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We propose to initiate a long-term, integrated study of interactions among organisms in 
agricultural ecosystems. Our aim is to test the hypothesis that management based on ecolog­
ical concepts can effectively substitute for reliance on chemical subsidies in production­
level agronomy. By imposing a range of management treatments on a series of experimental 
plots w~ will test specific hypotheses that follow from the general hypothesis that nutrient 
subsidies can be minimized by manipulating plant-microbe interactions; that herbicide sub­
Elidies can be minimized by manipulating crop-weed interactions; and that pesticide subsidies 
can be minimized by manipulating plant-insect-pathogen-vertebrate interactions. 

Our main experimental treatments are designed primarily to radically alter controls on 
population-level interactions in agronomic systems. This will allow us to test hypotheses 
about how long-term interactions among populations affect system-wide attributes such as 
nutrient availability, herbivory and pathogenesis, plant competition, and system-wide C 
allocation and nutrient/pesticide outputs. Our treatments will include four main species­
levels with two management levels nested within each: conventional corn/soybean cultivation 
(moldboard plowed vs. no-till), organic-based, low-input corn/soybean/cover cultivation 
(minimum chemical input vs. zero chemical input); short-rotation Populus (woody biomass) 
cultivation (above ground allocation vs. belowground allocation); and native su~cessional 
vegetation (historically-tilled vs. never-tilled). With one exception these 8 treatments 
will be established within the same contiguous area and the development of these systems 
will be followed indefinitely. We will also examine selected satellite sites in other 
portions of the landscape to formulate a basis for addressing landscape-level questions in 
later phases of the project. 

We believe that the future of modern agriculture demands a basic, mechanism-level under­
standing of the ecology of production-level cropping systems. This endeavor requires a 
multidisciplinary, long-term approach at a site that is relevant to North American agronomy 
and that can provide the logistical support and administrative infrastructure to facilitate 
this ty~~ of major research ~ffort. 
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3.0 INTRODUCTION 

Research in agronomy has historically focused on the increasingly intensive 

manipulation of once-natural ecosystems. By artificially selecting for 

high-yielding genotypes and by providing a highly simplified and heavily 

subsidized growing environment tailored to their growth requirements, modern 

agronomy has created cropping systems that are vastly different from their 

natural precursors but extremely successful at p~oducing harvestable yield. 

This success, however, has come at a cost: high-yielding genotypes tend not to 

compete well with native species, their herbivore defenses are often lax, and 

their nutrient use efficiencies are low. Consequently they require substantial 

attention and intensive management in the form of pesticide, fertilizer and 

tillage subsidies. 

Recent concerns about the long-term sustainability of these systems has led 

to the development of alternative cropping techniques designed to minimize 

erosion loss (Phillips et al. 1980, Larson et al. 1983). These techniques are 

being rapidly adopted -- )50% of U.S. cropland is expected to be under 

conservation tillage by the end of the decade (Crosson 1981). There are, 

however, other pressing concerns about the consequences of intensive 

agriculture. Groundwater contamination from non-point agricultural sources is 

fast becoming a critical environmental issue in many parts of the country 

(Biswas 1984), and disquieting new evidence about the health effects of 

long-term exposure to pesticides (Hoare et al. 1986, Pimental and Levitan 1986) 

is beginning to raise concern among public health officials. There is also the 

issue of direct economic cost. For most farm operations, fertilizer and 

pesticide use constitute together the single most costly cropping expense after 

the cost of the land itself, and the economic viability of U.S. farming systems 

continues to concern public interest groups and Congress (OTA 1986). 

One alternative to the high social and economic cost of modern cropping 
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practices is the development of organic-based farming systems. The aim of 

these systems is to substitute biological control for chemical methods of pest 

and weed control, and organic matter inputs for synthetic fertilizer additions. 

Variants of these practices have been used by a small number of farmers for 

years in different parts of the U.S., and recent success with trials at the 

Rodale Institute in Pennsylvania suggests that such techniques can work in 

production-level grain cultivation (Radke and Liebhardt 1986). These findings 

suggest that low-input systems that substitute ecological concepts for chemical 

subsidies may offer practical alternatives to conventional chemical-based 

management of production-scale farming systems. 

The ecological processes underlying all cropping systems are very poorly 

understood. Despite decades of productive research into attributes and 

processes regulating primary productivity, nutrient availability, herbivory, 

and weed growth in a variety of agronomic systems, we have an exceptionally 

poor understanding of how groups of organisms interact to regulate these 

processes under complex in situ conditions. Yet only by understanding these 

mechanisms can we begin to unravel the biological complexity under which 

different agronomic systems operate, and begin to effectively design systems in 

which management is based on ecological principles rather than on chemical 

subsidies. 

