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INTRODUCTION AND CERTIFICATION

North CarolinaState University isNorth Carolina s1862 |and-grant university and the only Research |
land-grant institutionin the state. The North Carolina Agricultural Research Service (NCARS) withinthe
Collegeof Agricultureand Life Sciencesservesnot only asthecollege’ sagricultural, environmental and
biological sciences research arm but al so provides the research foundation in these areas for educational
activitieswithin academicsand extension. NCARSisthe principal state agency for researchin agriculture,
lifesciences, 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 edicine and the School of Human Environmental Sciencesat the
University of North Carolina-Greensboro. Within the college, NCARS coordinatesresearchin 18
departmentsand worksin partnership with the North Carolina Cooperative Extension Serviceand
Academic Programs.

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

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

InFY 2000, NCARS personnel include 300 research faculty accounting for approximately 160 full-time
scienti st equival ents, most on shared appoi ntmentswith academicsor extension. Working withthese
faculty are over 250 graduate students, researchers and research assistants; 450 |aboratory and field
techniciansand 120 clerical staff. These faculty and support personnel conduct basic and applied research
inover 550 projectsto support morethan 70 commoditiesaswell asmany related agribusinessesand life
scienceindustries.

Thefollowing Plan of Work Annual Report highlightsaccomplishmentsand impactsof research conducted
through the North Carolina Agricultural Research Serviceand emphasizesthe high priority areasin
agricultureand lifesciencesfor North Carolinanow and in the near future.

Johnny C. Wynne, Director

NC Agricultural Research Service
CampusBox 7643
NorthCarolinaStateUniversity
Raleigh,NC27695
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|.PLANNED PROGRAMS

National Goal 1:
AnAgricultural System That isHighly Competitiveinthe Global Economy

ProgramAreal:
Technologically Integrated and Sustainable Cropand Livestock Production Systems

SubprogramAreala:
CropProduction Systems

Overview

Research activitiesin thisprogram areahave concentrated on devel opment of improved pre- and postharvest
handlingtechniques; production management systems, and acceptability/quality of field, fruitand vegetable
crops. Inadditionimproved production management systemsfor ornamental and floricultural crops, turfgrass,
and landscape plantsto enhancerural and urban environments. Somehighlightsof accomplishmentsinthis
program areaarelisted below.

» Biological control strategiesfor silver whitefly in greenhouse production of tomatoeshavebeen
evaluated and demonstrated to be successful.

»  Successful protocolsfor organic production of greenhousetomatoes have been devel oped and
productionwascomparableto conventional practices.

* A websitehttp:www.ces.ncsu.edu/greenhouse_veg/ has been developed to distribute greenhouse
vegetableproductioninformationingeneral andbiocontrol and organic productioninparticular.

» Fivestrategiesfortransition from conventional to organic farming systemswereinitiated in 2000 at the
Center for Environmental Farming Systemsto determinethe most feasi ble and economical method of
makingthistransition.

»  Optimal cultural practicesfor thewoodland botanical and highly valued medicinal herb goldenseal have
been developed. Thisisaalternative crop for western NC growers.

» A highspeed HPL C assay was devel oped for identifying the active ingredients(hydrostineand
berberine) ingoldenseal . Thiswill assistinidentifyingwhich cultural practicesaremost conduciveto
producing highlevelsof theseingredients.

» A new soybeanvariety " Satellite” which haslow level sof the undesirable polyunsaturated fatty acid
linolenicacid hasbeen devel oped. Thisvariety producesacooking and salad oil comparablein quality
to canola

» Acreage of blackberries hasincreased 20% over the past 5 years asthe result of information provided
by NCSU personnel in responseto the current unlimited demand for thisfruit.

» TheSpeciaty CropsProgramidentified aspecialty melon" Sprite" whichwassuccessfully
commercially produced and marketed in 2000. Astheresult of this success acreagefor 2001 will
increase to 38 versusthe 2 acres grown in 2000.

» Thepeanut variety NC 12C released by NCSU was the most commonly grown seed peanut inNCin
2000 with approximately 28% of thetotal certified peanut seed acreage planted to thisvariety.

»  Studiesconducted to determinenitrateleaching on several NC golf coursesindicated that the
potential for nitrateleaching from properly managed golf turf isnot of amagnitudeto causealarm.
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»  ThePourThruNutritional Monitoring Programto determinethenutritional statusof floricultural crops
has been devel oped and refined. Thisisafast and convenient method of grower in house testing of
pH and EC of growing media.

e Anauminumamphorousmineral, allophane, hasbeenidentified asapotential component toincludein
soillessmedia, whichwhen charged with phosphorous coul d supply the entireamount of phosphorous
needed to grow afloriculture greenhouse crop thereby eliminating the need for post plant applications
of phosphorouswhichwouldreduce phosphorouslevelsinirrigationeffluent.

»  Successful interspecifichybridization between Buddleiadavidii(butterfly bush) and B. lindleyanawas
accomplishedresultinginauniquehybridwithdistinct ornamental attributes.

» Ryevarietiesused ascover cropsin sustainable agricultural systemswere foundtovary intheir ability
to suppress weeds.

» Progressisbeing madeinutilizing wild peanut speciesfor incorporation of diseaseand insect
resistancein peanutswhich will lead to reduced use of fungicidesand insecticidesin thiscrop.

» Linkage between molecular markers and genes conferring root knot nematode resi stance; southern
corn root worm; leafhopper; and several components of early leaf spot resistance have been
identified.

» Theestablishment, productionand utilization of nativegrasses especially switchgrassand gamagrass,
arebeing determined so these species can be morereadily utilized to reduce stream and river
pollution.

» Reducetillage systemsfor peanuts are as successful as conventional tillage on coarsetextured soils
but are lessconsistent onfinetextured soils.

» Small grain management systemsdevel oped to incorporate resi stant wheat varieties and seed
treatmentswere utilized in 2000 and hel ped reduce hessian fly infestation in acost effective manner.

» Highdensity apple orchard management hasbeen specifically adapted and devel oped for southeastern
environmental conditionswhich hasenabled NC growersto adopt these systemsmorereadily.

» Significant progresshasbeen madein defining selection criteriafor heat tol erance in tomatoes.

» TheUSD/ARS potato selection BO 564-8 yieldsand chipsaswell asthevariety "Atlantic" the
chipping variety of choicein NC. Thisclonewhich may be rel eased soon does not suffer frominternal
heat necrosis, amajor defect of Atlantic.

» Releaseof improved "Beauregard" sweetpotato clones hasresulted in adramatic improvement over
the conventional "Beauregard” clone and theimproved materialshave been widely accepted by
growersallowingthemtoimproveproductivity andquality.

Key Theme- Diversified/Alternative Agriculture

a. North Carolinafarmersneed new, competitiveagricultural opportunitiesif they and therural areasthey
support areto be economically healthy. The College of Agricultureand Life Sciencesat North Carolina
State University joined forceswith the North Carolina Department of Agricultureand Consumer Services
to create the North Carolina Specialty Crops Program. The program is designed to accelerate
identificationand devel opment of new commoditiesand val ue-added products. Researchers determine
how best to grow new crops under North Carolinaconditions, whileamarket analysisisdoneto determine
the size and location of amarket for acrop. If acrop shows potential in the research field and test
markets, extension faculty work with farmersto begin small-scale on-farm production. Marketing of crops
from these on-farm trialsis coordinated by the program’ s marketing specialist. If these effortsare
successful, agrower education campaignislaunched on cultivation and marketing of thecrop.
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Impact - A growers association has been formed through the program and i s shipping produce under a
CarolinaSpecialitieslabel. Commercial acreageof seedlessred watermelon, leaf |ettuce and Sprite melons
has been increased asaresult of program efforts. Research is being conducted on Oriental melons, high-
fructose grapetomatoes, seedlessyellow and orange watermel ons, pyrethrum (for insecticide production),
a super-hot industrial pepper, red kernel sweet corn, vegetabl e soybeans, Hispanic vegetables, Boniato
sweet potatoes, blackberries and off-season greenhouse blueberries and strawberries.

Source of Funds - Hatch, State and Smith-Lever

Scope of Impact - State

Key Theme- Diversified/Alternative Agriculture

a. Duringthe1980stheuseof medicinal herbsincreased dramatically, aided by clinical trialsthat verified the

C.

d.

efficacy of many traditional herbal medicines. Today, theherbal/nutritional supplement marketisvalued at
about $2 billion nationwideand $15 billion worldwidewith anannual increaseof 15%. Thevast majority
of medicinal plantsareeither collected from wild popul ations, or grown outsidethe United States. The
growth and collection of medicinal herbsisanimportant contributor to rural incomesin many areas,
including Western NC. The demand generated by this market has brought with it the problem of over-
harvesting and thel ossof native populations. Uncontrolled harvesting inthewild threatensthediversity
and even the existence of these native plants. Many small farmers produce herbsfor the medicinal and
personal care productsindustries. Significantly, these same growersfrequently farm burley tobacco and
arejustifiably concerned about the future of tobacco productioninlight of the Tobacco Settlement and
recent reductionsinquotalevels. Thishasresultedinstronginterestinfurther agricultural diversification.
A program hasbegun that will devel op sustai nabl e propagation and production methodsfor medicinal plant
speciesnativeto NC. During 2000 we devel oped a high speed HPL C assay for the active ingredientsin
goldenseal; began asystematic examination of extraction proceduresfor goldenseal ; began methods
development for analysisof black cohosh; and continued to monitor and collect datafrom field and
forested plotsof medicinal herbs. Preliminary resultsindicatethat the use of rhizomesdifferinginsizeand
lateral bud number in asystem of sustai nablepropagati on/production of goldenseal resultsingood stand
establishment regardless of treatment. All treatments appeared healthy, with few disease symptoms.

Impact - Thiswork supports an existing network of small Western NC farmerswho produce medicinal
herbsto supplement their incomes. Sustainable production methodswill permit thesegrowersand new
growersto increasetheir production while easing the threat towild popul ationsthreatened by harvesting
fromthewild.

Source of Funds - Hatch

Scope of Impact - Regiona

Key Theme-GIS/GPS

a. Ground- and surface-water nitrogen (N) contamination from southeastern Coastal Plain agricultureisa

regulatory and social i ssuesthreateningregional crop production. Nitrogenfertility hastraditionally been
managed on awhole-field basis, which does not take into account soil and crop spatial variability that
affects crop N demand and N-use efficiency. Scientistsin the Crop Science Department at North
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CarolinaStateUniversity havedevel opedtechniquesusing aerial color-infrared photography todetermine
optimumtiming and ratesof N fertilization of winter wheat. Similar techniquesare being devel opedfor
corn. Scientistsin the Department of Soil Science are assessing other remote sensing techniquesto
characterizethe spatial variability of soil characteristicswhich affect crop production and N-use
efficiency.

b. Impact - Tailoringsite-specific N fertilization of row cropsto spatially variablecrop status, soil properties,
and proj ectionsof potential yield hasthepotential to optimizeN-useefficiency and improvecropyield and
quality. Thisspellsgreater profitability for producers. Atthesametime, optimizing N-useefficiency will
minimizetheamount of excessN that can pollute ground and surface waters.

c. Sourcesof Funds- Hatch, State
d. Scope of Impact - Regional
Key Theme- Innovative Farming Techniques

a. Making weed management decisionsthat are environmentally and economically sound isacompl ex task.
Most fieldsin the South areinfested with many different weed species, which vary intheir ability to cause
croplossesand harvest difficulties. Weed popul ations that are |eft uncontrolled can result in near total crop
losses. Consequently, herbicides are used on over 96 percent of corn, soybean, peanut and cotton acreage
intheSouth, accordingtotheNational Agricultural StatisticsService. Nationally, herbicides accounted for
90 percent of all pesticidesapplied in 1996 to soybeans, corn and cotton. From both an economic and
environmental perspective, itisessential that herbicidesonly beappliedwhentheir useisclearly justified.
And in cases where a herbicideisnecessary, selection of the appropriate chemical and ratefor the
mixture of weedsinthefieldiscritical. Use of aninappropriate herbicide or thewrong rate may be
ineffective, leadingtoadditional treatmentsto correct theinitial mistake, or resultinyield lossesor
chemical sbeingrel easedintotheenvironment unnecessarily.

Scientistsat North CarolinaState University have devel oped acomputeri zed weed management decision
aid, named HADSS, to assi st extens on personnel, consultantsand growersin evaluating thesituationin
eachfield and determiningif aherbicideapplicationisnecessary, andif so, the appropriate chemical and
rateto apply. HADSS allows users to compare different weed control methods and eval uate the potential
benefits of shifting to crop cultivarsor hybridsthat have been genetically engineered for toleranceto
specific herbicides. It a so maintainsafield history of herbicideapplications, so that the program can warn
usersif overuse of herbicideswith aparticular mode of action may increasetherisk of developing aweed
popul ationthat isresistant to that chemical. It providesadirect link to current herbicidelabel information
over theWorld WideWeb. Inthefuture, it will import and export field information from aprogram named
Pocket HERB that has been devel oped to run on the new Windows CE pal mtop computers. These
programs are based on many years of field experience by weed scientistsin North Carolinaand acrossthe
South. Thanksto funding from USDA, researchersat North Carolina State University are currently
cooperating with weed scientists across the South to devel op versions of HADSS that have been

customi zedtofit conditionsand management practicesin each state. HADSS has been field tested in
North Carolina, South Carolina, Georgia, Alabama, L ouisiana, Mississippi, Tennessee, Arkansas,
Oklahomaand Texas. Thesetrialsgave aclear indication that HADSS can duplicate the expertise of
university weed scientistsin most situations. HADSSiscurrently availablefor North Carolina(corn,
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soybean, peanut), Georgia(soybean and peanut), and Missi ssi ppi (soybean). Asadditional fieldvalidations
arecomplete, HADSSwill be avail abl e to extensi on agents, growers, consultantsand other decision
makers across the South.

b. Impact - With millions of acres of corn, cotton, soybeans and peanuts planted in the South each year, the
potential impact of HADSSisenormous. HADSS captures the expertise of weed scientists acrossthe
South, organizestheir knowledgeinto an easily usableformat, and providesaframework for making
results of research on new products quickly availableto decision makers. At atime when resources are
stretched to the limit, the programs can hel p extension specialistsand agentsdo their jobs more effectively.
Theuse of HADSSwill support and encourage making herbicide decisionsbased on field- and site-
specific conditionsand applying appropriatel evel sand typesof herbicides. Potentially, theprogram can
reduce herbicide applications and improve the economi ¢ status of growersacrossthe South.

c. Sourceof Funds- Hatch, State

d. Scope of Impact - Regiona
Key Theme- Organic Agriculture

a. TheCenter for Environmental Farming Systems(CEFS) isdedicated to devel oping farming systemsthat
areenvironmentally, economically, and socially sustainable. Establishedin1994 near Goldsboro, NC, the
Center hasover 2,000 acres (1,000 cleared). Thisunique Center isapartnership among NCSU, NC
Agricultureand Technical State University, NC Department of Agricultureand Consumer Services, non-
governmental organizations,andother state and federal agencies, farmersand citizens. Citizensof NC and
other states are currently faced with landscape-scal eissueslike ground and surface water contamination,
soil erosion, declining soil quality, lossof wildlifehabitat, and declining rural communities. Only long-term,
large-scal einterdisciplinary systemsresearch can adequately addresstheseissues. Interdisciplinary
researchisbeing aimed at devel oping profitable agricultural systemsthat al so protect our environment and
enhance our rural communities.

Two major research efforts have been initiated at CEFS. Thefirst isalong-termexperiment comparing
fivevery diverseagricultural systemsincluding abest management practice system, organic system,
integrated animal/crop system, forest wood-lot system, and asuccessional ecosystem. Systemswill be
compared on many integrati ng factorsincluding energy and nutrient flowswithinthe plant-soil system,
biologica -based shifts, and economic performance eval uations. Datacollection will cover the broad range
of factorscritical inagricultural systems, and will facilitatethe study of large scaleissueslikeimpactson
farmersand communities. Many faculty and graduate studentsareinvolvedinthisinterdisciplinary effort.

Thesecond experiment istoinvestigate various strategies, from abiol ogical and economic systems
perspective, for making thetransition fromaconventional to an organic agricultural production system.
This experiment will take place within the context of thelarger systems experiment described above. |t
has been documented that when growerstransition from conventional to organic production systems, there
isaperiod of suppressedyieldsfollowed by areturn to yields near or equal to conventional production.
Thistransition effect has been attributed in part to timereguired for necessary changesin chemical,
physical, and biological properti esof soil which enhancenutrient cycling, plant growth and devel opment,
and the biological pest control properties of thesystem. Six treatments, representing various strategiesfor
transition and appropriatecontrols, will bemonitored for energy and nutrient flowswithin the plant-soil
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system, soil quality indicesincludingarangeof soil physical, chemical, and mi crobiol ogical properties,
micro and macro fauna, weed, disease, andinsect dynamics, overall productivity, and economic
performance.

b. Impact - Long-termandtransitional studieson organic systemswill providecritical informationrelatedto
biological, agricultural, economicand sociol ogi cal aspectsof organic productionunder NC conditions.
Also, information on specific cultural practicesmay beapplicableto other low-input, sustainable
agricultural systems.

c. Sourcesof Funds - Hatch, Smith-Lever, NRI, State
d. Scopeof Impact - State
Key Theme- Ornamental/Green Agriculture

a. Nursery/floriculture crops have been the fastest growing agricultural sector in NC over thelast fifteen
years. Thewholesalevalue of these cropsexceeded $973 millionin 1999 - surpassing tobacco asthe
number onecrop commaodity. Inadditiontoeconomicimpact, thesecropsplay avital rolein enhancing
and protecting our environment as natural areas continueto belost to expanding devel opment and
urbanization. Researchiscontinuingto developimproved cropswith greater adaptability, pest resistance,
and commercial potential toimprovethecompetitivenessand profitability of thisindustry andimprove
environmental quality of our planet. Application of pesticidesonlandscape plantscan becomplicated due
to the proximity to people, adherenceto reentry restrictions, and concerns about the environment. As
such, thereisaneed for new approachesto pest control in the landscape. Animportant component of
integrated pest management isthe development and use of plantswith greater natural resistance to insect
pests and the devel opment of new pesticideswith minimal environmental impacts. Plantsfor these areas
also need to be adaptableto extreme environmental stressesincluding hightemperatures, drought, and
periodicinundation.

Thisresearch has addressed diverse aspects of physiology, production, and improvement of nursery crops.
Accomplishmentshaveincludedtheidentification of superior germplasm, devel opment of moreefficient
producti ontechniques, andimproved understanding of physi ol ogi cal and biochemi cal mechanismsinvolved
in greater tolerance to environmental stresses and resistance to problematic diseasesand insects. This
information hasprovided abasisfor continuingwork ondevel opingimproved hybridswith greater
adaptability, toleranceto environmental stresses, andimproved aesthetics.

b. Impact - |dentificationand devel opment of superior plantsand germplasmwith greater adaptability and
pest resistancewill potentially resultinreduced needfor pesticides, improved environmental quality,
greater plant growth and survival, and ultimately greater valuefor both producersand consumers. For
example, white-barked birch trees with resistance to bronze birch borer could have national sales of 2-4
milliondollarsannually, would reducethe need for pesticidesand decrease production costs, and would
provide superior treesfor more sustai nabl e landscapes.

c. Sourceof Funds - Hatch and State

d. Scopeof Impact - National
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Key Theme- Plant Production Efficiency

a. Studieshaveexaminedultra-narrow-row cotton (UNRC) asapossiblefitin North Carolina. The system
that has been assessed, entails growing plantsin rowsthat are 10 inches or less gpart, for physiological,
entomol ogical, and productivity characteristics. In many areas of the state UNRC out performswide row
cotton (30 -40inches) infiber yielding ability. Also, an earlier ground coverage occursby the UNRC than
conventional row widths, which translatesinto greater light capture by the plants. Thisearlier canopy
coverage resultsin agreater rate of photosynthesis (production of sugars) per unit ground areadueto
greater light capture by the cotton plants. The greater and earlier groung coverage also indicatesthat
UNRC will be more competitive with weeds, becauseit can more quickly shade the ground and providesa
poorer growth environment for the weeds than found in more widely spaced plant stands. Insect damage
does not appear to be greatly different between the two production practices.

b. Impact - The cotton growers of the state need solid, unbiased information concerning UNRC and it’s
potential in NC environments. Much of the early information available concerning UNRC wasindustry
drivenand, asaresult, could bebiased. Currentinformation isvaluableto growerswho are contemplating
aswitch from wide row to UNRC. The cost to the grower would be unacceptable if the UNRC system
did not perform as expected, since the equipment needs are different for the two management systems.
Asit stands, UNRC looks promising for some NC regions. It haslower start-upinvestment andlower
overall productioncosts. The type of harvester used for UNRC isless expensive than the spindle picker
used for wide-row production. However, if agrower hasagood spindle picker that ispaid for, it may not
be agood choice to change. One potential draw-back of UNRC is the lower fiber quality dueto bark and
leaf matter collected with the fiber during harvesting. Theresultisalower price per pound of fiber. This
problem should be considered prior to any major switchin production practices.

c. Sourceof Funds- Hatch, State

d. Scope of Impact - Regional
Key Theme- Precision Agriculture

a. CropsinNC aregenerally produced onfieldsthat have ahigh degreeof variability in soils(both their
chemical and physical properties), topography, soil moisture, residual soil nutrients and crop residues.
Precision agriculturetechnol ogy can enablemanagement of fiel dsto account for thisvariability by using
variable-rate control of inputsin order to optimizeyieldsand profitsand reduce environmental impacts.
Technology devel oped hasadvanced rapidly, but implementati on and assessment of environmental and
economic impactsare not keeping pace. Precision agriculture technol ogies have been devel oped for crop
production, are gaining acceptance, and are emerging asval uabletool s for field management of inputsto
help achieveyield potentials. Yield monitorsfor small grainsand cotton have been developed and are
being used by producersto recordyields. Variable-rate control technology for chemical and seed inputs
has been developed, but hasnot beenwidely utilizedin NC. Soil mapping of soil, phand nutrientsare
being generated from grid soil sampling, but need to usesmart sampling based onvariahility.

b. Impact - Producers of corn and cotton in NC canimprove efficiency of inputs, reach yield potential and
reduceenvironmental impactsby using precisionagriculturetechnol ogy and management. Cottonyield
monitors have been shown to be 95+%, and corn yield monitors 97%, accurate when averaged over a
field. With current yield potential and soil maps, producerscan effectively managefield variability and
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haveefficient production. Economic and environmental impacts can be assessed through further
research.

c. Sourceof Funds - Hatch, State
d. Scopeof Impact - State
Key Theme- Apiculture

a. Introduced pests, pesticides, and various diseases have significantly reduced the number of honey bee
coloniesin North Carolinaand acrossthe United States. Approximately onethird of the managed honey
bee colonies and more than 90 percent of feral colonies acrossthe country have been killed in thelast 12
years. Thisreductionin honey bee numbershassignificant impact on theavailability of insectstopollinate
crops that make up as much as athird of the typical American diet. Theloss of bee colonies has reduced
potential income to beekeepers (based on sales of honey and chargesfor bee pollination of crops) and
increased the cost of managing honey bee colonies due to the increased need for in-hive use of pesticides
and medicationsto control bee pestsand diseases. Significant progress has been madein understanding
the biology and control of bee pests. Management procedures have been devel oped in the College of
Agricultureand Life Sciencesat North Carolina State University that at | east stabilize existing honey bee
popul ations and prevent additional permanent losses. At the sametime, research clearly demonstratesthat
adevicecalleda“pollentrap” can be used by beekeepersto reduce significantly non-target pesticidekill
of honey beesthat arelocated near apple orchardsin North Carolina.

b. Impact - Theuse of pollen traps near North Carolina apple orchardsis expected to save approximately
100 bee colonies and reduce damage to another 500 coloniesannually. Thevalue of thisreductionin bee
kill inincreased honey production and reduced management cost should be at |east $100,000 per year. The
value of bee management procedures designed to protect beesfrom pestsisasyet undetermined;
however, therewill be an economic benefit from these measuresaswell asan increase in optimism
among beekeepers as the recent downward trend in bee numbersis reversed.

c. Sourceof Funds- Hatch, State

d. Scopeof Impact - National
Expenditur esand Per sonnel Commitments

Appropriations Grants and Contracts Personnel
Federal State Federal Non-Federal SY PY TY CcY
$330,623 $10,826,383  $1,188248  $1,046,635 22.6 35.8 1284 332
SubprogramArealb:
Anima ProductionSystems
Overview

Researchwas conducted toimproveanimal productiveefficiency inanenvironmentally sustainable manner by
investigatingbasic physiol ogical processesof animal s, studyingrel ationshipsamong grazinganimal s, forages,
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andtheenvironment, determining theefficiency and profitability of animal production systems, and examining
theimpact of animal production systems on animal products used by humans and on consumer acceptance of
animal products. Somehighlightsof accomplishmentsinthisprogram areaarelisted below.

