof someof thesetechnol ogies.

Program Duration
Long-term, 5-plusyears

Allocated Resources
Following areexpendituresand commitment datafor the 1997-98 year.

EXPENDITURES

Source Amount
CSREESFunds $359,995
USDA-CGCA Funds $25,356
Other Federal Funds $284,192
StateAppropriations $1,999,429
Non-Federal Funds $536,215
Totd $3,205,187

PERSONNEL COMMITMENT

Scientist Years 8.81
Professional Y ears 7.68
Technician Y ears 19.60
Clerical Years 4.45
Totd 4052
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Itisanticipated that future funding and human resourceallocationsfor subprogram Area4 will continue
withroughly the same emphasis as shown above during the period of this plan of work (5 years).
Significant changes may take place if amajor new disease should occur or if use of feed-gradeantibiotics
should occur. Such changeswould be made based on input from scientistsand stakehol ders.

Goal 1, Program Area5:
FarmBusinessM anagement, EconomicsandMarketing

Satement of Issue

Faculty with projectsin seven academic departments conduct research in farm business management,
economicsand marketing that discover and disseminateinformati onimportant to avariety of agricultural -
rel ated businessesand to citizensof North Carolina. Sound economi ¢ decision-making behavior by ahost
of different agents, whichincludefarmers, suppliersof inputsand processors of output, policy makers,
wholesalers, retailers, distributors and others, isat the center of the analysiswithin thisarea. Thefactors
that affect risk management, including production, price, and marketingrisk, of North Carolina
commaoditiesareidentified and quantified to the extent possibleandincorporated in policy and decision-
making recommendations. Other policy analysesincludequantifyingtheimpactsof international trade
agreementson productionand consumptionactivitieslocally, regionally and globally.

Performance Goals

1. Improvetheeconomic decision-making abilities of thevariousagentswho engageinthe
production, processi ng, marketing, and management of agricultural products(food, fiber,
forestry and ornamental s) grown and/or marketed in North Carolina.

2. Increasethereadily availabledecision makinginformationto participantsinthe
productionand marketing process.

3. Identify socially optimal environmental enhancement (or degradation) and
environmental/healthrisksandtheleast cost policiesand regul ationsfor achieving them.

Key Program Components

M anagement, economi csand marketing have multi plecomponents, with only theareaof supply, demand,
and priceanalysis(crop and animal products) representing a significant share of the total effort (measured
by time). This component represents 42 percent of the total time effort and 34 percent of the total funds
committed tothistopic. Intotal, 12 very diverse categoriesareidentified by Collegeof Agricultureand
Life Sciencesresearchfaculty, including farm businessmanagement, marketing of agricultural products,
market performanceand several categoriesininternational economics(combining four of these
international categoriesresults in 20 percent of the total time effort). Twenty-one researchers from seven
disciplineshaveallocated aportion of their timeto these different categories.

Thelargeeffort related to supply and demand of crop and animal productsisreasonable given the diverse
set of commodities produced and processed in North Carolina. Itisin thisareathat researchers attempt to
discover new information that hel ps producers, consumers, and al agentsthroughout thefood and fiber
chainmakebetter informed decisions. Considerabl e effort rel atesto the managing of production and
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marketing risk. Asincomeprotectiontofarmersfromfederal farm programsdeclines, managing risk will
becomemoreimportant tofirmsengagedinagricultural commodity productionand suppliersof inputsto
these firms.

Inarelated area, researcherswill endeavor to discover waysto improvethe efficiency and profitability to
partiesengaged in contractual agreementsof production. Transferringrisk (production, price or marketing)
to those agentswho can exercise control inthe decisions should |ead toimproved contractual
arrangements. Other effortsto analyze market performancewill includeinvestigationsof technol ogical and
social factorsthat influencethefood system.

Other componentsincludeeffortstoimprove sampling techniquesto detect mycotoxinsto develop
innovativetechniquestoimproveprofitability inseaf ood processing and packaging.

International research effortswill concentrate on technical assistance for soil management and on policy
factorsthat increaseor inhibitinternational trade.

Internal and External Linkages

Multi-state:

S-278, Food demand and consumer behavior, S-222, Fruit and vegetabl e supply chain management,
innovations, and competitiveness

Indtitutiond:

Michigan StateUniversity ClemsonUniversity

lowaState University University of Florida

University of Tennessee VirginiaTechUniversity
University of California-Davis University of lllinois

Cornéll University OhioStateUniversity

Target Audiences

Direct targets are those agents/firmswho engage in the production and marketing activitiesaddressed in
theseresearch efforts. Theseincludefarmers, suppliersof inputs, handlersof outputs, international
agencies, policy makersand others. Ultimately, the general public as consumers are the benefactors of
nearly all research performed in this areathrough reduced food prices, increased food choicesand amore
efficient and effective marketing system. Professional research peers as well as educators (teachers and
extension service personnel) receive the information generated by these research efforts.

Program Duration
Long-term, 5 years

Allocated Resources
Following areexpendituresand commitment datafor 1997-98.
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EXPENDITURES

Source Amount
CREESFunds $197,699
USDA-CGCA Funds $45,562
Other Federal Funds $827,975
StateAppropriations $1,015,521
Non-Federal Funds $106,650
Totd $2,193,407

PERSONNEL COMMITMENT

Scientist Years 373
Professional Y ears 6.20
Technician Years 3.95
Clerical Years 1.78
Totd 15.66

Farm business management, economi cs and marketing includes projectsfrom 12 of the 17 categories,
including farm businessmanagement; improvement of gradesand standards—crop and animal products,
efficiency inmarketingagricultural productsand productioninputs; supply, demand, and priceanalysis,
competitiveinterrel ationshipsinagriculture; devel opment of domestic marketsfor farm products,
performance of marketing systems; group action and market power; improvementinagricultural statistics,
foreign market devel opment; technical assi stanceto devel oping countries; and product devel opment and
marketingfor foreign markets.

A proposed effort to start a Center for Resource and Environmental Policy, which will giveriseto better
informed decisionsby policy makersand other entrepreneurs about theinteraction of the environment and
profitableagriculture, will requirecorefaculty time, research assi stantships, tuitionremission, technical
support, and additional operating funds. Farmmanagement will becomeincreasingly responsivetomore
stringent environmental regul ationsregarding of f-farm effects on water quality, air, and healthrisks.
Sciencefrommultipledisciplineswill providesignificantinputinto economicmodel sinthisresearch.

Goal 1, Program Area6:
Product Development

Statement of Issue

Asglobal competitivenessand consumer concern about food safety, nutrition, value-added products and
the environment grow, North Carolinaisexamining how new value and new products can be devel oped
fromagricultural raw productsfor economic growth.

North Carolinaisexperiencing aperiod of rapid growth and social and economic change. Farms are
decreasinginnumber andincreasing in size, andtheoverall trend istoward vertical integration.
Technology israpidly changing. Consumersare moreconcerned about food saf ety, nutrition, value-added
productsandtheenvironment, andtheir perceptionof agricultural chemical's, biotechnol ogy and other
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technol ogy isbecoming more negative. The publicisdemanding safe, affordablefood in an eraof
increasingly stringent regul ations.

Anexpandingglobalizationof agricultureandthe economy of North Carolinaisforcing restructuring of
basi cagricultural industriesandinstitutions, requiring moreemphasi sonintegration of global conceptsinto
value-added products.

Performance Goals

1. Devel opment of new and improved animal and fruit and vegetabl e products, reduction
of waste through devel opment of by-products. It isenvisioned that new products and/or
processeswill beadopted by industry |eading to economic expansion by way of domestic
andinternational salesof North Carolinaand other U.S. value-enhancedagricultural
products. Single-event economic impact can be equated to a$20 million or greater
increasein sales.

2. Creationof linkagesinregions, institutions, commodity groupsandindisciplinesin an
effort to better addressthe product devel opment challengesfacing North Carolina.

Key Program Components

Vaue-enhanced researchisbeing performed on both plant and animal agricultural products. Plantsbeing
studiedinclude cucumbers, sweet potatoes, small fruits (strawberries, blueberries, etc.), peanutsand
soybeans. Poultry, swine, and seafood tissue research is strong aswell asanimal products (dairy, egg, and
fishail). Processresearch |eading to new productsinclude continuousflow thermal, fermentations, frying,
nonthermal bioprocessing, and enzymeenhanced.

Thirty-nine projectsmay beincluded in the product devel opment area. Represented within those projects
areresearch effortsfrom six academic departments. Contributing to new economic opportunitiesinprotein
utilizationisresearch focused on devel oping abetter understanding of how macromoleculesform
structures. Six systems(sols, emulsions, foams, polymer gel s, parti cul ategel sand multi-component gels)
are the focus of attention, usingpolymer and colloidal-based models. The primary goal isto create
understanding that will lead to product devel opment inthe meats, dairy, confectionery, and/or snack foods
area.

