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Abstract
Although the Southwestern U.S. is generally considered marginal for crop production, maize has been produced in the region for more than 2000 years.  The region's indigenous people developed maize (Zea mays L. spp. mays) cultivars and agricultural systems to provide viable levels of production.  Despite this long-term success, these cultivars and agroecosystems remain poorly documented or understood.  Lack of basic knowledge of the diversity and attributes of time-tested cultivars adapted to adverse conditions restricts fundamental understanding of plant responses to abiotic stress, and hinders identification and use of mechanisms and genes needed to respond efficiently to shifting needs and conditions.  Specific objectives of the proposed project are to identify novel adaptive traits and key factors that affect development of maize adaptations and distribution, and to engage the public and students in research activities.  The high density of archaeological features of Bandelier National Monument and the Pajarito Plateau, together with the continued vitality of their descendants in nearby pueblos, indicate that these cultivars and agroecosystem management practices are well adapted to this semiarid environment.  With its agricultural heritage and diverse ecological niches, the Monument provides an excellent location in which to study maize cultivars native to the Southwest.  The proposed research will examine the phenotypic diversity of Southwest maize cultivars to better understand their biological attributes, distribution, and diversity.  Research will be integrated with outreach and educational activities directed to Monument visitors and the public.  The proposed activities complement the Monument's research, interpretative, and education missions, and will contribute to the establishment of the proposed Jemez Mountains Learning Center.
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Context of Proposed Activities

The proposed activities to be conducted at Bandelier National Monument are part of a larger research proposal.  Funding for this larger project will be requested from the CAREER program at the National Science Foundation through its Ecophysiology and Evolutionary Biology and Regional Studies programs; CAREER grants provide up to five years of funding to assist new faculty in establishing their long-term research programs.

Overview of NSF Project Proposal
Despite limited and unreliable precipitation, temperature extremes, and limited nutrient availability, maize (Zea mays L. spp. mays) has provided viable levels of production in the U.S. Southwest for more than 2000 years (Cordell, 1997; Fish and Fish 1994).  Cultivars that developed and persist in such agriculturally marginal regions were selected for and evolved attributes to succeed under adverse conditions; however, those attributes remain largely undocumented.  Past studies allude to several plant characteristics and indigenous agroecological management practices that may contribute to abiotic stress evasion or tolerance of Southwest maize cultivars (e.g., Anderson and Cutler 1942; Brown et al. 1952; Collins 1914; Nabhan 1983).  Expanded knowledge of the characteristics and adaptive processes in this model species is needed to address threats to global food security posed by climate change, environmental deterioration, and crop genetic vulnerability (e.g., FAO 1997; Muenchrath et al. 1995; Srivastava et al. 1996).  Lack of information on genetic diversity, phenotypic variation, and ecophysiology of maize native to agriculturally marginal areas limits progress in elucidating adaptive mechanisms, and impedes use of these cultivars to respond to changing conditions and needs.
The long-term goal of the PI’s research program is to comprehensively document and expand fundamental understanding of the diversity, ecophysiology, and evolutionary processes of maize landraces.  Her program will apply cross-disciplinary approaches and integrate research, education, and outreach.  To establish the foundation of the PI’s career, the objectives of this application are to 1) determine Southwest maize genetic and phenotypic diversity; 2) examine factors that affect variation and distribution; 3) identify candidate adaptive traits; and 4) engage the public and students in research activities.  The central hypothesis is that cultivars native to arid and semiarid areas evolved forms and mechanisms in response to both environmental and anthropogenic factors that enable success.  This hypothesis is based on preliminary studies of cultivar morphological, phenological and physiological features relevant to abiotic stress tolerance (Muenchrath 1995) and evidence that related Southwest cultivars tend to correlate with specific cultural and linguistic groups (e.g., Brown 1949; Carter and Anderson 1945; Doebley et al. 1983).  The rationale for the proposed research is that characterization of the diversity and abiotic stress adaptations of these cultivars and identification of factors influencing their development will expand basic understanding of plant responses to the environment and facilitate use of potentially valuable traits to enhance plant performance in adverse or variable conditions.  The PI’s broad background and training in genetics, physiology, and agroecology, previous research and teaching on maize and traditional agroecosystems, and collaborations with indigenous people, ecologists, soil scientists, and anthropologists inform the proposed research.  The USDA National Plant Germplasm System (NPGS) maize collection at Ames IA, multi-disciplinary ISU Plant Science Institute, Bandelier National Monument (BNM) and New Mexico State Univ. Agricultural Science Center at Farmington (ASCF) in New Mexico, and Maricopa Agricultural Center (MAC) and Gila River Indian Community Huhugam Heritage Center (HHC) in Arizona provide excellent resources and facilities to accomplish the proposed research.

Objectives

The proposed research has four specific objectives; those involving activities that will occur at Bandelier National Monument are in shown in bold.

1. Examine the genetic relatedness among extant Southwest maize cultivars and genetic, ecogeographic, and ethnological relationships among cultivars.

Hypothesis:  Cultivars developed under similar ecogeographic conditions and management practices are more closely related than those developed in different environments and production practices.


Approach:  Patterns of variation in single-sequence repeats (SSR) among Southwestern maize accessions will be examined to determine genetic relationships among accessions; well-characterized modern maize varieties will be included as checks.  Because cultivars reflect environmental and human selection, these data will be evaluated in the context of accession ecogeographic and cultural origins.  Ecogeographic features and traditional management practices associated with each of the cultivars will be compiled from databases and abundant, but diffuse, existing ethnological information.  Distance matrices will be used to ascertain genetic, ecogeographic, and ethnological relationships; Mantel tests will test for associations among matrices.  Multi-dimensional scaling will evaluate correlations.  Cluster analyses will be used to assign accessions to putative ecotypes.  Data will be spatially integrated and analyzed using DIVA-GIS software to further elucidate genetic, ecological and geographic patterns in accession distribution (Hijmans et al. 2001); DIVA-GIS was specifically designed for genetic resource studies.  Objective 1 findings will establish a reference database and conceptual framework for subsequent investigations.  Information generated will guide preliminary assignment of accessions to putative ecotypes and selection of representative cultivars to be examined for phenotypic variation in Objective 2, and inform Objective 3 and future investigations.

2. Evaluate Southwest maize phenotypic variation.

Hypothesis:  Patterns in phenotypic variation are congruent with patterns in ecogeographic and ethnological variation.


Approach:  Genetically diverse accessions sampling different putative ecotypes will be characterized phenotypically.  Factors most closely related to key plant processes and responses to resource availability and constraints will be examined.  Morphological, phenological and physiological attributes and yield of accessions and check varieties will be evaluated in contrasting environments in New Mexico (at BNM and ASCF) and Arizona (MAC).  At ASCF and MAC, responses under rainfed and irrigated treatments will be compared.  Analyses of variance will be applied to identify key factors influencing phenotypic diversity and distribution.  A multi-stage clustering strategy using the Modified Location Model (MLM) with categorical and continuous variables will be applied to investigate patterns in phenotypic variation and refine accession assignment to putative ecotypes (Franco et al. 1999).

3. Identify candidate adaptive traits among Southwest accessions.


Hypothesis:  Accessions that maintain yield in limiting environments relative to non-limiting conditions and relative to check varieties possess traits that confer some adaptive advantage to the specific environmental constraint.  Cultivar success depends on its responses to various stresses; stress reduces plant growth and reproduction (Osmond et al. 1987).  Adapted cultivars exhibit phenotypes that confer reproductive success in the specific environment.

Approach:  To infer optimal growing conditions, accession responses to sets of environmental conditions and management practices derived from information obtained in Objective 1 will be simulated using the CERES-Maize 2.1 model (Ritchie et al. 1992) in the Decision Support System for Agrotechnology Transfer (DSSAT) 3.5 (Hoogenboom et al. 1999); the model will be calibrated with climate, soil, and accession response data obtained at BNM, ASCF, and MAC as part of Objective 2.  GIS [DIVA-GIS??] approaches will spatially integrate and principal component analysis will examine relationships among accession attributes, actual and simulated performance in response to environmental and cultural factors, and genetic marker patterns.  Cluster analysis using Euclidean distance and Ward's clustering technique will classify accessions into 'interpretive groups' (i.e., ecotype) (Steiner et al. 2001) containing traits associated with inferred suitability to specific environmental factors (e.g., precipitation); interpretive groups facilitate comparisons of qualitative and quantitative traits on a common scale.  To identify candidate adaptive traits for future study, correlations between observed patterns in interpretive group traits with patterns in specific hypothesized abiotic stressors (e.g., water deficit) will be examined.  Although such analysis will not establish causation, lack of correlation will allow rejection of hypotheses linking particular traits to specific environmental factors.  Traits correlated with specific environmental constraints will be identified as putative adaptive traits warranting further study.  Future studies will be designed to examine the function of hypothesized adaptive traits; their mechanisms and regulation will be investigated subsequently.