Research in the application of biotechnology in beef cattle documented changesin the expression of

genesthat control fetal growth, resulting inthelarge offspring syndrome (LOS) in bovineembryos
fertilized and cultured in vitro. Control of the expression of these genes holds promiseto enhancethe
adoption of assisted reproductivetechnologi esin the beef cattle industry.

The microbial populationin therumen of ruminant animalsand the productsthey producewerealtered

by controlling biomassinputsduringin vivo experimentsfor the purposeof maximizing nutrient useby
the animal and minimizing nutrient excretion and wastein theform of ammoniaand methane.
Dairy heifer mortality rateswere cut in half in research that investi gated rel ationships among

nutritional levels, growth ratesand body size. Theresultsdocumented that appropriatenutritional
regimesreduced mortality ratesand resulted in heifersbeingincorporated into themilking herd at an

earlier age.
Reduction inthe excretion of nitrogen in theform of urinary ureacan be achieved in growing cattle

withgrowth-promoting implantsif therationsfed to these cattle are cal cul ated and balanced using
metabolic proteinrather than crudeprotei n requirementswithout compromisingweight gai nsor fat-to-

leangainratios.
Research using pigs has demonstrated that feeding degermed, dehull ed corn can substantially reduce

manure producti on without negativeeff ectson animal performanceby increasi ng thedigestibility of
cornwhiledecreasing the high-fiber components of corn that is part of the diet.
Long-term studiesin pigs has demonstrated that excretion of zinc and copper in swine waste can be

reduced by 30 to 50% asaresult of reducing trace mineral supplementation without adetrimental
impact of the growth and health of the pigs.
Alternativeanimal houses that separate urine and fecesin a continuous moderesultingin adry feca

stream reduced ammoniaand odor emissions.

Key Theme-Animal Production Efficiency

a. TheUS swineindustry (including NC producers) have adopted production practiceson alargescae

whichinvolveearly-weaning of piglets. Theyounger andlighter pigletsin thisschemeexhibit reduced
survival ratesand slowed growth. Among the many stressorsimpacting these pigsisthe abrupt switch
fromliquid feed (mother’ smilk) to dry feed. Test feeding systemshave been devel oped which supply
feed to the newly-weaned pigsinliquidform (i.e., manufactured liquid diets). These systemsare designed
for ease of operation and cleaning so they may be easily adopted on alarge commercial scale.

Impact - Superior growth performance has been documented of pigletsrearedinthissystem. Indeed, pigs
reared with this new technology grow even faster than sow-fed siblings. Recently it has been documented
that theimproved growth ismaintained to market weight and it isantici pated that significant economic
returns may be achieved when this system is employed, provided diet ingredient costsare managed

properly.

c. Sourceof Funds- Hatch, State

d. Scope of Impact - National
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Key Theme-Grazing

a. Tosupport theemerging NC meat goat industry, work began on the evaluation of foragesand fodder trees
suitablefor meat goats and adapted to our environmental conditionsand on the use of locally-available
byproduct feeds for goats fed forage-based diets. Additional researchisexpl oring non-pharmaceutical
approachesto treating goats agai nst gastrointestinal parasites. In cooperation withthe NCDA marketing
specialist, graded goat sales have been implemented in certain areas of the state to supplement weekly
auction market sales, and meat goat shows are now an integral part of the NC State Fair in Raleigh and
theMountain StateFairin Asheville. Inaddition, educational programstargeting CESagents, commodity
associationsand other agricultural professionalshave beenimplemented with the objective that meat goat
producerswill select, adopt and successfully implement best management practices that will achieve
business, individual, andfamily goal srelatedtoprofitability and quality of life.

b. Impact - Producersin NC sold about 180,000 goatsfor meat in 2000, generating recei ptsof over 7.5
milliondollars. Inaddition, theNC meat goat industry breeding stock inventory total sabout 122,000
animalslocated in 3,000 farms, representing acapital of over 12 milliondollars. Itisanticipated that the
meat goat inventory will grow by 8-10%in 2000. The number of sheep and goat producersreporting
increased awareness and knowledge of best management production practiceswere 1479 in 1999, and
1625 in 1998. These figuresrepresent over athird of the number of NC meat goats producers, estimated
at 3,000. In addition, the number of sheep and goat producersadopting practicesthat optimizedincome
were 565in 1999 and 725 in 1998. These adopted practices and proceduresresulted in atotal economic
impact of $239,750in 1998 and $198,234in 1999.

c. Sourcesof Funds - Hatch, State
d. Scopeof Impact - State
Key Theme-Aquaculture

a. Commercia cultureof flounder, widely and profitably practiced in Europe and Japan, hasnot yet been
attempted in the United States. Southern flounder has great promisefor aquaculture, with ahigh market
valueand unique ability to grow well in fresh water. Wholesale pricesfor fresh flounder range from $5-
$10 per pound so the economic potential for cultured flounder ispromising. Becausetheir range of
distribution extendsfrom North Carolinaalongthe Atlantic and Gulf coast into M exico, thepotential for
culturein alarge geographic areaexists. The goal isto establish practical culture methods and to define
nutritionally balanced dietsfor themass-rearing of weaned fingerlingsand thecommercial-scale
production of fish. Successful production of commercid-scal e quantities of weaned fingerlings hasbeen
achieved. Research hasdefined the dietary protein requirementsfor juvenile Southern and summer
flounder aswell asthefatty acid requirements of larvae. These accomplishments are fundamental steps
inthedevel opment of nutritionally completedi etsthat will maximizetheeconomicviability of flounder
farming. Growth studiesof fish cultured at different salinities show that Southern flounder can beraisedin
fresh water beginning at avery early age without affectingtheir survival or growthrate.

b. Impact - Theestablishment of Southern flounder asanew, high-value aquaculture species representsthe
firstintroduction of afish with aworldwide market appeal and the capability of being cultured over alarge
geographic area. The potential for flounder cultureisequal or superior to that of the hybrid striped bass
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industry, which hasenjoyed agrowth rate of 20 percent per year for the past 10 years and the
achievement of annual value of morethan $3.5millionto North Carolinaal one. The economic potential of
flounder farming inthe United States could reach five-to-10 timesthe value of the hybrid striped bass
industry withinthenext 10 years.

c. Sourcesof Funds- Hatch, State
d. Scope of Impact - Regional
Key Theme-Aquaculture

a. Aquacultureisthemost rapidly expanding type of livestock farming inthe United Statesand hybrid striped
bass (HSB) farming isamong thefastest growing formsof finfish aguaculture. Previoudly, al hybrid
striped basswere produced from wild broodfish caught duringtheir spawningmigrations. This
dependency onwild fish creates numerous problemsfor thefish farmers and precludes sel ective breeding
of animproved cultivar. If hybrid striped bassfarmingisever to reach alevel of development comparable
tothe"broiler' chickenindustry, it will benecessary tofully domesticatetheparental lines, genetically
improvethefishto produceasuperior cultivar, and discover breeding techniquesthat allow themto be
reproduced on demand. Selective breeding of striped bass and white bassfor HSB has begun. Breeding
has shown, for thefirst time, that the domesticated fish can be used to produce HSB with fecundity,
fertility, andyieldsof fry and fingerlingsat commercial scaleand ratesequivalent to those obtainedusing
fully mature, wild femal e broodfish captured on or near their spawning grounds. Thisdevel opment
removesuncertainty about theviability of thedomesti cated basses as aquacul ture broodstock, opening the
door to selective breeding of HSB. Thelargest and most diverse broodstocks of striped bassin the country
have been devel oped and white bass domesticated over four generations and striped bass over three
generations. All striped bass and white bass have been genotyped at three microsatellite DNA marker
(MDM) loci in anticipation of devel oping thefirst genetic map for these species. Experimentsare planned
that will identify quantitativetrait loci (QTL) based onthe DNA markersthat can form the basisfor a
rational sel ectivebreeding program. In essence, the presence of MDMs detected by DNA fingerprinting
of thefish will be used to predict performance of their offspring in culture. Performancewill be assessed
asquantitativetraits, such asgrowth rate of feed conversion efficiency. Genotyping of the fish at several
moreloci will becompleted shortly, whichwill increaseflexibility inchoosingindividual fishtomake
selected crosses. With Kent SeaTech in San Diego, the largest producer of HSB in the country, anovel
procedurefor producing highly enriched microsatellite DNA librariesfor striped bass hasbeen devel oped
and executed, which will generate several hundred MDM gene sequencesin amatter of weeks. The
librarieswill allow building of thefirst medium-density geneticlinkagemap of the bass genomeandhighly
accelerate selective breeding. Astheonly laboratory worldwide operating at thislevel of selective
breeding of any temperate basses, the top seven producers of HSB in the USA havejoined with usto
genetically improveHSB for commercial fishfarming.

b. Impact - Domestication of the fish, as has been accomplished for both striped and white bass over several
generations, opensthedoor to selective breeding and production of genetically improved HSB for growout.
Superior performing fish are needed because the HSB industry faces severe competition from foreign
producersof similar white-fleshedfish, either wild-caught or farmed. Improved efficiency of production,
viageneticimprovementstothefish, will ensure continued competitivenessof HSB farminginthe USA.
Currently, becausethey arerelatively expensiveto produce, HSB are sold mainly to high-end ‘ white
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tablecloth’ restaurantsor sold liveinto lucrative Asian ethnic markets. Thesemarketsarelimited,
creating competition among growersand driving pricesand profitsdown. HSB salesneed to expand into
thegeneral retail market , whichwill only be possibleif production efficiency canincrease, allowing prices
todropwhilemaintaining profitmargins. Development of animproved cultivar through selective breeding
iskey torealizethisgoal.

c. Sourcesof Funds - Hatch, State

d. Scopeof Impact - Regiona

Expendituresand Per sonnel Commitments

Appropriations Grants and Contracts Personnel
Federa State Federa Non-Federal SY PY TY CcY
$481,758 $3,752,393 $511,321 $531,172 14.3 24.7 37.2 10.2
SubprogramArealc:
Biologicd Systems
Overview

Research was conducted to map, identify and analyze genesresponsi blefor quantitativetraits, characterize
the structure and expression of genes and pathwaysrequired for growth, development and behavior; develop
new approachesfor genetransfer and gene regulation, and new methodsfor visualizinggeneproductswithin
cells; identify biochemical factorsand pathwaysinvol ved in responseto abiotic and biotic stressesand
environmental factorssuch asdrought, gravity, light and pathogens, and €l ucidatethe structure, function and
evolution of macromoleculesthat arekey to growth, devel opment, defenseand behavior. Some highlightsof
accomplishmentsinthisprogram areaarelisted below.

Thenature of genetic variation for Drosophilalongevity inapopulation of recombinantinbredlines

wasinvestigated by estimati ng quantitativegenetic parametersand mapping quantitativetrail loci
(QTL) for adult lifespaninfiveenvironments. Therewashighly significant geneticvariationfor life
span within each sex and environment. Map positionsand effectsof QTL affecting life span were
estimated by linkageto highly polymorphic transposable element markers. A minimumof 17 QTL
were detected; all were sex and/or environment-specific.

Quantitativetrait locus (QTL) mapping was used to eval uate the genetic basis of variationin eight
Arabidopsis floral charactersintheLandsbergerectaX Columbiarecombinant inbred linepopul ation.
A compositeinterval mapping analysisdetected 18significant QTL affecting at least onefloral
character. Eleven QTL ereassociated with several floral traits, supporting either pleiotropy or tight
linkagetomajor determinantsof floral morphol ogical integration.

A novel signal transduction pathway in plantswas el ucidated through studieson the protein kinase
SK1insoybeans. Discovery of thispathway hasyielded new insightsinto how plantsrecognize
osmotic stresses, such ashigh salinity and drought, and adapt to survive under conditions of water
stress.

A geminivirussilencingvector for Nicotiana benthamiana was devel oped and used to demonstrate

thesilencing of an endogenousgeneencodingaDNA replication proteinin plant meristems. Silencing
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the gene stoppedall primary growth and produced meristemsthat lacked primordial, suggesting that
there are two-way interactions between devel opment and the cell cycle.

Advancesinlight microscopic methodsweremadethrough the devel opment of Polarization

Modulation Differential Interference Contrast Microscopy which alowsbetter contrast and resolution
whenimaginglivingcells, and through modification of spinningdisk confocal microscopy. These
methodswill allow single moleculesto beimaged at high resolution in cells and are expected to be
increasingly important for genomicand proteomicstudies.

Arabidopsis plants transgenic for a heat shock-induciblecal cium-binding peptidetargeted tothe
endoplasmic reticulum were constructed. Induced plantsaccumulated higher level sof calcium, and
thiscalciumreserve can beused to help the plant during low calcium availability.

Someearly biochemical eventsduring graviperceptioninmaizehavebeenidentified. The

phosphoinositidesignal transduction pathway was shown to be part of the mechanism by which cells
perceiveapositional changerelativetothegravity vector.

I ncubation temperatures and eggshell conductance were used to lengthen or shortenincubation
periodsof turkey embryos. Delaying embryonic devel opment approximately oneday resultedina
significant three-way interaction among incubation temperature, egg weight and eggshel | conductance.
Thesestudieswill assist turkey hatchery managersin matching incubation conditionsto eggweight,
eggshell conductance and thelength of theincubation period, management factorsthat may improve
hatchlingsurvival andgrowth.

A number of candidates genesthat contribute to odor-guided behaviorin Drosophilawereidentified.
Thecandidate genesincludeanovel odorant binding protein, an odorant receptor, aputative kinase
and aprotein that may beimportant for synaptic integrity inthe chemosensory pathway.

Incubation conditionsthat could cause cardiac damage and |ead to chick mortality were tested.
Incubation temperature and eggshell conductance were shown to be factors causing heart damage as
determined by blood TroponinT concentrationsand verified by lactate dehydrogenaseand creatine
kinaseactivities.

Studiesof enzymesin the phosphatidylcholine(PC) bi osynthetic pathway in soybean demonstrated
that PC biosynthesisin plantsisfundamentally different than that observed in animal and yeast
systems. These studies areimportant because PC isnot only acritical structural component of
cellular membranes, butisal soanimportantintermediateintriacylglycerol biosynthesisand additionally
servesasareservoir for important signaling molecul es.

Tworegionaly-expressed, partially redundant genes encoding cofactorsthat interact with the
Deformedhomeoproteinin Drosophilato specify body pattern during embryogenesiswereidentified.
That these proteins are encoded by redundant genes may explain why such cofactors have been
difficulttoidentify throughtraditional geneticmethods.

Key Theme- Biobased Products

a. Numerous papillomaviruses cause severe disease in both animalsand humans. Of special note, two of

thesewhich attack humans produce not only troublesome papillomalesions, but are also thedirect cause
of important cancers. One of these causes cervical cancer, the single greatest cause of cancer-related
deathsinwomen worldwide. The other residesin the pores of the skin, and when activated by sunlight,
causes the development of acertain type of common and quite serious skin cancer. Both of these
diseases could be prevented by immunization against these viruses. Such avaccine has been devel oped,
but currently availabletechnol ogiesfor production of thevaccinesareprohibitively expensive. Thusthe
vaccines cannot beintroduced into human clinical trial's, and their deployment seemsindoubt. A more
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cost-effective production system is desperately needed if these vaccines are to reach the at-risk
populations. GenesencodingtheL 1 capsid protein, which servesastheimmunogenic agent, have been
introduced into tobacco, so that the vaccine can be made by the tobacco. Tobacco produces more
biomass per acrethan virtually any other crop currently grown, makingit anideal “factory” crop. A
systemisbeing devel opedwhichwould allow the simultaneous extraction of the vaccine and awide array
of other valuable products from the transgenic tobacco. Using thissystem, the costs of production and
purification of the vaccinewould be offset by the combined value of all of these products. These tobaccos
will begrowninthefield in the summer of 2000, and vaccine and other productswill be extracted to
determine the amount of vaccine that could be recovered, and to estimateits cost.

b. Impact - A system has been devel oped which could allow the cost-effectiveproduction of important
vaccineswhich could protect against certain papillomaviruses. Importantly, thissystem could be used to
produce many other native and transgenic productsfrom genetically modified tobacco. Thiscouldleadto
the development of anew industry for North Carolinawhich could help to offset lossesin revenuesfrom
tobacco grownfor traditional uses.

c. Sourcesof Funds- Hatch, State and NRI
d. Scopeof Impact - National
Key Theme- Biotechnology

a. Many typesof inherited diseasesin humans cannot be treated because little is known about the chain of
eventsfrom the expression of the defective geneto the resulting disease. Retinitispigmentosa, aninherited
form of blindness, fallsinto thiscategory. Thereisno treatment for thisdisease, which resultsin blindness
in middle agefor all who inherit the dominant gene. Researchersat North Carolina State University and
DukeUniversity havesuccessfully produced transgenic pigsusing genetic engineering that areproviding
an excellent genetic animal model for retinitis pigmentosa. Because of the sizeand construction of thepig
eye, it makesan excellent animal model for the human eye.

b. Impact - Researchisbeginningtoidentify possibletreatmentsfor retinitispigmentosa. Althoughmuch
work must still bedone, none of it would be possi blewithout the transgeni ¢ pigs produced at North
CarolinaStateUniversity.

c. Sourceof Funds - Hatch, State and National Institute of Health
d. Scopeof Impact - National
Key Theme- Plant Genomics

a. Current genetransfer technology isan uncertain art because we havelittle or no control over factors such
asposition effectsand gene silencing interactionsthat can modify or abrogate transgene expression.
These effects, which are sometimesfirst observed only several generationsafter theinitial transformation,
limittheapplicability of transformationtechnol ogy to plantimprovement. Wehavedevel oped technol ogy
that uses matrix attachment regions (M ARS) to minimize certain aspectsof thisvariation, and are
attemptingto defineadditional e ementswithsimilar, hopefully additive, effects. Inaddition, weare
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working on proceduresthat will allow usto repeatedly target genesto the samelocation in the recipient
genome. Futurework may include attemptsto transfer large segments of DNA, or even artificia
chromosomes, inthe hope of achieving more predicable gene expression.

b. Impact - If transgene behavior can be made more predictable we will be able to make better use of gene
transfer techniquesin plant improvement programs, aswell asin fundamental research. Onemight
reasonably anticipate an increasein the rate at which transgenic crop varieties are produces, aswell as
changesin the types of improvements that can be contemplated. For example, commercial transgenic
cultivarscommonly express single genesfor resistanceto pathogensor herbicide. Inthefuture, we might
contemplatetransgeni c plantsthat simultaneously expressadozen or moretransgenes under appropriate
devel opmental control and modify metabolic pathwaysor other complex quality traits. Suchtechnology
should considerably broaden therange of beneficial improvementsthat can be contemplated in plant
breeding programs.

C. Sourcesof Funds - Hatch, State, USDA-CRGO, NSF

d. Scopeof impact - National
Key Theme- Animal Genomics

a. Complex, or quantitative, traitsare affected by multipleinteracting genesthat are sensitiveto the
environment. Most charactersthat areimportant for human health (for example, susceptibility to heart
disease, cancer, or diabetes); agriculture (productionand yield traits); and adaptation of popul ationstotheir
environmentsare complex traits. A magjor challengeisto determine what are the genes affecting complex
genotypes, as genetic methods of analysis devel oped for single geneswith large effects are not
appropriate. The use of model genetic systems, such asthefruit fly, Drosophila melanogaster, enables
quick and efficient testing of new methods of analysis. The principle of conservation of genesaffecting all
fundamental biological processes meansthe genesaffecting genetic variation of atraitinfliesarelikely
alsoto beimportant for similar traitsin humansand other organisms (for example, lifespan).

Three methods have been used to map genes affecting several complex traitsin Drosophila (numbers of
sensory bristles, olfactory behavior, mating behavior, starvation resi stanceandlongevity) andto determine
thelir properties. Transposabl e el ement i nsertional mutationswith quantitati ve effectshave beeninduced,
and the affected genes cloned using the transposabl e element asamol ecul ar tag. Quantitativetrait [oci
havebeen mapped by linkagetomol ecular marker | oci in pedigreed popul ations. Finally, associations
between mol ecular variation in candidate genes and phenotypic variation for thetrait have beenexamined
inrandom mating popul ations. Quantitativetrait|oci often havedifferent and sometimesoppositeeffectsin
malesand femal es, andindifferent environments. Thechromosomal | ocationsof quantitativetrait | oci
often coincide with those of candidategenes, identified by mutationswithlarge phenotypic effects.
Association testsrequireahigh density of intragenic polymorphic molecular markers, and reveal that

regul atory generegionsaffect variationfor complex traits.

b. Impact - Thecomplexitiesof quantitativevariationin Drosophila impact thedesign of studiesto
determine genes affecting quantitativetraitsin humansand other organisms. It has been proposed that
such genes can be mapped by genotyping arandom sample of individual sfor singlenucleotide
polymorphisms(‘ SNPS') in protein coding regionsof candidate genes, and associ ating thegenotypewith
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disease or other trait status. Thework with fruit flies has shown that this strategy islikely tofail unless(1)
the density of SNP markersis much greater than has been proposed, (2) markers areincluded in non-
protein coding (regulatory) regions, (3) larger sample sizes are used, and (4) the effect of sex and other
demographicfactorsareincluded.

c. Sourcesof Funds - Hatch, State, NIH, NSF

d. Scopeof Impact - National

Expenditur esand Per sonnel Commitments

Appropriations Grantsand Contracts Personnel
Federa State Federa Non-Federal SY PY TY CY
$269,266 $4,329,938 $788,032 $482,002 11.3 412 64.4 15.0

Goal 1, Program Area2:
Plant and Animal Germplasm, Genetic Resourcesand Conservation, and Plant Improvement

SubprogramArea2a:
CropImprovement

Overview

Research activitiesinthisprogram areahave concentrated onimproving plant productivity and quality of fruits,
vegetablesand agronomi ¢ cropsthrough breeding methodol ogiestoincreaseyield and quality and reducethe
incidence of diseases and insects; increasingbiological efficiency through control of metabolicprocessesand
generegulationin plantsused for food, fiber and fodder; and devel oping methods and strategiesto more
efficiently producehorticultural and agronomiccropsin NC Somehighlights of accomplishmentsinthis
program areaarelisted below.

. 'N7001' wasreleased asthefirst drought-resistant cultivar releasedinthe U.S.

. New soyfood cultivarswererel eased for human consumption, including varietiesN7101, N7102,
N7103andN6201.

. '‘ChinaPearl’, '‘Challenger' and 'Intrepid’ peach cultivars have been rel eased with enhanced cold
hardinessand thuswill producefruit evenin seasonswith late freezing temperatures.

. '‘Sampson', 'Duplin’, and'Onslow’ blueberrieswere released with superior characteristicsfor
mechanical harvesting.

. The peanut cultivar 'Perry’ was rel eased with good yield and grade and moderate level s of resistance
to various peanut diseases.