With this proposal we aim to initiate innovative long-term 

multidisciplinary research at an agricultural site broadly representative of 

other agricultural sites in the midwest. We are a group of researchers who 

have expertise in different aspects of the ecology of agricultural systems. 

Our goal is to identify the key ecological interactions that regulate 

productivity in agricultural systems, and to gain sufficient understanding of 

these interactions to design resource-efficient farms and environmentally sound 

agricultural systems. By nature of the complexity of effort that will be 
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required to meet this goal, our commitment is long-term, and we request funding 

to manage the experimental system necessary for this effort and to initiate 

experiments on long-term components of these interactions. 

4.0 OBJECTIVES AND GLOBAL HYPOTHESIS 

Our ultimate goal is to understand interactions among organisms (e.g. 

plants, microbes, and invertebrates) in agricultural ecosystems sufficiently 

well that we will eventually be able to manage these interactions effectively 

for levels of agronomic yield that are economically and environmentally sound. 

Our immediate objectives are: 1) to establish a long-term experimental system. 

in which questions related to this long-range goal can be pursued in an 

integrated fashion, and 2) to address explicitly a set of questions that are 

( i) particularly important for understanding natural controls on agrono,mic 

production and (ii) require a long-term, experimental context for their 

resolution. Our proposed experimental system is designed to encourage 

interactions among ecologists and agricultural scientists interested in 

exploring a wide variety of ecological questions in agronomic systems. 

To meet these objectives we propose to establish and maintain indefinitely 

a set of experimental plots at Michigan State University's W, K. Kellogg 

Biological Station (KBS). Our initial plots will be located within a 

contiguous landscape unit and subjected to different management practices in 

order to alter biological controls over systemwide productivity. Additional 

plots will be phased in at a later date to alter landscape controls on 

productivity. In this way we will establi.sh an experimental system in which 

both long and short term questions related to our global hypothesis can be 

addressed. 

Our global hypothesis is that agronomic management based on ecological 

concepts can effectively substitute for reliance on chemical subsidies in 
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production-level agronomic systems. Three corollaries follow: 

cl. By manipulating interactions among organisms, we can design agricultural 

systems which minimize external inputs and losses and optimize economic 

yield; 

c2. Nutrient subsidies can be minimized primarily by manipulating 

plant-microbe interactions; herbicide subsidies by manipulating crop-weed 

interactions; and pesticide subsidies by manipulating 

plant-insect-pathogen-vertebrate interactions. 

c3. Effective manipulation will require a solid understanding of the 

underlying mechanisms that regulate organism interactions under both 

natural conditions and intensive management. Our understanding of 

processes such as nutrient availability, herbivory, and plant competition 

as they are expressed at the organism or population level will form the 

basis of our ability to integrate these processes at the ecosystem level. 

Eventually, ecosystem-level integration will allow us to design low-input 

management strategies to optimize yield and minimize external losses. 

We describe in a later section the series of specific hypotheses that fall 

under this global hypothesis. These hypotheses bear directly on the overall 

question of how key ecological processes interact to regulate long-term 

agronomic productivity and the effects of agricultural practices on neighboring 

ecosystems. 

5.0 CONCEPTUAL FRAMEWORK 

The LTER program centers on questions related to primary productivity, 

population dynamics, soil organic matter (SOM) dynamics, nutrient cycling, and 

disturbance effects in a variety of ecosystems (Callahan 1984). We propose to 

address these five areas by focusing on the key processes that differentiate 

agricultural systems from natural systems and affect the long-term productivity 

of agronomic systems. Our conceptual framework is based on the belief that the 
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ecological processes regulating the production of crop biomass in any agronomic 

system can be grouped first into three major categories: those processes 

controlling nutrient availability, those controlling interspecific competition, 

and those controlling herbivory and disease. A fourth set of processes, more 

internal to the crop, regulates the proportion of crop biomass allocated to 

yield, and two additional, fifth and sixth sets, respectively control 

system-wide inputs and outputs of water, nutrients, and agrochemicals. 

In many natural ecosystems long-term competition between organisms leads to 

relatively predictable patterns of nutrient availability, competition, 

herbivory and system outputs. We propose to use our understanding of 

ecological processes in natural systems as a basis for understanding the 

ecology of agricultural systems. 