4. Integrate research outreach and educational activities.  Exhibits and study sites for Objective 2 will be established in New Mexico at BNM and ASCF, and in central Arizona at MAC and Huhugram Heritage Center.  BNM conserves relevant cultural resources and provides a subhumid/semiarid test environment (Tuan et al 1973).  ASCF offers a semiarid test site on the Colorado Plateau, and MAC provides an arid climate at lower elevation.  These fields and exhibits will demonstrate regional traditional agriculture and science in practice, disseminate research findings, and educate the public on agroecology, plant biology, cultural heritage, and the scientific process; outreach effectiveness will be assessed.  Information and interactive educational exhibits about the research, its findings, and related topics also will be posted on a website, accessible by the public.

Undergraduate and graduate students, post-doctorates, and resource conservation managers will participate in the project.  Special efforts will be made to engage Native Americans and their communities.  Activities will be conducted in cooperation and coordinated with the NPGS, U.S. National Park Service (NPS), tribal organizations, ASCF, and MAC.  Information generated will be shared with the communities, NPS, and germplasm conservation organizations to enhance cultural, environmental, and genetic resource conservation and management.

The proposed research is innovative because it brings together information and approaches from diverse disciplines, including basic plant sciences, agroecology and allied sciences, and anthropology.  This work is expected to document Southwest maize genetic and phenotypic variation, reveal ecotypes and novel abiotic stress-tolerance traits, and provide key information about the interactions among maize biology, agroecosystems, and human cultures in the directed evolution of maize adaptations and diversity.  Outreach and education activities will improve public science and cultural literacy.  Interdisciplinary training will prepare students and others for cross-disciplinary collaborations.  The proposed research will establish the PI's long-term, multidisciplinary program on maize biodiversity, ecophysiology, and evolution, and integrate research, education, and outreach.

Expected Significance of the Proposed Research
Maize is widely distributed geographically and ecologically, and exhibits a high level of within species diversity.  Thousands of accessions worldwide form about 300 maize races (Goodman 1990; Goodman and Brown 1988; Plucknett et al. 1987).  Excluding pop and sweet corn, US maize can be assigned to 10 racial complexes.  The greatest US racial diversity clusters in the Southwest, where three of the 10 races occur.  Although maize has served as a premier model species for both basic and applied research, most research has focused on the relatively few strains and their derivatives that form the basis of today's elite commercial maize varieties.  Only about 5% of maize accessions worldwide have been used commercially; in fact, US commercial varieties are derived from just six strains.  Lack of basic knowledge of the diversity and attributes of time-tested cultivars adapted to adverse conditions restricts fundamental understanding of plant responses to abiotic stress and hinders identification and use of mechanisms and genes needed to respond efficiently to shifting needs and conditions.  Increasing demands for water and food, coupled with crop vulnerability and environmental imperatives to adjust to changing conditions, necessitate that crops be adapted to adverse conditions (e.g., Boyer 1982; FAO 2000; Gleick 2000; NRC 1992; OTA 1983; Srivastava, et al. 1996).  The proposed research will contribute significantly to essential information for the advancement of theoretical, experimental, and applied research on plant diversity and adaptations.  This research is expected to identify maize genetic relationships, ecotypes, and candidate adaptive traits, and to stimulate studies to establish specific functions, mechanisms, and regulation of plant responses to adverse conditions.  It is expected to open new interdisciplinary approaches to explain maize ecogeographic distribution, and to test theories about maize evolution and ancient maize and human migrations in the American Southwest (Muenchrath et al. 1995).  Maize genetic and ecophysiological data are needed to test and refine these theories.  In addition to contributions to plant and ecological sciences and anthropology, it is anticipated that findings will have direct applications for the development of strategies for dynamic conservation of plant genetic resources (Bretting and Duvick, 1997) and of improved crops for agriculturally marginal or variable environments to enhance productivity, yield stability, and food security.
Proposed Monument Activities

Overview

Pueblo culture and maize have been intertwined for millennia.  The proposed research focuses on maize biology and its responses to the environment.  This study will expand scientific understanding of maize adaptations, agricultural ecology of ancient and traditional systems, and their interactions.  Through exhibits and demonstrations, visitors will learn about maize biology, soil and climate effects on agricultural ecosystems, and the scientific process; visitor appreciation of the challenges and skills of ancient Pueblo farmers will be enhanced.  The proposed activities complement research, interpretative, and education missions of Monument, as well as the proposed Jemez Mountains Learning Center.

Bandelier National Monument is particularly suitable for the proposed research because of its climate and a cultural history intimately connected with maize and its production.  Similar to other mid-elevation zones in the Southwest, the Monument's climate ordinarily provides a favorable balance between temperature and precipitation for crop production; at higher elevations, cold temperature often limit the growing season length, and at lower elevations, the risk of insufficient precipitation for crops is greater (derived from Western Regional Climate Center data, 2002).  BNM and surrounding areas contain high densities of ancient habitation and agricultural features, implying suitability for crop production (Orcutt 1999; Powers 1999).  Archaeological evidence and the vitality of contemporary Pueblo communities in the area demonstrate a rich and ongoing cultural history; maize was and continues to be important (e.g., Eggan 1979; Ortiz 1989; Powers and Orcutt, 1999; Preucel and Barker 1993).  Over the centuries, Pueblos and others in the American Southwest developed adapted maize cultivars and agroecosystem management techniques to meet the challenges posed by arid and semiarid environments.

Objectives of Proposed Monument Activities

The proposed research focuses on maize cultivars native to New Mexico and Arizona and examines their respective responses to and productivity in contrasting environmental conditions:  at BNM and ASCF in New Mexico and MAC in Arizona.  The specific objectives of the activities at the Monument relate to Objectives 2 and 4 of the larger research program, described previously.
Objective 2:  Evaluate Southwest maize phenotypic variation.
Hypothesis:  Patterns in phenotypic variation are congruent with patterns in ecogeographic and ethnological variation.

Maize cultivars native to New Mexico and Arizona will be grown at BNM to document cultivar productivity and developmental, morphological and physiological characteristics in this environment.  Environmental conditions will be assessed by collecting weather and soil data.  These maize and environmental data will be compared to data collected from field tests of these same cultivars in contrasting ecozones at ASCF and MAC.  These results will be compared to the characteristic environmental conditions and customary crop management practices associated with each cultivar in its original collection location.  Most of the Southwest cultivars included in this study were collected during the first half of the 1900s and have been maintained by the National Plant Germplasm System (NPGS), which will provide the seed for these studies.  One or two varieties adapted to the US Corn Belt (Iowa, Illinois, Indiana, Ohio, and Missouri) will be included to serve as checks or frames of reference because most maize research is based on Corn Belt and closely related varieties.


Analyses will examine relationships among maize attributes and performance, environmental and management factors, and genetic marker patterns.  Geographic information systems (GIS) will integrate spatial analyses of these data to identify putative ecotypes and key factors influencing development of maize phenotypic diversity and distribution.
Objective 4:  Integrate research outreach and educational activities.


The research field at BNM will demonstrate a traditional Southwestern maize field and show science in practice.  Coupled with exhibits, hands-on activities, and presentations, visitors will learn more about the agroecology of this traditional agricultural system, plant biology, and the scientific process.  Research progress and findings will be integral parts of these outreach efforts.  Interactive educational materials and information about the research and its findings will be posted on a website, accessible to the public, to enable visitors and others to monitor research progress.  Outreach effectiveness will be evaluated.  The PI has experience in web-based distance education and youth hands-on science and math activities; she has been recognized with several teaching awards.