. 'Satelite', asoybean cultivar with low levelsof linolenic acid and low saturated fat was rel eased.

. Hulless oat germpl asm was devel oped with good Hessian fly and Fusarium head blight for the horse
industry.

. Powdery mildew resistant soft red wheat germplasmwasdevel oped andisbeingincorporatedinto

cultivars. Leaf rust and septoriaresistance has been transferred from wild diploid oat speciesto cultivated
oats.
Tomatoesare being devel oped with early blight and fusarium wilt resi stances and enhanced color.
Corngermplasm linesare being devel oped with gray | eaf spot resi stance.
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I solation of xanthotoxinfrom X anthomonasisproceeding to el ucidatethe pathway leading tothe
productionof cercosporin-linetoxins.

Proteinkinasesresponsiblefor phosphorylatingthe SEC14-linelipidtransfersprotein Sshlpwere
identifiedin soybean. Thework isleadingto osmoregulation of lipid synthesis, and hasled to new insights
into mechanismsplantsuseto recognizeosmotic stresses, such ashigh salinity and drought.

A new cholinekinaseisoform wasisolated and characterized from soybean, akey enzyme of
phosphatidylcholinebiosynthesi spathway.

Correlationsbetween protein and i soflavonoid (aclassof compoundswith possibleanti-cancer
activity) concentrationswereidentifiedinsoybean.

Naturally occurring polyamines, wereidentified aswell asthe possiblemol ecul ar basisfor polyamine
action asaplant growth regulator, and thus opens new approachesto controlling plant growth responsesto
agriculture.

M ethodol ogy was devel oped toimage soybean rootsin situ using nucl ear magneti c resonanceimaging
technology.

Protein phosphorylation was studied with protein kinasesand indi cated that acetic amino acid residues
flanking the serinecan stimul ate, whileacidicamino acidresiduesgenerally inhibit phosphoryl ation.
Prolineresiduesnear serineal soinhibit phosphorylation.

Vitamin A levelswere correl ated with ozone damage in snapbean.

A PCR-based strategy was used to isolate isoforms of the FAD2 gene, encoding an oleic acid
desaturase, from ahigh oleic acid soybean line.

Glufosinate uptakein different weed specieswasinvestigated and up to 18-fold differences were
observed. Differencesin uptake and metabolism account for variationinfieldsfor weed control.

Weed management systemsin herbicide-resi stant crops, especially cotton, soybean and corn, were
investigated aswell as carry-over effects of alternative herbicideswereinvestigated.

HADSS (Herbicide Application Decision Support System) has been devel opedin asaWindows-based
version and web-based version to provide an integrated weed management system in crops.

Economicthresholdsfor ladysthumb and pal e smartweed in cotton were determined and the
competitiveness of theseweedsislow.

Field plotsof transformed tobacco plantswere processed for production of canineoral papillomavirus
vaccineproteinsand pil ot-scal e processing of proteinsperformed.

Theinstability of a gene encoding anicotine demethylase in burley tobacco and its effect on secondary
amineal kal oidsand tobacco-specific nitrosamineswasinvestigated. Resultsindicatethat acommercial
crop could be produced from plantsthat do not have high mutation ratesduring tissueculturegenerations
tomanipulateploidy levels.

PCR-based markersto target intronic generegionswere developed and theallelic variationinintron,
promoter, and exon lengths of 54 genesin each of 48 maizeinbred lineswere surveyed.

Molecular markerswere associated with freezing susceptible winter oats and proteinsthat increase
theapoplasticfluidof frozen, winter-hardy oats were investigated for genetic sequences.

Geneswereidentified in DuPont's proprietary soybean EST database that are candidates for
influencing ER biogenesi sduring seed devel opment.

Soybeanswere evaluated for soil water differential on utilization of N and variation wasfound for root
branching andradial hydraulic conductivity among genotypes. Water useefficiency, measured asdry
matter produced per unit water evapotranspired, waspositively correlated with N utilization.

Optimal N-uptake wasinvestigated in corn by direct measurement and late in the growing season by
color-infrared photography acrossdifferent soil types.
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The effects of ozone and CO2 exposure on plant devel opment and plant/pest interactionswere
investigated. Elevated CO2 was shown to ater needle chemistry and led to decreased site soil quantity of
dry matter.

Themetabolicbasisfor high-oleicinandlow 16:0trait associated with thefapl and fapnc alleles.

A pedigree database for more that 550 North American soybean cultivarswas established which
documentsrel ationshi psamong linesfor genetic enhancement.

Experimental proceduresare being devel oped tointrogressexotic maizegermplasminto elitecorn
linesby devel oping strategi esto estimate new genetic variationin unadapted genotypes.

Bestlinear unbiased predictionswere used to cal cul ate the breeding val ues of more than 200 cultivars
and linesfor flavor, and trendsin flavor in germplasm devel oped during the past 60 yearswere
determined.

Tall fescuewas genetically transformed with resistance to the herbicide 'Finale and fungal resistance
genes.

Cyst nematoderesistancein soybean lineswasidentified. Field designswere devel oped to control
experimental errorsfor yieldedinlow-replicationexperiments.

Key Theme- Plant Genomics

a.

C.

d.

Recombinant DNA technology holdsgreat promisefor theimprovement of crop plants by adding genes
for specific, well-defined traits such asresistance to pests or production of specific compounds such as
vaccines. Several problems, however, remain to be solved before recombinant DNA technology can be
routinely used for such improvements. One of these problemsisthat several crop speciesaredifficult to
transform by existing methods. Another problemsisthat even in plantsthat can betransformed readily,
the introduced genes are often expressed at low rates or the expressionislost in progeny of the original
transformant. Scientistsat NCSU have studied the effect of flanking introduced geneswith extraDNA
sequencescaled MARs (Matrix Attachment Regions). These sequences appear to increase the
expression of introduced genes, stabilizetheexpressionin progeny of theoriginal transformed plantsand
increasetheefficiency of production of transgenic plants.

Impact - If thisimprovement in recombinant DNA technol ogy appliesgenerally to crop plants, the
feasibility of using transgenic approacheswill begreatly enhanced. Among other things, thistechnol ogy
should allow the production of cropswith lower requirementsfor pesticides, thuslowering the
environmental impact of farming. It should also makeroutinethe engineering of plantsto produce specific
pharmacol ogical compounds. Production of such compoundsintobacco might supplant traditional usesof
tobacco and increase the value of the plants.

Sourcesof Funds - Hatch, State and NSF

Scope of Impact - National

Key Theme- Plant Germplasm

a.

North Carolinafarmersmay choosefrom nearly 100 corn hybrids, 50 flue-cured tobacco varieties, 90
conventional soybeanvarieties, 60 Roundup Ready soybean varieties, 40 conventional cottonvarieties, 20
Bt cotton varieties, 20 Roundup Ready cotton varieties, 40 wheat varieties and several barley and oat
varietieswhen they decide what to plant each year, with new products coming on the market all thetime.
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Farmersmust make the best possible crop decisionsif they wish to maximize profit and keep their farms
financialy viable. TheOfficial Variety Testing Program of the Collegeof Agricultureand Life Sciences
at North Carolina State University conducts performancetrialson barley, corn, cornsilage, cotton, flue-
cured tobacco, oats, soybeans and wheat each year. Many of these varieties are new, so farmers do not
know what to expect from them. Thetrialsarelocated in major production areas of the state, using the
same types of production practices and technology that farmers use. Datafrom thetrials are collected and
disseminated in Measured Crop Performance Bulletins, perhaps better known to farmersas* the green
books.” Nearly 20,000 copiesof four different green booksare printed annually. Theinformationisalso
availableontheWorld Wide Web.

b. Impact - TheOfficia Variety Testing Program givesNorth Carolinafarmerstheinformation they need to
makeinformed decisionsabout which varietiesto plant to make surethey remain competitiveinan
increasingly competitiveagricultural economy. Whileit isdifficult to measure theimpact of the Official
Variety Testing Program, it seemslikely the program fattensthe bottom line of North Carolinafarmersby
severa milliondollarsannually.

c. Sourceof Funds - Hatch, State and Smith-Lever
d. Scope of Impact - Regional
Key Theme- Plant Germplasm

a. Thenarrow of the genetic base of U.S. corn breedingissufficiently limited that 20 private companies,
includingall major ones, havejoined aprivate/public consortiumtodevel op alternative sources of breeding
materials. Crosses between promising tropical materialsand private breeding lines have been made.
Breeding families have been developed at N.C. State and top-crosses of these 50%-tropical, 50%-
temperate families have been tested in cooperativeyieldtrialsconductedjointly by theNCARS, the
USDA-ARS, cooperating universities, and private companies. Almost 4,000 familieshave beentested;
over 800 of thesefamilies performed aswell asthe commercial checksinfirst-yearyield trials. Of the
approximately 600 familiesthat have been tested for two years, about 70 meet or exceed the mean of the
commercial checks.

b. Impact - Theproject (GEM, Germplasm Enhancement of Maize) representsthefirst and only industry-
wide cooperative breeding effort. Seed requestsfrom cooperators, both private and public, suggest that it
iscontributing to an expansion of the genetic base for corn breeding. Well over 100 requests have been
madefor specificbreedingfamilies, even before any announcements were made about seed availability.
About 75% of these requests were by private, cooperating companieswhose breeders had participated in
growingtheyieldtrias.

c. Sourceof Funds- Hatch, State
d. Scopeof Impact - National
Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
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Federa State Federal Non-Federal SY PY TY CYy
$296,021 $2,963,713 $1586520 $957,616 155 47.8 269 103
SubprogramArea2b:

Animd Improvement

Overview

Research wasal so conducted toimprove animal performanceby investigating basi ¢ biol ogical systemsthat
modul atelife processes, studying thegenome of animals, and creating useful animal modelsfor the study of
human and animal diseases. Theimpact of thisresearch will enhance our understanding of the basic genetic
and biological basisof animals, aswell asimprovethe human condition viathe study of animal models. One
accomplishment in thisprogram areaisresearch that has shown the quantity and composition of fecal and
urinary excretain pigsisaffected by genetic and sex influencesindicating that there is agenetic component to
theinteraction of animal productionandtheenvironment.

Key Theme- Animal Genomics

a. Transgenic organismsarethosethat have received new DNA into their germ lineviaaddition to the
embryo. Transgenic plants have been front page news as genetically modified foods because of the
controversy over food safety and their impact on the ecology where the plants are grown. Lesswell
knownistheresearch conducted with transgeniclivestock being devel oped for agricultural and biomedical
purposes. Inagricultural thegoal isto devel op transgenic livestock with better efficiency of production
and disease resistance. The mouseisused asamodel to study the effectiveness of transgenes and the
promoter that is used as amechanism to activate the gene. Studies have centered on agrowth hormone
transgene constructed with apromoter that alows activation of the gene by adding zinc to drinking water.
The purpose of these studies was to compare selection for increased growth rate in the presence of the
growth hormone gene with conventional selection inthe absence of thegene. Theselectionin different
genetic backgrounds was also compared to seeif this factor influenced the rate of genetic response. As
selection progressed, the frequency of the growth hormone transgene was monitored to determinethe
reproductive performance of thetransgenic mice.

b. Impact - Thisstudy has provided strong evidence that the growth hormone transgene would be more
useful if usedinalinenot previously selected for increased growth. Evidence also was provided that the
introduction of thegrowth hormonetransgene had a negative impact on fitness of the animals. An
important unanswered question iswhether these observationswere specific for thistransgene construct
we studied.

c. Sourceof Funds - Hatch, State and NSF
d. Scopeof Impact - National
Key Theme- Animal Genetics

a. Oneof themost perplexing and frustrating challengesdairy producersfacetoday ishow to economically
detect estrusandimprovereproductionin high-producing Hol steins and other dairy breeds. Most research
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hasbeen aimed at hormonal interventionsor use of expensive el ectronic equipment to identify cowsin
estrus. An assumptionisthat all Al bullsareequally fertile, apoint that has proven to befalse. Teaching
andextension haveemphasized environmental modificationsasthemost economical way for improvement
inreproduction. It hasbeen assumed that geneticsvariationin reproductiveefficiency isnil, which our
work has proved to beincorrect.

b. Impact - Useof Al bullsidentified by Estimated Relative Non-return Ratesashigh conceptionwill, on
average, result in about 20% more calves per insemination. Advantages were apparent evenin hot humid
monthsin North Carolinaand other statesthrough the United States. Costswill be essentially the same per
insemination, so economicsof such bullswill likely beareduction of direct andindirect costs per
pregnancy of over 20%. Daughtersof many dairy bulls, even some of those that sire higher producing
daughters, have greater reproductive efficiency than the average Al bull. Combining these two procedures
appears more cost-efficient than most if not all environmental interventions. All Al unitshave accepted
these ERCRs (DRMS and NCARS) computed on mates of Al bullsasreliable.

c. Sourceof Funds- Hatch, State

d. Scopeof Impact - National

Expenditur esand Per sonnel Commitments

Appropriations Grantsand Contracts Personnel
Federa State Federa Non-Federal SY PY TY CY
$311,663 $720,813 $317,614 $200,861 41 98 10.7 25

Goal 1, Program Area3:
Plant Protection Strategies

SubprogramArea3a:
ForestandHorticultural Crop Protection

Overview

Research activitiesin this program area have concentrated on devel oping and enhancing pest, pathogenand
weed management technol ogy for growth and production of forestsand horticultural plantsfor greater
enjoyment and profitability inanenvironmentally sustainablemanner; improving theunderstanding of ecol ogy
and geneticsof pest, pathogen and weed populationsand their interactionswith plants and antagonistsfor
more effectiveintegrated pest management; and incorporating resi stance to pests, pathogens and weedsinto
improved, productivecultivarsthroughclassical breedingand biotechnol ogy/genomics. Somehighlightsof
accomplishmentsinthisprogram areaarelisted bel ow.
. Several scientistsattended anational meeting on bioterrorism. Thereisapotential for an ARS
emphasis on this subject at NCSU in the Plant Science Unit. The disease forecasting program also has
possibilitiesfor prediction of aerosol delivery viawind currents.
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Plant healthisamajor effort of several departmentsin the College of Agricultureand Life Sciencesat
NCSU, including Entomol ogy, Crop Science, Horti cultural Science, and Plant Pathology. | ntegrated
Pest Management continuesto be akey component of many faculty programs. The Center for
Integrated Pest Management hasaregional influence onimproving plant health.

The Eastern USDA-APHIS Hub is now located on the NCSU campus asisthe USDA-APHIS
Center for Plant Health Science and Technol ogy, which will enhance our work with invasive species.
Recently, NCSU research has allowed establishment of export agreements with Japan for fresh
market tomatoes.

Plant-pathogen interaction research with root knot nematodes has shown that they contain acellulose
genethat isreleased into plant tissue viathe nematode styl et during establishment of feeding sites.
Thisisthefirst cellulase genefound in an animal. The gene has sequence similaritieswith bacterial
genesindicating crosskingdomgeneflow.

TheMicropropagation Unitischanging theNC sweetpotatoindustry by providing diseaseindexed
mother plantsfor anew greenhouse sweetpotato vine propagation industry that providestrueto
variety, certified plantingmaterial for growers.

Multidisciplinary teamsare devel oping production practicesfor useasmethyl bromideisphased out
for strawberry and vegetableproducers. Thepracticesutilize sustai nabl eagriculturetechniques
together withmoreenvironmentally friendly pesticides.

A genome research laboratory was established that isallowing work onfungal, nematode, and
bacterial pathogensto utilizegenomicstechnol ogy. Understanding thefunction of variousgenesis
leading to ideasfor novel management of diseases.

Key Theme- Plant Health

a.

Hooding of sweet potato fieldsresultsin acondition known as* souring.” Thiswasaparticular problemin
North Carolinain 1999, when hurricanescaused extensi veflooding and, consequently, extensivesouring.
Souring wasthought to be caused by lack of oxygen in theroot zone of sweet potatoes. Asaresult of
research done at North Carolina State University, souring isnow believed to be the result of acomplex of
factors, includingfungal and bacterial pathogensinadditiontoflooding. Thesoilbornefungus Geotrichum
candidumand abacterium (putatively Erwinia chrysanthemi) wereisolated consistently from soured
Sweet potato roots. Testsfor pathogenicity of these two organismswere unsuccessful until roots were
submerged inwater for 24 hoursfollowinginoculation. G. candidumwill cause low levels of disease by
itself; however, when both organismsare combined in theinoculum, theresultant diseaselevel ismuch
greater.

Impact - Effective disease management is based on an understanding of the causal agents. The more
completeunderstanding of the causal agentsinvolvedin souring devel oped by scientistsat North Carolina
State University shouldlead to strategiesfor minimizing sweet potato lossesdueto flooding. Withthe
pathogensinvolvedidentified, it will bepossibleto screen sweet potato varietiesfor susceptibility tosouring
and to devel op new varietieswith high resistance to souring. Researcherswill also determinewhich
varieties are susceptible to souring and advise farmersto avoid these varieties.

Source of Funds - Hatch, State and Smith-Lever
Scope of Impact - Regiona

Key Theme- Plant Health
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a. Inmultidisciplinary work at the Center for Environmental Farming Systems, the effectsof several
production practicesonnaturally-occurring beneficial organisms(nutrient cyclers, arthropod predators, and
insect pathogens) inthe soil arebeing examining. Soil disturbance through tillage appearsto beamajor
factor indisrupting popul ationsof beneficial organisms. Tillage had agreater disruptiveeffect than
conventional useof chemicalsor organic practicesin sweetpotato and other horticultural and field crops.
Theintroducedinsect-parasitic nematode, Steinernemariobrave, was ableto persist for two seasons after
introductioninto cornineastern NC, demonstrating itsstrong potential asan alternativeto pesticides
against soilborneinsect pests. The introducedinsect-parasitic nematode, Steinernemariobrave, wasless
susceptibleto disruption by tillage than was the endemic nematodes, Stei nernema carpocapsae and
Heterorhabditisbacteriophora.

b. Impact - Thisresultindicatesthat in some production systems, application of abiological control agent
tolerant to disturbance may be more effective than conservation of endemic natural enemies. Increasing
predictability and efficacy of biological control agents may reduce the need for synthetic insecticides, thus
reducingthepossibility of air, soil, and water contamination.

c. Sourceof Funds - Hatch and State

d. Scope of Impact - Regiona

Expendituresand Per sonnel Commitments

(See Expenditures and Personnel Commitmentsat end of Subprogram Area 3b section.)

SubprogramArea3b:
AgronomicCropProtection

Overview

Research activitiesin this program areahave concentrated on devel oping new and refining existing
mechanisms and techniquesfor managing pests of field cropsthat are economically feasiblefor the producers
and areenvironmentally compatible. Somehighlightsof accomplishmentsinthisprogram areaarelisted
below.

. Selection were made for resistanceto tomato spotted wilt virus (TSWV) in peanut by evaluating
resistancein Arachisspeciesboth by mechanical inocul ation and through thrip vector transmission.
Resultsindicated that cultivarswith moderatelevel sof field resistanceare highly susceptible to the
virusafter mechanical inoculation.

. Testswith cropping systems, includingrotation, doublecropping small grainsand soybean, and no-ill,
show yield lossto soybean cyst nematode to be limited to about 5%.
. Studieson numeroustransgenicfield corn geneeventswith singleand “ stacked” genesfor multiple Bt

toxin expression demonstrated varying level sof protection against Helicoverpazearanging from poor
to superior when compared toacommercially available single gene event variety.

. Field resultsacross 7 to 10 locationsfor 5 yearsin the southern region for performance of bacterial
and fungal biocontrol agentsin control of seedling diseasein cotton, snap bean show nosingle
biocontrol agent controlled both Rhi zoctoniaand Pythium damping-off.
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. Morning-glory, pigweed, and prickly sidaseedling emergencefrom seeded popul ationswasmonitored
inno-till plotswith no debris (reference plots) or with crimson clover, subterranean clover, rye, or
wheat debris. Cover cropswereeither desiccated by glyphosate or mowed and tilled into the soil.
Surface debris treatments del ayed weed seedling emergence compared to the reference plots. Rye
and wheat debris consistently suppressed weed emergence; in contrast, the effects of clover debrison
weed emergenceranged from suppressionto stimul ation.

. Plant growth regulators affected bentgrass|ateral recovery from simulated injury with up to a35%
delay in recovery with certain PGR treatments whereas others haveslightly increased recovery.

. Soybean varietieswith resistance to race 2 of the soybean cyst nematode, Heterodera glycines, are
currently under eval uationand devel opment.

. A riskindex to hel p peanut growersavoid preventiveinsecticideapplication for rootworm continuesto
berefined. Datafrom over 5 years show |essthan 5% of fields surveyed had economically damaging
populations.

. A new technique for greenhouse screening of seedlingsfor resistance to rootworms has been
developedwhichwill increase the speed in which rootworm resistance can eval uated.

. Planting of native plant field bordersaround soybean and cotton fieldsaswildlife habitat resultedin

lower populationsof bollworm (Helicoverpazea) and somebeneficial insect species, andslighty
higher levels of aphidsand lygus bugsin adjacent crop edge rows.

. Initial studiesto select for pyrethroid resistancein Helicoverpa zea inorder to devel op management
strategiesto control pyrethroidresi stant bollworm haveresultedinresistancelevel sof approximately
5-fold.

. A version of the weed management decision support system HADSS has been devel oped for cotton.

. Field experimentsexaminingweed growthin N2-fixing soybean and peanutinsandy, low fertility soils
have reveal ed that the weeds can acquire up to 70% of their nitrogen from the crop plants.

. Host-plant resistanceto foliar pathogens of soybean has been demonstrated to effectively eliminate
the need for protectant fungicidesin soybean.

. A spatially explicit geneticmodel of Helicoverpa zea adaptation to Bt toxin, has had atwo Bt toxin

component added which hasled to afirst estimate of the frequency of Bt resistance genesinfield
populationsof H. zea.

. A gene called CFP was isolated from the toxin producing fungal pathogen of soybean Cercospora
kikuchii and shownto confer asignificant level of toxinself-resistance in that organism. CFP provides
sef-protection by itsaction asapump to rid thefungal cell of toxin.

. Research on plant viruses has shown that the virus encodes amovement protein, whichisessential for
thevirusto movefrom cell-to-cell. Virionformationisrequired to achieveasystemicinfection.
Molecular determinantsfor virionformation and thefunction of themovement protein are currently
beingdetermined.

Key Theme- Plant Health

a. North Carolinapeanut farmers used to protect their cropsfrom adisease called |eaf spot by spraying
fungicideat regular interval s on apredetermined schedul e. Such spraying can be costly and sometimes
unnecessary. Faculty inthe Collegeof Agricultureand Life Sciencesat North Carolina State University
came up with abetter way of controlling leafspot. The disease infects crops only under certain weather
conditions. By monitoringthe weather, specialists were able to predict when the disease waslikely to
infect crops. Using thisinformation, farmers spray only when disease outbreaksarelikely.
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Impact - Using theleaf spot advisory, farmerscan cut their fungicideusedramatically. Approximately 75
percent of North Carolinapeanut growers now use the advisory to determine when to apply fungicide.
Depending on the weather in agiven year, North Carolinafarmerssavefrom$1lmillionto$2millionin
fungicide costs. Similar pest outbreak prediction systems have been devel oped for and are being tested on
other crops across the Southeastern United States. At the same time, advances in computer hardware and
software are making it easier for farmersto get thisinformation. And advancesin weather forecasting
promiseto maketheinformation yet more useful by enabling pest outbreak predictionsdaysfrom an actual
outbreak.