Preventing process alterations dueto bioprocess changesis extremely important. Industrial fermentations
of growth and metabolic activities of bacterial culturesarevital to the val ue-added bioprocessing of foods,
proteins, enzymes, and chemicals. Most of these processes are susceptibl e to bacteriophageinfection
resulting in devastating product losses and raw material spoilage. Itisagoal of thisresearch to define,
characterize, and exploit phage promotersthat aretriggered during different stages of the phageinfection.
Itisalso agoal to better understand, leading to control of the genetic routesthrough which phage evolve
and retaliate agai nst host-encoded defense systems. Thiswork typifiestheinterdiscipline approachto
problem-solvingutilizing mi crobiol ogy, genetics, andmol ecul ar biology.

Several projectsin the product devel opment areafocus on waste reduction and by-product utilization. In
oneresearch area, bioconversion of feather keratin to anutrient resource is being carried out. Feather
degrading bacterium Bacilluslicheniformishasbeen shownto produce crude keratinase. Keratinase
treated feather meal can then be used asa protein sourcein broiler chick diets, competing well with
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soybeanmeal and utilizingapreviously difficult to-dispose-of waste. In another area, safe and economical
methods are being devel opedfor conversion of animal mortalitiesintoval ue-added productsfor recycling
asfeed ingredientsfor the food-animal aguacultureand pet food industries.

Itisenvisionedthat anew effortinagricultural tissue engineering will focuson cell generation to produce
bioproducts. Thesereactor grown tissueswill be harvested at production rateswith highyields, low waste,
and be disease and pathogen free.

Internal and External Linkages

Multi-State:

North Central Regional Project NC-136 (Alabama, California, Florida, Georgia, I1linois, Indiana, lowa,
Kansas, Michigan., Minnesota, Mississippi., Nebraska, New Jersey, New Y ork, North Carolina, North
Dakota, Ohio, Oregon, Pennsylvania, Texas, Washingtonand Wisconsin)

Southeast Dairy Food Research Center (North Carolina, Mississippi)

Center for Aseptic Processing and Packaging Studies (CAPPS) (North Carolina, Ohio, California, in
conjunctionwiththeNational ScienceFoundationand15industrial members

Multi-Ingtitutiond ; Multi-Departmental :
Animal and Poultry Waste Management Center

North CarolinaDepartment of Agricultureand Consumer Services Research Stations

NC State University Meat Processing L aboratory (Food Science, Poultry Science, Animal Science, and
Biological and Agricultural EngineeringdepartmentsintheCollegeof Agricultureand Life Sciences;
Collegeof Veterinary Medicine)

Current efforts are focused ondevel opingaregional poultry center comprising North Carolina, South
Carolina, Delaware, Maryland, Virginia, and West Virginia. Thiscenter woul d encourage coordinati on of
teaching, research, and extension effortsin order to strengthen poultry-related programsover theentire
region.

Target Audiences

Theultimate audienceis consumerswho desire val ue-enhanced, convenient, safefood and non-food
products. | ntermediate audiences(stakehol ders) includeindustry, extension agents, theuniversity research
community and the North CarolinaDepartment of Agricultureand Consumer Services

Program Duration
Long-term, 5 years

Allocated Resources
Followingareexpenditureand commitment datafor 1997-98.

EXPENDITURES
Source Amount
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CSREESFunds $266,593
USDA-CGCA Funds $117,806
Other Federal Funds $666,063
StateAppropriations $1,956,516
Non-Federal Funds $708,947
Totd $3,715,925

PERSONNEL COMMITMENT

Scientist Y ears 11.67
Professional Y ears 26.59
Technician Y ears 10.06
Clerical Years 6.92

Tota 55.24

Product development includesnew andimproved fruit and vegetabl e productsand byproducts; food
productsfromfield crops; feed, textile, and industrial productsfromfield crops, meat, milk, eggs, and other
animal food products; and non-food animal products. It isenvisioned that new product devel opment
efforts, taking advantage of novel techniques (i.e., tissueengineering) will requirenew investment.
Currently, no program focuses ontissue engineering. Resources shoul d support thiseffort at aminimum of
2.0 scientist years.
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National Goal 2:
A Safe and Secure
Food and Fiber System

ProgramArea?:
Food and Fiber Processing,
Safety andQuality

Satement of Issue

Consumerswant asafe and plentiful supply of high quality food and fiber. Moreforeign-producedfood
and fiber products are coming to the United States than ever before, with associated concerns about
safety and quality. Consumer concernwith e. coli, listeria andother potentially lifethreatening
microbiological contaminantsaswell aspesticides, hormones, etc. requiresredoubl ed effortsto guarantee
a safe and worry-free supply of wholesomefood.

To address all aspects of safety and quality in thefood and fiber system, research must be carried out at
theproductionlevel, theharvest and marketing level, the processinglevel and the preparationlevel.
Additionally, withthediverseproductionsystem found in North Carolina, the research must be conducted
over abroad spectrum of commaoditiesand situations.

Performance Goals
Thisprogram areaisprimarily focused onidentifying problemsandimproving processesinfood and fiber
productioninorder to improve safety and quality. Specific goalsareto:

1. Identify problemsand providesol utionsto qual ity maintenancein storingand marketing
fruitsand vegetabl es, field cropsand animal products;

2. Ensure that food products are free from toxic contaminants; and

3. Protect food and feed suppliesfrom harmful microorganismsand naturally occurring
toxins.

Key Program Components

Research effortsinthegeneral areasof physiology, postharvest handling, storage/processing, and
packaging are being conducted i nthe departments of Food Science, Crop Science, Horticultural Science,
Biologica and Agricultural Engineering, Entomol ogy and Biochemistry. Research programsontherisks
associated with and control and removal of contaminantsinfood and feed, including toxic residuesfrom
production, microorganismsand natural toxins, areongoinginthedepartmentsof Animal Science,
Agricultural and Resource Economics, Biological and Agricultural Engineering, Food Science,
Microbiology and Plant Pathol ogy.

Thirty-one state and Hatch projects make up Area 7. Scientistsfrom 11 departments within the College of
Agricultureand Life Sciencesareinvolved in five research program areas. Technology for HAACP
applicationsinNorth Carolina sseaf oodindustry, improved meat processingtechnol ogies, surface
sterilization of microbiol ogical contamination, insect damageto economically important cropsinstorage,
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and safer packaging systems are but afew of the effortsin this program area.
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Internal and External Linkages

Thisprogram involves half of the Agriculture and Life Science departmentsat NC State. Many of the
projectsaremultidisciplinary and multidepartmental . A strong multistatecomponent al soexists, with four
regional projects(NE-103, NE-179, S-263, and S-284). Theseregional effortsinvolve most of the statesin
the Northeast, the South, and many in the Midwest. The Center for Aseptic Processing and Packaging
Studies, the NC State Seafood Lab (at Morehead City), and the NC State Meat Processing Lab also
providelinkageswith other universities, industry partners, producersandregul ators.

Target Audiences

Consumersarethe primary beneficiaries of thisresearch and development; however, stakeholdersinclude
producers, processors, other scientists, agency personnel (NCDA, USDA, FDA), extension agents,

regul atorsand students.

Program Duration
Long-term, 5 years

Allocated Resources
Followingareexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitments are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $266,683
USDA-CGCA Funds $57,146
Other Federal Funds $96,623
StateAppropriation $905,938
Non-Federal Funds $204,711
Totd $1,531,101

PERSONNEL COMMITMENT

Scientist Years 5.67
Professional Y ears 4,90
Technician Y ears 7.22
Clerical Years 4.27
Totd 22.06

Thelargest efforts (asapercent of expenditures) include: new poultry product processing technologies
(11.9 percent), management of insectsthat damage stored agricultural products (8.7 percent), detecting
pathogeni corganismsinfood (8.5 percent), technol ogiestoretain orimprovequality during productionand
postharvest handling of fruits, vegetablesand nuts (8.2 percent), aseptic processing and packaging (6.3
percent), meat quality improvement (5.1 percent), and quality flavor development in peanuts (5.0 percent).
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National Goal 3:
A Healthy, Well-Nourished Population

ProgramArea8:
HumanNutritionandHumanHealth

Satement of Issue

Projectsin 10 academi c departmentsfocus on human nutrition and health i ssues significant to thewell-
being of the citizens of North Carolinaand to the agricultural economy of the state. Disease prevention
and health promotion are at the heart of research withinthisarea. Nutrient avail ability and absorption
coupled withfood choices, habits, and consumption arefocused issues. Nutrition and linkagesbetween
nutrition and disease prevention areissues. Health and safety of citizens are critical, as methods to reduce
hazards are examined.

Performance Goals

1. Human nutrition studies are cause and effect. Key program componentslisted will be
measured and results used as output indicators. Human health and hazard reduction
research will be monitored asto adoption by the private sector and by associate research
labs. Agricultural economicindicatorswill provideoutput indicatorsfor work inthefood
choices, habitsand consumption research areas.

2. Focuswill begiventofood safety issuesasrelated to overall consumer health and well-
being. Adequate resourcesto addressmicrobial hazardswithin our food systemwill be
sought.