Figure 5.1 illustrates our conceptual framework and details major controls 

over processes in the row-crop system we propose to study as part of the KBS 

LTER program. Primary controls over the expression of nutrient availability 

are processes such as microbial and microfaunal activity, SOM availability, 

soil aggregate structure and redox state, and plant rooting dynamics. 

Regulating the effects of plant competition on crop productivity are the water 

and nutrient-use efficiencies of competing plant species, the timing of plant 

germination and maximum growth periods, the rate, extent, and geometry of above 
' 

and below-ground biomass accumulation, and resistance to herbicides. The 

expression of herbivory and disease is affected by the timing and extent of 

crop growth and SOM availability and the presence and effect of predator and 

pesticide pressure. 

Regulating the proportion of crop productivity channeled into yield vs. 

non-yield components are the physiological processes regulating C and N 

allocation within the plant. Major effectors include water and nutrient 

availability, the stratification of water and nutrients in the soil profile, 
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and the geometry of soil pores as it affects root penetrability and aeration 

status. 

Landscape position and crop-management practices interact to control losses 

of water, nutrients, agrochemicals, and organic matter from the cropping system 

to groundwater, surface water, and atmospheric sinks. Internal sinks such as 

microbial uptake of nutrients and decomposition of agrochemicals have the 

potential to reduce undesirable system outputs. 

We describe in Section 7 specific hypotheses by which we will test the 

importance of such controls for maintaining crop productivity and for 

minimizing system outputs under different management strategies. We recognize 

that our framework is a simplification: we have not elucidated many of the 

indirect effects of nutrient availability, plant competition, and herbivory on 

crop productivity. Plant competition, for example, may affect crop 

productivity directly via the mechanisms outlined in Fig. 5.1, but it will also 

affect nutrient availability and system-wide loss by sequestering nutrients in 

plant biomass, and the presence of plant competitors may affect herbivory by 

providing a predator refuge or host substrate. Though indirect effects are not 

included in our framework, we include them where appropriate in the hypotheses 

developed in Section 7, and they will be an implicit part of our quantitative 

model, discussed in Section 6.4. 

We believe that a solid~ integrated understanding of development of the 

major direct and indirect controls underpinning productivity in single cropping 

systems is a critical first step for understanding ecological constraints on 

productivity in cropping systems in general. The implementation of this step 

should lead to significant insights about the more complex interactions of 

agricultural ecosystem components; we leave explicit investigations of 

interactions to spin-off proposals. 
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6.0 Experimental Design 

6.1 Site Justification 

We believe the most logical site for an agricultural LTER to be a site that 

provides 1) a local group of active researchers with established credentials in 

both ecology and the agronomic sciences, 2) an administrative infrastructure 

that encourages and facilitates collaboration among these scientists, 3) a 

geographical location ecologically relevant to a large proportion of North 

American agriculture, and 4) the expertise and equipment necessary to establish 

and maintain large-scale agronomic experiments. Such sites are rare; we count 

KBS among them. 

KBS has been owned by Michigan State University since 1929 and has since 

been administered primarily as a research site for ecological and agronomic 

studies. The Station is jointly administered by MSU's College of Natural 

Science and College of Agriculture and Natural Resources. The mixture at the 

Station of scientists trained principally in ecological disciplines together 

with those trained principally in the agronomic sciences is unique among U.S. 

institutions, and offers substantial opportunity for integrating these 

disciplines at a basic, field-oriented level. The physical environment and 

facilities available at KBS are also ideally suited for supporting long-term 

agricultural research; these are described more fully in Section 9. 

We will establish the main experimental treatments outlined below de~ 

on a site that has been in conventional, moldboard plow tillage for >SO years. 

While we have the opportunity at KBS to take advantage of a wide variety of 

sites with different tillage histories and even successional status, we believe 

there is much to be gained from initiating measurements on a set of plots with 

identical cultural histories. This approach allows us to avoid later 

interpretation problems associated with different past land uses (Hamburg and 
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Sanford 1986) and it allows us to study intensively the transition period 

between the time that plots are established and when they eventually mature. 

This period will be especially important for our low input and no-till plots, 

as developmental vectors may well determine eventual equilibria. 

Population-level interactions will differ with geographic location and 

landscape position, and we cannot afford to ignore these issues if we are 

serious about understanding the ecological controls on agricultural 

productivity in general. We will address both issues in a staged sequence. 