Source of Funds - Hatch, Stateand Smith-Lever

Scope of Impact - Regiona

Key Theme- Plant Health

a. Among the most effective products of genetic engineering has been what are known as Bt crops. Genes

C.

d.

fromabacterium, Bacillusthuringiensis(Bt), that code for the production of insecticidal proteinshave
been engineered into the chromosomes of crops. The resulting transgenic cotton, corn and potatoesthat
contain these genes producetheinsecticidal proteinsfrom the seedling stage until harvest, and this
effectively protectsthe cropsfrom specific pestswithout disrupting beneficial insectsand wildlife. Theuse
of these crops has reduced insecticide use and has resulted in economic benefits for farmers and
agribusinesses. Unfortunately, thereisfield and laboratory evidence that insects can evolveresistance to
these Bt proteins. If resistance devel ops, farmers may need to return to the use of conventional
insecticides, whichtend to bemuch more environmental ly disruptivethan engineered crops. For well over
adecade, scientists at North Carolina State University have studied waysto develop and use Bt crops
that decrease therisk of rapid pest adaptation to the Bt toxins. Thiswork hasinvolved both theoretical and
empirical research. All of thisinformation has been shared with other researchersin the Environmental
Protection Agency, U.S. Department of Agriculture, other universitiesand industry in order to develop
practical approachesfor decreasing therisk of resistance while ensuring the economicandenvironmental
benefitsof thistechnology. An ongoing research collaboration with the I nternational Rice Research
Institute has provided scientistsand regul atory official sfrom devel oping nationswith abetter
understanding of issuesrelated to the sustainable use of Bt-producing riceand cotton.

Impact - Thedetail ed research findingsfrom North Carolina State University have beeninstrumental in
convincing the EPA and industry that there are waysto get |ong-term benefitsfrom Bt toxin-producing
crops. NC State University scientistshave participated in numerous public and private workshopsand
conferencesaimed at educating diverse stakehol ders about the benefits of reducing the risks of rapid pest
adaptation. Thishasresulted in the EPA mandating the use of specific resi stance management approaches
by all farmerswho plant cropsthat expressthe Bt toxin. Theinstitutionalization of resi stance management
has been amajor step for agriculture because these policies require farmersto sacrifice a certain amount
of short-term profit for long-term benefits.

Sourceof Funds - Hatch, State

Scope of Impact - National

Expendituresand Per sonnel Commitments (Subprogram 3a and 3b)
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Appropriations Grantsand Contracts Personndl
Federa State Federa Non-Federal SY PY TY CY
$536,132 $6,820,786 $1,737473  $1,728827 27.2 48.6 46.0 319

Goal 1, Program Area4:
Animal Diseasesand Anima Hedlth

Overview
Research activitiesinthisprogram areahave concentrated onimproving overall animal healthand
performance through methodsthat reduce theincidence and/or severity of diseases caused by pathogenic
agentsand/or other environmental factors, devel opingenvironmentally safe, economically realistic,and socially
acceptable methodsfor the handling and recycling by-productsof food animal industries; and devel oping
effective, safe and acceptable practicesfor the control of odor and pests associated with food animal
production. Somehighlightsof accomplishmentsinthisprogram areaarelisted bel ow.
Isolated, purified and characterized two putativeviral agents associated with Poult Enteritisand
Mortality Syndrome (PEMYS) inturkeys. One agent isan astrovirus and the other isareovirus. While
both of theseviruseshave been known to beinvolvedin enteric disordersof poultry, thesignificant
and commonfinding by theseinvestigatorsisthat both agentsinducesignificant detrimental immune
alterationsinexposed SPF poults.
Examination of pigletsexhibitingrotaviral gastroenteritis, oneof thel eading causesof neonatal
intestinal injury and diarrhea, with theultimate goal of improving therate and extent of recovery.
Characterization of agroup of mutationsthat truncate the membrane spanning domains of togavirus
membraneglycoproteins. Thetogavirusesareamajor group of infectious agentsthat cause diseasein
man and domestic animals. Among these are horse encephalitis, classical swinefever, border disease
andbovinediarrhea.
Completion of an evaluation of thehousefly’ sability to harbor and transmit Yersinia
pseudotuber cul osis, an infectious bacterium of turkeys. Houseflies can support this bacterium for
30 hr on the body surface, and in the gut for up to 36 hours.
I nvesti gation of themechani sm by whichtetracycline, spectinomycin, and other antibiotics act on the
structureof theribosomein E. coli.
Development of on-farmmortality preservationand conversionintoval ue-added animal feed products.
Procedureswere devel oped for preserving mortality carcasses by phosphoric acid and processing it
into aproteinby-product meal by flash dehydration and extrusion processing.
Studieson the use of microbial phytasein poultry feedsin order to reduce phosphorus excretion.
Theimpact of fieldincorporation of turkey litter onthe survival of darkling beetleswas evaluated and
soil incorporation of thelitter significantly reduced beetlesurvival.
IPM isbeing used to reduce cockroach infestations on swine farms, and to reduce the amount of
pesticidesusedintheir control.
Molecular markersrelated to stress are being studied in an attempt to revitalize stocks of the
American oyster. Heat shock proteins (Hsps) are essential for adaptation to thermal, chemical and
biol ogical stressorsinmany organisms.
Peptides can enhanceintestinal nutrient absorptionwhenadministered in ovo or post-hatch.
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Studiesto determinethemol ecul ar mechani smsassociated with theinduction of morphological defects
in mice have been conducted which demonstrate the rol e of aberrant gene expression in the etiol ogy
of morphological defects.

Key Theme- Animal Health

a.

C.

d.

Integrated management of pests of importanceto livestock and poultry requiresthe broad understanding of
diversemanagement tool sincluding cultural, physical, biol ogical and chemical control methods. Although
chemical pesticidesplay animportant rolein the management of livestock pestsunder outbreak conditions
werecognhi zetheimportance of minimizing pesticideexposuresunder the Food Quality and Protection
Act. Inaddition reduced use of pesticides|essensthe potential of pesticide resistanceto develop in apest
population. Thegoa of thisresearchistheincorporation of these alternative methodsinto Integrated Pest
Management Programsfor poultry and livestock. Theturkey industry in North Carolinahasbeen
confronted with emergence/re-emergence of twoimportant diseases, Poult EnteritisMortality Syndrome
(PEMYS) and Turkey Coronavirus (TCV). PEMSisadevastating enteric disease of turkeys of an
unknown etiology, and isoften, but not always, associated with TCV. Although acurefor PEM S has not
been determined theincidence of disease has declined in recent years. M echanisms associated with the
transmission of these diseasesmay be closely linked and insectsmay bedirectly involved. Thedarkling
beetle (Al phitobius diaperinus) and the house fly (Musca domestica) are commonly associated with
turkey litter. Therole of theseinsectsin the transmission of these diseases, and its movement and
dispersal habitsarelargely unknown.

Research at NCSU used immunofluorescent (FA) and serology techniquesto detect TCV inturkey
tissues. Resultsindicatelimited transmission TCV toturkey poultsby darkling beetles, however darkling
beetlesdo readily transmit PEM S agentsto young turkeys. Potential for diseasetransmissionisgreater in
housefly. TCV remainsviablein housefliesfor alonger period than in darkling beetles, and the potential
for dispersal isgreater. Currently studies are being conducted to mark and recapture the immigration of
darklingbeetlesfromfieldtoturkey housefollowingtheland application of organicfertilizer. Establishing
alink between theapplication of turkey litter andimmigration of darkling beetlesmay provideimportant
cluesto the spread of poultry diseasesinNorth Carolina. Darkling beetlesurvival wassignificantly
impacted by mechanical incorporation of litter into red clay field soils. Temperature hasagreat impact on
beetle survival. Results of thistechnique may vary with soil type. Surviving beetlesdispersed fromthe
field by flight. Dispersal islimited by temperature.

Impact - Turkey Coronavirus(TCV) issubjecttorapiddestructionintheenvironment. Adultdarkling
beetlestransmit TCV mechanically for only afew hours. Transmission of the agent(s) responsiblefor
PEM S was mechanically transmitted for 24 hours and perhapslonger. Thedarkling beetleisadded to the
list of known vectorsof thisdisease. Thisproject providesdefinitiveinformation ontheroleof darkling
beetlesintheepizootiology of TCV and perhapsPEM S. Using methodol ogy devel opedinthisinitial study,
the housefly wasalso incriminated inthetransmission of TCV. Further study will definetherole of the
housefly in TCV epizooticsinNC.

Sourcesof Funds - Hatch, State

Scope of Impact - National

Key Theme- Emerging Infectious Diseases
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a. Researchinaquatic plant ecology and nutrient pollutionimpactson freshwater, estuarine, and marine
ecosystems has lead to the co-discovery of thetoxicdinoflagel late, Pfiesteriapiscicida, asacausative
agent of major estuarineand coastal fish kills. Thisorganismwasthefirst toxic dinoflagellate known to
have direct attack behavior toward fish; thefirst to have acomplex life cycle with many forms; thefirst
withtoxicity triggered by livefish or their fresh tissues; and thefirst to produce neurotoxic aerosol sthat
can cause serious, mostly reversiblecognitiveimpai rment and short-term memory lossin humans, aswell
as certain morelong-term impacts on the human immune and autonomic nervous systems. 1n 2000, work
wasinitiated to characterize the genome of P. piscicidaand the second known toxic Pfiesteria-like
species, which was named as P. shumwayae. Alsowork isnearly completed on purification of apotent
neurotoxin from P. piscicida, and the determination one of itsmajor modesof actionin causing ‘ crossover’
impacts on mammalian nervousand immune systems. Also documented wasadditional chronic, severe
impactsof Pfiesteriatoxininpromoting finfish disease; and, verification that Pfiesteriathrivesafter being
consumed, then excreted in feces of adult oysters -- which meansthat cultured, transported oysters can
serveasavector in distributing Pfiesteriato other regions. And, for thefirst time, research has verified
toxic strains of Pfiesteriaspeciesin northern Europe andin New Zealand.

b. Impact - Research on Pfiesteriaand water quality has provided the framework that was used by the U.S.
Congressand federal agenciesin direct morethan $600 millionto control pollutionin estuariesand coastal
watersin many states. 1n 1999, the US Department of Agriculture committed to direct $221 millionto
North Carolina'sAlbemarle-Pamlico Estuarine Ecosystemtohel preduceagricultural pollution. Insupport
of thisresearch, during 1998 the U.S. Congress appropriated $500,000 to our laboratory to continuethe
research effort (received in 1999); and the North CarolinaGeneral Assembly directed $1 millioninnon-
recurring funds, and $600,000 in recurring fundsto NCSU to form aCenter for Applied Aquatic Ecology .
ThisCenter will address applied i ssues spanning from enhancement and protection of fish nursery habitat
to human health impactsfrom Pfiesteria. Itsresearch will focus onimpacts of algal bloomson aquatic
food webs, especially on commercially important fish speciesand their habitats, and on the health of
humanswho utilize these aquatic resources. The Center’ sresearch will examinedirect andindirect
influencesof pollutantssuch asnutrients, suspended sediments, and pesticidesonalgal blooms, fish stocks,
and valuabl efish habitat species. The Center will also meet apressing need in obtaining datato develop
improved management strategiesto enhance habitat for fish yield, and to mitigateimpacts of noxiousalgal
speciesthat have been stimulated by wastes. 1t will contribute datathat are of practical useto policy
makersin eval uating both primary and secondary impacts of human and animal wastes on our freshwater,
estuarine, and marine resources.

c. Sourcesof Funds - Hatch, State, NSF, USDA Specia Grants
d. Scopeof Impact - National

Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
Federa State Federa Non-Federal SY PY TY CY
$767,875 $2,135,119 $393,492 $503,422 11.2 18.7 16.3 11.0
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Goal 1, Program Area5:
FarmBusinessM anagement, EconomicsandMarketing

Overview

North Carolinafarmersarefacing major structural adjustmentsdue to changesin farm programs and
traditional “cash crop” quotareductions. Research projects on cotton and tobacco production systemswere
begunto aid farmersin their decisions on what new enterprise or crop rotation to add to farming operation.
Cost of production numberswere devel oped for tobacco and cotton enterprises. Thedifferencein prices of
pesticide productsthat are chemically identical, but can not be shipped across country borders has caused
farmers and others on either side of the US-Canadaborder to complain. Farmerson either side of the border
who grow the same crops do not have access to the same pesticides, or if available, at ahigher price.
Research was conducted to evaluate reasons for price differences and to assess the effects of price
differences on the cost of production. Results showed the economic impact of price differencesin pesticides
on thetotal pesticide coststo farmerswere small because farmerswere able to substitute pesticide products
and use more mechanical pest controls. Price differenceswere found, some were higher in Canada, some
were lower. The price difference summaries showed that they were often higher between US-Canada that
between USlocations.

The 1996 Fair Act resulted in significant changesto US government programsof the support of agricultural
incomes. These changesincluded the elimination of many forms of supporting producer pricesandincomes.
Thefederal crop insurance program, however, realized an expansion as revenue insurance contracts replaced
traditional yield insurance contracts. Research was conducted that rates crop insurance by using price and
yield risksthat can be used for achieving actuarially fair crop insurancerates. Theresultssuggest that risk
management programs have served as an inducement for farmersto plant on erodibleland. During aperiod
wherethe Conservation Reserve Program has significantly reduced much soil erosion, expansion of crop
insuranceand disaster relief programs offset approximately 60% of thereductionin erosion. Theseresults
have been used to make changes to actuarial methods used to rate insurance programs that should make
insurance premiums more accurate and thusimprove the operation of the programs (which direct billionsof
dollarsin support to agricultural producers). Theresearch hasthe potential to result in significant saving for
taxpayers.

Themajority of North Carolina sstrawberry crop issold through direct market channel s such as Pick-Y our-
Own or Ready-Pick operations. Few managers know the socioeconomic characteristics of their customersor
have ever assessed the effectiveness of their advertisement campaigns. Customer surveys were conducted at
8 direct market strawberry operations during the past season. Information gathered and analyzed has been
made availableto strawberry marketers. These managers can change their services, product offerings, and
advertising programsto better promotetheir strawberry operations.

The county by county effects of the tobacco settlement (in North Carolina) and possible elimination of the
tobacco program were researched. The results suggest that if cross-county restrictionswereliftedinNC,
tobacco productionwouldfall by 3%inthe Border Belt, increase by 10% in the Eastern Belt, fall by 15%in
theMiddle Belt, andfall by 15%inthe Old Belt. Liftingtherestrictionswould resultinincreasesin quota
incometo the Middle and Old Belts by over 20% and by 4% in the Border and in decreasesin quotaincomein
the Eastern Belt. While quotaownerswould benefit inthe Middleand Old Belts, farmer incomesin those
beltswouldfall by 16% (Middle Belt) and 15% (Old Belt).
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AsNorth Carolinacontinuesto urbanize, thereis concern that unique land resources, open space and viable
agricultureand forestry will belost. A project wascompleted whichidentifieslegal and financial toolsthat can
be used to preserve these resources and promote the continued viability of agriculture and forestry in North
Carolina. A Land Preservation Notebook was published to serve as acatalog of federal and state land
preservation programs, lawsand regul ationsavailablefor landownersand others.

Key Theme- Agricultural Competitiveness

a.

C.
d.

With theremoval of much of the safety net that previously existed for farmersinthe 1996 Farm Bill,
farmersare more susceptibl e to unfavorable commodity price movements. Thisfact coupled withlow
commodity pricesfor corn, soybeansand wheat have produced an increased demand by farmersfor the
knowledge and skillsrequired to better market their crops. Many farmers consider marketing their
weakest areaof knowledge. In order for farmersto makefully informed decisions concerning marketing
grain crops and reducing exposureto pricerisk, understanding how local pricesand basishave behaved
historically isextremely important. A historical databasefor soybean and corn pricesby locationfor North
Carolinaover theperiod 1980-1999 was devel oped and is continual ly updated. Thisdatabaseallowsthe
calculation of basis, whichiscritically important to grain marketing decisions. These basistablesare
available as part of the North Carolina Soybean and Corn Price Y earbook and have a so been made
available on the web at the North Carolina State Grain Marketing Homepage.

Impact - These datacombined with the educational materialsavailable givefarmersand othersthe
necessary toolsand ability to make moreinformed and better marketing decisions. For example, the
yearbook givesfarmersaknowledge of historical basisthat can be used to decide whether to accept or
reject aparticular forward price offer, to decide whether to hedge using futures, or to store their cropsfor
adeferred sale. These datawill also serve as an extremely useful resource for analyzing other important
economicquestions.

Sourceof Funds - Hatch, State
Scope of Impact - State

Key Theme-Agricultural Profitability

a.

Sinceitsintroduction, theadoption of genetically altered Bt, or Bollgard cotton, by North Carolina
producers hasgrown steadily, from 24,000 acresin 1996 to just under half amillion acresin 2000, or more
than half the state’ srecord 900,000-acre cotton crop. Because bollworms are North Carolina s major
cotton pest and because Bollgard cotton isonly moderately resistant to thispest, North Carolina’' s
producersmust carefully weigh the high technol ogy costsof planting Bollgard cotton (presently averaging
about $20 per acre, or asmuch as$10 million in the 2000 crop year) against the potential benefits of this
new technology. Additionally, duetothelower insecticideusewith Bollgard cottonanditsvariable
efficacy against other pests (Bt cotton provides exceptional control of tobacco budwormsand European
corn borersbut no control of non-caterpillars), dramatic shifts have occurred in the status of many North
Carolinacotton pests. Therefore, grower decisionsabout thepotential economicreturnsof Bollgard
technology aredifficult. North CarolinaCooperative Extension Servicespecialistsinthe Collegeof
Agricultureand Life Sciencesat North Carolina State University conducted acomprehensive statewide
survey of 360 Bollgard and 360 conventionally managed cotton fieldsfrom 1996 to 1999 to determinethe
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degree of late-season boll damage caused by bollworms, European corn borers, fall armywormsand stink
bugs. This survey was accompanied by the canvassing of asampleof North Carolina’ sindependent crop
consultants, producersand North Carolina Cooperative Extension agentsto obtain dataoninsecticideuse
against variouscotton pests, technol ogy feesand scouting requirementsin conventional and Bollgard
systemsover thisfour-year period. Theinsect damage caused by major pests, the insecticide use patterns
and the technol ogy fee assessmentswere used to form the basis for economic comparisons of Bollgard
and conventional cottoninsect management systemsin North Carolina.

b. Impact - Armedwith objectiveinformation quantifying shiftsintheimportance of our major insect pest
specieson cotton (bollworm damageto bolls has dropped 60 percent, while stink bug damageto bollsisup
four-foldin Bollgard cotton) and significant changesininsecticide use patterns(Bollgard cotton was
treated an average of .75 times compared with 2.61 applicationsfor conventional cotton from 1996 to
1999), North Carolinaproducersand consultantsnow havetheinformation they need to makeinformed
decisions about the expected costsand benefits of thisnew Bollgard technology.

c. Sourceof Funds - Hatch, State and Smith-Lever
d. Scope of Impact - Regional
Key Theme- Managing Changein Agriculture

a. Many poultry contract growersare dissatisfied with existing contractual arrangements. Their complaints
focus primarily on tournament schemes, under which growersreceive afixed amount per pound of live
meat produced (to defray their capital and operating expenses), plusabonuspayment for using integrator-
providedinputsefficiently. Poultry growershaverepeatedly expressed concern about tournaments
becausethey believethat it isunfair to comparetheir production costswith those of other growersin
determining payments. Some growers have argued that tournament schemes are biased, sinceintegrators
have solecontrol over theinitial quality of productioninputs. Consecutiveflocksgrown by thesame
grower, and havingsimilar production costs, canreceive substantially different payments, depending onthe
performance of other growersin the settlement group. Growers have expressed exasperation over this
form of remuneration sincethey have no way of anticipating how largetheir paymentswill be.

Analysisof thewelfareimplicationsof contemplated government regulation of poultry contractshave
indicated that the mandatory replacement of tournamentswith fixed performance standardswould a)
increase grower welfare, and b) increase or decrease the socia surplus. This shows that whereas the
mandatory replacement of tournamentswith fixed performance standards, absent any other rules, can
decrease grower incomeinsurance without raising welfare, income insurance and welfare can
simultaneously beincreased provided that the slope of the bonus payment scheme, the so called " piece
rate," isalso regulated. Moreover, the enforcement of fixed performance standards absent any rulesfor
themagnitudeof the pieceratewill resultinan unambiguousreductioninsocial surplus, but regul ation
accompanied by arule determining the magnitude of the piece rate may or may not reduce social surplus,
depending on thetechnology and preferences.

b. Impact - If thepublic policy inthisareaisto receive sufficient guidance, it isessential that it relieson
economic research of thiskind. The obtained results provide an accurate account of the welfare
implicationsof aconcreteregulatory proposal and gives a specific set of instructions how to proceed. The
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ideaof simply imposing amandatory use of fixed performance schemesin settlement of broiler contracts
will not achieve atargeted goal of improving thewelfare of growers. A fairly elaborate scheme that
requirestheregulation of the“piecerate” will haveto beintroducedinstead. A substantial oppositionfrom
theintegrators’ circle should be expected because the companieswill beworse off under this scheme.

c. Sourceof Funds- Hatch, State
d. Scopeof Impact - National
Key Theme- Niche Market

a. Themajority of North Carolina sstrawberry crop issold through direct market channels, such asPick-
Y our-Own and Ready-Pick operations. However, few managers know the socioeconomic characteristics
of their customers or have ever assessed the effectiveness of their advertisement campaigns. Therefore,
they do not know who their customersare, if they arereceiving the desired resultsfrom their promotional
efforts, or if they are spending their advertising dollarswisely. Consumer surveyswere conducted at
eight direct market strawberry operations during the 1999 marketing seasons. Customerswere asked if
they could recall any recent advertisementsand if the ads had an impact on their decision to shop at the
garden center. The amount of fruit the customers purchased, amounts spent during the shopping trip, and
sel ected consumer soci oeconomic characteristicswerea so collected.

b. Impact - Direct market strawberry operators now have moreinformation to help them make more
informed marketing decisions. They haveabetter understanding of their “typical” customers, how far they
travel to pick or buy fruit, and the most effective advertising means of reaching their target customers.
Consequently, managers can changetheir services, product offerings, and advertising programsto better
promotetheir strawberry operations. The operators al so know how to improvethe effectiveness of their
advertising programs and how to attract new customers by focusing on the reasons customers buy direct
market fruit and by informingworking couplesthat pre-pickedfruitisavailable.

c. Sourceof Funds- Hatch, State
d. Scopeof Impact - State
Key Theme- Risk Management

a. Withtheremoval of much of the safety net that previously existed for farmersinthe 1996 Farmbill,
farmersare now more susceptible to unfavorable price movements. Thisfact, coupled with low
commodity pricesfor corn, soybeans, and wheat has resulted in an increased demand by farmersto gain
the knowledge and skillsrequired to better market their crops. Many farmers consider marketing astheir
weakest areain their farm enterprise. In order for farmersto make fully informed decisions concerning
marketing grain cropsand reducing exposureto pricerisk, understanding how local pricesand basishave
behaved historically isextremely important. A historical databasefor soybean and corn pricesby location
for North Carolinaover the period 1980-1999 hasbeen devel oped and isbeing continually updated. This
database allowsthe cal culation of basiswhichiscritically important to grain marketing decisions. These
basistables are available as part of the North Carolina Soybean and Corn Price Y earbook and have also
been made available on the web at the North Carolina State Grain Marketing Homepage.
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Impact - These datacombined with the educational materialsavailable give farmers (and others) the
necessary toolsand ability to make moreinformed and better marketing decisions. For example, the
yearbook givesfarmersthe knowledge of historical basisthat can be used to decide whether to accept or
reject aparticular forward price offer, to decide whether to hedge using futures, or to store their cropsfor
adeferred sale. These datawill also serve asan extremely useful resource for analyzing other important
economic questions. For example, thisdataisalso being utilizedinthe devel opment of the CropRisk, the
softwaretool that isbeing developing as part of therisk project that the department has received funding
for fromthe USDA. Finaly, sincethisinformation has been made availablefor over ayear now and |
haveuseditinmy extension programs | have had much positive feedback from producers who are
utilizingthisinformationinmaking marketing decisions. For example, numerousproducershaveshared
with methat thisinformation hasallowed themtoincreasetheir bottomlinesignificantly. Inparticular, one
producer shared that it was worth more than $1 per bushel (about a 20 per cent increase) on their net
soybean price dueto the strategy he successfully adopted asaresult of thisinformation and marketing
programs he attended.