Key Program Components

Human nutrition research accountsfor 62.5 percent of the manpower years within this program area.
Human nutrition projectsstudy weight lossprogramsfor post-partumwomen; Vitamin C supplementation
inyoung smokersastoabeneficial effect on LDL oxidizability, plasmalipid perodidation and neutrophil
function; serumlipid, glucose, insulinand chromium profilesof growing pigsfed high-fat dietsusing milk
proteinswithandwithout chromium; interactionsof dietary flavonoidswith nutrient antioxidants;
bioavailability and absorption of carotenoi dsfrom foods; impact of Vitamin C on phagocytefunctionin
aging; and the study of how dietary lipidsinfluence adi pocyte growth and devel opment of obesity. Human
health isbeing aided by studiesfocusing on early disease detection (new coronary heart disease risk
assessment method); mechani sm comparison between animal and human infections; pathogenesi sof
salmonella; and vaccinedevel opment using computer assi sted el ectron mi croscopy tomography.
Agricultural economicsarebeing examined by better understanding consumer preferencerelativetoreal
and perceived health benefits. Hazard reductions are being realized by devel opment of textile materialsfor
environmental compatibility; by studyingtheeffectsof DNA methylationonmammalianlimbdevel opment;
and by devel opment of insect specific target systemsfor infestation control.

Seventeen projects make up Area 8, Human Nutrition and Human Health. Represented within those

projects are research efforts from 10 academic departments. Contributing to thisareaistheincreasing
evidencethat flavonoidsplay aroleindisease preventionand possi bly health promotion. Theflavonoids
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areadiverse group of plant secondary metabolites and constitute one of thelargest groups of naturally
occurring phenols. Potential health effectsincludeanticarcinogenic, anti-inflammatory, anti-allergenic, anti-
thrombic, aswell asanti-hypertensi on, anti-arrhythmic, anti-oxidant and hypochol esterolemic. Effortsare
focused onunderstandinginteractionsof flavonoidswith nutrient antioxidants, invitroandinvivo.

Relativelevelsof plasmalLDL, VLDL, and HDL in blood can now be determined using Nuclear Magnetic
Resonance Spectroscopy. Thistechnology also classifiesthelipid vesicleaccordingtosize. Risk factors
have been shownto berelated to vesiclesize. Thisdevel oping technol ogy may revol utionize the process of
blood analysisand diseaserisk determination. A technol ogy for producing vaccinesagai nst membrane
containing viruses which are vectored by insects has been devel oped. Thistechnology will work for any
membrane contai ning viruswhich canreplicate or be madetoreplicateininsect cells. Thistechnology will
be exploited to produce vaccines against avariety of human and animal pathogens.

Thebioavailability and absorption of carotenoidsfrom foodsare being examined. In additionto thewell
established role of B-carotene as a precursor of vitamin A, anumber of the carotenoids present in the
human di et possessanti oxi dant and anti carcinogeni c activities. Moreover, they appear to enhance
immunocompetenceand cell-cell communi cationby vitamin A -independent mechanisms. Littleinformation
isavailable about theinfluences of food processing and other components of the diet on the rel ease of
these heal th-promoting compoundsfrom thefood matrix and the subsequent absorption, metabolism and
molecul ar functionsof the pigmentsand their metabolites. M odel systemsbeing employed assesschemical
modifications. Model systemsassesschemical modificationsof carotenoi dsduring thedigestion process,
intestinal cell metabolism of carotenoids, andthebioavailability of carotenoidsfromdiversefoods.

Two projects arerelated to the epidemic of obesity inthe U.S. Thefirst isdirected towards evaluating the
possi bleimpact of weight reduction during lactation on maternal health andinfant growth. Failuretolose
weight gained during pregnancy withinthefirst year after delivering achild representsamajor risk for
obesity. Breast-feeding mothers have been discouraged from attempting to |ose gained weight for fear that
thegrowth and devel opment of theinfant would bejeopardized. Resultsfrom thisimportant study clearly
show that controlled maternal weight loss (about 1 pound per week) by reducing energy intake and
increasing physical activity has no adverse effect on the growth and general health of the breast-feeding
infant. Fromamore basic perspective, relatively littleisknown about the dietary influenceson the
development and maturation of fat cells. The effects of various types of dietary fats on the process of
adipogenesisof precursor human and mousecellsisbeinginvestigated.

Economic studies suggest that organically grown fruitsand vegetables could be anew growth industry
withinthesoutheast. Consumption habitsand food choicesasdriven by health promotion, perceived or
real, areleadingto agricultural economicgrowth. Economicand sociol ogical model sarebeing examined
for numerouscommaodities.

Internal and External Linkages

Multi-I nstitutiond:
The Institute of Nutrition (ECU, NC A& T, NCSU, UNC-CH, and UNC-G)
Food Safety Science Continuum (proposed) (NCSU, UNC, and NC A&T)

Multi-Disciplinary, Multi- Subject:
Food Saf ety Science Continuum (proposed)
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Pre- and Post-Harvest Food Saf ety

Food Safety Training - Foodservicelndustry

Microbial Adaptation

Rapid and Improved Detection M ethodsand Biosensors
Molecular Epidemiology

QuantitativeMicrobial Risk Assessmentand Analysis
Consumer Education

Target Audiences

Human nutritionand human healthresearchisintended ultimately for all citizens. Thestakeholdersinclude
theuniversity research community, the North CarolinaCooperative Extension Service (stateand county
programs), stateand private medical well-being programs, North CarolinaDepartment of Agriculture,
North CarolinaDepartment of Community Health, North CarolinaDepartment of Environmental Heal th-
Public Health Pest Management, and The North Carolina Department of Health and Human Services.

Program Duration
Long-term, 5 years.

Allocated Resources
Following areexpenditureand commitment datafor 1997-1998. Similar expendituresand personnel
commitment are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $93,397
USDA-CGCA Funds 0

Other Federal Funds $91,647
StateAppropriation $964,000
Non-Federal Funds $182,514
Totd $1,331,514

PERSONNEL COMMITMENT

Scientist Y ears 7.64
Professional Y ears 5.16
Technician Years 401
Clerical Years 0.96
Tota 17.77

Human nutritionand human heal thincludesprojectsinfood choi ces, habitsand consumption, preventing
transmission of animal diseases and parasitesto man, avariety of human nutrition projects, and afocuson
hazard reduction for health and safety. Asapercent of total funds, food choi ces, habitsand consumption
research receives 7.68 percent; preventing animal disease transmission and parasitesin man research
account for 28.04 percent funding; while human nutrition research receivesthelargest share at 56.81
percent and reducing hazards to health and safety the smallest at 7.47 percent. The proposed Food Safety
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Science Continuumwill requirecorefaculty time, internships, tuition remission, waiver of portion of
indirect costs and dedicated facilities.
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National Goal 4:
AnAgricultural SystemWhich
Protects Natural Resources
and the Environment

ProgramArea9:
Soil, Water and Air Quality
Conservationand M anagement

Satement of Issue

Food security problems(famine, malnutrition, etc.) occur inregionswith high popul ation growth ratesand
withfarming methodsthat areinefficient and unproductive. Incontrast, devel oped countriesutilizing
contemporary agricultural technol ogiesareself-sufficientinfood productionand providethemajority of
food exports. Astheworld popul ationincreasestoward aprojected 12 billionin 2050, our continued ability
to produce sufficient food and fiber dependson progressiveincreasesin crop productivity per unitland
area. Under increasing production pressure, conservation of our limited natural resourcesand protection of
thequality of our environment can only occur with continued advancesin and adoption of agricultural
technologies. Therefore, protecting the environment and the quantity and quality of our natural resourcesis
essential for meeting future demandsfor food and fiber and insuring world food security.

North Carolina snatural resourcesand climate enable diverse and productive agri culture and forestry
systems; however, current and projected urban and suburban growth places considerable pressure on
natural resourcesand theenvironment. Therefore, sustaining and/or increasing agricultural andforestry
production must occur on adeclining land resource base. | naddition, the public expectsthat agricultural
andforestry enterprisesmai ntai n environmental quality and adopt new productiontechnol ogiesand/or
environment protection practicesto enhance degraded soil, water, or air resources. Therefore, it is
essential that agricultural technol ogiesbe devel oped that can enhanceagricultural productivity and
profitability, whilemaintaining thequality of our soil, water, and air resources. North CarolinaState
University and the College of Agricultureand Life Sciencesareresponsibleto the public for development
of appropriate, cost-effectivetechnol ogiesand assist stakehol dersto understand and adopt technol ogies
appropriatefor insuringenvironmental quality and natural resourceprotection.

Performance Goal

Theprimary goal of thisresearch programisto enhance our understanding of the physical, biological and
chemical processesandinteractionsinfluencing agricultural andforest ecosystem productivity. The
interdisciplinary research projectswill advance knowledge of natural processesto enable development of
productionmanagement and environmental protectiontechnologiesthatwill:

1. enhanceproductivity;

2.improveinput efficiency;

3. conserve natural resources; and

4. improveand protect environmental quality.

Key Program Components
The program arearepresentsinteractions between diverse ecosystems (agriculture, forestry, coastal
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zone), issues(productivity, profitability, resourceconservation, environmental quality) and clientele
(producers, urban/suburban public, recreation, consumers, etc.). The primary research focuswill be on soil
andwater quality and management, nutrient and waste management, and air quality. Thefollowinglist
identifiesresearch programscurrently being conducted and/or planned for the next fiveyears.