Methods

Genetic Materials.  Maize cultivars, originally collected in different areas of New Mexico and Arizona, will be grown at BNM.  Southwest accessions included in Objective 2 will be chosen to broadly sample the genetic diversity among Southwest cultivars, based on the results of genetic analyses conducted under Objective 1 of the larger study.  One or two modern varieties adapted to the US Corn Belt will also be included in these studies.  Seed of the Southwest maize cultivars will be obtained from the North Central Regional Plant Introduction Station (NCRPIS) of the NPGS, Ames Iowa.  NCRPIS maintains the US collection of maize and other crops to preserve agriculturally important plant genetic resources.

Research Location.  Each of the maize cultivars included in Objective 2 of this study will be grown at three locations to compare their responses and performances in different environments:

a. Bandelier National Monument, NM (BNM)—Soil at the proposed field site at BNM is predominantly ashy, glassy, nonacid mesic Aridic Ustipsamments (NRCS, pending). 

b. NMSU Agricultural Science Center at Farmington (ASCF), NM—This location is on the Colorado Plateau; irrigation treatments will be included in the study at this location to examine cultivar responses to moisture availability.  Soils are sandy loams to loamy sands.

c. Maricopa Agricultural Center (MAC), AZ—This site is just south of Phoenix.  It provides an arid climate where two crops can be produced annually.  Cultivar responses to irrigation treatments will also be evaluated at this location.  Soils are predominantly reclaimed, fine-loamy mixed, hyperthermic Typic Natragids, Natric Camborthids, and (calcareous) Typic Haplaquolls, and Aquic Hapludolls (NRCS 1991).

Climatic conditions of field sites.  PET is potential evapotranspiration.  Frost-free period is defined as 50% probability of temperatures greater than –2°, at or below –2°C, maize can be injured or killed (Shaw 1988). 

	Site
	Elevation
	Ann. Precip.
	Ann. PET
	Frost-free Period
	Avg. July Temp. (°C)

	
	(m)
	(mm)
	(mm)
	(d)
	Max.
	Min.

	BNM
	1854
	382
	220-600
	158
	32
	12

	ASCF
	1715
	223
	450-665
	182
	33
	16

	MAC
	  357
	198
	1145-1270
	294
	42
	24


Description of Monument Study Areas

Several criteria were applied to select an appropriate Monument site for the proposed study and activities:

· The field must not impinge on any known archaeological features;

· Be suitable for maize production;

· Be visible to visitors to facilitate interpretative activities; and

· Be compatible with both Monument and scientific objectives.

The Frijoles Canyon Historic Orchard site satisfies these criteria.  At least historically, the Orchard location was used for agricultural purposes and is part of an area planned for agricultural renovation.  The Orchard provides an open canyon area with suitable soils for maize production, fine sandy loam (Orcutt 1999; Powers and Van Zandt 1999).  This site is visible from the trail that leads from the Visitor Center to Long House.  Maize will be planted adjacent to and just south of existing fruit trees.

Outreach activities will occur in or around the Visitor Center and field site.

Research Procedures

PI will work in close consultation with Monument staff to optimize project benefits to BNM and the public, while maintaining the scientific integrity of the proposed study.  She recognizes that research plans need to be flexible and may require some modification to accommodate seasonal conditions, and management and regulatory requirements.

Field Layout.  The exact location and extent of the Orchard field will be determined in consultation with Monument staff.  Electric fencing with sheep fencing or chicken wire at the base will be used to exclude predators, including deer, elk, and rabbit; fencing specifications will conform to Monument guidelines.

Procedures and Data Collection.  Weather, soil, and maize developmental, morphological, physiological, and productivity information will be collected at the field.

Weather—Daily precipitation amounts and minimum and maximum air temperatures will be recorded.  Relative humidity and solar radiation may also be collected.  These data will be obtained from a small automated weather station to be installed in or adjacent to the field, and from the existing station located near the fire lookout on the mesa northeast of Frijoles Canyon.

Soil—Physical and chemical properties of both surface and subsurface soil will be examined at the Orchard field.  A professional soil scientist, Dr. Jon Sandor (Agronomy Dept., Iowa State Univ.), will conduct the soil aspects of the proposed study; he has done numerous soil studies in the Southwest and elsewhere, and has training in archaeology.  A BNM archaeologist will supervise soil sampling to monitor for archaeological remnants and features.

a. Surface Soil Properties.  Surface soil samples will be collected at the beginning of each growing season and at the conclusion of the final season in the Orchard field.  These samples will be taken from several points in the field to a depth of about 15 cm.  Iowa State Univ. Soil Testing Laboratory will analyze the samples for nutrient and organic matter content, pH, bulk density, and particle size distribution (percent sand, silt, clay).  Nutrients are important for crop health, and soil pH can influence nutrient availability.  Soil texture and organic matter influence water infiltration and soil water-holding capacity.  Bulk density is an indicator of compaction, which can restrict root growth.

b. Soil Profile Characterization.  A pit, measuring about 1x2 m and 1.5 m deep (or to rock) will be excavated by hand with shovels in the Orchard field to examine the properties of deeper soil layers.  Maize roots often extend to a depth of 1.5 m or more unless rock or other barrier prevents downward growth.  Thus, the properties of the deeper soils can impact the crop.  The soil profile will be photographed, described and analyzed for nutrients, pH, organic matter, and texture.  The soil pit will be opened just once during the proposed study and immediately re-filled, taking care to restore the soil layers.

c. Soil Temperature and Moisture—Small sensors will be installed near the field weather station to monitor soil temperature and moisture to a depth of about 10 cm.  These data will be recorded by the weather station datalogger.

Field Management—In consultation with Monument staff, the Orchard field will be managed to avoid or minimize any potential negative impacts on the site.

a. Field Preparation and Weed Control— In preparation of planting the first growing season, existing grasses and small forbs will be cleared from the field in consultation with BNM staff.  Tillage will be minimized.  Soil conditions, such as compaction, will be evaluated to determine if and the extent of tillage needed to facilitate planting.  Any clearing and tillage will be performed at a time and in a manner to minimize disturbance.  These operations might be accomplished using one or a combination of these methods:

· Machete

· Hand-held, gas-powered string-trimmer ("weed wacker").

· Garden tiller (e.g., 5-6 hp).

Cut plant materials will be removed to the field margins and/or tilled under.  Alternatively and depending on conditions, these plant materials could be burned under controlled conditions in the field or in a campground fire ring or one temporarily constructed in the field, and the ashes spread on the field, simulating slash-and-burn clearing likely used by Ancestral Pueblo (Powers and Van Zandt 1999).  Tilled soil would be 'harrowed' or smoothed using a hand-held rake.

After planting and maize emergence, weeds will be controlled by hand-hoeing.  During hoeing, soil may be mounded around the base of maize plants to form "hills."  Such soil hilling is a customary practice in many traditional agricultural systems (e.g., Biggar 1918; Castetter and Bell 1942:175; Cushing 1974:203; Will and Hyde 1917:83; Wilson 1987:26); hilling may contribute to the structural support of the maize for improved standability under windy or storm conditions.  No herbicides will be applied.

b. Planting—Maize will be planted using methods consistent with regional traditional methods (e.g. Castetter and Bell 1942; Collins 1914; Cushing 1974; Hack 1942).  Seed will be planted by slot-opening the soil to a depth of 5 to 15 cm with a narrow-bladed spade, placing six seeds into the opening, and refilling it.  Southwest cultivars will be planted at about 15 cm depth; Corn Belt varieties will be planted at their customary depth of 5 cm to attain emergence.  Planting depth may be adjusted somewhat to sow seed into moist soil.  Both Southwest and Corn Belt cultivars will be planted in clusters of multiple plants, with clusters spaced equidistantly about 1 m apart.  Six kernels of a single cultivar will be planted in each cluster and thinned to four plants to obtain a uniform plant population density.  Ten clusters of each cultivar will be randomly assigned to location within the field.  A border of maize, also arranged in clusters, will be planted around the perimeter of the field within the fence; data will be collected only on those plants in the field interior to avoid edge effects.