Source of Funds - Hatch, State

Scope of Impact - Regiona

Key Theme- Agricultural Financial Management

a. Thedifferenceinthe pricesof pesticide productswhich arechemically identical, but can not be shipped

across country borders has caused farmers and others on either side of the US-Canada border to
complain. The concernisthat farmers on either side of the border who grow the same crops do not have
accessto the same pesticides, and if they are availablethey are higher priced. Thiscondition can lead to
differencesin costsof production and profitability for farmersof key crops such aswhest, barley, potatoes
and canola. At therequest of the US Department of Agriculture and Agriculture and Agri-Food Canada
astudy wasinitiated by G. Carlson, NCSU, and McEwan of Guel ph University to study the price
differences of pesticide products between the US and Canada. The three objectives of the study were: 1)
to assembleinformation on pricelevelsfor all major pesticidesused on wheat, barley, potatoesand canola
inthe US and Canada, 2) to evaluate reasonsfor price differences between locations, and 3) to assess the
effects of price differences on the cost of production of crops. Theinformation was assembled into a
report and orally presented to USDA and AAFC. A Senate Agriculture hearing was held to consider the
study and possiblelegislationtoallow shipment of pesticides acrossthe US-Canadaborder.

Impact - The economicimpact of price differencesin pesticideson thetotal pesticide costs of farmers
were small because farmerswere able to substitute pesticide products and use more mechanical pest
controls. Wedid find price differencesfor various pesticides. Somewere higher in Canada, and some
werelower there. The economic explanationsfor higher pricesincluded higher willingnessto pay insome
areas (demand), higher cost to produce and sell the products, pricediscrimination by sellers, patent
protection differences and differencesin the prices of substitute pesticides. The pricedifference
summaries showed that the price differences were often higher between US-Canadal ocationsthan
between US|ocations. However, over time, pesticide price differences sometimes favored USfarmers
and sometimesfavored Canadian farmers. Thefindingsdid notimply that legislationisneeded.
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c. Sourceof Funds- Hatch, State

d. Scope of Impact - National

Expenditur esand Per sonnel Commitments

Appropriations Grantsand Contracts Personnel
Federal State Federal Non-Federal SY PY TY CYy
$218,210 $902,699 $142.910 $76,396 4.8 56 40 33

Goal 1, Program Area6:
Product Development

Overview

Activitiesinthisprogram areain 2000 have concentrated on 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
productsand/or processeswill be adopted by industry |eading to economic expansion by way of domestic and
international salesof North Carolina and other U.S. value-enhanced agricultural products. Single-event
economicimpact can be equated to a$20 million or greater increasein sales. Some highlightsof activitiesin
thisprogram areaare listed below.

Fat solublevitaminsareoften removed due to reduced fat products. A milk protein, B-lactoglobulin,
has been shown to bind with these vitamins and thus provides anew vehicleto low-fat product
fortificationutilizingdairy product components.

Studies have shown that many fruits and vegetabl es contain antioxidants that can reducefreeradicals
associ ated with degenerative diseases. Processing techni ques are being optimized to maximizethe
antioxidant content and quality of several North Carolinafruits, along with devel opment of an
antioxidant nutrient database of North Carolinafruits.

Quality retentionand shelf-life extension have been achieved for North Carolinablueberriesby
washing with ozonated water.

A new proceduremodified whey protein concentrateusing hydrolysis, gelation, freeze-dryingand
grindingtoimpact starch-likefunctionality to fluid systems. Over abroad range of pH and temperature
conditions, thesedairy-basedingredientssignificantly lower processing costs.

Biological nitrogenfixation can providean economicand environmental ly safesourceof thisnutrient
for efficiently nodulated leguminousspecies. Thiscan beespecially advantageousintropical soils
which aregenerally low in available plant nutrients. Leguminousforage speciesadapted to the soils
and capable of high nitrogen fixation may therefore have animportant impact on pasture-baseanimal
production system. Work hasindicated that effective selection of Bradyrhizobium strainsfor A.
pinto: improvesdry matter yield and foragequality.

Research has shown that the quality of shredded sweetpotato can be maintained for 14 days of
storage at 4° C, thusallowing expanded market for all grades of theseroots.

Proteinfunctionality and applied rheol ogy studiesare placing emphasison how modificationsalter
gelation of whey proteins, thusfinding new usesfor these proteins.

It was shown that the antioxidant enzyme, FeSOD, protects aerobic organismsagainst the toxicity of
oxygenfreeradicals, thusimprovingtheir biological functionindairy foods.
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e The Southeast Dairy Foods Research Center has generated substantial information and new
technol ogiesthat have practical impactsintheareasof whey proteinfunctionality, dairy probiotic
cultures, and development of acheese-flavorlexicon.

» Adding valueto poultry feathers has been addressed by isolating bacteriaand their proteasesthat
degrades at low temperatures (15-30° C). Feather meal can replace soybean meal up to thelevel of
7% dietary proteinwithaU.S. market potential of $400 millionayear.

»  Work continuesoninvestigating new usesand productsfor tobacco. A papillomavirusvaccinehas
been expressed in transgenic tobacco plants. Extraction and marketing of such vaccine and other high-
valueproteins, a ong with other val uable componentsof thetobacco plant, could helpto develop
alternative marketsfor tobacco growers.

Key Theme- Adding Valueto New and Old Agricultural Products

a. Proteinsand polysaccharides(complex carbohydrates) providefoodswith structure and nutrition. Whey
proteinsfrommilk havehighnutritional value, but lack in somechemical and physical propertiestofunction
incertain food applications. Thegoal of thisresearch programisto providethefundamental scientific
understanding of factorsdetermining thetexture, appearance and stability of foods, and how whey protein
ingredients can be modified to achieve desired functions. Thereisaworldwide market in whey-based
ingredients. Thosehighin protein are called whey protein concentrates (which contain 35-80% protein) or
whey protein isolates (which contain > 90% protein). At NCSU, research has determined the
mechani smsresponsi blefor gel ation of whey proteins.

b. Impact - Gelatinzation of whey proteinsisthe major reaction used to create texturein many foodsand it
has been shown that whey proteins can be heat-processedinto polymersthat haveuniquefunctional
properties. Polymer-based whey protein ingredients can be used in productsthat previously required
polysaccharideingredients. Thistechnology will allow for devel oping productswithimproved nutritional
andtextural quality.

c. Sourceof Funds- Hatch, State

d. Scopeof Impact - National
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Key Theme- New Usesfor Agricultural Products

a. North Carolinafarmersare faced with finding alternative, cash crops such asfresh fruits and vegetables
to provide supplemental income. Asthese cropsare seasonal, little emphasis has been placed on
devel oping theseraw material sinto val ue-added productsfor the nutraceutical and food industries.
Research studies show that fruits and vegetabl es contain antioxidants that can reduce freeradicals
associated with degenerative diseases such as cardiovascul ar diseases, diabetes, cancer and others. NC
ranks4thinnationin strawberry productionwith significant production of muscadines, apples, and
blueberry. However, few of these products are processedintoval ue-added products. Initial studies
devel oped methods to determine the antioxidant capacity of selected fruitsand to examine the effects of
processing on the antioxidant content of blueberries, strawberries, and muscadinegrapes. Thegoal isto
optimizethe antioxidant content of thesefruitsthrough further processing of selected fruitsinto raw
materialsfor the nutraceutical industry. M ethodsto measure the antioxidant capacity of fruitshave been
devel oped and when applied to blueberriesandgrapes, show that significantimprovementsinantioxidant
retention in juicesand wines can be obtai ned.

b. Impact - Theexpansion of North Carolina sfruits productionand processing industriesto provide more
fruitsfor retailssalesand for further processing into val ue-added productswill providemoreincometo
farmers, their local communitiesand to the State asawhol e. Optimizing processing techniquesto
maximizetheantioxidant content and quality of fruitswill expand productionand processing. Devel opment
of an antioxidant nutrient database of NC fruitswill increase consumer knowledge of the nutrient
composition of fruitsresulting in greater consumption of fruitsand ahealthier populaceand amore
productive economy for the State and the nation.

c. Sourceof Funds- Hatch, State
d. Scope of Impact - Regiona

Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
Federa State Federal Non-Federal SY PY TY CYy
$135,342 $1,111,677 $336,827 $157,306 54 12.7 8.2 50

National Goal 2:
A Safe and Secure Food and Fiber System

ProgramArea?:
Food and Fiber Processing, Safety and Quality

Overview

Research activitiesinthisprogram areahave concentrated onidentifying problemsand sol utionsto qual ity
mai ntenancein storing and marketing fruitsand vegetabl es, field cropsand animal products; ensuring that food
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products are free from toxic contaminants; and protecting food and feed suppliesfrom harmful
microorganismsand naturally occurringtoxins. Somehighlightsof accomplishmentsinthisprogramareaare
listedbelow.

Crude evening primrose seed extracts were shown to contain antioxidant activity comparableor
equival enttosomecommercial antioxidants.

Processtechnol ogy was devel oped using carbon dioxideto rapidly cool eggsfrom 100 Fto45Finless
than 90 seconds compared to 5-14 daysfor traditional methodsof egg cooling.

A new procedure using whey protein i solate was devel oped to modify whey protein concentrate to
impart starch-likefunctionality tofluid systems.

A relationship between the quality of canolaoil and theresulting convective heat transfer coefficients
was determined.

Heating liquid and suspended particleswerefound to be more uniform in temperature when heated
using RF energy than with microwave energy.

Correlationswere devel oped to predict the convective heat transfer coefficient in ahelical heat
exchanger for different processtemperatures, flow rates, and coil diameters.

A new method for determination of convective heat transfer ratesfrom acarrier fluid to asolid
particleduring aseptic processing has been devel oped based on ablation heat transfer.

Adjustment of brined cucumbersto pH 3.5wasfound to result in optimum textural and microbial
stability duringlong-term storage.

Cucumberswere successfully fermented in the absence of salt, provided they were blanched and
inoculatedwitha selected culture of lactic acid bacteria.

Nuclear magnetic resonance research onimmersion frying hasresulted in devel opment of atechnique
for quantifyingoil agenon-invasively.

Technology has been devel oped for aone-steppurificationandimmobili zati on of recombinant enzymes
from crudefermentationswhichwill minimizethe cost of preparation of bioreactors.

Processes have been devel oped to control the textural properties of processed sweetpotato.

Peanut hull brightness was found to decrease with longer windrow curing timesand in some casesto
decrease with higher temperature of thedrying air.

Computer model shavebeen devel oped for moistureremoval, chlorophyl degradation, starch
hydrolysis, and respiration asafunction of temperature, humidity, and air flow rateintobacco curing.
Eight peanut breeding lineshave beenidentified that are good candidatesfor transmitting superior
roasted flavor quality characteristicstotheir progeny.

The use of cyclopropenesisanew way to inactivate the ethylene receptor and extend thelife of fruits
and vegetables aswell asflowers.

A techniquefor concentrating two bacterial pathogensfrom dairy commodities hasbeen devel oped
usingzirconiumhydroxide.

Model s have been devel oped to predict therisk to human heal th associated with poor handling
practices of ready-to-eat foods.

M odel shave been devel oped to assesstherisk of fumonisin contaminationin shelled corn.
Techniqueshavebeen devel oped for sampling for genetically modified seed.

Proceduresfor predicting the concentration of deoxynivalenol in corn have been devel oped based on
testinglevelsinthecornfines.

Nisinsupplementswerefoundtoinhibit Bacilluscereussporesinskimmilk, Bacillus
stearothermophilus sporesinachocol atemilk drink, and Listeriamonocytogenesonfresh pork loin.
Theaddition of 1.3 ppm of chlorinedioxideto cucumber hydrocooling water wasfound to prevent the
build-up of microorganisms.
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»  Sulfur compounds present in cabbage and sauerkraut were foundto possessantimicrobial activity
against somefood pathogens.

» Castedediblefilmsderivedfromcornzeinand containingthemicrobial inhibitorslauricacid and/or
nisinhavebeenfoundeffectiveinreducing thepopul ation of Salmonellatyphimurium organisms.

Key Theme- Food Handling

a. North Carolinaisthelargest producer of sweetpotatoesin the U.S. and isone of only afew states that
providesayear-round source of sweetpotatoesto consumers. Thisisduelargely tothe useof horizontal
ventilation facilities (HV Fs) developed by NC State researchers and implemented by growersand packers
duringthe 1990's. Thesefacilitiestightly control thetemperature and rel ative humidity necessary for
postharvest curing andlong term storage of sweetpotatoes. An HVFisgenerally comprised of multiple
roomswith each room handling approximately 600,000 kg of sweetpotatoes. Previousresearch hasshown
that an HVF can more than doubl e storage yields during off season months aswell as extend sweetpotato
storagelife. One of the primary limitationsto the expanded use of HVFsisthe high energy cost
associated with their use of refrigeration. Refrigeration isrequired for greater yield and storagetime, but
itsusereduces profitsto the processors. The goal of this study isto reduce energy usage and further
improvethedesignand management of sweetpotato horizontal ventilationfacilities(HVFs)inNorth
Carolinausing computer simulation. Theadvancesmadewill providethe sweetpotato industry accessto a
new tool that will help themto moreefficiently manageavital North Carolinacommaodity.

Evaluationof designalternativesbeforebuilding construction canresultinsignificant savingstothe
postharvest sweetpotato process but isdifficult dueto the complex nature of thefacility. Refining control
strategi esto minimize use of mechanical systemsand maximize use of atmospheric conditionsisgreatly
needed but i stime consuming and difficult at best when done on an existing facility. Y et these may be
accomplished viacomputer simulationwith very good results. With thisgoal, theauthorsand other
researchers at NCSU developed anumerical model of astorage room within an HVF. Theincremental
timemodel wasdevel oped to simulatetheenvironmental conditions, control activity, andenergy
requirementsduring different sweetpotato curing and storage regimesand eval uate the effect of building
design aternatives on thesefactors. Thenumerical model requiredinput parameterssuch as: building
specifications, climatedata, quantity of sweetpotatoes, curing time and temperature, and storage
temperature. Energy sourcesconsidered in the simulationincluded heat transfer between thebuilding and
surroundings and energy inputs dueto mechanical devices, gas heaters, and sweetpotato respiration.
Propertiesof theair during curing and storage were determined using psychrometric subroutines.
Operation of heaters, humidifiers, fans, and vents was done according to a series of commands based on
required frequency of operation and psychrometric conditions. Theoutput of thecomputer simulation
included sweetpotato and room temperature, control status, and energy consumption of thefacility over
time.

It wasfound that the simul ation generated good approximations of an HV F and showed great promise
towards evaluating design alternatives. Limitationsto the simulation were the user interface and need for
additional output for theeval uation of control strategies. The current version of the simulation requiresthat
the user hasaworking knowledge of FORTRAN programming, and thusisnot suitablefor distribution and
widespread use.
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Impact - It wasfound that the model generated good approximations of an HVF and showed great
promisetowardsaiding in design eval uation. Limitationsto the simulation werethe user interfaceand need
for additional output for theeval uation of control strategies. Thesimulationwill provideuseful insightinto
the energy requirementsof existing and future postharvest storagefacilitiesand allow for design
maodificationsto be eval uated for eff ectiveness prior to new construction or implementing changesto
exigtingbuildings.

Sourceof Funds - Hatch, State

Scope of Impact - Regiona

Key Theme- Food Quality

a. Determining parametersthat affect particul ateintegrity during processing and devel oping correl ationsto

C.

predict the damageinflicted on particleswoul d lead to enhancing the qual ity of thermally processed foods.
This can be used by processorsto design aprocessthat will result in minimal damage. Studieswerealso
conducted on residencetimedistribution of amixtureof particlesduring flow in different configurationsof
holdingtubes. The effect of different process and system parameters on convective heat transfer
coefficientin helical heat exchangerswasdetermined. Studiesal so exploredthepossibility of usingradio
frequency to processliquid and particulatefoodsuniformly. Several mathematical modelingstudieshave
been conducted to understand the various phenomenainvol ved during flow and transfer of heat in helical
systems.

Impact - The correlation devel oped on minimizing damageto particul ates can be used by processorsto
designtheir process. Resultsof the studieson residencetimedistribution of particlesin holding tubeswill
lay thefoundation for thedesign of holding tubesfor different applications. Predicting convective heat
transfer coefficient asafunction of processvariablesin helical heat exchangerswill aid processorsin
optimizingtheir processtoyieldaproduct of highquality. Themathematical modeling studies havelaid a
strong foundation for design of holding tube sand heat exchangersthat will result inthe production of high
quality foods.

Sourceof Funds - Hatch, State

d. Scopeof Impact - National

Key Theme- Food Safety

a. Asconsumers become more aware of food-safety issues, producers are challenged to find new ways of

ensuring that their food productsarethe safest, highest quality that money can buy. Cooling eggsquickly
after they arelaid isone way to ensure quality andalonger shelf life. But withtraditional refrigeration
methods, it can take seven to 10 daysto reduce the internal temperature of eggsto 45 degreesF., the
optimal temperature required by the U. S. Department of Agriculture. Researchersat North Cardlina
State University have devel oped amethod of cooling eggscryogenically that dramatically reducesthetime
needed to lower their temperature. Eggs are graded, washed and placed in cartons, then pass through a
15-foot cooler in 90 seconds. The cooler isfilled with carbon dioxide gas at a constant temperature of
minus 60 to minus 90 degrees F. The process reduces the cooling time for eggs from days to amatter of
minutes.

39



C.

d.

Plan of Work - 2000 Annual Report
North Carolina Agricultural Research Service

Impact - By rapidly cooling eggs, producers can further reduce consumer’ srisk of contracting salmonella
enteritidisfrom eggs. In addition, the processincreasesthe shelf life of eggsfrom 30 to 60 days,

increasi ng opportunitiesfor exporting eggsand reducing producersrefrigeration costswhileenhancing
overall eggquality. The processiscommercially availableto producers.

Sourceof Funds - Hatch, State

Scope of Impact - National

Key Theme- Foodborne llliness

a. Fresheggscanbecontaminated with Salmonellaenteritidis, amicroorganism provento sicken people.

C.

Researchers at NCSU have devel oped alow-temperature,long-time water immersion heat treatment that
produces salmonellafreeeggs.

Impact - SaAlmonella-free eggs may be used to make safe soft-boiled, soft-poached or sunny side-upfried
eggs. Such pasteurized eggs may also be used safely in custards, Caesar salad dressing, ice cream,
eggnog and sauces such as hollandai se sauce. Eggs processed using thistechnology werefirst test
marketed in 1996. Michael Foods of Minneapolisisnow using thetechnology inaNebraskaegg
processing plant, which hasan annual production capacity of 2.5 million dozen eggs. Eggsfromthisplant
are being sold in Minnesota, South Dakotaand Wisconsin. Based on the original research doneat North
CarolinaState University, theegg pasteurization processreceived official FDA approval April 1,1999.
The process was noted in areport produced by the President's Council on Food Safety (Egg Safety Action
Plan) asaviable processing option for assuring the saf ety of eggs. Additional marketing opportunitiesfor
pasteurized eggs are anticipated in the near future pending the approval of the product by two fast food
chains. Ontheinternational front, Michael Foodsis seeking to establish ajoint venturewith aEuropean
Union egg producer and processor to begin marketing pasteurized eggsto amajor European Union
supermarket chain.

Sourceof Funds - Hatch, State

d. Scope of Impact - National

Key Theme- Foodborne Pathogen Protection

a. Theidentification of new food safety strategiesto combat bacterial pathogens on poultry products has

been apriority of both and state governments, regul atory agencies, and food scientists over thelast ten
years. One particularly novel food safety strategy recently developed at North Carolina State University
isactive packaging materias(i.e., polymer andfood-gradefilms, absorbent drip pads) containing food-
gradebacterial inhibitors. Inthesestudies, threecommonfood packaging filmshaving varying physical,
chemical, andfunctional properties(nylon, polypropylene, linear low density polyethylene) werecoated
with asurface treatment containing several componentsincludingthenatural inhibitor nisin, aprotein
produced by acommon dairy fermentation organism (Lactococcus lactis). When applied to fresh poultry
skincontai ningthebacterial pathogen Salmonella Typhimurium, thetreatedfilmyiel dedasignificant
reductioninthe S. Typhimurium popul ation of greater than 99.9%. Whencombinedwithaninitial dip
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treatment containing the nisin formulation, thetreated filmsextended product shelflife by asmuch astwo
days. Inrelated studies, inhibitory filmsproduced from common edibl e proteins (agar) and carbohydrates
(calciumalginate) produced similar lethal effectsagainst S. Typhimuriumwhenappliedto contaminated
broiler drumstick skin.

Impact - Theexclusionof pathogenic and spoil agemi croorganismsfrom poultry productsusing unique
approaches such as active packaging contai ning natural ly occurring preservatives has an added advantage
inthat it providesafinal safety hurdlefor controllingundesirableorganismson poultry productsthroughout
thewholesaleandretail storageand distribution chain.

Sourceof Funds - Hatch, State

Scope of Impact - National

Key Theme- HACCP

a.

TheHazard Analysisand Critical Control Point (HACCP) regul ations have created many challengesfor
the poultry industry. Theimplementation of the HA CCP regulations have drastically increased the cost of
operation for these processing plants. Even after making major investmentsthereisstill aneed to further
reduce pathogens on poultry. NCSU has develop and test in four locations an on-farm HACCP training
program. At thefour meetings participantsfrom almost every poultry integrator in the state were given an
overview of thetraining program and asked if they would beinterested in personnel from their companies
attending amorein-depthtraining. The participantsinall four meetingsindicated aninterestin having the
morein-depthtraining. The in-depthtraining programsare schedul ed to beginin 2001.

Impact - Participants gained better understanding of how HA CCPworksin processing plantsand how it
could beappliedto productionoperations.

Sourceof Funds - Hatch, State and Smith-Lever

Scope of Impact - National

Expenditur esand Per sonnel Commitments

Appropriations Grantsand Contracts Personndl
Federa State Federa Non-Federal SY PY TY CY
$319,244 $1,997,133 $675,725 $675,204 124 30.7 10.3 10.9

National Goal 3:
A Healthy, Well-Nourished Population

ProgramArea8:
HumanNutritionandHumanHedlth
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Overview

Research activitiesin this program areahave concentrated on improving human health through hazard
reduction research and nutrition rel ated to food choices, habitsand consumption. Focus hasbeen onfood
safety issuesasrelated to overall consumer health and well-being. Somehighlightsof accomplishmentsinthis
program areaare listed below.

Therate of diabetesin the Eastern Band of the Cherokee Indiansis over 30%. Several parameters

measured indicatelower membranefluidity of red blood cell plasmamembranesand lower RBC
deformability in someracesrelative to Caucasians. These differencesmay indicate aracial factor inthe
cause of insulin resistance and the etiol ogy of diabetes.

LaCrossevirsus(LACV), aCaliforniaserogroup bunyavirus, istheleading cause of pediatric
arbovira encephalitiesin the United Statesand an emerging diseasein Tennessee, West Virginia, and
North Carolina. Thisdiscovery of LACV inwild populationsof Aedesalbopictuscoupledwithits
expandingdistributioninthe Southeastern United Statesrai sesthepossi bility that thismosguito may
become an important accessory vector, potentially increasing the number of human casesin endemic
foci or expanding the range of the disease.

Research studies show that fruits and vegetabl es contai n antioxidants that can reduce free radicals
associ ated with degenerative diseases. Work continues on determining processing effectson the
antioxidant content and in development of anutrient databasefor NC fruitsfor consumers.