» Soil and water quality and management:
Soil erosionand sedimentati on processesand prevention
Soil productivity and management
Soil resource characterization and assessment
Surface and drainage water conservation and management
I rrigation water management and systemsengineering
Watershed and estuary protection and management
Water quality assessment and monitoring
Wetland andriparian zonecharacterization, protection, and management
Water and solutetransport and i nteractionswith soil
Groundwater and surface water quality assessment and protection
Alternativelanduses

» Nutrient and waste management:
Nutrient, soil, water, and plantinteractions
Nutrient cyclingandmodeling
Animal, municipal, andindustrial wasteutilizationand management
Added valuewaste product devel opment
Septic waste management
Fertilizer useefficiency and management
Precisionagriculture
Economic assessment of alternative nutrient and waste uses and management practices

» AirQuality:
Airquality assessment and monitoring
Soil, plant, atmospheremodeling for nitrogen, sulfur, carbonand other constituents
Soail, nutrient, and waste management to contami nants
Waste management systems to reduce odor
Ecosystem assessment and impacts

Projectsinvolving soil and water quality and management will compriseapproximately 50 percent of the
personnel and operating resources. Approximately 40 percent of resourceswill beallocated to nutrient and
wastemanagement projects. Projectsinvolving air quality will constitute atotal of 10 percent of resources.

Thesebroadly defined projectswill resultin devel opment of natural resourceand environmental
management technol ogiesthat satisfy the performance goals and meet the technol ogical needsof the
target audiences. New technologiesin soil, water, nutrient, and waste management will protect surface
and ground water resources from contaminantsrel ated to input usein agriculture and forest production.
Soil, water andair quality monitoring proj ectswill assessimpacts of current and emerging technologieson
reducing contaminant |oadingintheenvironment. Thesemonitoring projectsexistintraditional cropping
systems and well anin managed turf systems, forestry, and coastal zone ecosystems. These datawill
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guantitatively document theimpactsof sel ected technol ogiesand best management practiceson soil,

water, and air quality. Cooperationtechnol ogy transfer projectswith North CarolinaState University
CooperativeExtensionfaculty will document the extent of adoption of best management practices by
producers, deal ers, consul tantsand other agricultural and environmental professionals.

Internal and External Linkages
Thefaculty inthe Collegeof Agricultural and Life Sciencesconduct interdisciplinary researchin each
program area (see” Allocated Resources’). Faculty conduct cooperative research with scientistsin most
departmentsinthe Collegeof Agricultural and Life Sciences:

Agricultural Resource Economics Animal Science

Biochemistry Biologica and Agricultura Engineering
Botany Crop Science

Entomology Horticulture

Plant Pathology Poultry Science

Soil Science Statistics

Toxicology Zoology

Inaddition, Collegeof Agricultureand Life Sciencesfaculty cooperatewith faculty inthe:
Collegeof Forest Resources
Collegeof Physical and Mathematical Sciences
Collegeof Engineering

The success of current and future projectsdependsoninterdisciplinary cooperationwith scientistsat
universitiesthroughout North Carolinaand many other states. They include:

North CarolinaA & T State University
University of North Carolina(Chapel Hill)
University of North Carolina(Charlotte)
University of Georgia
VirginiaPolytechniclnstituteand StateUniversity

DukeUniversity

University of North Carolina(Wilmington)
University of North Carolina(Asheville)
Kansas State University

University of California-Davis

ClemsonUniversity
University of Tennessee(Knoxville)
lowaState University

University of SouthCarolina
University of Florida(Gainesville)
University of Missouri

Michigan StateUniversity Ohio StateUniversity
PurdueUniversity University of lllinois
Mississippi StateUniversity PennsylvaniaStateUniversity

Many scientistsand other professionalsinindustry and with state and federal agencies provide essential
cooperationwithNorth CarolinaState University scientists. They include:
North Carolina Department of Environment and Natural Resources
Divisionof Water Quality
Divisionof Air Quality
Divisionof Soil and Water
North CarolinaAgricultural Statistics
North Carolina Department of Agriculture and Consumer Services
USDA-ARS USDA-EPA
USDA-APHIS NASA
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USGS NRCS

DOE DOD

Brookhaven Laboratories United SoybeanBoard

U.S. Golf Association TheFertilizer Institute

National Wheat Growers Association Potash Corporation of Saskatchewan
Southern States Cooperative FarmlandIndustries

DuPont Monsanto

Novartis AgChemEquipment Co.

John Deere Inc. North CarolinaPork Council

Open Grounds farm Perdue Farms

North Carolina Plant Food Association CottonIncorporated

North Carolina Cotton Growers North CarolinaPeanut Growers

North CarolinaCorn Growers North CarolinaSoybean Growers
North CarolinaWheat Growers North Carolina Sweet Potato Growers
North CarolinaTomato Growers North CarolinaChristmas Tree Growers

North Carolina Turfgrass Council

Target Audiences

Natural resource and environmental protection benefitsall citizensof North Carolina. Thedirect usersof
research and technol ogy devel opment arethe producers, deal ers, consultants, and other agricultural and
environmental professionals. Personnel instateand federal regulatory agenciesand legislatorsalso are
important target audiences. The publicdemandshigh-quality water and air resources, thusagricultural and
forestry production practicesmust protect environmental quality. Thepublictrustsour ability to protect the
environment andto providequality food andfiber. Therefore, weshoul d continually communicate our
progresstoward these goals.

Program Duration
Long-term, 5 years

Allocated Resources
Interdisciplinary soil, water, andair quality conservation and management research programsinvolve
faculty fromfour colleges (Agricultureand Life Sciences; Engineering; Forest Resources; and Physical
and Mathematical Sciences). Inthe College of Agricultureand Life Sciences, nearly 60 faculty in 14
departmentsareinvolvedinnearly 150 projectsin 11 categoriesincluding:

» appraisal of soil resources;

» soil, plant, water, nutrient rel ationships;

» management of salineand sodic soils;

» aternative usesof land;

» conservation and efficient use of water;

» efficientdrainageandirrigation systems;

» watershed protection and management;

» economic and legal problemsin water and watershed management;

» adaptation to weather and weather modification;

» remote sensing; and

» alleviation of soil, water, and air pollution and disposal of wastes.
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Following areexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitment are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $1,156,241
USDA-CGCA Funds $131,693
Other Federal Funds $1,093,094
State Appropriation $5,908,681
Non-Federal Funds $2,194,942
Totd $10,484,651

PERSONNEL COMMITMENT

Scientist Y ears 2458
Professional Y ears 29.83
Technician Y ears 53.36
Clerical Years 15.62
Totd 123.39
ProgramAreal0:

Forest, Pasture, WildlifeandFish
ResourceConservationManagement

Satement of Issue

Conservation and management of forests, wildlifeand aquatic resources require an understanding of the
structure and function of the ecosystemswhich they comprise. Thisknowledgeisespecially importantin
theintensively managed agricultural and suburban landscapesof North Carolinaashumaninfluencesare
pervasive. Of special note are the interfaces between terrestrial and marine environments and the steep
andfragileforested ecosystems of the western mountains. Research on the biology and ecology of plant
and animal communitiesprovidethebasi sfor devel oping conservation policiesand management practices
for these resources. For forest and plant communities fundamental i nformati on needsincludeassessment
of soil and water properties, production potential of plantsand environmental factorsthat control or limit
production. For animal communitiesinformational needsincludepopul ationbiology, interactionswithother
animals, andtheroleof habitatin controlling or limiting thesuccessof popul ationsand communities. Such
information on the biology and ecology of forest, wildlife and aquati c species servesasthebasisfor
formulating policiesand practicesfor their management.

Performance Goals
1. Tounderstandrel ationshi psbetween soil fertility and plant communities.

2. Toidentify biological and physio-chemical factorsthat influence establishment and
growth of trees.
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3. Todescribephysiological mechanismscontrolling reproductivebiol ogy of fish.

4. Todevelopimproved understanding of the habitat factorstheinfluencethereproduction
andsurvival of terrestrial wildlife.

5. Toidentify environmental factorsthat i nfluencethereproduction, recruitmentand
survival of fish.

Key Program Components

Thisprogram areainvolves 27 projectsin 8 departments. Projectsencompasswork onidentifying
biological and physio-chemical factorsthat i nfluencethereproduction, devel opment, growthand survival of
plants and animalsand el aborating the mechanisms by which thesefactorsdo so. Thefollowing summary
of general themes characterizesthe projects.

Assessing Forest Resources: 3 projectsin 2 departments are characterizing soil fertility and disease
organismsinforestsand el ucidating their rel ationshi psto plants.

Biology and Culture of Forestsand Timber-Related Crops: 5 projectsin 2 departments aredevel oping
further understanding of biological propertiesthat arelikely involvedin controlling thesuccessof
propagation and cultureof horticultural trees. Theseinclude studiesof entomopathogens, soil arthropods,
andimproved propagationand cultural practices.

WildlifeStudies: 9 projectsin 3departmentsarestudying environmental influencesonthebiology and
dynamicsof terrestrial populations. Especially noteworthy are4 projectsdealing withthe conservation
biology of threatened or endangered species, particul arly theinfluence of habitat uponthereproduction,
growth and survival of these species.