Landscape position questions will be initiated during the first phase (years 

1-5) of the project by developing a geographic information system to 

characterize and differentiate landscape positions available in the general 

watershed surrounding the Station. We will also evaluate the effects of 

landscape position on systemwide outputs from at least one management 

treatment, conventional corn production, which is widely distributed, across the 

KBS landscape. This preliminary analysis will provide the basis for more 

formal treatment of landscape effects in later phases of the project as 

described more fully in Section 7.35. 

Effects of geographic location on these interactions will also be tested 

more intensively in later phases of the project. One form that such tests 

might take is an examination of how specific interactions -- identified earlier 

in the project as key -- might operate in agricultural plots established at 

other LTER sites having different climates and soils. 

6.2 Experimental Treatments 

Our experimental treatments are designed to alter controls over agronomic 

productivity by radically altering organism-level interactions within the 

agricultural ecosystem. In four main treatments we will alter crop species 1 

and within each of these will nest two management regimes. The main treatments 
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will be: 

I.Conventional corn/soybean cultivation. This treatment provides the most 

direct link to current agricultural practice. In this treatment we will 

follow typical management strategies for maximizing economic yield. At 

present, most of these strategies employ moldboard plowing; however, with 

most American cropland expected to be conservation-tilled within the 

coming decade, systems closer to no-till cultivation may soon become 

conventional. Hence we will have both moldboard plowed and no-till 

management treatments. 

2.0rganic-based corn/legume cultivation. Recent long-term experiments with 

so-called "organic-farming" techniques at the Rodale Institute (Radke and 

Liebhardt 1986) and elsewhere are beginning to demonstrate that these 

management techniques can provide viable, production-level alternatives 

to subsidy-intensive conventional cultivation methods. Corn yields on 

minimum chemical input plots at Rodale approached 9000 kg/ha (150 

bu/acre) after 4-5 years of trans:ltion management; these are very 

respectable yields that are comparable to those from conventionally 

managed plots. Soybean yields on Rodale's minimum input plots were 

reasonable after only 2 years of transition. 

Experimental results such as these are beginning to attract the 

attention of agronomists; their economic appeal may eventually capture 

the widespread attention of farmers. These systems are virtually 

unexplored from a scientific, process-level standpoint. Speculation 

about why these strategies work ranges from optimal management of the 

active SOM fraction to optimal within-plant C allocation. We believe 

that examination of organic based systems will provide substantial 

insight into optimal cropping strategies and provide a unique ecological 

system in which to test hypotheses about SOM turnover, herbivory, C 

allocation, and other processes in systems that are driven primarily by 

organism interactions. 

Proper management of low-input cropping systems is critical to their 

success. Because expertise in this area is hard-won, we have asked 

Rodale scientists (see Appendix D) to collaborate in the management of 
these plots. We also will use a 20 ha satellite area near our plots as a 
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small-plot trial area in which to evaluate the overall effectiveness of 

specific low-input management treatments. These small-plot trials will 

be established in 1987 by the Agriculture Experiment Station to judge the 

effectiveness of different transition (from conventional to low-input) 

management strategies. We will use these plots as vanguard plots to 

identify optimum management strategies for our low input plots on the 

main LTER site. 

3.Perennial biomass (Populus) cultivation. Broadly defined, agriculture 

includes any system which aims to produce a harvestable product. We 

prefer to define agricultural systems more narrowly than this, but not so 

narrowly as to exclude a cropping system of emerging importanc~ in 

north-temperate agriculture, the perennial biomass farm. These farms are 

managed for short-rotation (2-10 years) wood biomass production; the 

biomass produced is used for pulp or fuel. The recent and rapid 

development of fast-growing, varietal clones such as those from Populus 

spp. suggest the likelihood for high economic returns for such pe,rennial 

cropping systems, and thus the potential for such farms to become a 

significant part of the future agricultural landscape. 

From an ecological standpoint, this type of cropping system provides 

the opportunity for examining process and organism interactions in 

systems that maintain viable root systems from year-to-year vs. 

interactions in more typical, annual crop systems where root biomass and 

concomitant processes such as nutrient uptake and C exudation develop 

later in the growing season. Perennial systems have great potential for 

increased. springtime nutrient retention and subsequent availability, for 

greater competitive success against early-growing weed species, and for 

more favorable interactions with herbivores relative to conventional 

systems. 

We propose to establish two Populus treatments. One will be planted 

with a genotype selected for strong above-ground production; these clones 

produce substantial harvestable biomass but root biomass and perhaps 

turnover is low, making these plants suseptible to seasonal drought and 

nutrient stresses. Our other treatment will be planted to a genotype 

with a strong belowground allocation tendency, providing a larger and 
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more temporally stable root system. 