Schematic of field layout: "x" are border clusters, and "o" are maize cluster from which data will be colleted

c. Water Management—Plants will rely on direct precipitation, incidental storm runoff, and residual soil moisture for water; in consultation with BNM staff, if water is available and winter residual moisture is insufficient, the field may be irrigated via the historic irrigation ditch shortly after planting to ensure germination and crop establishment.  Although maize has been produced in the region without conventional irrigation, depending instead on direct precipitation, managed storm flows from adjacent watersheds, and water conservation strategies, the Orchard site was historically irrigated from the Rito de los Frijoles (e.g., Muenchrath and Salvador 1994; Orcutt 1999); Ancestral Pueblo may have also directed water from springs and waterways to fields.

d. Soil Fertility Management—No synthetic fertilizers or other extraneous soil amendments will be applied.  Soil nutrient levels in the fields will be monitored annually at planting and at harvest the final year of the study.

e. Pest Management—All pest management strategies will be determined in consultation with Monument staff.  Fencing will limit damage by deer, elk, rabbits, and other game; prairie dogs and burrowing animals may be more difficult to manage.  Bird predation is usually a problem only during the early seedling stage and after flowering when grain is filling; a grid of transparent fishing line over the top of the field, or other harmless deterrents, such as scarecrows, will be installed as needed.  No insecticides, fungicides, or other pesticides will be applied.

Maize Data Collection—Cultivars native to New Mexico and Arizona and check varieties will be grown.  Maize developmental, morphological, physiological, and productivity information will be collected.

a. Developmental—Stages of development will be monitored throughout the growing season, applying the system of Ritchie et al. (1992).  Development rate provides information about cultivar responses to the environment and can serve as an indicator of stress.

b. Morphological—Plant height, leaf area, and ear size are influenced by environmental conditions, with stressful conditions restricting size.  Numerous plant morphological traits will be measured at flowering and harvest.  By flowering, the plant has attained its full height and maximum number of leaves.  Traits measured will include:

	At Flowering:
	At Harvest:

	· Plant height
	· Total number of ears on main stem

	· Total number of leaves on main stalk
	· Total number of tiller ears

	· Total number of tillers/plant

· Ear height (of uppermost ear on main stalk)
	· Ear and cob length and midpoint diameter

	· Diameter of main stalk at uppermost ear node
	· Number of kernel rows/ear

	· Total leaf area of main stalk
	· Number of kernels/row


At about the V5 stage (Ritchie et al. 1992), the node of the fifth leaf of the main stalk will be marked to subsequently distinguish the main stalk from tillers and facilitate accurate determination of vegetative stages and total number of leaves produced as lower leaves senesce and drop from the plant.

Total leaf area will be estimated by measuring the length along the leaf midrib and width at the leaf midpoint of one-half of all green leaves on one random plant per cluster, beginning with the ear leaf (leaf located at the insertion point of the uppermost ear on the main stalk), and proceeding upward and downward, measuring every other leaf; tiller leaf area will be similarly determined, beginning with the uppermost fully expanded leaf.  Leaf area is calculated by the formula:  length x width x 0.75 = leaf area (Montgomery 1911).  Individual leaf areas of the plant will be summed and multiplied by two to estimate its total green leaf area at flowering.  Leaf area largely determines plant photosynthetic and transpirational areas.

c. Physiological Responses—Plant physiological processes are sensitive to environmental conditions.  Responses reflecting plant photosynthetic capacity, water status, and nutrient uptake and allocation will be examined.

· Transpiration and Photosynthesis—Water is often limited or unreliable in the Southwest.  Water vapor and carbon dioxide exchange occur through leaf pores or stomata.  As water is transpired, the leaf is cooled.  In the leaf, carbon dioxide is converted to organic compounds by photosynthesis.  These organic compounds are used for energy and as structural materials for plant growth; over 90% of total plant biomass yield is the result of photosynthesis.  When water is limiting, stomata close or partially close, reducing transpiration and conserving water, but also restricting the flux of carbon dioxide into the plant and suppressing photosynthesis.

Stomatal resistance, transpiration and photosynthetic rates, leaf temperature, and light interception will be monitored with a portable photosynthesis system (LI-6400, LI-COR Inc., Lincoln NE).  These data will be collected during midday (+ 2 hours of local noon) once a week for 5 weeks, beginning about 2 weeks before silk emergence.  Maize is most sensitive to water-deficit stress during the 2 weeks preceding and 2 weeks following flowering (Claassen and Shaw 1970a,b; Denmead and Shaw 1960).  Data will be taken from the upper leaf surface (abaxial) at the midpoint of the uppermost ear leaf of the main stalk of one random plant per cluster; the same plant and leaf will be sampled each time.  Symptoms of water-deficit stress, such as leaf rolling or wilting, will be noted throughout the growing season.

· Tissue Nutrient Analyses—To evaluate plant nutrient status, tissues will be sampled at flowering and harvest.  At flowering, the first leaf below and opposite the uppermost ear leaf of the main stalk of one plant per cluster (a different plant than sampled with the LI-6400) will be excised and analyzed for nutrient content (Cerrato and Blackmer 1991).  A 20-cm segment of the main stalk and ears will be harvested from these same plants at maturity, dried and analyzed for nutrient content to detect nutrient deficiencies, and to estimate nutrient residual in stubble and removal in grain from the field (Binford, et al. 1992; Cerrato and Blackmer 1990).  Symptoms of nutrient deficiencies will be noted throughout the growing season.

d. Productivity and Dry Matter Partitioning—Grain and total biomass yields are integrators of the plant responses to environmental conditions over the entire season, and thus, provide a measure of a cultivar's adaptation to those conditions; better adapted cultivars consistently produce greater yield than un-adapted ones.  At or after physiological maturity (indicated by the formation of a 'black layer' at the base of the kernel), whole plants will be harvested stepwise:

i. From each cluster, the plant sampled with the LI-COR 6400 will be harvested at ground level, weighed and separated into tillers; tillers and the main stalk will each be partitioned into leaves, stems-plus-sheaths-plus-tassel, and ears.  These tissues will each be weighed in the field to determine fresh weight.  The partitioned samples will be transported to ISU, where they will be dried and weighed.

ii. The remaining plants in each cluster will be similarly harvested at ground level, partitioned, and weighed.  The ears from the plant sampled for leaf nutrient content at flowering will be set aside and transported to ISU for nutrient analyses.  In consultation with BNM staff, the remaining harvested plant materials will be spread on the field.  Alternatively, these plant materials will be burned under controlled conditions, and the ashes left of spread on the field.

iii. Ears will be dried, shelled, and grain weighed to determine grain yield and yield components.

iv. Total and partitioned biomass yields will be estimated from the ratio of dry to fresh weights of the subsample for each cultivar and field.

v. Harvest index will be calculated as the ratio of grain dry weight to total aerial dry matter.

Collections

Soil and maize samples, as described above, will be collected and removed from the site for further analyses.  At the conclusion of the study, soil samples can be returned to BNM. 

Analyses

Standard statistical analyses will be applied.  Principal component analyses will examine relationships among cultivar attributes and performance, genetic marker patterns (from Objective 1), and environmental and cultural factors.  Geographic Information Systems (GIS) will integrate spatial analyses of these data to identify ecotypes and key factors influencing development of maize phenotypic diversity and distribution.  Phenotypic and environmental data will be used in the model described in Objective 3.

Outreach and Educational Activities

Research activities and findings will be integrated with outreach and educational activities.  BNM staff best understands the nature and needs of visitors and NPS guidelines.  BNM staff will provide guidance to the PI to develop effective materials and activities.  Although outreach and educational efforts will be planned, developed, and implemented in consultation with BNM staff, the PI will be responsible for the development and implementation of materials and activities.  PI and her students will wear name badges that clearly identify them as associated with ISU, and refer any questions related to BNM or NPS policies to BNM staff.
The research will be presented in the context of BNM's environmental and cultural resources and highlight agroecology, plant biology, regional agricultural traditions, and the scientific process.  Research progress and findings will be incorporated into these outreach efforts.  Interactive educational materials and information about the research and its findings will also be posted on a publicly accessible website to enable visitors to continue monitoring research progress.  Outreach effectiveness will be evaluated.  The PI has experience in web-based distance education and development and delivery of hands-on science and math activities for youth.

Goals.  General goals of the proposed outreach and educational activities are to improve public understanding of the scientific method, plant biology, agroecology, and 'agri-culture.'