Fisheriesstudies: 11 projectsin 2 departments are studying the effects of environmental influencesonthe
reproduction, recruitment and survival of fish speciesthat arecommercially or recreationally important.
Studiesinclude evaluation of habitat in freshwater reservoirs, assessment of spawning habitat for
anadromousfish, and studiesof esturarinefactorsaffecting recruitment of juvenile marine speciesinto the
fisheries.

Outputindicators:

These performance goasgenerally involve fundamental research on typical ecosystems. Asa
consequence, theoutput indicatorsare principal ly the dissemination of thisinformation anditsuseby other
scientists. I ndicatorsincludethedisseminati on of knowl edgeto scientific colleagues, postgraduateand
graduate students, undergraduate students and K -12 teachers through peer-reviewed publications,
technical publications, seminars, presentationsat sci entific conferences, classroominstruction, student
laboratory training, teacher workshops, and web accessto publications. Other audiencesare natural
resource managers and policy makers.

Internal and External Linkages

Thisprogram areaincludesfaculty from eight departmentsin the College of Agricultureand Life Sciences
(Agricultural and Resource Economics, Botany, Entomol ogy, Horticulture, Plant Pathol ogy, Statistics,
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Toxicology and Zoology). Many projectsareinterdisciplinary andinvolvefaculty fromdifferent
departmentsor institutions. Faculty work freely across departmental and collegelines. The Department of
Zoology ishost tothe USGS Cooperative Fisheriesand Wildlife Cooperative Research Unit, which
facilitatesinterdisciplinary researchamong several departments and collegesat NC State.

External linkagesincludefaculty fromanumber of universitiesincludingtheUniversity of North Carolina
at Chapel Hill and at Wilmington, Eastern CarolinaUniversity and Duke University. TheNational Marine
Fisheries Service Laboratory in Beaufort, theN.C. Division of Marine Fisheriesand the N.C. Wildlife
Commission are partnersin severa projects. The presence of the USGS Unit in the Department of
Zoology facilitatespartnershipswith several federal agencies, especially onissuesof conservationbiol ogy
andfisheriesmanagement.

Target Audiences
Thenational and international community of scientific researchersand teachersisthe principal target
audience. Other audiencesinclude natural resource managersand policy makers.

Program Duration
Long-term, 5-plusyears

Allocated Resources
Following areexpendituresand commitment datafor 1997-98. Similar expendituresand personnel
commitment are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $206,344
USDA-CGCA Funds $11,121
Other Federal Funds $1,127,393
StateAppropriations $1,288810
Non-Federal Funds $413,159
Totd $3,046,827

PERSONNEL COMMITMENT

Scientist Y ears 7.61
Professional Y ears 1345
Technician Y ears 10.48
Clerical Years 152
Totd 33.06
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National Goal 5:
Enhanced Economic Opportunity
and Quality of Lifefor Americans

ProgramAreall:
ImprovedQuality of Life

Satement of Issue

The green industry locally, regionally and national ly hasexperienced phenomenal growthinrecentyears.
Commercial flower production; ornamental nurseries; landscape design and maintenance; and turf
production and mai ntenance constitutethe major enterprisesinthe green industry. Thisisasegment of
agriculture that has recorded double digit growth over the past 10 years. There are many issuesthat these
industriesface, from environmental to production problems. To providethe service and the aestheticsthat
the general public expect from thisindustry, research efforts must be undertaken to sol ve environmental
and production problemsaswell providetheindustry and ultimately the publicwithamorediverse
selection of plantsfor thelandscape. During periodsof economicprosperity inthecountry,individualsand
corporationsinvest moreinenhancingtheir living environment and spend moreon outdoor recreational
activitiessuch asgolf and gardening. Thistranslatesinto more demand for products and servicesfrom the
greenindustry.

Because many golf coursesarein critical drainage systemsand near wetlands, fertilizer residues cannot
be allowed to run off into the streamsand rivers. If regulations go into effect preventing chemical useon
turf, golf courses could be shut down and the quality of lifefor many people decreased. However, we do
not know if thereisaproblem if good management practices are used. Studies need to beimplemented to
better understand nitrogen application anditsfatein recycling on golf turf as opposed to runoff in surface
or underground water so lawmakers can have datato make good policy decisions.

Insectsand related arthropods directly impact quality of life asvectors of major diseases of humans, their
petsand domesticlivestock and poultry. They further serve as serious peststhrough direct feeding on
humansand animals. Finally, they serveasindirect peststhrough their nuisancevalueand by destroying
thebuildingswelivein. Each of these aspectsresultsin seriouseconomic losses to our state and the
nation aswell asreducingthequality of lifeenjoyed by literally every citizen.

Performance Goals

1. Devel opimproved production management systemsfor ornamental andfloricultural
crops and turfgrass.

2. Develop and introduce superior landscape plantsto enhancerural and urban
environments.

3. Develop methodsfor mitigating impacts of insects and rel ated arthropods as vectors of

human and animal diseases, asdirect pests of humans and their domestic animalsand
livestock, and aspestsof humanhabitationsandinstitutional buildings.
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Key Program Components

NCARS program area 11 involves 31 different projectsin six departments. These projects have been
grouped into three categoriesasoutlined under performance goals.

Performance Goal 1.

A total of 25 projectsare underway in this category with six intheturf areaand 19 in ornamental s/turf. In
the turf arearesearch that will be conducted includes weed and disease management; breeding and
genetics, and fertility and water management. Ornamental s and flori culture research to be pursued
includespest (weeds, insectsand di seases) management; hydrology of horticultural substratesand urban
soils; improved propagation proceduresfor sel ected ornamental species; production, culture, and
physiology of landscapeplants; fertility and nutrient management infloral and ornamental crops; breeding
and geneticsof ornamental s, taxonomy of ornamental plants; and devel opment of environmentally
compatiblenursery production practices.

Performance Goal 2.

Thisgoal involvestheidentification of superior landscape plantsfor the Southern U.S. Tworelated
projectswill beinvolvedinthiscategory. Thefirst project to be pursued isevaluation of plantsfor
landscape use in the southeastern U.S. which essentially covers one of the missions of the J.C. Raulston
Arboretum (JCRA). Thiswill involve plant expl oration and exchange, on site eval uation at the JCRA and
satellitesites; andintroduction of superior performing plant material to the nursery industry through aplant
introduction program. The other project will addressthe eval uation of varioustree speciesfor performance
in all the geographic areas of NC for performance and such attributes as suitability under utility lines.

Performance Goal 3.

Therewill befour different projectsassociated with thisgoal. Thisisagoal that isclassified under the
heading of control of insect pestsof man and hisbelongings. Researchinthisareawill includebiology,
physiology, and management of wood destroying and urban insect pests; insect-specific target systemsfor
thedevel opment of novel tool sfor cockroach control; biology and control of nuisancevector arthropodsin
North Carolina; and potential vectorsof dirofilariaimmitisinNorth Carolina.

Output Indicators:
These performance goalsinvolveresearch with direct application to the commercial producer with
ultimatebenefitstotheconsuminggeneral public. Anticipated outcomeindicatorsinclude:

» adoption of moreefficient production practicesfor ornamental andfloricultural crops;

» application of sustai nableproduction techniquesfor ornamental and turf productionthat
result in reduced risk of off site movement of nutrientsand pesticides;

» use of improved ornamental and turf varietiesthat have multiple diseaseresistance,
insect resistanceandimproved quality characteristics;

» use of ornamental and turf varieties adapted to awide range of environmental
conditionsandphysiol ogical stresses,

» use of nonchemical methods of pest control and/or reduced pesticide use through
application of IPM strategies; and
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» devel opment of effective methodsfor controlling insectspestsof peopleandtheir
belongings.
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Internal and External Linkages

Internal linkagesexist with several CAL Sdepartmentsin thisprogram area. Major playersinthis program
includefaculty fromtheHorticultural Science, Entomol ogy and Plant Pathol ogy departmentswho
cooperatewithfaculty from Soil Science, Statistics, Poultry Science, Animal Science, Botany, and
Genetics. Multi-state collaboration existsinmany of theprogramsbothformally through SRIEG
agreementsand M emorandums of Understanding and informally between individual faculty at anumber of
land grantsin the southeast and other regions of the country. Cooperative efforts al so exist with such
commodity groups as the N.C. Association of Nurserymen and the N.C. Landscape Association in terms
of plantintroduction programs. Additionally, anumber of the projectshavedirect andindirect international
collaborationsbothwithindividual countriesandinternational centersin Central and South America,
Europe, Africaand Asia. Both theinternal and external linkages greatly enhance research effortswithin
thisprogram area.

Target Audiences

Producersof ornamental and floricultural cropsand turfgrass managers and pest control operatorsin
North Carolinaarethe primary stakeholdersor clientele of thisprogram area. However, the ultimate
beneficiary of these effortsisthe public at large asresults of this research touch the lives of almost every
citizenof the state with regard to quality of life. Although effortsaretargeted for North Carolina, results
of theresearch often haveregional, national andinternational implications.