4.Native successional community. An unmanaged, successional community 

abandoned at the time of plot establishment will provide the endpoint 

along a community complexity gradient that has our plowed system as its 

first point. The treatment will be used to contrast organism 

interactions in a community of co-evolved species against the 

artificially simplified communities comprising our cropping systems. We 

expect this system to exhibit tightest temporal and spatial coupling of 

organism interactions several years after establishment when it reaches a 

midsuccessional growth state. 

A second native community on a nearby never-tilled soil of the same 

series as our main plots will be maintained as a long-term reference 

plot. This plot will be used mainly to test hypotheses about long-term 

SOM fractionation and turnover. About 1960 the old-growth trees on this 

site were removed and annual mowing has since prevented their reg,rowth. 

This provides us with a site that has a vegetation structure similar to 

what we expect to develop on our first native treatment, but with an 

undisturbed soil profile that will provide important end-points for SOM 

and microbial process studies. 

Subtreatments 

In addition to our main management treatments we will also have within each 

plot small areas set aside for treatments associated with specific hypotheses. 

One example of these are the herbicide microplots described in Section 7.31; 

five of these 3 x 2 m microplots -- established in each of the cultivated plots 

-- will be treated with different combinations of herbicide to test hypotheses 

about species composition and long-term fitness. Other microplots such as 

those for 15N enrichment (Section 7.33) will be established as needs arise. 

6.3 Statistical Analysis 

6.31 Overall Model. Our overall design comprises a ?-treatment, one-way 

factorial model plus an historical control. The 7 treatments will be 

established on 1.0 ha plots replicated 5 times within one contiguous site, for 

a total of 35 ha plus historical controls. The historical control plots are in 

12. 



a never-tilled, successional site on the same soil series as the other plots. 

The location of the never-tilled site is fixed and cannot be randomized; the 

site will mainly be used for long-term SOM hypotheses. 

We are aware that this design will not allow us to draw conclusions about 

the response of agricultural systems in general to management treatment. To 

avoid so-called pseudoreplication effects (Hulbert 1984), we would need to 

locate across the North American continent other soil types and landscape 

positions upon which we could block additional treatments. This is beyond the 

scope of this phase of our LTER plan. (But see Sections 6.1 and 7.35 for 

treatment of landscape position questions in the KBS environment.) Our main 

purpose now is to examine how key populations in the agricultural milieu 

interact to affect overall system behavior via effects on nutrient 

availability, herbivory and pathogenesis, plant competition, and systemwide 

outputs. 

6.32 Spatial Variability. Before establishing our treatment plots we will 

define the spatial variability of important soil and environmental properties 

across the study site. This will allow us to identify local anomalies within 

the site and optimize individual plot placement to improve statistical power 

for subsequent hypothesis testing. Recently developed geostatistical 

techniques (Trangmar et al. 1985) new to ecology (Robertson 1987) will be used 

to define levels of spatial autocorrelation and interpolate isarithms across 

the study site. Attributes examined will include soil physical properties 

(bulk density, depth of A horizon), chemical properties (SOM, total N, total P, 

pH), and biological properties (N mineralization potential; microbial biomass 

C, N, and P). Measurements of individual corn plants planted on-site in 1987 

will provide an isarithm of actual growing conditions on the site; this 

field-level bioassay will allow us to judge the importance of spatial anomalies 

to the plant. This in itself will be an important contribution to the spatial 

13. 



variability literature as no studies yet reported have attempted to link 

heterogeneity within a single soil series to plant growth response. 

6.4 Modeling. 

We will use quantitative simulation models as organizational and synthesis 

tools. In the first year of the project, we will assemble specific existing 

models that describe different components of agricultural systems and apply 

them to our hypotheses. Results from these preliminary simulations may be 

helpful in refining our management practices and in defining sampling schemes. 

In years four and five of the project, we will refine the year 1 models and 

propose new modeling activities for later projects. The opportunity afforded 

by the LTER program to refine component level models in diverse, extremely well 

defined systems that can be followed for long time periods is exciting. 

Specific hypothesis submodelling will be integral to all studies on an.ongoing 

basis throughout our project. 