· Science Literacy—Experience science as a process of inquiry.

· Plant Biology—Learn about plant growth requirements and fundamental processes.

· Agroecology—Explore traditional environmental management strategies to satisfy crop growth requirements.

· Cultural Understanding—Participate in activities related to traditional maize production and processing.

Target Audience.  The proposed outreach and educational activities will focus on BNM visitors.  BNM attracts more than 330,000 visitors annually (NPS 1999 data).  Because audience interests, experiences, and learning levels and styles are diverse, information will be presented in concepts and language understandable to a wide range of ages and knowledge levels.  Exhibits and activities will be designed to have special appeal to youth, ages 8 and up.

Project Website.  An interactive project website will be developed and maintained by the PI and her staff to provide the public with information about the research and to enable them to follow project progress over time.  The website will provide engaging educational information on topics related to the research and disseminate research findings from each location in New Mexico and Arizona).  Through an asynchronous discussion board, website visitors will be able to post questions and comments; researchers will respond online.


The website will be publicized with bookmarkers available at the BNM Visitor Center and to the region's schools, public libraries, and relevant museums and community organizations, particularly Native American communities.  The bookmarkers will feature a photo of diverse maize on one side and website information and address on the other.  


The website will also link from the public ISU Agronomy Dept. website, the Maize Page, maintained by ISU, and the Native Seeds/SEARCH website.  The number of times the project website is accessed and number of visitor postings to its discussion board will be tracked.

Exhibits, Programs, and Hands-on Activities.  Exhibits, programs, and hands-on activities will be developed and implemented in consultation with BNM staff and in accordance with BNM guidelines.  Four types of exhibits and activities are proposed.

1.  Programs—PI and/or her students responsible for the research will conduct occasional visitor programs relevant to the project; these will be coordinated with BNM staff.  The researchers will work with BNM staff to select specific topics that complement other Monument programs.  PI will work with her students to develop quality programs; before presentation to visitors, the programs may be previewed and approved by BNM staff.  The researchers will also hold occasional informal "conversations with a scientist" events (analogous to "coffee with a ranger") to provide visitors with opportunities to interact directly with researchers.


At least once a year, the researchers will present a seminar to BNM staff to report findings and share plans.  By mutual agreement, additional short-courses, seminars, or other activities may be conducted to enhance researcher understanding of the cultural and natural resources of the Monument and BNM staff knowledge about topics directly related to the research.

2.  Trail-side Discussions and Exhibits—In coordination with BNM staff, researchers will occasionally discuss the project with visitors participating in walking tours on the trail that passes near the field.  Posters will be displayed on portable 'sandwich' boards adjacent to the Long House and the Tyuonyi Overlook trials where the fields are most visible.  These will be situated so as to not impede trail traffic or disturb natural or archaeological features.  These posters will provide an overview of ancient and traditional Southwest maize production systems and outline the research, its objectives, and its findings.  These displays may also be used in conjunction with presentations, demonstrations, and hands-on activities held at the Visitors Centers or areas in the Monument as directed by BNM staff.

3.  Demonstrations and Hands-on Activities—Researchers will lead demonstrations and hands-on activities focusing on maize and soils.  These activities will educate visitors about the scientific method, plant biology, soil science, and agroecology.  An experiential learning approach will be applied.  This approach has three main components:

· Experience—Visitors will actively do something that promotes their 'discovery' and exploration of a topic or concept;

· Reflect—Visitors will process the experience and information by sharing their observations and reactions; and

· Apply—Generalizations will be developed to connect the experience and information to other examples or concepts, and to real-world experiences.

Examples of potential activities are outlined in Appendix A.

4.  Community Presentations—Information about the research and its findings will be presented occasionally to the East Jemez Resource Council and at the Jemez Mountain Symposium.  Council and Symposium participants include tribal members, NPS, US Forest Service, Los Alamos Labs, and County staff, Univ. of New Mexico faculty and students, and others.

Assessment

Effectiveness of outreach and educational efforts will be evaluated.  Evaluation will include visitor surveys and journal entries.  In collaboration with BNM staff, a visitor questionnaire or other instrument for ongoing assessment will be developed to monitor effectiveness of exhibits and researcher-led programs and activities, and to guide improvement as the project evolves.  Visitors will be invited to record their comments in journals placed adjacent to the trail-side exhibit and available following programs, demonstrations, and hands-on activities.  The number of visitors participating in programs and activities and visiting the project website will be tracked.

Other Outreach Activities

Research findings will also be dessim

Products

Research Publications and Reports

Annual reports, as well as a final report at the conclusion of the study, will be prepared and submitted to the National Science Foundation and a copy submitted to BNM.  A copy of any student theses or dissertations resulting from research carried out at BNM will be deposited with the Monument.  Copies of abstracts, journal articles, chapters, or other publications reporting findings of research conducted at BNM will also be provided to the Monument.

Outreach and Educational Materials

The Monument will retain, at the Monument's discretion any exhibits and handouts developed as part of this project's outreach and educational efforts at the Monument.

Samples
Soil samples remaining after analyses will be returned to BNM upon request.  Maize samples produced in the research field will be used in some outreach activities; additional maize samples may retained by the PI for use in other studies or discarded at her discretion.

Data

Copies of any instruments used to collect data or information from the public as part of project outreach will be provided to BNM at BNM request.  The PI will retain original raw data generated in the field experiment; electronic copies will be deposited with BNM upon request.

Photos and Maps
Photographs and maps developed in connection with this project will belong to the originator.

Schedule

Project activities will be carried out over a period of five years; field establishment and collection of baseline information will occur in Year 2 of the project and maize will be grown in the field during Years 3 and 4, and in Year 5 if needed.  The specific schedule for activities conducted at BNM will be established in collaboration with BNM staff to achieve Monument and project research and outreach objectives.  Field activities will be conducted primarily between late April and mid-October.  Development and update of outreach and educational materials will be accomplished during September through April.  Outreach and educational materials and the interactive research website will be available year-round; researcher-led programs and activities will occur during the summer months.

Timeline.  Single occurrences of an activity are denoted with an x.  Bold lines represent activities that occur over a period of time.  Arrows indicate activities that will extend beyond the 5-year funding period of the grant.  Year 1 would begin during approximately May 2004.

	Activities at Bandelier National Monument
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Establish and fence field site
	
	x
	
	
	

	Collect baseline soil profile data (soil pit)
	
	x
	
	
	

	Collect and analyze surface soil data
	
	x
	x
	x
	(x)

	Install weather station
	
	x
	
	
	

	Collect and analyze weather data
	
	
	
	
	

	Conduct maize field experiments
	
	
	
	
	

	Develop and implement outreach/education programs
	
	
	
	
	

	Develop and maintain website on ISU Agronomy page
	
	
	
	
	

	Assessment of outreach/education activities
	
	
	
	
	

	Reports and 

Publications
	x
	x
	x
	x
	x


NPS Assistance Requested

Some assistance will be needed from NPS for the project to succeed.  PI understands that BNM staff have many responsibilities and will be respectful of their time and resource constraints.  She will work in partnership with BNM staff to ensure project compliance with NPS regulations and guidelines, and to coordinate and optimize efforts to benefit both BNM missions and objectives of the proposed project.

In addition to consultation with BNM staff, PI requests the following from BNM.

· In partnership and through a cooperative agreement with PI, BNM will include the proposed project in the BNM Vanishing Treasures Program to provide training opportunities for students from local Native American communities.  PI will provide training and supervision of one Program participant to work with on the project, including its field research and outreach components, and provide funding for participant wages.  BNM will provide funds for housing of the Vanishing Treasures participant at BNM during the term of participation.

· Allow PI to place a travel trailer in Juniper Campground, or other BNM location, to use as year-round living quarters during the project, beginning in spring of Year 3 and continuing through Fall of the final year of the project; BNM will waive the regular camping fee.  The trailer will be used to store field and research equipment between growing seasons.

· BNM will provide PI or her student access to dataports and phone line for the purpose of connecting to the Internet through an ISU server to transfer data, check email, and conduct other university business, and to make local and long-distance calls.  PI will use an ISU laptop computer; any long-distance charges will be paid through an ISU phone card. 

· BNM will provide staff oversight for soil sampling activities.