Program Duration
Long-Term, 5-plusyears

Allocated Resources
Followingareexpenditureand commitment datafor 1997-98. No major shifts appeared to be warranted.
However, inview of the growth in the turfgrassindustry some additional resources may be warranted.

EXPENDITURES

Source Amount
CSREESFunds $344,183
USDA-CGCA Funds 0

Other Federal Funds $124,804
StateAppropriations $2,147,253
Non-Federal Funds $508,762
Totd $3,125,002

PERSONNEL COMMITMENT

Scientist Years 8.60
Professional Y ears 7.25
Technician Years 13.64
Clerical Years 7.79
Totd 37.28
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ProgramAreal2:
Individua, Family and Community
EconomicDevel opment

Satement of Issue

Thewell-being of rural people and areasin North Carolinaremainsuncertain. Restructuring of jobsand
industries, changesin the age, gender, andracial/ethniccompositionof local popul ations, thedevol ution of
government programs, and changesin how land and other natural resources are used and by whom all
affect rural people and communitiesin North Carolina. Despite growthinthehigh-tech urban areas, rural
North Carolinalags behind. Poverty persists, and its effects are exacerbated by shrinking budgetsfor
public goods and services at the same time that demand grows. Rising awareness of the environmental
consequences of new technol ogiesincreasesdemandson rural localitiesfor social, economicand
environmental impact assessment. Thedistinct needsof growing and culturally diversepopulationsin
North Carolina, including theelderly, will create challengesaswell asopportunities. At the sametime,
thereisagrowing commitment to enhancethequality of lifeand economicviability of rural familiesand
communities. Thesetrends and changes have aprofound impact on rural community structureand

organi zation, oncommunity sustainability, and on quality of life.

Continuinglong-term trends, our rural areaslag urban areasin levels of earnings and income, have lower
high school graduationrates, exhibit morepoverty, havehigher ratesof infant mortality, unemployment and
stressand, in some cases, the gap may be widening. Most population growth within the stateisin urban
areas. Withinrural areas, disproportionatesharesof minoritiesremaineconomically disadvantaged,
although somesignsof i mproving soci oeconomic conditionsare beginning to appear. According to most
indicators, economic disadvantageisespecially pronouncedinrural areaswith large concentrationsof
minority population.

Increasingly, local affairsareinfluenced by state, national, and global circumstancesand policies. Cyclical
changesin the economy at the state, national and global |evels creates uncertainty asto whether local
efforts can respond to change. At the same time, long-term economic trendswhich encourage
consolidationandintegration of industries have effected rural North Carolina. Maintaining an effective
international competitivepositionfor food and fiber producedinthestate, especially asnew policiesand
decisionsoninternational tradeemerge, isbecoming moredifficult. Technological advancesin
communicationand transportation havemaderural communitiesmoresusceptibleto national and global
changes. And thisisfurther exacerbated by an increasingly complex web of state, national, and
international lawsandregul ationsthat affect local businesses and communities.

Recent declinesinrates of employment and population growth point to apossibleslowdowninthe
favorableeconomic conditionsprevailinginrural areasof North Carolinaduring much of thecurrent
decade. Employment growth in rural areas has dropped below the rate for urban areasin recent years.
Further, thisdecreasein rural employment growth extendsacrossthe state, signaling the continuing shiftin
economic activity toward our urban areas. However, fallingunemploymentlevels, growing per capita
incomes, and rising weekly earningsfor rural workersin North Carolinaindicate the continuation of a
positiveeconomicclimate. Neverthel ess, challengesremain considerablein many rural counties, cities, and
towns of the state. Economic shifts are forcing many manufacturing firmsto close or depart for overseas
locations. Those personswithout apost-high school education, or lackingrelevantjobtraining, arefindingit
moredifficulttofindjobspaying decent wages. And, larger numbers of employers are seeking workers
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withproblem-solvingandtechnol ogy-related skills. Much greater attention will need to begiventhe
workforcesof rural areasand to devise strategiesthat will position themto befull partnersinaglobal,
complex economy. Rural workersneedimproved understanding of their employment optionsandtheir
trainingandeducationopportunities.
Performance Goals

1. Improvedomesticandinternational market potential .

2. Develop new strategiesfor rural development.

3. Advanceunderstanding of factorsthat improveindividual , family, and community
economicandsocid viability.

4. Becomearesourcefor social, economic, and environmental impact analysis.
Key program components
Research projectswill focuson:
» strategiesindividuals, families, farmsand communitiesusetorespondtoglobal rural
restructuring;
» improved methods to measurereal consumer prices, wages and business cycles;
» factors contributing to racial earningsinequalities,
» agricultural policy related to quotas, price supportsand marketing boards;

» demographic and socioeconomicfactorsrelated to rural economic devel opment;

» factorsthat influence youth devel opment and career aspirations, agricultural injury and
substance abuse; and

» changesinthe organization of local labor markets.

Outputindicators:
» Greater understanding of theimpact of family interaction patterns, information
acquisition, and resourcemanagement practicesonindividual andfamily economicsocial
viability.

» Strategiesfor economicdiversification, entrepreneurship, andjobcreation.

» Enhanced understanding of thefactorsthat influencethe state’ scompetitivenesswithin
traditional and emerging markets.

» Increased awareness of employment requirements and opportunitiesand education and
trainingpossibilities.
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» Methodol ogiesfor social, economicand environmental impacts.
Outcomeindicators:
» Increased trade and sustained farm income (or favorable changesin farm income and
well-being).
» Economicallyimproved communities.
» Increasesineconomic, human, environmental social capital.
» Increased youth and service agenciesparticipationin career development programs.
Internal and External Linkages
Multi-State:
Regional Rural Restructuring Project S-276 (NC, AL, GA, IA,KY, LA, MI, OH, SC, TX, WI, Puerto
Rico)

Regiona Commodities, Consumersand CommunitiesProject NE-185 (NC, KS, MI, MD, WV, WI, CA,
NJ, MO, IA, WA, NY, PA and NGOs)

Regional Rural Labor Markets Project S-259 (NC, OH, LA, MD, AL, IA, Puerto Rico SC, MI, KS, WV,
AR, TN, MS, GA, USDA-ERS, non-profits and other NGOs)

Regional Rural EconomicDevelopment Project NE-162 (NC, AZ, CA, DE, GA, IN, KY, MI, MO, NV,
NH, NY, OH, OR, PA, SC, UT, TX, VA, WA, WI, WY)

Multi-Indtitutiond:
NCA&T State University University of North Carolina-Chapel Hill
BrighamY oungUniversity East CarolinaUniversity
SouthernRural Devel opment Center SaintLouisUniversity
WinthropUniversity National CatholicRural LifeConference
CAFF [llinoisStewardshipAlliance
AppleSchram Orchard SustainableFood Center
Food for Lane County Appalachian SustainableDevel opment
Rural Development Center SeaChange
Levy Economicsinstitute Just Food
Minnesotal nstitutefor SustainableAgriculture  SLUG
MinnesotaFood Association NESAWG
Hartford Food System

NC State Occupational Information Coordinating Committee
N.C. Department of Public Instruction

Duplinand BurkeCounty Schools

Boys andGirls Clubs

Multi-disciplinary:
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Demography, sociology, agricultural economics

Target Audiences

Local and state policy-makers, citizens of the state, state agencies, Cooperative Extension Service
(especially rural economicdevel opment specialists, and family and consumer sciencespecialists), 4-H and
voluntary youthworkers, churchyouth directors, sociol ogi sts, economists, demographersand other
university scholars.

Program Duration
Long-term, 5 years

Allocated Resources
Following areexpenditureand commitment datafor 1997-98. Similar expendituresand personnel
commitment are expected over the next five years.

EXPENDITURES

Source Amount
CSREESFunds $125,267
USDA-CGCA Funds $23,052
Other Federal Funds $42,788
State Appropriation $573941
Non-Federal Funds $136,460
Tota $901,508

PERSONNEL COMMITMENT

Scientist Y ears 2.89
Professional Y ears 4.29
Technician Y ears 0.86
Clerical Years 4.14
Totd 12.18
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II. RESEARCH STAKEHOLDER INPUT PROCESS

TheNorth CarolinaAgricultural Research Service (NCARS) iscommitted to seeking, receiving and
utilizinginputfromall stakehol der groups, i ncluding under represented groupsandthegeneral public. A
significant portion of theinput fromindividual sthroughout the state comesfrom interactionsof research
scientistswith county-based extension personnel and directly with producers, industry and other
agribusinessrepresentatives. Approximately 100 of the 350 research faculty also have extension
appointments. These faculty arethe primary day-to-day communicationlink between agribusi ness, county
extension officesand NCARS. Because their research and extension activities are directed toward the
devel opment-i mpl ementati on phase of new knowledgeand technol ogy, they areconstantly relatingindustry
needs and suggestionsto other researchers whose emphasisismorein thediscovery phase. Inaddition,
thesefaculty interact with county extension personnel in suchaway that input fromindividual consumers
isal so effectively communicated to NCARSadministrationandfaculty.