Limb devel opment hasbeen examined asamodel for normal development. Thismodel system has
relevancetotheinduction of xenobiotically-induced (x-i) dysmorphogenesis. Additionally, x-i abnormal
reproductivecapacity and ability totransfer abnormal epigenetic-DNA status to future generations
cannow bestudies. Itisenvisioned that findingswill |ead to the devel opment of mechanically-based
biomarkers of exposure which would be useful in detecting effects generated by endocrine-disrupting
xenobioticsandtexatogens.

Itisknown that humanliver microsomesmetabolizechlorpyrifostothepotent anticholinesterase
inhibitor, chlorpyrifosoxon, andtothedetoxication product, 3, 5, 6-trichloropyridinol. Usingthis
knowledge, amethod hasbeen devel opedfor identification of individual sand popul ationsat increased
risk from organophosphorusinsecticidepoisoning.

Studies examined selected pesticidesin North Carolinasurface watersthat enter public drinking water
supplies. Thisknowledge hasled to agreements between city water specialists, farmers, extension
agents, and university personnel resultingin pesticidereduction entering surfacewatersand ultimately
gettinginto publicdrinkingwater supplies.

Degenerativejoint diseaseisadebilitating condition that resultsin the breakdown and wearing away
of thearticular cartilage that coversthe bony surfaces of ajoint. Whilethis condition representsa
significant health problem, very littleisknownabout what factorsinitiate the breakdown of cartilage
tissue or how the disease process progresses. Work isfocused on early tissue changesthat result in
cartilagedegenerationand, in particular, how | oading might beinfluencing thesechanges.

The German cockroach isamajor urban pest worldwide that can acquire, carry, and transfer
pathogens. Lipophorininvolvement in hydrocarbon transportinthiscockroach hasbeen documented.
Cuticular hydrocarbonsare proving to be useful for the devel opment of specific control technologies.

Key Theme- Health Care

a. Risk assessment isanimportant step in heart-di sease management. For years, physicianshave monitored
blood cholesterol levelsto assessrisk of coronary heart disease. They measure patients' total cholesterol
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and theamount of cholesterol inthe high-density lipoproteins(HDL ) andlow-density lipoproteins(LDL).
The problemisthat HDL and LDL consist of several subclassesthat differ intheir associationswith
coronary heart disease. Peoplewith the same cholesterol level sbut different lipoprotein subclass
distributionscan havevery different heart-diseaserisks. Until now, doctorscould not apply this knowledge
because they lacked efficient, inexpensive laboratory methodsto measure these subclasses. A scientistin
the College of Agricultureand Life Sciencesat North Carolina State University has devised amethod
using nuclear magneti c resonance technol ogy to measure human blood lipoproteins. Themethod isthefirst
to allow direct simultaneous measurement of the variouslipoprotein particlesthat determine heart disease
and produceacompleteblood lipoprotein profile(NMR LipoProfile) inlessthana minute, automatically.
Clinical studieshavedemonstrated that the subclassinformation significantly enhancesthe prediction of
coronary heart disease compared to the standard cholesterol risk factors.

b. Impact - ThisNMR test measures diagnosti cally-important informationinlessthan aminutethat
previously required daysof laborioustestinginspecialized|lipidlaboratories. Thismedical advanceis
expectedtosaveliveshby alowing physicianstoidentify earlier peopleat highrisk of devel oping coronary
heart disease. Thetest also hasthe potential to guide physiciansto more cost-effective therapies on the
basisof the patient'sparticular lipid metabolic condition, asreflectedintheNMR LipoProfile.
Commercialization of thetechnol ogy hasmadeNM R Lipoprofiletesting availabletophysiciansnationally,
enablingimproved clinical decisionmakingabout diet, exerciseand drugtherapy.

c. Sourceof Funds - Hatch, State and National I nstitute of Health
d. Scopeof Impact - National
Key Theme- Human Health

a. Ovarian cancer isadeadly diseasethat killsmorewomen than all other gynecol ogical cancers combined.
Each year inthe United states, 27,000 to 28,000 women are diagnosed with the disease, and 16,000 to
17,000 women diefrom it. Despite progress madein treating cancers, most women who contract ovarian
cancer will diefromit. The disease is not easily detected and is often discovered in an advanced stage.
Researchers at North Carolina State University and Duke University have shown that egg-layingchickens
may be used asamodel for studying ovarian cancer. Ovarian cancer occurs naturally at ahigh ratein
chickens. Theepithelial, or surface, cellsof chicken ovariesare similar to theepithelial cellsof human
ovaries and appear to respond to the hormone progestin in the same way as human cells.

b. Impact - Chickensare playing arolein medical research aimed at devel oping therapiesfor preventing a
deadly human cancer and saving lives. Chickenshave been used, for example, in research designed to
eval uatetheuseof progestins, compoundslikethosefoundinbirth control pills, and caloricrestriction, to
prevent ovarian cancer. Both methods were found to be effectivein reducing the incidence of cancer.

c. Sourcesof Funds - Hatch, State, Department of Defense, The National Cancer Institute, National
Institutesof Health

d. Scopeof Impact - International

Key Theme- Nutricueticals
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a. Probioticsaremicrobial culturesthat are consideredto provideavariety of health benefits, including
immunesystem stimulation, maintai ningtheproper microbial balanceinthegastrointestinal tract, limiting
antibiotic-associated diarrhea, cancer retardation, antagoni smto enteric pathogens, and reduction of
lactoseintol erance symptoms. The predominant group of microorganismsconsideredtoelicit these
probiotic properties are members of thelactic acid bacteria, most notably speciesof Lactobacillus and
Bifidobacterium Thereisnow considerable national and international demand for probiotic culturesthat
canbeproduced, stored and delivered through functional foods. Clinical evidencesupportingthebeneficial
rolesof probiotic culturesisslowly accumulating but hasthusfar failed to identify the specific properties
that are responsible for cause and effect relationships. Researchersat NCSU are collaborating with
scientistsat CaliforniaPolytechnic State University to sequencethe genomeof Lactobacillus
acidophilusNCFM, theprobiotic cultureusedin Sweet AcidophilusMilk. Sweet AcidophilusMilk
containshighlevelsof Lactobacillus acidophilusNCFM, aculturethat offers consumersthe potential
benefitsof improvingintestinal health, aiding digestion and stimul ating theimmune system. Many other
lactic acid bacteriaconsidered to have probiotic properties are being sequenced in acollaborative national
effort. DNA sequences generated are being analyzed at NCSU for their functional properties.

b. Impact - Thusfar, the project hasidentified aseriesof genesvital to the survival of probiotic culturesas
they travel from food to the gastrointestinal tract. Efforts have increased the expression of genesthat
evoke toleranceto stress, resulting in probiotic culturesthat are moreresistant to acid, hot and cold
temperatures, and oxygen stress. Theproject will identify genesthat arevital to probiotic functionality and
performance suchthat effective probiotic cultures can be delivered through avariety of food vehicles.
Genomic effortsdirected toward the lactic acid bacteriaare revealing the mechani smsthrough which
these organisms preserve our food, colonize our gastrointestinal tract, and evoke someimportant benefits
togeneral healthand well being.

c. Sourcesof Funds - Hatch, State

d. Scopeof Impact - National
Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
Federa State Federal Non-Federal SY PY TY CYy
$257,981 $1,176,856 $383,672 $93,489 80 141 88 6.6
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National Goal 4:
AnAgricultural SystemWhich ProtectsNatural Resourcesand the Environment

ProgramArea:
Soil, Waterand Air Quality Conservationand M anagement

Overview

Theactivitiesinthisprogram areahave been aimed at enhancing our understanding of thephysical, biological
and chemical processesand interactionsinfluencing agricultural andforest ecosystem productivity. The
interdisciplinary research projectswill advance knowledge of natural processesto enable devel opment of
production management and environmental protectiontechnol ogiesthat will enhanceproductivity; improve
input efficiency; conservenatural resources, andimproveand protect environmental quality. Somehighlights
of accomplishmentsinthisprogram areaarelisted bel ow.

» Water control structuresusing an orifice-weir improved water conservation and quality over free
drainage.

» Evaluation of created tidal marshes established nearly 30 years ago showed good devel opment of
surface soil structure and organic matter (0-10 cm). Few changes have occurred below 10 cm.

o Studiesof water flow from septic leach fields showed that water moved away from trenchesthrough
large cracks and macropores. Saturated water flow modelsverified thefield results.

» A simplesystem of estimating thefrequency and duration of soil saturation by assessing the
abundance of gray soil color for agiven depthwasdeveloped. The system estimatesthelikelihood
that asoil will becomewaterlogged, whichisimportant for delineating wetlands.

»  Soil management studieswith tomatoes showed that conservationtillage systemswith synthetic
fertilizersand pesticidesresultedin greater tomato yield than conventional tillage systemson organic
nutrients.

» Evaluation of alternative swinewaste management technologies continued. Nitrogeninthewastewas
reduced by 90% with an anaerobic digester equipped with intermittent aeration.

» Fungi (Aspergillusniger) treated swinewaste resulted in 90% reductionin Cuand Zn.

» Technologiesarebeing eval uated for converting animal wasteinto marketabl e products. Manuresand
mortality productsweresuccessfully incorporated into animal feedstuffs.

» Efficient duckweed strainswereidentified that will maximizeremoval of N and Pfrom lagoon
wastewater. Duckweed harvesting systems were eval uated.

« Anaerobically treated swine wastewater was eval uated for use in greenhouse tomato production.
Conversionof anmmoniumto nitrateisneeded to optimizetomatoyield. Substantial ammonium
conversionwasaccomplishedthroughbiofilter facilitated nitrificati on.

» Applicationsof anaerobic swinelagoon effluent to corn and soybean resulted in 12% | osses of applied
N by denitrification.

» A project wasinitiated to eval uate the use of lagoon effluent asafertilizer for the production of high
value greenhouse crops. Assuchit will utilize recovered nutrients, waste heat and carbon dioxideto
produce greenhouse vegetabl es.

* A new method of incorporating effects of odorous dust in odor measurementswas developed. The
method utilizing acottonfilter reduced both dust and odor in swinebuildings.

e Sturdy, low cost windbreaksusing steel conduit and ultraviol et resistant tarp material sreduced odor
aroundswinebuildings.
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Nitric oxideflux fromintensively managed crop landswasmeasured. Flux increased with
temperature when soil moisture was adequate.

Ammoniaemissionsfrom areas near swinelagoonswere measured. Higher emissionswere observed
indensely popul ated (hogs) regionscompared to lower density areas.

Theintroducedinsect-parasitic nematode, Steinernemariobrave, was able to persist for two seasons
after introductioninto corn plotsin eastern NC, demonstrating itsstrong potential asan alternativeto
pesticidesagainst soilborneinsect pests.

Drought resi stancewasinvestigated by devel oping methodol ogiesto effectively quantify Al tolerance
insoybean, pine, kudzu, and vel vetl eaf .

Regulation of nitrateacquisition and transport acrossplant cell membraneswasinvestigated
demonstrating changesinmeristems cell division when plantsenter phosphorus and nitrogen stresses.
Devel oped and testing an automatic variable depth tillage system based on field maps of hardpan
depth.

Ozonephytotoxicity inplantswassignificantly reduced by el evated CO> concentrations.

Using XANES spectroscopy, trivalent chromium (Cr) was present in Cr contaminated sitesinstead of
Cr(VI),whichismoreenvironmentally toxic.

Pasture ecol ogy and grazing management research is hel ping farmersto reduce production costs by
20to50% without concomitant reductionsto animal output.

Grazing and metabolism studieswith native grasseswere conducted to determineanimal efficiency
andfor reduction of pollutionand habitat restoration.

Activeallelopathic agentsinryearebeinginvestigated, with emphasi son glucoside extracts.

Use of cotton petiole K to assessK nutrition status did not prove useful intheseinitial studies.
Additiontrial swill beconducted.

P decision support system was devel oped to diagnose P deficiency and predict fertilizer P
requirements.

OptimumIrish potato yields were obtained with about half the recommended N rate.

Nitrogen fatein turfgrasswasinvestigated on golf fairwaysand dataindicated that rel atively small
amounts of nitratie moves off site and riparian zones planted to grasses are effectiveat removing
nitratefrom shallow groundwater efficiency inturf.,

Implemented variabl eratetechnol ogy for pesticideapplication.

Devel oping methodol ogy to sel ectively apply pesticidesand growthregul atorswith el ectronic sensory
equipment.

Devel oped reference database for stable stream channel geometry in Piedmont and Mountainsto
assistin stream restoration design.

Documented streamwater quality improvementsresulting fromriparian buffer establishmentona
Piedmontdairy farm.

Riparian buffersused in conjunction with controlled drainageto reduce N lossto surface and ground
water was evaluated.

Development of a user-friendly computer interface programfor vegetativefilter strips(VFSMOD)
continued. VFSMOD isadesigntool for evaluating the effectiveness of vegetativefilter stripsfor
reducing of fsitesediment | osses.

A Sediment and Erosion Control Research and Education Facility (SECREF) was established. The
siteiscurrently being used to eval uate technol ogies that reduce soil erosion at construction sites.

Soil contaminant-mineral associationswere assessed at several locations. Heavy metals (Zn, Pb, Cu)
were enriched in the more dense particle size fractions and astrong association with Fe oxide
minerals.
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»  Crop and weed responsesto temperature and nutrition were investigated to define factorsthat control
competition. Resultsindicated that some problem weed species have higher temperature optimathan
soybean, which explainstheintensity of weed pressure duringmid-summer.

» Along-term cropping system study was competed designed to evaluate rotational sequencesfor 10
peanut-based cropping systems. Resultscontinueto suggest that yield isdepressed in reduced tillage
systemsin most environmentsas compared to conventional tillage systemsin peanut.

»  Systemsexperimentswere devel oped with different cropsand monitoring methodsto estimate
economicthresholdsinseveral agro-ecosystems, forestry, and successional ecosystems.

»  Documented watershed-scaleimprovementsinwater quality resultingfrom BMPimplementationon
dairy farmsin Long Creek (Gaston Co.)

«  The ANSWERSmode isbeing revised to eval uate watershed management impacts on water quality.
Pairedwatershedswill beutilized to provideinformation onthelong term efficacy of BMPs.

» Effectsof wastelagoonson groundwater quality were continued. Approximately one-third of the
lagoons showed elevated (> 10 mg/l) N concentrationsin shallow groundwater. TheN plumesdo not
appear to beexpanding withtime.

» Studieswereinitiated to evaluate the effects of subsurface drain depthson N losses to surface
waters. Field siteswerefully instrumented and datacollection wasinitiated.

DRAINMOD was utilized to assess water quality at the watershed scale (<10000ha). Model
simulationswereingood agreement with USGSmonitoring data.

»  Thecontribution of organic N mineralizationtoleachableinorganic N inturfgrasssystemswas
evaluated. Resultsshow little excessN availablefor nitrificationandleaching.

» Extensivegroundwater sampled under managed turf (golf fairways) showed very low nitrate
concentrations compared to row crop systems.

» Earthworm castings (from solid animal waste) were evaluated as asoil amendment. Results showed
reduced solids and nutrientsin surface water runoff.

Key Theme- Agricultural Waste Management

a. Traditional animal wastetreatment methodsin North Carolinaand the nation are under considerable
criticism. In North Carolina, thereisaregulatory effort to convert existing swine waste treatment
technology -- thelagoon and spray-field system isused by most North Carolinaswine growersto treat
waste -- to aternativetechnologies. If alternativetechnol ogiesare not well-researched, there is a danger
that growerswill be forced to convert to waste management systems that perform no better and perhaps
worse than the system they now use. At the sametime, conversion can be an expensive proposition, so
conversion without adequate knowledge of system performance could endanger North Carolina sswine
industry, whichisworthasmuchas$2 billionannually tothe state. Researchers and extension specialists
at North CarolinaState University haveidentified five promising al ternative swinewaste management
technol ogiesand are beginning to eval uate and demonstratethese technol ogies. Full-scal edemonstrations
of two of thesetechnologies -- an in-ground anaerobic digester and aconstructed wetland -- are in place
onNorth Carolinafarms, whilefull-scale demonstrations of other technologiesareto beginin the near
future.

b. Impact - Thisprogramisgiving producers, policy makersand other North Caroliniansthekind of
information, including the associated costs and advantages and disadvantages of variouswastetreatment
technol ogies, they need to makeinformed decisionsregarding theimplementati on of new animal waste
management practices.
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c. Sourcesof Funds - Hatch, State

d. Scope of Impact - National
Key Theme- Agricultural Waste M anagement

a. Animal wastelagoonsare potential sourcesof groundwater contamination. However, the actual
performance of these structures, which play anintegral roleinthe $2 billion ayear swineindustry in North
Carolina, wasnot known well enough to make policy decisionsregarding monitoringor remediation. A
researcher from NCSU monitored groundwater inthevicinity of 34 North Carolinalagoonsused to treat
swinewaste. Groundwater was monitored at |ocations 125 feet and 250 feet from the lagoons, al of which
were built prior to 1993. The study showed that in most cases, thereislittle cause for concern for
groundwater contamination from waste leaking from lagoons. However, wherewellsarelocated within
1,000 feet of alagoon in the down-gradient direction, testingisadvised.

b. Impact - Thisstudy provided much-needed data. This datamay be used by policy makersto make
science-based decisionsthat shoul dimproveenvironmental protectionwhileavoiding unnecessary coststo
producersand society.

c. Sourceof Funds- Hatch, State
d. Scope of Impact - National
Key Theme- Air Quality

a. Odor can beaproblem for swinefarms, and swine buildings can be amajor odor source; the ventilation
airflow neededto provideagoodindoor environment carries odorous gases and dust out of the buildings.
Engineersand scientistsin the College of Agricultureand Life Sciencesat NCSU have shown that
devicescalledwindbreak wallscan modify odorousdust emi ssionsfrom swinebuildingswithout
chdlenging existingventilationsystems. Thewallsareplaced downwind of swinebuilding ventilationfans,
wherethey deflect fan airflow upward, improving mixing and dilution of fan airflow with wind passing over
thebuilding. Twolow-cost windbreak wall sdesi gned to be erected on swine farms have been devel oped
at NCSU. One makes use of ultraviolet-resistant plastic or tarps fastened to frames made from steel pipe,
which isfastened to the ground. The second employs UV -resistant plasticor aluminumroofingfastened to
treated lumber posts.

b. Impact - Swine producers haveinstalled windbreak wall systemsin North Carolinaand other states.
Consulting firmsand equi pment manuf acturersarenow designing and buil dingwindbreak wallsfor
livestock producer clients, especially in stateswith new regulations, such asNorth Carolinaand Col orado.
Thewallsalso give producersaviabl e option whenthey arelegally required to institute odor control
measures, as has been the case in North Dakotaand Missouri. Windbreak wallsaretypically viewed by
producers asamethod they can employ quickly at limited costs.

c. Sourceof Funds- Hatch, State
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d. Scopeof Impact - National
Key Theme- Biological Control

a. Reducingthepesticideloadintheenvironment isamong thegoal sof theU.S. Environmental Protection
Agency. Planting Bt transgenic cotton (cotton that expressesatoxin in the plant tissue) reduces the need
to spray insecticide on cotton. Cotton farmers are able to plant alarge proportion of their acreagein Bt
cotton. However, corn farmersin the Cotton Belt, including North Carolina, have been restricted by EPA
to planting 5 percent of their acresin Bt transgenic corn hybridsthat contain the Bt toxin in corn ears.
These corn hybrids provide superior control of several caterpillar pests. However, EPA hasbeen
concerned about the potential for the corn earworm, Helicoverpa zea (also known as the cotton
bollworm), to devel op resistanceto the Bt toxin should alarge amount of Bt corn be planted.
Consequently, EPA chose a cautious approach and restricted Bt corn deployment until a science-based
assessment of therolethat Bt corn playsin hastening bollworm resistance to Bt cotton and strategy for
managing resistance were available. Corn growersin North Carolinaand el sewherewould liketo be able
to plant ear- expressing Bt corn, but do not wish to cause problemsfor cotton growers or want to abuse
thispowerful new insect control resource.

Faculty inthe College of Agricultureand Life Sciencesat North Carolina State University have provided
leadership in describing the rel ationship between Bt corn and Bt cottonin regard to resistance

devel opment in cotton bollworm (corn earworm) to the Bt toxin. Field, greenhouse, and laboratory

research wasconducted ontherel ative bollwormmortality, growthrateof surviving caterpillars, egglaying
of surviving moths, and other parameterswhen the insectswereinfesting Bt and non-Bt corn hybrids.
These and other datafound in the scientific literature were used to devel op awide-area stochastic
computer simulationmodel of resi stancedevel opmentin cotton bollworm populationswithinavirtual corn,
cottonandwild plant environment. Thecomputer simulation model described resi stance emergence
patternsin bollwormif different percentages of Bt corn and Bt cotton were planted. Also, the spatial
pattern of Bt and non-Bt corn and cotton was varied across the landscape and observed for effect on
resistance development patterns. Therel ativeimportance of each of approximately 25 factorswas studied
for impact ontheresi stance devel opment process. Thesesimul ations provided animproved understanding
of Btresistancedevel opmentinbollwormandrel ationships between Bt corn and Bt cotton. The model
indicated that planting ear-expressing Bt corn wasimportant to Bt resi stance devel opment in bol lworm, but
that Bt corn could be planted at amoderate to high percentage depending on the amount of Bt cotton
planted. Thisprovided EPA with science-based support for decision making.

b. Impact - In early 1999 EPA announced that ear-expressing Bt corn could be grown on up to 50 percent of
the acreagein the Cotton Belt, including North Carolina. The project served asamodel for how insect
resi stance management issuesrel ating to transgenic cropsin amultiple crop system may be addressed by
scientists, EPA, corporations and growers. Bt transgenic plants represent a val uabl e resource for
managing insectsand reducing insecticidein the environment. Science-based decisions providethe best
hopefor preserving thistechnology and assuring along and useful lifefor this pest-management
technology.

c. Sourceof Funds- Hatch, State

d. Scope of Impact - National
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Key Theme- Hazardous Materials

a.

C.

d.

In the United States, there are thousands of sitesthat are contaminated with potentially toxic substances
such asheavy metalsand organic pollutants. Because of the potential health risks of these sites, site
cleanup isamajor issue. The projected cost of cleaning up all hazardouswaste sitesinthe USisinthe
hundredsof billionsof dollars. InNorth Carolinaalone, there are hundreds of sitesthat are contaminated
with heavy metals. The average cost of cleaning up these sites ranges from $150,000 to $250,000 per
acre, with sitesranging in sizefrom 2/10 acre to ahundred acres. Research provides ascientific basisfor
prioritizingheavy metal contaminated sitesfor cleanup based on the potential threat of contaminants. In
some cases, the metal s are bound so strongly with soil particlesthat they can effectively be considered
inert, at least in the short term. However, it isnot yet understood how the interactions between metals and
soilswell enough to project when acontaminated site posesahealth threat or not, particularly inthelong
term. Certain forms of heavy metal contaminantsin soils are less hazardous than others. Advanced
techniquesto determine whether theform of metal in aparticular soil will be hazardousor not. Inthe past,
data has been used to support remediation optionsthat all ow the contaminant to be managed in asoil
without removingit. Thisapproachismuchless costly thandiggingupthecontaminated soil andmovingit
to ahazardous waste dump, and the cost savings can be transferred to cleaning up more hazardous sites.
In specific research on metal-contaminated soilsfrom sites associated with the Marine Corp Air Stationin
Cherry Point, North Carolina, we determined that chromium and arsenicinthe soilswereintheir lesstoxic
forms. Thisinformation aongwith our measurementsof total metal concentrationswill beuseful for
determining safe, yet cost-eff ective remediation optionsfor thesesites.

Impact - The potential impact of the research to the US Marine Corpsisacost savings of hundreds of
thousands of dollarsif the metal contaminants at the sites can be managed in place to minimizetheir
environmenta impacts.