Budget

The project is contingent on funding from the National Science Foundation (NSF).  A budget for the proposed BNM activities will be developed in collaboration with BNM staff to ensure that materials and equipment conform to BNM guidelines and regulations and satisfy research and outreach objectives.  Funds to support project activities and costs will be requested from NSF and include the following items relevant to proposed activities at BNM.

Personnel

· Graduate Assistants—Graduate students will conduct field research and outreach activities at the BNM and/or the other locations, analyze data, and work with the Agronomy Distance Education Laboratory to develop and maintain the project website and develop education and outreach materials, including posters and exhibits.  These students will be ISU employees.

· Seasonal Assistant—Through the Vanishing Treasures Program, a local student will be assist each growing season with research and outreach activities at BNM; this assistant will be a NPS employee.

Equipment

Unless otherwise noted, all equipment will be the property of ISU.

· LI-COR 6400 Photosynthesis System

· Automated field weather station with soil temperature and moisture sensors and datalogger

· Fencing materials and equipment

· Miscellaneous field equipment, including shovels, hoes, and rakes

Supplies

· Field and data collection supplies, including sample bags, flagging, tape measures, and computer disks

· Sundry supplies to create exhibits and for use in programs and demonstrations, etc.  At the conclusion of the project, BNM, at its discretion, may retain poster, exhibits, and outreach/educational materials associated with activities conducted at BNM.

Transportation

· Vehicle costs to transport materials and samples between ISU and BNM.  Graduate assistants and employees are responsible for their own transportation and associated costs.

· Shipping costs of samples and equipment.

Housing Expenses

· Travel trailer purchase, license and insurance; the trailer will be ISU property.

· BNM will provide funds for housing at BNM for Vanishing Treasures Program participants in conjunction with the project.

References Cited
Anderson, E., and H.C. Cutler. 1942. Races of Zea mays: I. Their recognition and classification. Ann. Mo. Bot. Gard. 29:69-89. 

Biggar, H. Howard.  1918.  The old and new in corn culture.  Yearbook of the Department of Agriculture, No. 776.  U.S. Government Printing Office, Washington D.C.

Binford, G.D., A.M. Blackmer, and B.G. Meese.  1992.  Optimal concentrations of nitrate in cornstalks at maturity.  Agronomy J. 84:881-887.

Boyer, J.S. 1982. Plant productivity and environment. Science 218:443-448.

Bretting, P.K., and D.N. Duvick. 1997. Dynamic conservation of plant genetic resources. Adv. Agron. 61:1-51.

Brown, W.L. 1949. Numbers and distribution of chromosome knobs in United States maize. Genetics 34:524-536.

Brown, W.L., E.G. Anderson, and R. Tuchawena, Jr. 1952. Observations on three varieties of Hopi maize. Am. J. Bot. 39:597-609.
Carter, G.F., and E. Anderson. 1945. A preliminary survey of maize in the southwestern United States. Ann. Mo. Bot. Gard. 32:297-323.

Castetter, Edward F., and Willis H. BELL.  1942.  Pima and Papago Indian Agriculture.  University of New Mexico Press, Albuquerque.

Cerrato, M.E., and A.M. Blackmer.  1990.  Relationships between grain nitrogen concentrations and the nitrogen status of corn.  Agronomy J. 82:744-749.

Cerrato, M.E., and A.M. Blackmer.  1991.  Relationships between leaf N concentrations and the N status of corn.  J. Production Agriculture 4:525-531.

Claassen, M.M., and R.H. Shaw.  1970a.  Water deficits on corn.  I. Vegetative components.  Agron. J. 62:649-652.

Claassen, M.M., and R.H. Shaw.  1970b.  Water deficits on corn.  II. Grain components.  Agron. J. 62:652-655.

Collins, G.N. 1914. A drought-resisting adaptation in seedlings of Hopi maize. J. Agric. Res. 1(4):293-305.

Cordell, Linda.  1997.  Archaeology of the Southwest, 2nd edition.  Academic Press, San Diego.

Cushing, Frank Hamilton.  1974.  Zuni Breadstuff.  Originally published 1920.  Indian Notes and Monographs, Volume 2.  Museum of the American Indian, Heye Foundation, New York.

Denmead, O.T. and R.H. Shaw.  1960.  The effects of soil moisture stress at different stages of growth on the development and yield of corn.  Agronomy J. 52:272-274.

Doebley, J.F., M.M. Goodman, and C.W. Stuber. 1983. Isozyme variation in maize from the southwestern United States: Taxonomic and anthropological implications. Maydica 28:97-120.
Eggan, F.  1979.  Pueblos:  Introduction.  p. 224-235.  In Ortiz, A. (ed.) Handbook of North American Indians:  Southwest.  Vol. 9.  Smithsonian Institution, Washington D.C.

FAO (Food and Agriculture Organization of the United Nations). 1997. The state of the world's plant genetic resources [Online]. Available at http://www.fao.org/biodiversity/docs/pdf/swrfull.pdf (Verified 17 September 2001).

FAO. 2000. Crops and drops: Making the best use of land and water [Online]. Available at ftp://ftp.fao.org/agl/aglw/docs/cropdrop.pdf (verified 17 January 2001).

Franco, J., J. Crossa, J. Villasenor, A. Castillo, S. Taba, and S.A. Eberhart. 1999. A two-stage, three-way method for classifying genetic resources in multiple environments. Crop Sci. 39:259-267.
Fish, S.K., and P. Fish. 1994. Southwest and Northwest: Recent research at the juncture of the United States and Mexico. J. Archaeological Res. 2(1):3-44.

Gleick, P.H. 2000. Water: The potential consequences of climate variability and change for the water resources of the United States [Online]. Available at http://www.gcrio.org/NationalAssessment/water/water/pdf (verified 17 January 2001).

Goodman, M.M. 1990. Genetic and germplasm stocks worth conserving. J. Hered. 81:11-16.

Hack, J.T.  1942.  The changing physical environment of the Hopi Indians of Arizona.  Papers of the Peabody Museum of American Archaeology and Ethnology, Harvard 35:1-85.

Hijmans, R.J., L. Guarino, M. Cruz, and E. Rojas. 2001. Computer tools for spatial analysis of plant genetic resources data: 1. DIVA-GIS. Plant Genetic Resources Newsletter 127:15-19.
Hoogenboom, G., P.W. Wilkens, and G.Y. Tsuji (eds.). 1999.  Decision support system for agrotechnology (DSSAT) version 3, Volume 4.  University of Hawaii, Honolulu HI.
Montgomery, E.G.  1911.  Correlation studies of corn.  Nebraska Agricultural Experiment Station Annual Report 24:108-159.

Muenchrath D.A. 1995. Productivity, morphology, phenology, and physiology of a desert-adapted Native American maize (Zea mays L.) cultivar. Ph.D. diss. Iowa State Univ., Ames IA (Diss. Abstr. 95-40927).
Muenchrath, D.A., P. Bretting, J.S. Smith, and K.R. Adams. 1995. Co-evolution of maize and human cultures: An interdisciplinary approach. Maize Genetics Coop. Newsletter 69:10-13.

Muenchrath, D.A., and R.J. Salvador.  1995.  Maize productivity and agroecology: Effects of environmental and agricultural practices on the biology of maize.  p. 303-333.  In H.W. Toll (ed.)  Soil, Water, Biology, and Belief in Prehistoric and Traditional Southwestern Agriculture.  New Mexico Archaeological Council Special Publication No. 2, C&M Press, Denver CO.

Nabhan, G.P. 1983. Papago fields: Arid lands ethnobotany and agricultural ecology. Ph.D. diss. Univ. of Arizona, Tucson (Diss. Abstr. 84-01271).

NRC (National Research Council). 1992. Conserving biodiversity: A research agenda for development agencies. National Academy Press, Washington, D.C.

NRCS.  1991.  Soil Survey of Pinal County, Western Part, Arizona. USDA.  US Government Printing Office, Washington D.C.

OTA (Office of Technology Assessment). 1983. Water-related technologies for sustainable agriculture in U.S. arid/semiarid lands. U.S. Congress, Office of Technology Assessment Dcoument F-212, Oct. 1983, Washington, D.C.