Stakeholderinput utilizedin determining research programdirectionsisal so received through numerous
formal advisory groups. NCARSinteractswith 90 official commodity and agricultural industry associations
fromwithin North Carolina. An NCARS representative attends at | east one and sometimes more meetings
or conferences of these associations each year. During these meetings opinions and facts related to the
needsand concernsof that industry sector are obtained through both formal presentationsand informal
conversationswithattendees. The NCARS representative is alwaysintroduced early in the meetings so
that any individual there can contact them and discuss whatever issuesthey desire.

Of the 90 state agricultural industry associations, 24 providefunding to variousresearch projectsannualy,
usually on acompetitive basis. In these cases, an NCARS representative sits with the association’ sboard
of directorsat |east twice per year; first, to determine high priority research areas to be used in the request
for proposals and second, to assist the board in deciding which proposalsto fund. Thisisthe most targeted
type of stakeholder input, having adirect effect on research activitieswithin NCARS.

Many of the departmentswithin the College of Agricultureand Life Sciences haveformal advisory groups
with stakeholder membersthat meet on aregular basisto provideinput and guidanceinto the department’s
research programs. There are 21 such advisory groups among the 18 research departments that meet at
least once per year, and their membership includesatotal of 238 stakeholdersfrom awide range of
agricultural interests. Inaddition, thereare currently fiveformal centerswithinthecollegewithindustry
advisory boards that meet at |east twice per year, adding another 55 stakeholdersprovidingNCARS
administratorsand scientistsinput and direction for research programs.

The college has two major foundations that support NCARS research each year, the Agriculture
Foundation and the Dairy Foundation. These foundationsfund research projectsand graduate studentson
acompetitive basis across awide range of areas. NCARS administration meets with the Research and
Extension Committeesof thesefoundations, approximately 70 membersfrom Agriculture Foundationand
20from Dairy Foundation, each fall to hear discussion on priority areasfor research activity in all aspects
of agricultural production and agribusiness. Theninlatewinter, these committeesmeet againto select and
approveresearch projectsfor funding, which providesanother opportunity for input on research priorities.

Finally, because the research faculty are also major stakeholders of NCARS, thereisa CALS Research
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Committee, which consistsof oneel ected representative from each department. The committee meets
monthly to discuss and make recommendationsto the NCARS director relativeto policy and resource
alocations.

Inthefutureto expand stakehol der input, NCARS s considering anumber of options. These are: establish
aresearch advisory committee of external stakeholders, possibly composed of subgroupsformed around
program areas; placing program areaactivity descriptionsonthelnternet and soliciting commentsfrom
key stakeholders and the general public; and becominginvolved withtheNC Cooperative Extension
Service' sadvisory groups, primarily tolistentoinput during their meetings. Therelative benefitsof these
and other optionswill be considered over the next year and decisions on implementation madeduring 2000.
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1. RESEARCH PEER AND MERIT REVIEW PROCESS
NCARS Research Project Review

A thorough scientific and merit review of each proposed new or revised research project should be made
at thedepartmental level prior to submissiontothe NCARS office. Thisdepartmental review should
consist of two parts: aninformal review (PI’ sresponsibility) and aformal review (Department Head' s

responsibility).
Informal Review

Theinformal review should be performed ontheinitiative of the Pl through interactionswith other faculty,
both within and outside of the department, and with various stakehol dersoutsidethe university. The
stakehol der input may comefromroutineinteractionswithindividual sor with groups at meetings,
conferences, field days, etc. Keep in mind that primary stakeholdersvary greatly between different
research projectswithinNCARS. PI’ sdevel oping projectswith aspecific commodity or industry
orientation (i.e., swinenutrition, cornbreeding, vegetabl e production, dairy foods) shouldinteract with
appropriate representatives of these groups. PI’ sdevel oping projects of abasic, discovery nature(i.e.,
geminivirusreplication, yeast proteasomes, RNA -proteininteractions) may consider other university
scientistsor industry researchersworkinginasimilar areatheir primary stakeholdersand therefore, should
consultwiththemfor thisinformal review.

Consultationwithfaculty and stakehol dersduring theinformal review phaseshouldincludeinquires
regarding both the scientific soundness of the proposed research and the relevance to the appropriate
stakeholder groups’ needs. Inthisformative stage, comments and suggestionsfrom other faculty and
stakeholders may be more productive and useful than thosereceived later through theformal review
process. All input should be considered and appropriate adjustments made as the research project outline
isdeveloped.

Formal Review

The Department Head must provide for aformal review of all proposed new and revised research project
outlines prior to submissionto NCARS. Thisreview must be done by at |east three faculty memberswith
general knowledge of the proposed research subject area. At least one of these reviewers must be from
outsidethe PI’ shome department. If the proposed research involves complex, unusual, and/or extensive
statistical procedures, the outline should al so bereviewed by thedepartmental statistical liaison. Each
reviewer should be asked to comment on the research being proposed from two perspectives. (1) the
scientific soundness of the hypothesis, objectivesand procedures described inthe outline; and (2) the
relevance, or merit, of the research based on the previous work and present status of current work
described in the outline and the reviewer’ s own knowledge of the needsin thisresearch area.

The Department Head' s office will send the draft outline to the selected reviewers asking for their
commentswithin aspecified time frame. The Department Head should request that the comments be
submitted both to his/her office (to beretained in the project’ sfile) and to the Pl. The Pl should then make
appropriaterevisionsand submit therevised outlineto their Department Head with an explanation
regardingany reviewer commentsthat are not addressed in the revision. The Department Head should
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confirm that commentswere appropriately addressed and make afinal determination on the relevance of
the proposed research. After Department Head approval and compl etion of the necessary CRIS Web
Forms, thefinal project outline should beforwardedin el ectronicformto NCARSfor processing.
Multistate Research Project Review

M ultistate research projectsoriginating in the Southern Regionthat NCARSfaculty are participatingin
receivemerit and peer reviewsaccording to guidelines established by the Southern A ssociation of
Agricultural Experiment Station Directors(SAAESD). Theseguidelinescan befound at thefollowing
URL : http://mwww.msstate.edu/org/saaesd/infobook/gui de/guide.htm Similar review processesexist for
multistateprojectsoriginatinginother regions.

Proposed multistate research projectsthat will not be processed through the SAAESD will receive merit
and peer review by the following tentative process. Final guidelineswill bedevel oped asexperienceis
gained by the partner institutionsinworking with multistate projectsunder AREERA. Project PI’ swill
submitawritten project proposal conformingtoanoutlineformat typical for theinstitutionsinvolved. At
thevery least, theproposal will containatitle, justification, review of key literature, objectives, procedures,
duration, personnel (with time commitmentsand funding arrangements (at least for thefirst year). The
institutionwiththehighest resource commitment to the project will takethelead in coordinating the
review. The processwill be an amalgamation of local peer review procedures. Upon mutual agreement,
the administrators of the project PI’ swill decide on the number of reviewers and thehomeinstitution of
thesereviewers. If amultistate project includes an extension component, then appropriate extension
reviewerswill beincludedinthereview panel. Multistate projects may run for up to five yearsand must
includean annual review of progresstowardsachieving objectives.
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IV.MULTISTATE, MULTIDISCIPLINARY RESEARCH ACTIVITIES

North Carolina Agricultural Research Serviceresearch faculty are active participantsin 22 Southern
RegionMulti-state Research Projectsand 14 additional Multi-state Research Projects administered in the
North Central, North East and Western Regions. The project numbers, titles, total expendituresand total
personnel effortsare showninthefollowingtable. Theexpenditure of $3.22 millioniswell over 25 percent
of North Carolina State University’ sHatch regular and Hatch M ultistate Research Fund allocations.
Detailsof these multistate projectsare on filewith the Cooperative State Research, Extension and
Education Service sPartnersoffice.

Inadditiontothese M ulti-state Research Projects, NCARS has formal agreementsin four other multistate
research collaborations. These arelisted below with abrief description of each.

» Peanut Variety and Quality Evaluation Project. A cooperative agreement isin place between
NCARSandtheVirginiaAgricultural Experiment Station (VAES) at VirginiaPolytechniclnstitute
and State University for thefield evaluation and joint release of Virginia-type peanuts. These
peanut sel ectionsare primarily bred by NCARS breeders, then evaluated in field trial smanaged

by VAES researchers. Selections are evaluated, selected and approved for release by an advisory
board composed of NCARS and VAES faculty and peanut growers and processors. NCARS
annually providesone-half of the fundsrequired to managethefieldtrials.

» Multistate Waste Management Consortium. A cooperative agreement isin place between NC
StateUniversity, lowaStateUniversity, Michigan StateUniversity, PurdueUniversity, University
of Missouri and Oklahoma State University to encourage collaborative projectsin animal waste
management. The members of thisconsortium each agreeto allocate at |east $75,000 annually to
competitively awarded research projects on animal waste management that arejointly submitted
by researchers from two or more of the member institutions. A panel of scientistsfromthesix
ingtitutions plusUSDA, EPA and animal agricultureindustry representativesreview and select
proposalsfor funding.