Sourcesof Funds - Hatch, State

Scope of Impact - National

Key Theme- Integrated Pest Management

a.

North Carolinaapplegrowersmust find alternativesto the organophosphateinsecticidesthey haverelied
on for more than 30 yearsto protect their crops. It appearslikely that government regulatory action will
reducetheavailability of organophosphateinsecticides, and buyers of processing applesare concerned
about pesticideresidueson apples. Gerber Products Company, amajor buyer of applesin North Carolina,
informed growersin November 1999 that the company would not purchase applestreated with
organophosphateinsecticidesbeginning in 2000. Research and extension programsat North Carolina
State University focused onbiorational methodsof insect control . M ethodsinclude pheromone-medi ated
mating disruption and new pesticidesthat must beusedin an entirely different manner than theinsecticides
growers have been using. On-farm research demonstrated that new technology can be used to
significantly reducethe use of organophosphateinsecticides. A partnership between NC State University,
the North CarolinaApple Growers, the pesticideindustry, and Gerber wasformed to overseethe
successful implementati on of areduced-risk management approach on 1,000 acres of North Carolina
applesin 2000. With the aid of aUSDA Pest Management Alternatives Program grant, the project will be
expanded toincludeadditional processing and fresh market growersin 2001.
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Impact - The successful implementation of this program hasallowed North Carolinaapple growersto
maintain acritical market for processing applesand enabled them to remain competitive on national and
state markets.

Source of Funds - Hatch, State and Smith-Lever

Scope of Impact - Regional

Key Theme- Nutrient Management

a.

C.

d.

Improper nutrient management wastes money and can lead to water pollution. Improper use of plant
nutrients can result in an economic lossto farmers and land managers. Poor nutrient management can
alsoresultinsignificantimpactsonwater quality. The effectsof nutrient application on water quality have
been measured in avariety of experiments. Golf coursefertilization does not appear to have asignificant
negative effect on groundwater quality. Applicationsof phosphorusfertilizersarelessprone to runoff
during stormsif they are plowed into the soil. However, plowingincreasesthetotal amount of sediment
lost and total erosion. Swine manure makes an excellent source of plant nutrientswhen properly managed
and applied to crops. It isalso possibletoremovealarge proportion of the nutrientsfromtheswineliquid
by lettingit precipitateinto asolid (struvite) prior to pumping theliquidto thegrowing crop.

Impact - Management recommendationsare being revised to allow nutrient usersto utilize thisresource
morecarefully. Thiswill resultineconomic savingsand potential water quality benefits.

Source of Funds - Hatch, State and EPA

Scope of Impact - Regiona
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Key Theme- Pesticide Application

a. Tomatofoliar diseaseshavelong beenanimportant limiting factor toNorth Carolina s$20 millionfresh
market tomato industry. In the past, tomato growers sprayed their crops with protectant fungicidesevery 4
to 5 daysto prevent diseases such asearly blight, late blight and Septorialeaf spot. Without fungicide
applications, diseases can cut the val ue of tomato cropsin half. But protecting tomatoes meant spraying
themwithfungicides as many as 25 times during the growing season. NCSU researchers and extension
specialistslocated at the M ountain Horticultural Crops Research and Extension Center at Fletcher have
been searching for waysto reduce the heavy use of fungicides on tomatoes on two fronts. New fungicide
chemistriesthat provide better control of tomato foliar disease have been evaluated while plant breeders
areworking to devel op new tomato varietieswith multiple disease resistance that requirelessfungicideto
produce healthy crops. One new fungicidein particular has been shown to improve disease control,
especially of early blight, and spray schedul e strategi eswere devel oped that integrated thisfungicidewith
otherfungicidematerials, allowingapplicationsat 7-10 day intervals. Considerable progress has al so been
madein devel oping new varietiesthat combinehighlevel sof lateblight resistancefromwild tomato
specieswithexisting early-blight-resistant tomatovarieties.

b. Impact - Thisresearch has aready reduced total fungicide usage by North Carolinatomato growersby at
least 25 percent. With theintroduction of future multiple disease-resi stant tomatovarieties, fungicide
usage can be expected to be reduced by more than 50 percent.

c. Sourceof Funds- Hatch, Stateand Smith-Lever

d. Scope of Impact - Regional

Key Theme- Riparian Management

a. Riparianbuffers -- stripsof vegetation -- have been shown to be an effective method of reducing erosion,
whichisamajor source of pollution in surface waters such as streams, rivers, ponds and lakes. Yet it can
bedifficulttodeterminetheoptimumsize of ariparian buffer. Researchers at North Carolina State
University aredevel oping engineering designtool sto hel pwater quality agenciesoptimizebuffer size.
Among thesetoolsisacomputer model, called VFSMOD, that simul ates how effectively vegetativefilter
stripstrap sediment.

b. Impact - VFSMOD giveswater quality regulatorsthe ability to size vegetative buffersand evaluate their
effectiveness reducing sediment transport to surface waters over arange of soil types.

c. Sourceof Funds- Hatch, State

d. Scope of Impact - Regional

Key Theme- Soil Erosion

a. FarmersinNorth Carolinafaceincreasing challenges. Crop prices have been unusually low, and thelong-

standing farm programsthat have hel ped keep the profit potential intobacco and peanutsarerapidly being
dismantled. Thedamagesfrom hurricanesin 1999 resulted in poor yieldsfrom many of thefieldsthat
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could still be harvested. If farmersare growing cropslike cotton, corn and soybeans, thismust be done
withmaximum attentiontoefficiency and profit potential . Profit startswith goodyiel dsand by minimizing
costs. Drought stressisafactor that generally limits crop yields more than growersrealize. Successful
conservationtillageintheformknown as“striptillage” canimproveyieldsand alow growersto become
more efficient by reducing time and equipment labor in the preparation and planting of each acre. Often
thishas alowed farmersto operate more acres, thereby squeezing more efficiency fromtheir existing
equipment capacity. There are new products being aggressively marketed to farmers, and decisions about
what productsto buy can bedifficult for farmers. Faculty with North Carolina State University are
studyingagricultural productivity and conservationtillage. They havecompared varioustillageapproaches,
and continueto test some of the new items being marketed. During 1999 they conducted afield study
comparing three current forms of deep tillage that could be used to correct soil compactionunder
conservation tillage management. They chose afield wherethe* pan layer” problem was present, andin
cooperation with thefarmer and local Extension agents, eval uated the effectiveness of thetillage
equipment. They al so examined the rooting pattern and growth of the cotton.

b. Impact - Thisproject helpedindeterminingthat all of thetool simproved the depth of rooting of the cotton
plants, but one brand of equipment seemed to leave an undesirabl e cavity inthe soil. The extension team
used thisinformationin discussionsand meetingswith farmersto help thefarmersmakeinformed
decisionsthat will lead to greater productivity. Hel ping farmersmake equipment choiceswisely will
encourage adoption of successful and more profitableconservationtillageproduction. At thesametime,
thiswill bring environmental benefitsin theform of reduced erosion. Also, if thereisincreased use of
small grain cover cropswith good management of these cover crops, especially for cotton production,
there may be some reduction of nitrogen moving toward groundwater. Thisisbecoming amatter of
increased concern aswelook for means of reducing nutrient contaminationinour major river basins.

c. Sourceof Funds- Hatch, State and Smith-Lever
d. Scope of Impact - Regional
Key Theme- Soil Quality

a. Oneof thepotential approachesto overcomethewidespread soil acidity constraint to crop productivity is
theidentificationand devel opment of aluminum-tolerant cultivars. A cost-effective method to screen a
largenumber of genotypesfor aluminumtolerance is through the use of short-termhydroponi ctechniques.
However, therearenumeroushydroponic methodswith different sol ution compositionsandthecollective
resultsindicate variablerankings of aluminum tolerance among the same genotypes. NCSU faculty have
investigated therolewhichvariouscationsinhydroponic sol utionshave on variablerankingsof soybean
genotypesfor aluminumtolerance. Differencesin genotypic rankingsamong solutionswererelated to
variable concentrationsof magnesium. Theeffect of magnesiumonmodifyingaluminumtol eranceof
genotypesfor soybean was not observed when hydroponic screening was performed for wheat genotypes.
Thisindicated that direct transferral of hydroponic screening techni ques among crop specieswas not
possible.

b. Impact - Improved understanding of theroleof magnesiumondifferential toleranceto a uminumamong
soybean genotypes should improvethe use of hydroponic methodsin screening germplasmfor
identification and devel opment of cultivarstoleranttoacidity. Greater reliability intheinitial screening of
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germplasmin hydroponictestswill improvethecost-effectivenessof subsequent field testing and cultivar
devel opment based on the sel ection of promising materials.

Sourceof Funds - Hatch, State

Scope of Impact - Regional
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Key Theme- Sustainable Agriculture

a. Different speciesof plant-parasitic nematodes (microscopic worms) attack almost all cropsgrowninNC
andtheworld. Crop lossesto nematode damage throughout the world are estimated to exceed $70 billion
every year! For many years, toxic nematicides have been applied to soil to control theseroot pathogens,
but environmental and cost concerns have severely restricted the use of these agrichemicals. Growers
urgently need alternative strategies to reduce nematode damage to their crops. |n some cases, natural
sources (genes) for resistance to nematodes can be incorporated into crop cultivars by plant breeding. In
many cases, unfortunately, natural sources of nematode resi stance do not exist for many important crops
and nematode species. |n addition, some nematode races have evolved to overcome some natural sources
of nematoderesistancein availablecrop cultivars. Biotechnology, however, can provide novel waysto
devel op resistanceto nematodesin desirablecrop cultivarsby specifically and safely interferingwith the
mechani smsthat nematodes use to attack plants.

A research program is active at NCSU to discover the mechanisms that nematodes use to attack plants at
themolecular level. Researchinthe Department of Plant Pathology has made significant advancesin
understanding the mechanisms of parasitism by cyst nematodesthat attack the roots of soybean and
tobacco. For thefirst time anywherein theworld, the genes that these cyst nematodes use to produce
molecules necessary for plant root parasitism are being cloned and identified. Already, acyst nematode
genethat allowsthe nematodesto degrade plant cell wallsand penetrate plant roots has been identified.
A genomics approach has been initiated that recently has discovered apanel of other nematode genes
involvedin plant parasitism that are now being analyzed. The next phase of this project hasal so been
initiated: devel opingaway tospecifically inhibit these nematode parasitism gene products to make
bioengineered crop cultivarsthat are resistant to the nematodes. Not only isthisfeasible, but these
strategies havethe advantage of being targeted exclusively to damaging nematodeswith no detrimental
impact on food saf ety or the environment.

b. Impact - Soybean yield lossesto cyst nematode damagein NC are estimated at $10-20millioneachyear,
and closeto $1 hillion/year throughout the United States. Natural resistance to cyst nematodes has been
incorporated into some soybean cultivars, but the nematodes have been abl e to adapt to and overcome
these natural sources of resistanceinthefield. Tobacco representsa$1 billion/year cropin North
Carolina, and the recent spread of the tobacco cyst nematodein NCisparticul arly menacing sinceno cyst
nematode-resistant tobacco cultivars are available that growerswill use. It has been estimated that a
nematode-resi stant cultivar can provide up to 400 timesthereturn on an original researchinvestment (ie.
in reduced economic crop lossesto nematode damage). Nematode-resi stant cultivarsdevel opedthrough
biotechnol ogy can potentially match or exceed thisestimated return on investment and have the added
bonusof retaining thedurability of theresi stance for much longer periods of time than natural sources of
resistance.

Key Theme-Water Quality

a. Nitrogen canmovefromfarmfields, whereitisavaluablefertilizer component, to groundwater and
surfacewaters. In groundwater used for drinking, nitrogen in excessive amounts can pose arisk to human
health. In surface waters, it can fuel fish-killing algal blooms. Nitrogenin surfacewatersisal so suspected
of beingastimulantsof Pfiesteria pisicida, apoisonousdinoflagellatethat islethal tofishand believed
toxic to recreational water users. North Carolina State University scientists devel oped asystem known as
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controlled drainageto decrease theamount of nutrientsmoving fromfarmfields to surface water.
Farmersinstall asystem of culverts and boardsin ditches; using the system, they can release water when
fieldsarewet yet retain somefor drier times. North Carolina State University scientists have also shown
that most fertilizer nitrogen not used by agricultural crops can beremoved from groundwater by riparian
buffers before it causes problemsin surface waters.

b. Impact - Essentialy al new methodsand regul ationsfor minimizing nutrient movement fromagricultural
land to surface water are based on North Carolina State University research. On farmswith controlled
drainage, about half the nitrogen previously lost to surface water isconverted to nitrogen gas, whichis
absorbed harmlessly by the atmosphere. North Carolina has deemed the environmental benefits of the
practice so great that the state shares with farmers the cost of installing the drainage structures. Asa
result, controlled drainage has been adopted on some 600,000 North Carolinaacres, and the practice has
spread to other states and countriesaswell. In North Carolina, increased corn and soybean yields that
result from controlled drainageareworth $5 million annually. Recommendationsfor riparian buffershave
been accepted by state regulators and are now a requirement under certai nconditionsinnutrient-sensitive
North Carolinawatersheds.

c. Sourceof Funds- Hatch, State
d. Scope of Impact - Regiona

Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
Federa State Federal Non-Federal SY PY TY CYy
$797,980 $4,392,913 $1,582,050 $1,067,006 24.3 389 377 145
ProgramAreal0:

Forest, Pasture, Wildlifeand Fi sh Resource Conservation M anagement

Overview

Research activitiesin this program areahave concentrated on understanding rel ationshi ps between soil
fertility and plant communities; identifying biol ogical and physio-chemical factorsthat i nfluenceestablishment
and growth of trees; describing physi ol ogical mechani smscontrolling reproductivebiol ogy of fish; devel oping
improved understanding of the habitat factorsthat i nfluencereproductionand survival of terrestrial wildlife;
andidentifying environmental factorsthat i nfluencethereproduction, recruitment and survival of fish. Some
highlightsof accomplishmentsinthisprogramareaarelisted below.
» Established research program to relate soil and site characteristicsto nutrient management needsfor
maximum biol ogical and economic productivity withminimal adverseenvironmental effects.
» Appliedresearch programsintreeimprovement wereintegrated with programsinforest biotechnology
and wood quality to develop treeswith faster growth rates and better fiber quality.
» ldentifiedhormonal regulators, argininevasotocin, of sexua behavior in striped bass and white perch.
» Elucidated thesexual differentiation schedul efor southern and summer flounder, two specieswith
potential for aguaculture.
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» Cloned the genefor the enzyme that encodes aromatase, which appearsto regulate femal e sexud
differentiation. Thisisafirst stepin selecting genotypesthat produce di sproportionate numbers of
faster growing females.

» Discoveredthatinsulin growthfactor | regul atesthe responsivenessof ovarianfolliclesto hormones
andoocytematuration in temperate basses.

» Developedanovel test involving reactionsof ovarian biopsiestoinsulingrowthfactor | for identifying
brood stock that i ssufficiently maturefor induced spawning.

» Discovered in 3fish species aredundant system for egg yolk formation based ontheyolk precursor
proteinvitellogenin.

» |dentifiedthesiteonvitellogenin proteinthat bindsto the oocytereceptor, which opensthepossibility
for delivery of bioactivematerial sintofish eggsand offspring.

»  Documented that domesticated striped bass and white bassbroodstock produce hybrid offspring with
fertility ratesand survival ratesof progeny equival ent to those obtai ned with wild broodstock, which
allowsselective breeding of hybrid striped bassfor commercial aquaculture.

» Studiesof release of captively bred Dominican parrotshavelaid thefoundation for therestoration
program for the endangered Puerto Rican parrot.

» Developed GISbased habitat model to assessthe significance of the Great Smoky M ountains National
Park as apopul ation source for thewood thrush.

» Assessesthe significance of the old-growth Appalachian forestsfor threatened and endangered
salamandersand songhbirds.

» Developed GIS based habitat models to assess |landscape scal e effects of forest management on
Appaachiansongbird populations.

» Determined that a 350,000 acre managed industrial forest on the coastal plainisanimportant source
of biodiversity for songbirds.

» Demonstrated that chronic exposure to sub-lethal |ow oxygen concentrationsdecreases growth of
shrimp and juvenile estuarinefish and lowersdiseaseresistanceinfish.

» Demonstrated that distribution of pelagicfishintheNeuse River estuary is positively correlated with
oxygenconcentration.

» Developedandfield validated amodel that predicts accurately the growth of juvenilered drumasa
functionof food, temperature, oxygen concentration, pH and salinity.

» Demonstrated that variationsin spring temperatures dictates year class strength and recruitment of
largemouth bassby influencing duration of embryonicincubation.

» Showed that declinesinwater level of atropical reservoir during spawning season of largemouth bass
interrupt or terminate spawning and, thereby, reducerecruitment.

» Incorporated 13 years of field datainto the development of amodel that relates effects of land use
and climate changeto the dynamics of small mouth bass popul ations. Thislarge scal e approach
elucidated processesthat could not be understood by conventional approaches.

»  Showed by radio tagging that striped bass and American shad use spawning habitat that was restored
by removal of alow-head dam.

» Located spawning sitesfor the threatened Gulf sturgeon in the Choctawhatchee Rivein Floridaand
Alabama.

» Published anew model that describesdispersal and redistribution of riverinefish.

Key Theme- Endangered Species

57



Plan of Work - 2000 Annual Report
North Carolina Agricultural Research Service

a. Bobwhitequail and 17 other birdsassociated with grasslandsand shrub habitatshave been decliningin
farm lands of Eastern North Carolinaand other Southeastern states at a rate of approximately 3 percent
per year for morethan three decades. Prevailing opinion among wildlifebiol ogistsisthat habitat used by
these animals has been lost dueto greater intensification of row crop agriculture. Researchers at North
CarolinaState University areworking to determinethereasonsfor thisdownward trend infarmwildlife
and to devel op cost-effective, environmentally beneficial methodsof improvingwildlifehabitat and
reversing the trend. This research hasshownthat whiletoxicinlaboratory settings, modern pesticides
properly appliedinthefieldhaveminimal directimpact onquail health or reproduction. Indirect effects
associated with cleanfarming -- creating crop fieldsdevoid of al plantsbut the crop -- were amajor
causeof quail decline. Inan effort to givefarmersbetter information about wildlifeand pesticides, eight
crop-based fact sheets explaining the probabl e effect of various pesticides on wildlifewere produced.
Researchers showed that conservation tillage and vegetativefield borderscan beused to provide quail
nesting and brood cover and increasequail populations. Thiswork iscontinuing with aregional experiment
designed to test habitat enhancement and predator management on farmsin three agronomic regions.
Thisresearch has shown that in North Carolinathe suspicion that modern pesticides have caused the
demiseof farm land birdsis probably false. It also appears unlikely, based on thisresearch, that predators
such asfoxes, racoons, opossums and skunksare the principal cause of depressed quail populations.
However, quail populations have doubled wherefield border systemshavebeeninstalled, andit hasbeen
shown that no-till soybeanand cornproduction provi deexcellent brood habitat for quail chicks. Inaddition,
field bordershold threetimesmore wintering sparrowsthan fieldswithout borders. Field border systems
also appear to harbor beneficial invertebrates such as spiders, and corn earworms, the most important
cotton pest, aresignificantly reducedin cropsnear field borders. Furthermore, in clay-loamsoils, field
borders may reduce soil loss and nitrate movement into ground and surface waters. At the sametime, this
research indicatesthat farming edges of fieldstendsto be unprofitable duetoyield drop-offs. A metal
wick herbicide applicator for woody plant control was devel oped as part of thisresearch effort. Using this
machine, now initssecond generation, cutsfield edge maintenance costs by half.

b. Impact - Thiseffort has shown that agriculture and wildlife can coexist. It has demonstrated and continues
to demonstrate how the downward trend in quail and other farm land bird popul ations can be stemmed
without economic damageto farmers.

c. Sourceof Funds- Hatch, State
d. Scope of Impact - Regiona
Key Theme- Natural Resources Management

a. Withalargeagricultural sector and fast growing urban centers, nutrient pollution from non-point sources
has become the state’ s primary water quality problem. Debate in NC has focused on the correct course of
action concerning this. Asisalways the case with such debates the discussion of tradeoffsisinvolved.
Water pollution preventioniscostly. Uponwhom should these costsfall? Are the costsworth it? This
research focuses on thelatter question, investigating means of determining the monetary value of water
quality improvements. Thesevaluesarelargely non-market in nature. That is, one does not go to the store
to purchasewater quality. This, however, doesnot imply that improved water quality doesnot havevalue,
or that individual swould not bewilling to pay to haveimproved water quality. A descriptivelist of the
reasonsindividualsmay holdvaluefor water quality includes health reasons, the desireto leave clean
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water for future generations, and the recreation benefits of clean water. This research focuses on the
recreation benefits of water quality improvements. Datafrom two sources were compared. A survey
conductedin 1994 by the U.S. Environmental Protection Agency providesinformation onwater recreation
activity inNC. Additional datafrom the EPA providesasummary of water quality conditionsat
watersheds throughout the state. Examining these datatogether showedindividualsarewillingtotravel
further, and hence pay larger travel costs, to visit recreation sites in watersheds with cleaner water. A
formal econometric model based on thisfact reveal ed that people arewilling to pay more money out of
their budgets, in terms of theimplicit travel costs, for cleaner water. The method allows usto placea
specific dollar value onimprovementsinwater quality in areasthroughout the state.

b. Impact - Among other thingsthismodel alowsusto consider the monetary value of water quality
improvementsin the Neuse River basin. For examplereductionsin nutrient levelssuch that theriver would
support al recreation uses, including contact uses, are estimated to have avalue per recreation trip
between $0.18 and $1.23. Using arough estimate of the number of water recreation trips madein the
statein agivenyear thistrand atesto approximately $10.4 millioninannual recreation benefitsfor this
improvement. Thisinformationisuseful as policy makersand regul ators attempt to determine the proper
level of water quality regulation.

c. Sourceof Funds- Hatch, State
d. Scopeof Impact - Regiona
Key Theme- Wetlands Restoration and Protection

a. Wetlandsarean essentia element of the landscape, functioning to buffer storm runoff, improve water
guality, and provide habitat for val uablewildlifeand vegetation. Many wetland restoration effortsin North
Carolinahavefailed to meet the restoration goal s imposed by the US Army Corps of Engineers.
Frequently, thesefailureresult frommulti pleshortcomingsinsiteassessment, identification of potential
functions, methodol ogiesto restore wetland functions, and effective assessment of the progress of
functional restoration. Scientistsinthe Departmentsof Soil Science, Forestry, Biological and Agricultural
Engineering, and Botany at North CarolinaStateUniversity havebegun utilizingand devel oping avariety
of techniquesto assesssoil, hydrologic, and site parameters that affect wetland restoration success. The
methodsbeing usedincludeconventional techniquestraditionally usedto assesssoil characteristics,
hydol ogy, and vegetation. Inaddition, several rel atively new remotesensing technol ogiesare being
evaluated for their potential to evaluate factors affecting restoration success and to monitor restoration
progress.

b. Impact - When highway construction by the North CarolinaDepartment of Transportation adversely
affects wetlands that highways must cross, NCDOT isrequired to restore wetlands elsewhere. In
addition, other local, state, and federal agencies, aswell asconservation organizationsandindividuals,
frequently seek to restore drained land to wetland status. Thetechniquesdevel opedinthisproject will
improveour ability to: chooseappropriatesitesfor wetland restoration, utilize appropriate methodsto
achievethat restoration, and monitor restoration progress.