Orcutt, J.D. 1999.  Demography, settlement, and agriculture. p. 219-308.  In Powers, R.P., and J.D. Orcutt (eds.)  1999.  The Bandelier Archaeological Survey: Volume I.  Intermountain Cultural Resources Management Professional Paper No. 57.  National Park Service, U.S. Dept. of the Interior.  Santa Fe NM.

Ortiz, A. 1989.  Some cultural meanings of corn in aboriginal North America.  Northeast Indian Quarterly VI(1 and 2):64-73.

Osmond, C.B., M.P. Austin, J.A. Berry, W.D. Billings, J.S. Boyer, J.W.H. Dacey, P.S. Nobel, S.D. Smith, and W.E. Winner.  1987.  Stress physiology and the distribution of plants.  BioScience 37(1):38-48.

Powers, R.P. 1999.  Survey methodology and logistics.  p. 33-84.  In Powers, R.P., and J.D. Orcutt (eds.)  The Bandelier Archaeological Survey: Volume I.  Intermountain Cultural Resources Management Professional Paper No. 57.  National Park Service, U.S. Dept. of the Interior.  Santa Fe NM.

Powers, R.P., and J.D. Orcutt (eds.)  1999.  The Bandelier Archaeological Survey: Volumes I and II.  Intermountain Cultural Resources Management Professional Paper No. 57.  National Park Service, U.S. Dept. of the Interior. Santa Fe NM.

Powers, R.P., T. Van Zandt.  1999.  An introduction to Bandelier.  p. 1-31.  In Powers, R.P., and J.D. Orcutt (eds.)  1999.  The Bandelier Archaeological Survey: Volume I.  Intermountain Cultural Resources Management Professional Paper No. 57.  National Park Service, U.S. Dept. of the Interior. Santa Fe NM.

Powers, R.P., T. Van Zandt, J.M. Vint, and G.N. Head.  1999.  Site typology.  p. 117-218.  In Powers, R.P., and J.D. Orcutt (eds.)  The Bandelier Archaeological Survey: Volume I.  Intermountain Cultural Resources Management Professional Paper No. 57.  National Park Service, U.S. Dept. of the Interior. Santa Fe NM.

Preucel, R.W., and J.M. Barker.  1993.  A social history of maize on the Pajarito Plateau, New Mexico.  p. 105-119.  In T.A. Kohler and A.R. Linse (eds.) Papers on the Early Classic Period of the Pajarito Plateau, New Mexico.  Dep. of Anthropology Reports of Investigations No. 65, Washington State Univ., Pullman WA.

Ritchie, S.W., J.J. Hanway, and G.O. Benson.  1992.  How a corn plant develops.  Special Report No. 48.  Iowa State Univ. Cooperative Extension Service, Ames IA [Online].  Available at http://maize.agron.iastate.edu/corngrows.html (Verified 6 February 2002). 

Ritchie, J.T., and G. Alagarswamy. 1992.  A user's guide to CERES-Maize 2.1, Second edition.  International Fertilizer Development Center, Simulation Manual IFDC-SM-1.
Shaw, R.H.  1988.  Climate requirement. p. 609-638 In G.F. Sprague and J.W. Dudley (eds.) Corn and Corn Improvement, 3rd ed.  Agronomy Monograph 18, ASA-CSSA-SSSA, Madison WI.

Srivastava, J.P., N.J.H. Smith, and D.A. Forno (eds.). 1996. Biodiversity and agricultural intensification: Partners for development and conservation. Environmentally Sustainable Development Studies and Monographs Series No. 11. World Bank, Washington, D.C.

Steiner, J.J., P.R. Beuselinck, S.L. Greene, J.A. Kamm, J.H. Kirkbride, and C.A. Roberts. 2001. A description and interpretation of the NPGS Birdsfoot Trefoil core subset collection.  Crop Sci. 41:1968-1980.
WRCC (Western Regional Climate Center).  2002.  Western U.S. Climate Historical Summaries [Online].  Available at http://www.wrcc.dri.edu/climsum.html (Verified 9 February 2002).

Will, George F., and George E. Hyde.  1917.  Originally published 1910.  Corn among the Indians of the Upper Missouri.  University of Nebraska Press, Lincoln.

Wilson, Gilbert L.  1987.  Buffalo Bird Woman's Garden:  Agriculture of the Hidatsa Indians.  Minnesota Historical Society Press, St. Paul.

Appendix A

Examples of Potential Demonstrations and Hands-on Activities

Maize.  Visitors will explore the importance of maize and maize production in the sustenance of the Ancestral Pueblo.

· Yield and Population—Visitors will pretend to be researchers interested in determining the number of people that could be supported by the amount of grain that could be produced in traditional maize production systems, such as that demonstrated by the research field.  With researcher facilitation, visitors will use maize ears produced in the research field to estimate field yield from yield components.  Visitors will count the number of kernel rows and kernels per row to calculate the number of kernels per ear.  Based on actual research findings, the other yield component information will be provided to visitors, including plant population density, mean number of ears per plant, and average kernel weight.  Using this information, together with ear data collected by the visitor, the visitor can estimate field yield and compare those findings to a table displaying the theoretical number of people that could be supported by different amounts of maize.  Results will be discussed by the researcher leading the activity.

· Maize Flour—Using maize grain produced in the research field, visitors will be able to try their hand at grinding grain into flour using a mano and matate.  They will compare the grinding ease of different types of maize.

· Scarecrows—Pests have always threatened yield.  Visitors will suggest pest management strategies that the Ancestral Pueblo may have used.  Then, they will be invited to construct scarecrows from provided materials.  These scarecrows will be displayed in the field and contribute to managing bird predation of the crop.  Scarecrows will be removed from field periodically and disassembled; new visitors will reuse the materials to create new scarecrows.

Soil.  The importance of various soil characteristics relative to crop production will be explored, discussed, and related to the soil properties of the research field.

· Soil Texture—Visitors will examine soils having different textural properties, making balls and "ribbons" from soil and water to compare the 'feel' of different soil particle sizes and explore their water-holding capacities.

· Soil Permeability—A series of clear containers will contain different sizes of beads.  Visitors will make predictions about the relative volumes of water and time required for water to infiltrate these containers.  Then, they will add colored water to the containers to test their predications.  Visitor will evaluate their findings in the context of the soils present in BNM and consider implications for crop production. 

Qualifications of Investigator

	Deborah  A.  Muenchrath


	Education
	
	
	

	Ph.D.
	Plant Physiology
	Iowa State University
	1995

	M.S.
	Plant Breeding
	University of Minnesota
	1989

	B.S.
	Agronomy, with Botany minor
	Iowa State University
	1986


	Professional Experience
	

	Iowa State University
	
	

	· Assistant Professor
	Agronomy Dep.

   Ecology & Evolutionary Biology, and Sustainable Agriculture interdepartmental graduate programs
	January 2000 to Present

	· Adjunct Assistant Professor
	Agronomy Dep.
	1999

	· Distance Education Courseware Developer
	Agronomy Dep.
	1998-1999

	· Education Specialist
	Program for Women in Science & Engineering
	1996-1998, Part-time

	· Affiliate Assistant Professor and Research Associate
	Anthropology Dep., and

Center for Indigenous Knowledge for Agriculture & Rural Development
	1996- 1998, Part-time

	Pioneer Hi-Bred International, Inc., Johnston IA
	

	Research Assistant
	Molecular Marker Laboratory
	1995-1996


Research Activities

Research experiences in plant physiology, agroecology, molecular biology, genetics, and plant breeding, and at the molecular through ecosystem levels.

Current Research

Research interests include maize physiology and agroecology, with an emphasis on diverse maize germplasm and their adaptations to adverse conditions.

· Characterization of U.S. Maize Landraces Projects

· Disease Susceptibility of Southwestern U.S. Maize Cultivars.

In collaboration with Dr. S. Heuchelin, ISU Agronomy, and in cooperation with the USDA-ARS North Central Regional Plant Introduction Station (NCRPIS).

· Water and Nutrient Uptake Patterns in Southwestern U.S. Maize Cultivars. 

Dissertation research of Ryan Peterson, Ph.D. student in Crop Production & Physiology. 

· Characterization of Deep-emerging Southwestern Maize Cultivars. 

Thesis project of Jennifer McGuire Bousselot, M.S. student in Graduate Program in Sustainable Agriculture (GPSA).