» Southeastern Small Fruit Center. A cooperative agreement isin place between NC State
University, University of Georgiaand Clemson University to devel op aweb-based means of
sharing and delivering research and extensioninformationtothetri-state area related to the
strawberry, blueberry, grape and brambleindustries. NC Stateis providing the center director and
assistant director (.20 SY and .20 TY); Clemson, the webmaster (1.0 TY); and Georgia, the web
server and additional support funds. The center will aso act asacoordinating body and
clearinghousefor research and extension activitiesand industry needsrelated to small fruit
productionand marketing.

» Tomato Variety Improvement. A cooperative agreement isin place between NC State
University and Clemson University for theimprovement of fresh and processing tomato varieties
for North Carolinaand South Carolinaproduction and marketing. An NC State breeder, stationed
at the Mountain Horticultural Crops Research and Extension Center in Fletcher, N.C., ispartially
supported by fundsallocated annually from Clemson University. Inexchange, histomato breeding
programincludesdevel oping varietieswith characteristicsspecifically favorableto South Carolina
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growersandfield tested in South Carolina.

NCARSMulti-State, M ulti-Disciplinary Projects(1998)
Total Expendituresand Commitments

Project Project Title Total Funds | Total
Number Effort
NC 136 | Improvement of Thermal Processesfor Foods $105,130| 1.60
NC 140 | Rootstock and Interstem Effects on Pome- and Stone-Fruit Trees $934| 0.00
NC 168 | Advanced Technologiesfor the GeneticImprovement of Poultry $151,845| 1.40
NC 205 | Ecology and Management of European Corn Borer and Other Stalk- $11516| 0.20
boring L epidoptera
NE 060 | Genetic Basesfor Resistance and Immunity to Avian Diseases $27524| 0.20
NE 103 | Postharvest Physiology of Fruits $9524 | 0.50
NE 123 | Functional Propertiesof Food Proteins $335,728| 5.10
NE 148 | Regulationof Nutrient Usein Food Producing Animals $24961| 0.10
NE 162 | Rural EconomicDevelopment: AlternativesintheNew Competitive $488| 0.00
Environment
NE 179 | Technology and Principlesfor Assessing and Retaining Postharvest $143080| 290
Quality of Fruitsand V egetables
NE 184 | Development of New Potato Clonesfor Environmental and Economic $27962| 0.30
Sustainability intheNortheast
NE 185 | Commodities, Consumersand Communities: Local Food Systemsina $32958| 0.18
GlobalizingEnvironment
S009 | Plant GeneticResourcesConservationandUtilization $19314| 0.20
S183 | Phenology, Population Dynamicsand Interference: aBasisfor $60,197 | 0.50
Understanding Weed Biol ogy and Ecology
S222 | FruitandV egetable Supply Chain Management, | nnovationsand $180,225| 4.10
Competitiveness
S233 | GeneticRelationshipsof Growthand Reproductionin DiversePoultry $68210| 3.00
Populations
S257 | Classifying Soilsfor Solute Transport asAffected by Soil Properties $184,851| 2.09

and L andscape Position

S259 | Rura Labor Marketsinthe Globa Economy $96,382 | 2.90
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Project Project Title Total Funds | Total
Number Effort
S261 | Interior Environment, Energy Usein Poultry and Livestock Facilities $290,770| 3.40
S262 | Diversity, Interactionsof Beneficial Bacteriaand Fungi inthe $79712| 160
Rhizosphere
S263 | Enhancing Food Safety Through Control of Foodborne Disease $11,200| 0.10
Agents
S265 | Development and|ntegrationof Entomopathogensinto Pest $142319| 370
Management Systems
S266 | Parameter Sensingand Control Systemsfor Drying Agricultural $155924| 1.80
Commodities
S267 | Biological Control of Selected Arthropod Pestsand Weeds $277,980| 4.00
S270 | Utilizing PotassiumBuffering Capacity toPredict CottonYield $1,175| 0.00

Responseto Potassium Fertilizer

S272 | Developmentof TextileMateria sfor Environmental Compatibility and $13278| 0.11

Human Health and Safety

S273 | DevelopmentandApplicationof ComprehensiveAgricultural $36,686 | 0.48
EcosystemsModels

S275 | Anima Manureand Waste Utilization, Treatment and Nuisance $4,907| 0.00
Avoidancefor aSustainableAgriculture

S276 | Rura Restructuring: Causesand Consequencesof Globalized $148,638| 2.40
Agricultural and Natural Resource Systems

S278 | Food Demand, Nutritionand Consumer Behavior $228283( 1.40

S280 | Minerdogical ControlsonColloid Dispersionand Solid- $3502| 0.30
phasespeci ation of Soil Contaminants

S282 | Managing Plant-parasitic Nematodesin Sustainable Agriculturewith $13887| 0.00
Emphasison Crop Resistance

S283 | Developand AssessPrecision Farming Technology anditsEconomic $86,010 | 0.00
and Environmental Impacts

S284 | Genetic Enhancement of Health and Survival for Dairy Cattle $11,726 | 0.00

W 168 | SeedBiology and Technology Investigations $77051| 0.20

W 186 | GeneticVariability inthe Cyst and Root-K not Nematodes $11,312| 0.10
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Project Project Title Total Funds | Total
Number Effort
Total $3,223,18 | 44.86
9
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V.INTEGRATED RESEARCH AND EXTENSION ACTIVITIES

Research and extension activities are integrated within the College of Agricultureand Life Sciencesat the
administrative, programmatic, departmental andfaculty levels. Thedirectorsof theN.C. Agricultural
Research Service (NCARS) and the N.C. Cooperative Extension Service (NCCES) work closely together
and coordinateall aspectsof administration; including position management, state budget requests, budget
alocation, facility management, and spaceuutilization. Currently thereisanintegrated effort to moreclosely
align administrative structure of thedirectors' officeswith programmeatic areas acrossresearch and
extensioninthecollege.

Programmatically, research and extension activitiesareintegrated formally in anumber of key areas
through the efforts of faculty serving in therole of research and extension coordinator or as acenter
director. Examples of programmatic areas where this has been particularly successful are water quality,
animal wastemanagement, integrated pest management, sustainableagriculture, air quality, small fruitsand
specialty crops. These coordinator and center director positions are funded by both NCARS and NCCES
and operating funds are all ocated from both offices.

Inall college departmentsthat have both research and extension faculty, these faculty are housed together
and interact on a day-to-day basisin all operational and programmatic aspects of the department. Thisalso
promotes closeinteraction with faculty who teach, most of whom have research or extensi on appoi ntments.

Themost completeintegration of research and extension occursat theindividual faculty level. AImost 100
of the 350 college faculty with research appointments al so have extension appointments. I n fact, most of
thesesplit-appointment faculty have 50 to 80 percent extension appointments, so their research programs
arespecifically designed to support their extension programs. These faculty serve asastrong link between
thosefaculty who have amajority research appointment (usually split with teaching) and the county-based
extensionfieldfaculty and state’ sagricultural industries. Working closely withthemorebasic, discovery-
orientedresearchfaculty, theseresearch/extensionfaculty, inconjunctionwith county fieldfaculty, bring
new knowledgeand technol ogy to the producersand agribusi nessthrough devel opment, field testing and
demongtration.

Sinceall faculty with research/extension split appointments have an approved federa or state research
project cataloged on the CRIS database, the NCARS expenditures and personnel commitment for the
research aspects of their activitiescan be documented. Thefollowing table showsthetotal expenditures
and personnel commitments during 1998 for these projects under the NCARS research program areas and
subprogram areas. Thetotal expenditure of $7.68 million exceedsNCARS stotal Hatch allocation.
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NCARSResear ch/Extension Split Appointments(1998)
Total Expendituresand commitments

National Goal Total Total
NCARS Program Area and Subprogram Area Funds Effort

1. An Agricultural System that is Highly Competitive in the Global Economy
1. Technol ogically Integrated and Sustai nable Crop and Livestock Production Systems

Crop Production Systems $593,896 7.22
Animal Production Systems $1,059,067 11.06
Biological Systems $7,588 0.10
2. Plant and Animal Germplasm, Genetic Resourcesand Conservation, and Plant |mprovement
Croplmprovement $288,577 3.18
Anima Improvement $588,006 8.05
3. Plant Protection Strategies
Forest and Horticultural Crop Protection $944,461 13.95
Agronomic Crop Protection $992,671 9.14
4. Animal Diseasesand Animal Health $224,746 3.38
5. Farm BusinessManagement, Economicsand Marketing $264,611 4.61
6. Product Devel opment $321,184 4.90
2. A Safe and Secure Food and Fiber System
7. Food and Fiber Processing, Safety and Quality $195,489 2.00
3. A Healthy and Well-Nourished Population
8. Human Nutrition and Human Health $72,908 1.30
4. An Agricultural System Which Protects Natural Resour ces and the Environment
9. Soil, Water and Air Quality Conservation and Management $947,360 1147
10. Forest, Pasture, Wildlifeand Fish ResourceConservation
and Management $193,614 1.99
5. Enhanced Economic Opportunity and Quality of Lifefor Americans
11. Improved Quality of Life $763,386 4.09
12. Individual, Family and Community Economic Development $218,280 3.28
GrandTotal $7,675,824 89.72
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