c. Sourceof Funds- Hatch, State

59



Plan of Work - 2000 Annual Report
North Carolina Agricultural Research Service

d. Scopeof Impact - State
Key Theme- Wetlands Restoration and Protection

a. Saltand brackishwater tidal marshesprovidefood and habitat for marine organisms, improve water
quality by removing sediment and nutrientsand protect shorelinesfromerosion. More than 50 percent of
thetidal marshesinthe United Stateswerelost dueto dredging, filling, diking and levee construction. To
replace marsh habitat that has been lost and to mitigate losses that may occur in the future dueto activities
such as road and bridge construction, thereisan increased interest in restoration and creation of tidal
marshes. Constructed wetlandstechnol ogy isuseful forimprovingwater quality throughfiltering
denitrificationand other biogeochemical transformations. North CarolinaStateUniversity, with support
from Sea Grant, the U.S. Army Corps of Engineers, PCS Phosphate and the Environmental Protection
Agency, has devel oped techniquesfor restoring and creating tidal marsh habitat. The marshesthat are
created using this technology have many of the values and functions of natural marshes. Researchin
progress hasthe goal of quantitatively comparing structure and function of created and restored marshes
with natural reference marshes.

b. Impact - Successful tidal marshrestoration and creation has positive environmental and economic benefits.
North CarolinaState University faculty membershave been directly involved in the creation of 20to 25
acresof tidal marsh, whilethe restoration and creation techniques developed at NC State have been used
by state agencies, individual landowners and corporationsto create or restore many more acres. These
projects have been implemented to stabilize dredged material, to restore and create wildlife habitat, to
control shorelineerosionand asmitigation required by government regul ationsto compensatefor
destruction or impactson natural stands. Theability to mitigate wetland impacts using creation and
restorationtechniquesallowscritical development such as bridge, highway and port construction to
proceed without anet loss of valuabletidal marsh habitat. Constructed wetlands are alow-cost,
environmentally sound techniquefor removingand transforming pollutantsfromwater flowing from point
and nonpoint sources. Continuing to devel op thistechnology will improvewater quality at acost lessthan
mechanical treatment systems.

c. Sourceof Funds - Hatch, Stateand Environmental Protection Agency
d. Scope of Impact - National
Key Theme- Wildlife Management

a. Researchisbeing conducted to elucidate the mechanism of interaction of venomousanimalsand their prey
inthe context of coevolution. Speciesof natural prey (bullfrogs) of the cottonmouth are moreresistant to
venom than are species (e.g.., toads) that are not part of itsdiet. Bullfrogs extend beyond the geographic
range of cottonmouthsand in localitieswhere cottonmouths are absent, frogs arelessresistant to venom
than are those from places where predator and prey coexit. Tadpoles are protected by toxic skin
secretions and sensitiveto snake venom. At metamorphosisthey losethe protective skin glandsand
devel op aresistance to snake venom.
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b. Impact - The study venomisimportant becauseit shedslight on the evolution of anti-predator strategies of
prey and their circumvention through counter adaptation by predators. Coevolutionisacontroversial topic.
Studiesthusfar have demonstrated the reality of the phenomenoninvenomous snakesandtheir prey.

c. Sourcesof Funding - Hatch, State

d. Scopeof Impact - National

Key Theme- Wildlife Management

a. Largemouth bassarethe principal sport fish of warmwater reservoirs. Sustained quality fisheriesdepend
on satisfactory annual recruitment, whichinturn depends on successful annual hatchesand productivity of
young. Twelve years of research have been conducted in North Carolinaand eight yearsin Puerto Rico,
thereby facilitating comparison of recruitment mechanisms. Annual and spatial variability in abundanceof
young bass has been assessed and related to physical and biological factors.

b. Impact - Management agenciesare considering adoption of water level stabilization policiesto protect and
enhancereproductionandjuvenilesurvival; implementation of stocking and habitat management
mani pul ationsonlocalized scaleswherebenefitswill bemaximized; and promulgation of harvest
regul ationstooptimizeproductivity tothefishery.

c. Sourcesof Funds- Hatch, State

d. Scope of Impact - Regional
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Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personngl
Federa State Federal Non-Federal SY PY TY CYy
$101,627 $1,507,148 $956,999 $519,433 74 26.1 9.6 42

National Goal 5:
Enhanced Economic Opportunity and Quality of Lifefor Americans

ProgramAreall:
Individual, Family and Community Economic DevelopmentandQuality of Life

Overview

Activitiesduring 2000inthisprogram areaincluded studiesonrural community change, childrenand youth at
risk, community devel opment andyouth devel opment. Somehighlightsof accomplishmentsinthisprogram
areaarelisted below.

A study conducted by an Ag Economists suggeststhat the movement of peoplefrom rural counties, at
least in North Carolina, could be more of adrain than abenefit to thoserural areas. 1n1990, 18
percent of workersin rural counties adjacent to urban centerstravel ed to those urban countiesto
work, compared to only 7 percent in 1960. The results seem to suggest that people moveto get out of
thecity. Two factorsthat have facilitated the rural-to-urban commuting trend are better roads and
greater affluence. These changes have both positive and negative impactson rural areas. On the
positive side, new residents bring new demandsfor services offered by grocery stores, restaurants,
dry cleanersand thelike. On the negative side, more people create more demand for expensive
government services such as schools, trash collection, and water and sewer infrastructure.
Tounderstandtheimpact of industrialized hog production, astudy was conducted by arural sociologist
that focused on hog producers, citizens, anti-hog activists, and local businessleaders. A coretheme
that emerged wasthat rural lifeisbased on being a“ good neighbor” and on maintaining the
sustainability of natural and agricultural resources. However, the social definitionsand meaningsof
“good neighbor” and* sustainability” differed markedly amongthegroups. All groupslookedto
government to come up with specific solutionsto the problems of waste and odor, and general
solutionsto redressallegationsof unfairnessand unequal protection. Questionsof thesustainability of
agriculturealsoinvolvequestionsabout the nature of rural life, theeconomictransformation of rural
communities, andpol itical power.

Inastudy conducted by arural sociologist, hundreds of youth about workplaceinjuries. Theresults
suggest that more than half of working teens hand suffered workplaceinjuries and two-thirdsreported
usingdangerousor illegal equipment. Most of the youth perceived their jobs as dangerous, and yet
nearly half had received no on-the-job training. On the basis of theseresults, asafety training
program has been developed for teen workers. Additionally, othershave used theresultsto inform
policiesand programsfor injury surveillanceand reduction of occupational injuriesnationwide.

A study by arural sociologist attemptsto document the extent of substance abuse problems and
availability of treatment in rural ascompared to urban counties. One of themgjor findingsisthat
substance abuse clients commute over 40 milesfor treatment, which may be doneto preserve
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anonymity aswell as absence of treatment facilities. These results suggest that datafrom directors of
programsand without patients residence of the may be misleading. For some countiesthe number of
casestreated may lead to inflated estimates of substance abuse problemsin that community or county.

» Arural sociologist hasbeeninvolvedincommunity capacity building, which isasystematic approach
to assisting organizationsto play amajor part intheregeneration of their communities. Increasingly,
community organi zationsarebecominginvolvedinlocal partnerships, inthemanagement of projects
and servicesand in the creation of community enterprises. Theseorganizationsrequirehelpwith
training, organizational devel opment and resourcesto enablethemto haveafull andlastingimpact on
community development.

» Thesouthern Black Belt, whichisthelargest, poorest, and most rural region of the United States, is
the focus of aresearch and outreach project to provide basic information and issue awareness,
analyticscientificmodel sfor solutionstotheregion’ sproblems, and meaningful policiesand programs
to changethelongstanding course of theregion.

» A program of research and dissemination of youth career information has been devel oped by arural
sociologist. Youth and Careersisaprogram that isdesigned to hel p young people makeinformed and
responsible career decisions. Thisresearch focuseson critical career devel opment issues by studying
rural high school studentsto determine how parentsinfluencetheir sons and daughters' career plans.

Key Theme- Workforce Safety

a. TheNationa Institute for Occupational Safety and Health (NIOSH) estimatesthat 64,000 teenage
workers are treated for work-related injuriesin hospital emergency departmentsannually and that more
than21,000work-related injuriesand ilInesses suffered by teenagers result in lost work days each year.
Scientistsinthe Collegeof Agricultureand Life Sciencesat North Carolina State University, working with
researchersfrom the School of Public Health at the University of North Carolinaat Chapel Hill
interviewed hundreds of North Carolinayouth people about workplaceinjuries. Theresearchersfound that
morethan half of working teens had suffered workplaceinjuries and two-thirdsreported using dangerous
or illegal equipment. M ost teenageworkersperceived their jobs as dangerous, yet nearly half had received
noon-the-jobsafety training.

b. Impact - Building onthisresearch, groupsin Massachusetts, California, West Virginia, Pennsylvaniaand
North Carolinahave devel oped safety training programsfor teen workers, and others nationwide have
used theresultstoinform policiesand programsfor injury surveillanceand reduction of occupational
injuries.

c. Sourcesof Funding - Hatch, State, National Centersfor Disease Control and Prevention, National Center
for Injury Prevention and Control, National Institutefor Occupational Safety and Health of the Centersfor
Disease Control and Prevention

d. Scope of Impact - National

Key Theme- Impact of Change on Rural Communities

a. Many NC countiesreport shortagesin funding for public goods, such as school and road construction. Part
of the reason may be the fact that real property, which serves as the base for alarge percentage of

county public revenues, isreassessed only every seven years. Even new real property isassessed at an
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estimated val ue during the most recent reassessment. Asaresult, thereal property economic baselags
behindeconomicgrowth in any counties. Counties can increase the property tax rate between
reassessments periods, but public resistance may prevent the rate from rising enough to keep property tax
revenues growing with the general economy in the county. Hence, there may be automaticshortfallsin
property tax revenues dueto the lagsin property tax reassessments, especially in fast-growing counties.
Datawere collected on assessed property values and property tax ratesin all 100 North Carolinacounties
for each year from 1980t01995. Datafrom the NC Association of County Commissionerswere used to
construct market values of real property in each year in each county. Property tax collectionswere
compared from the current system to an alternative system of applying afixed property tax rateto the
market value of real property. It wasfound that the alternative system would yield an annual average of
10% greater property tax collections. Thisrateishigher infaster-growing counties. Thissuggeststhe
current system doesunder fund public goods.

b. Impact - Local public officialscan usethisinformation to judge whether morefrequent real property
reassessments could help counties meet their demand for public goods. Thealternative systemwould
assess annually changing market values of real property at an unchanging property tax rate.

c. Sourceof Funds - Hatch and State
d. Scopeof Impact - State
Key Theme- WorkforcePreparation - Youth and Adult

a. Theteaching of sciencein elementary and secondary schoolshastraditionally focused on student
assimilationof factual information (scientificknowledge) and concepts(scientific principles). Thereislittle
or no emphasis on science as a process (scientific method). Asaresult, students enter college (often as
sciencemajors) with afal seimpression of what constitutesscientificinquiry. Many studentsstrugglein
freshman-level science courses because they have been trained to memorize factsinstead of synthesizing
and applying them. The North Carolina Department of Public I nstruction has adopted aK-12 science
curriculumthat placesgreater emphasi soninquiry-based |earning and science process skills. Many
teachersare not familiar with thisapproach or view it with skepticism because they have never used it
successfully. Theseteachers need support, guidance and model lesson plansto help them makethe
transitionfromknowledge-basedinstructiontodiscovery-based instruction. A scientistinthe College of
Agricultureand Life Sciencesat North CarolinaState University created acourse called “ Entomol ogy for
Educators” that isdesigned to give classroom teachers (and science education students) a stockpile of
ideas, activities, resourcesand experimentsfor teaching fundamental topicsinbiology and ecology. The
topi csrangefrom symbiosi sto popul ation geneticsand from animal diversity to succession. Most topics
involvethe use of insects (or related arthropods), and all of them incorporate scientific methodol ogy and
help studentsdevel op critical thinking skills. Thetopicsaredesignedto closely parallel thenew K-12
science curriculum so teachers can see how each unit fitsinto the overal plan.

b. Impact - Marife Ortegawon first placein ascience project competition for her project on antimicrobial
factorsin the blood of green stink bugs. Her project began two years ago as asimple middle school
sciencefair project and took two yearsto complete. It wasinspired by a good science teacher, Rita
Hagevik, who was enrolled in the Entomology for Educators course. Marifeisaclassic exampleof a
student who became turned on to science through the discovery process. According to Ms. Hagevik, “...
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neither of Marife's parents are scientists nor do they know much about science ... Thank you for the
courseandfor all of your help... Thisistruly what educationisall about.”

c. Sourceof Funds- Hatch, State
d. Scopeof Impact - National

Expendituresand Per sonnel Commitments

Appropriations Grantsand Contracts Personndl
Federa State Federa Non-Federal SY PY TY CY
$98,358 $503,473 $20,031 $87,454 33 39 10 23

. RESEARCH STAKEHOLDER INPUT PROCESS

TheNorth CarolinaAgricultural Research Service(NCARS) iscommitted to seeking, receivingand utilizing
input fromall stakehol der groups, including under represented groupsand thegeneral public. A significant
portionof theinput fromindividual sthroughout the state comes from interactions of research scientistswith
county-based extension personnel and directly with producers, industry and other agribusi nessrepresentatives.
Approximately 100 of the 350 research faculty al so have extension appointments. These faculty are the
primary day-to-day communication link between agribusiness, county extension officesand NCARS. Because
their research and extension activities are directed toward the devel opment-implementati on phase of new
knowledgeandtechnology, they are constantly relating industry needs and suggestionsto other researchers
whoseemphasisismoreinthediscovery phase. In addition, thesefaculty interact with county extension
personnel insuch away that input fromindividual consumersisal so effectively communicatedto NCARS
administrationandfaculty.

Stakeholder input utilizedin determining research programdirectionsisal sorecei ved through numerous
associations. NCARSinteractswith 90 official commaodity and agricultural industry associationsfromwithin
North Carolina. A Collegeof Agricultureand Life Sciencesadministrator isappointed astheofficial liaisonfor
each of these associations and attends at |east one, and sometimes more, of their meetings or conferences
each year. During these meetings opinions and factsrelated to the needs and concerns of that industry sector
areobtai ned through both formal presentationsand informal conversationswith attendees. TheNCARS
representativeisawaysintroduced early in the meetings so that any individual there can contact them and
discusswhatever issuesthey desire. Inaddition, the College hasemployed aDirector of Commodity
Relations, who reportsdirectly tothe Dean and coordinatestheactivitiesof theliaisons. Thisindividual also
hasresponsibility to work with any association that hasaneed or concern relativeto the College’ s programs,
particularly if it mightinvolveany stateor federal legislation.

Of the90 state agricultural industry associations, 24 providefunding to variousresearch projectsannually,
usually onacompetitivebasis. Inthese cases, the association board givesNCARSinformation on high priority
research areasto be used in the request for proposals and the board decides which proposalsto fund. Thisis
the most targeted type of stakeholder input, having adirect effect on research activitieswithin NCARS.

NCARSisintheprocessof establishingan NCARS Advisory Council that will consist of three Advisory
Committeescomposed of external stakeholders. These Advisory Committeeswill focus on the broad areas of
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lifesciences(biotech, genomic, pharmaceutical, etc. companies), productionagriculture(animal andfield &
horticultural crop producers), and agricultural allies(agricultural chemical & equipment companies, processors
& packers, financial institutions, regulatory agencies, etc.). Each Advisory Committeewill have 10to 15
members.

TheAdvisory Council will assisstNCARSby:
— Aadvisingthe Director regarding NC research needsand priorities.
— Assistinginevaluation of current and proposed research activitiesthrough programreviews.
— Advocating for NCARS sagendathrough promoting theimportance of agricultural and lifescience
research.

Each Advisory Committee will meet at |east once per year to discuss Committee agendaitemsand prepare
recommendationsto NCARS on particul ar issues, solicited and unsolicited. TheAdvisory Council (all three
Committees) will meet together with NCARS administrators, Department Heads and sel ected faculty once per
year for Committee reports & recommendations, overviews of research programs and i ssues, consultation on
the upcoming state and federal budget items, future concerns, etc. The Production Agriculture Advisory
Committee hasbeen established and met oncein Fall 2000. Nominationsfor membershipinthe Agricultural
AlliesAdvisory Committeeiscurrently beingsolicited.

Many of the departmentswithin the College of Agricultureand Life Scienceshaveformal advisory groups
with stakehol der 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 |east
once per year, and their membership includes atotal of 238 stakeholdersfrom awiderange of agricultural
interests. Inaddition, thereare currently eight formal centerswithin the collegewithindustry advisory boards
that meet at | east twice per year, adding another 55 stakeholders providing NCARS administratorsand
scientistsinput and direction for research programs.

The college hastwo major foundationsthat support NCA RS research each year, the Agriculture Foundation
and the Dairy Foundation. Thesefoundationsfund research projectsand graduate students on acompetitive
basis across awide range of areas. NCARS administration meets with the Research and Extension
Committeesof thesefoundations, approximately 70 membersfrom Agriculture Foundationand 20fromDairy
Foundation, each fall to hear discussion on priority areasfor research activity in all aspectsof agricultural
production and agribusiness. Theninlatewinter, these committees meet again to select and approve research
projectsfor funding, which providesanother opportunity for input onresearchpriorities.

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

1. PROGRAM REVIEW PROCESS

There have been no significant changesin the program review processes sincethe NCARS5-Y ear Plan of
Work was submitted.
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V. EVALUATION OF THE SUCCESSOF MULTI AND JOINT
ACTIVITIES

NCSU faculty wereinvolvedin 48 M ultistate Research Projects, 12 | nformation Exchange Groups, and 24
Southern Extensionand Research Activities. Theseactivitieswereall multistate, multidisciplinary and
involvedintegration of research and extension. They continueto be an excellent vehiclefor collaborative,
coordinated research and a broad-based, systematic approach to solving problemsrel ative to the Southern
Regionandthenationingeneral. Examplesof multistate, multidisciplinary, integrated activitiesother than
thoseincluded above are discussed below.

The South East Small Fruit Consortium isamultistateintegrated activity between NCSU, Clemson and
University of Georgia. Successful activitiesof the Consortium over thepast year includethefollowing.
»  Cosponsored two FQPA pesticide risk assessment reviewsat NCSU covering all thesmall fruit crops,
involvingspecialistsfromtheCarolinas, Florida, andVirginia.
»  Sponsoredastrawberry plasticultureextension agent training short coursein NCinvolving 10 agents
fromtheCarolinasand Georgia, and 9 additional agentsfrom Arkansas, Maryland, Virginia.
»  Sponsored asecond strawberry plasti culture extension agent training short coursein SC, which
included 30 agentsfrom the Carolinasand Georgia, plus4 agents from Alabamaand Arkansas.
»  Cosponsored abramble crop workshop during the Southeast Fruit and V egetable Expo. in NC.
»  Sponsored ablueberry production extension agent training short course acrosstwo locationsin NC
and GA, involving 15 agentsfromthe Carolinasand Georgia.
» Awarded grantsinthe amount of $47,000 to researchersand extension specialistsin the Carolinasand
Georgiatofund applied research projectsin 2001.

The EPA/Six-State Consortium, under which animal waste management research is supported by a
combination of resourcesfrom EPA, member stateinstitutionsand the Animal and Poultry Waste
Management Center (APWMC), ismade up of lowa State University, Purdue University, Michigan State
University, OklahomaStateUniversity, University of Missouri and North CarolinaStateUniversity. Proposals
considered for funding under these sources were submitted under prioritiesfound on the website of the Lead
Institution (www.aes.missouri.edu/rfpwaste/priority.htm/). The APWM C providespartial fundingonfive
projectscurrently areled by Principal InvestigatorsinNorth Carolina, Virginia, Mississippi,and Georgia. The
projectsincludework on: a. dust particleand odor control in swinefacilities; b. dietary manipulation to reduce
swineodor; c. animal and poultry wastefor sod production; d. dairy waste nutrient loss control ; e. soil
phosphorus benchmark levels. Thiswork isunderway. The APWM C has all ocated $50,000 toward these
efforts.

Over the last several yearsthe NC / SC Tomato Breeding Program haseval uated numerousexperimental
tomato hybridsin grower fieldsin coastal South Carolinathrough acooperative agreement between NC State
University and Clemson Univ. Cultivarsresulting fromthiscooperativeresearch with adaptability to production
in both statesinclude 'Plum Dandy', aRomartype tomato for fresh-market production, 'Floralina, afusarium
wilt race 3 resistant hybrid, and 'Sun Leaper', ahigh temperature fruit set hybrid. A new plumtomatohybrid
,NC 98128, with combined early blight and fusarium wilt race 3 resistance and the crimson gene for enhanced
fruit color isplanned for release asanamed cultivar. The high temperaturefruit set hybrid, NC 96365, isbeing
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evauatedinreplicated trial and large scalegrower plantingsin coastal SC to determineitspotential for
release. Recently, resistance breeding for tomato spotted wilt viruswasinitiated because of its severity in
recent yearsin SC and increasing severity in NC. The cooperative effort hasworked well with the overall

obj ectivesof the NC breeding program and hasgiven the opportunity for eval uation of experimental hybridsin
early season for adaptability to coastal areas of both states.

V. INTEGRATED RESEARCH AND EXTENSION ACTIVITIES

Research and extension activities areintegrated within the College of Agricultureand Life Sciencesat the
administrative, programmeatic, departmental and faculty 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, statebudget requests, budget
allocation, facility management, and spaceutilization. Currently thereisan integrated effort to more closely
alignadministrative structure of thedirectors' officeswith programmetic areas across research and extension
inthecollege.

Programmatically, research and extension activitiesareintegrated formally inanumber of key areas through
the efforts of faculty serving intherole of research and extension coordinator or as acenter director.
Examplesof programmatic areas where this has been particularly successful are water quality, animal waste
management, integrated pest management, sustai nableagriculture, air quality, small fruitsand specialty crops.
These coordinator and center director positionsare funded by both NCARS and NCCES and operating funds
areallocated from both offices.

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

Themost completeintegration of research and extension occursat theindividual faculty level. Almost 100 of
the 350 college faculty with research appointments al so have extensi on appointments. In fact, most of these
olit-appoi ntment faculty have 50 to 80 percent extension appointments, so their research programsare
specifically designed to support their extension programs. Thesefaculty serve asastrong link between those
faculty who haveamagjority research appointment (usually split withteaching) and the county-based extension
fieldfaculty and state’ sagricultural industries. Working closely withthemorebasi ¢, discovery-oriented
research faculty, theseresearch/extension faculty, in conjunctionwith county field faculty, bring new
knowledgeand technol ogy to the producersand agribusi nessthrough devel opment, field testing and
demonstration.

Sinceal faculty with research/extension split appointments have an approved federal or state research project
catalogedon the CRIS database, the NCARS expenditures and personnel commitment for the research
aspectsof their activities can be documented. Thefollowing table showsthe Hatch expenditures during 2000
for these projects under the NCARS research program areas and subprogram areas. Thetotal expenditure of
$1,201,999 millionis24% of NCARS sHatchallocation.
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NCARSResear ch/Extension Split Appointments(2000)
Total Expenditures

National Goal Total
NCARS Program Area and Subprogram Area Hatch

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

Crop Production Systems $188,495
Animal Production Systems $156,863
Biological Systems $0
2. Plant and Animal Germplasm, Genetic Resourcesand Conservation, and Plant Improvement
Croplmprovement $150,496
Animal Improvement $0
3. Plant Protection Strategies (Forest, AgronomicandHorticultural Crops) $259,944
4. Animal Diseasesand Animal Health $6,516
5. Farm Business M anagement, Economicsand Marketing $146,061
6. Product Devel opment $61,847

2. A Safe and Secure Food and Fiber System
7. Food and Fiber Processing, Safety and Quality $36,023

3. A Healthy and Well-Nourished Population
8. Human Nutrition and Human Health 0

4. An Agricultural System Which Protects Natural Resour ces and the Environment
9. Soil, Water and Air Quality Conservation and Management $172,018

10. Forest, Pasture, Wildlife and Fish Resource Conservation
and Management $0

5. Enhanced Economic Opportunity and Quality of Lifefor Americans
11.Individual, Family and Community EconomicDevelopmentand Quality of Life  $23,736

Grand Total $1,201,999
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