· Seedling Root-to-Shoot Ratios of Maize Cultivars Native to the American Southwest

Independent study of Linday Werth, Agronomy undergraduate student

· Morphometric Analysis of North American Maize Accessions

Thesis project, Lisa Burke, M.S. student in GPSA.  In cooperation with NCRPIS. 

· Paleoclimate and Native American Agriculture in the American Southwest

This research merges expertise from dedrochronology, archaeology, anthropology, and agronomy.  Co-PIs:  L. Cordell, Univ. of Colorado and Project Director; J. Dean, Univ. of Arizona; C. Van West, Statistical Research Inc., Tucson AZ; and D. Muenchrath.

· Manipulation of Leaf Area Removal to Simulate Disease Progression on Inbred Maize Lines

Creative component of Adda Sayers, M.S. in Agronomy student.  Research supported by her employer, Pioneer Hi-bred International. 

Other Relevant Research

· Ecosystem and Soil Studies of Native American Runoff Agriculture 

Funded by National Science Foundation, Biology Div., Ecological Studies Program.  $450,000.  Mar. 1, 1996—Feb. 29, 2000.  This interdisciplinary study was conducted in partnership with the Zuni Indian Tribe and the Zuni Conservation and Sustainable Agriculture Projects in Zuni, NM. Co-PIs:  J. Sandor, Iowa State Univ., Project Director; D. Muenchrath; S. Williams, Univ. Wyoming; C. White, Univ. New Mexico; and M. Ankeny, Daniel B. Stephens & Assocs. Inc., Albuquerque NM.

· Exploratory Study of Traditional Runoff Cropping Systems at Zuni, New Mexico 

Funded by a Research Experience for Undergraduates supplemental grant from NSF in connection with the Ecosystem and Soil Studies of Native American Runoff Agriculture project.  Funded Mar. 1, 1998 – Feb. 28, 1999.  M. Kuratomi, undergraduate researcher; D. Muenchrath, research mentor.  

· Physiology, Morphology, Phenology, and Productivity of a Desert-adapted Maize (Zea mays L.) Cultivar.  Dissertation Research.  R.J. Salvador, Advisor (Interdepartmental Plant Physiology Program, Iowa State Univ.).  May 1990 - May 1995.
· Moisture Effects on Ear, Cob, and Kernel Morphology of Traditional Native American Maize Cultivars.  K. Adams (Crow Canyon Archaeological Center, Cortez, CO) and D. Muenchrath, Co-PIs.  May 1992–Sept. 1997.

Teaching Experiences

Teaching Responsibilities include these courses at Iowa State University:

· Crop Growth and Development  (Web-based distance education course)

· Crop Management and Ecology (Web-based distance education course)

· World Agronomic Systems
· Global Seminar:  Environment and Sustainable Food Systems (Team taught interactively and collaboratively with 3 other universities around the world using internet and satellite technologies)
Trainer—Agroecological Principles.  August 1996-October 1998.

· Trained Zuni youth in ecological and agricultural principles and scientific methods.  Sessions were conducted in field and classroom settings.  Training funded by a New Mexico Youth Conservation Corps grant to Cornerstones Community Partnerships (E. Crocker), Iowa State Univ. (D. Muenchrath) and the Pueblo of Zuni (A. Othole).

· Instructed additional Zuni youth and adults in the agroecological principles underlying their traditional agricultural system.  Instruction was part of the technological exchange objective of the NSF-funded research project described above.

Trainer—Hands-on Science and Math Youth Activities.  August 1996-March 1998.

Trained adults and youth to effectively lead “Funtivities—Hands-on Science and Math” activities for 4th through 8th graders.

Selected Relevant Publications
Muenchrath, D.A., M. Kuratomi, J.A. Homburg, and J.A. Sandor.  2002.  Observational study of maize production systems of Zuni farmers in semiarid New Mexico.  J. Ethnobiology 22(1):1-33.

Sandor, J. A., J. B. Norton, R. Pawluk, J.A. Homburg, D.A. Muenchrath, C. S. White, S. E. Williams, C. L. Havener, and P. D. Stahl.  (in press).  Soil knowledge embodied in a Native American runoff agroecosystem.  In referred Proceedings of the 17th World Congress of Soil Science, Bangkok, Thailand, August 2002.

Muenchrath, D.A.  2001.  Biodiversity in context.  In Am. Soc. of Agronomy Abstr. No. 163027-O, Abstract CD-ROM.  (Invited oral presentation, Biodiversity and Cultural Heritage Symposium, Am. Soc. Agron. Ann. Meetings, Charlotte NC, 24 October).

Sandor, J.A., J.B. Norton, D.A. Muenchrath, C.S. White, S.E. Williams, and M.D. Ankeny.  2000.  Ecosystem and soil studies of Native American agriculture.  Final report to National Science Foundation (Grant No. 95-28458).  Iowa State University. 

Adams, K.R., D.A. Muenchrath, and D. Schwindt.  1999.  Moisture effects on the morphology of ears, cobs, and kernels of a southwestern U.S. maize (Zea mays L.) cultivar, and implications for interpretation of archaeological maize.  J. Archaeological Sci. 26:483-496.

Muenchrath, D. A., and R. J. Salvador.  1995.  Maize productivity and agroecology:  Effects of environment and agricultural practices on the biology of maize.  p. 303-333  In H. Wolcott Toll (ed.)  Soil, Water, Biology, and Belief in Prehistoric and Traditional Southwestern Agriculture.  New Mexico Archaeological Council Special Publication No. 2, Albuquerque NM.

Muenchrath, D.A., P. Bretting, J.S. Smith, and K.R. Adams.  1995.  Co-evolution of maize and human cultures:  An interdisciplinary approach.  Maize Genetics Coop. Newsletter 69:10-13.

Muenchrath, D. A.  1995.  Productivity, morphology, phenology, and physiology of a desert-adapted Native American maize (Zea mays L.) cultivar.  Ph.D. diss.  Iowa State Univ., Ames (Diss. Abstr. 95-40927).
Youth Curriculum—National 4-H Jury Approved and Endorsed:
Kumar, B. A., D. A. Muenchrath, K. S. Athreya, L. P. Jenison, D. Curry, and J. Martin.  1997.  Funtivities—Hands-on science and math youth activity guide, Level 1 (4th-5th grade).  Program for Women in Science & Engineering, Iowa State Univ., Ames IA.  In third printing.
Muenchrath, D. A., K. S. Athreya, D. Curry, L. P. Jenison, and J. Martin.  1998.


Leader/Helper guide for Level 1 Funtivities—Hands-on science and math.  Program for Women in Science & Engineering, Iowa State Univ., Ames IA.  In second printing.
Muenchrath, D. A., M. Houseman, K. S. Athreya, D. Curry, L. P. Jenison, and J. Martin.  1998.  Funtivities—Hands-on science and math youth activity guide, Level 2 (6th-8th grade).  Program for Women in Science & Engineering, Iowa State Univ., Ames IA.

Muenchrath, D. A., K. S. Athreya, D. Curry, and L. P. Jenison, and J. Martin.  1998.


Leader/Helper guide for Level 2 Funtivities—Hands-on science and math.  Program for Women in Science & Engineering, Iowa State Univ., Ames IA.

Muenchrath, D. A., D. Curry, K. S. Athreya, and L. P. Jenison.  1998.

Trainer manual for Funtivities—Hands-on science and math curriculum.  Program for Women in Science & Engineering, Iowa State Univ., Ames IA.

	Honors and Awards
	

	· Agronomy Society of America Excellence in Educational Materials Award, Computer Software Category.  (For CD-ROM, Growing Degree Days:  Basics and Definitions, an interactive self-study, continuing education module; by D. Muenchrath and D. Todey.)
	2002

	· Iowa State Univ. Foundation Award for Early Achievement in Teaching
	2001

	· Wakonse Foundation College Teaching Fellow (a national organization)
	2001

	· Agronomy Society of America Excellence in Educational Materials Award, Audio-Visual Category.  (For CD-ROM, A Virtual Field Trip; by M. Wiedenhoeft, R. Borges, S. Heuchelin, D. Todey, D. Muenchrath, G. Wiedenhoeft, K. Christie, and S. White.)
	2001

	· Iowa State Univ. Research Excellence Award
	1995
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