We will use a variety of existing simulation models to describe different 

aspects of our experimental systems. Soil water, plant growth, and plant Nuse 

will be modeled with the help of J. Ritchie, whose crop growth and water use 

efficiency models are used worldwide. Ritchie, now with MSU, is refining 

models for midwest crops at the KBS rainout shelter. We will model the 

development of the active fraction of SOM and microbial biomass using the 

approaches of Parton et al. (1984) and van Veen et al. (1984). Nitrogen 

dynamics and losses in agroecosystems have recently been modeled by the Swedish 

"Ecology of Arable Lands" project group (Johnsson et al. 1986) and we will 

utilize some of their approaches as well. Weed crop competition models will 

also be incorporated. The goal of our modeling efforts is to combine these 

modeling approaches to produce a comprehensive, usable tool for analysis of 

agroecosystems. 
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7.0 PROPOSED RESEARCH 

7.1 Global Hypothesis. 

Our global hypothesis is that management based on ecological concepts can 

effectively substitute for reliance on chemical subsidies in production-level 

agronomic systems. Three corollaries follow: 

cl. By manipulati.ng interactions among organisms, we can design agricultural 

systems which minimize external inputs and losses and optimize economlc 

yield; 

c2. Nutrient subsidies can be minimized primarily by manipulating 

plant-microbe interactions; herbicide subsidies by manipulating crop-weed 

interactions; and pesticide subsidies by manipulating plant-insect and 

plant-pathogen interactions. 

c3. Effective manipulation will require a solid understanding of the 

underlying mechanisms that regulate organism interactions under both 

natural conditions and intensive management. Our understanding of 

processes such as nutrient availability, herbivory, and plant competition 

as they are expressed at the organism or population level will form the 

basis of our ability ~o integrate these processes at the ecosystem level. 

Eventually, ecosystem-level integration will allow us to design low-input 

management strategies to optimize yield and minimize external losses. 

Our specific population or process oriented hypotheses follow from this 

global hypothesis and its corollaries. The specific hypotheses are summarized 

below and discussed more fully on the following pages. 

7 .2 Specific Hypotheses. 

We have grouped our specific hypotheses in the context of the sets of 

processes that control structure and function in the agricultural ecosystem; 

these were outlined earlier in Section 5.0, Conceptual Framework. The sets of 

processes are those that regulate 1) interspecific competition, 2) herbivory 
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and pathogenesis, 3) nutrient availability, 4) C and N allocation, and 5) 

system-wide outputs. 

Objective _!j_ Interspecific Competition. To investigate mechanisms by which 

factors regulating interspecific plant and microbial competition can be 

managed to control weeds. 

Hypothesis J..J.. The use of competitive cultivars and continual suppression 

of weeds can result in agronomically acceptable weed densities, but 

the high and diverse seed banks of low input systems will make them 

more susceptible to weed outbreaks triggered by climatic or other 

environmental anomalies. (Renner) 

Hypothesis 1.2. Strong selection pressure by herbicides leads to weed 

populations with high fitness in the high-herbicide environment; on 

release from herbicide pressure, populations will have low fitness 

relative .to new colonizers. (Renner) 

Hypothesis 1.3. Native populations of soil microorganisms are not 

genetically optimized for the use of a new substrate at the time it is 

first introduced. After repeated exposure to new resources such as 

herbicides, genetic changes will occur that enhance the ability of the 

populations to utilize that resource. (Tiedje) 

Objective 2; Herbivory and Pathogenesis. To examine potentials for allowing 

plant-insect-microbe interactions to substitute for chemical control of 

herbivory and disease. 

Hypothesis 2.1. Fundamental shifts in pest species populations will occur 

upon conversion from high input to low input cropping systems; the 

degree to which these shifts will alter crop herbivory patterns will 

be a complex function of alterations in (1) microenvironments, (2) 

crop allelochemical and nutrient contents, (3) plant diversity, (4) 

pest adaptations, and (5) natural predator complexes in the different 

systems. (Scriber, Gage) 
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Hypothesis 2.2. The long-term immunity of a specific crop genotype to 

herbivory will be more stable in the low input cropping system due to 

phenological and community escape mechanisms; the stability of crop 

palatability to adapted herbivores should not differ among management 

regimes so long as overall N and water availabilities do not differ. 

(Scriber, Gage) 

Hypothesis 2.3. Populations of foliar pathogens will increase more rapidly 

and will be sustained at higher levels under low-input and no-till 

plowed than under plowed tillage due to the exploitation of crop 

residues by pathogens, essentially free of contact with competitive 

soil micro biota. (Lockwood, Hart) 

Hypothesis 2.4. Root pathogens will be suppressed to a greater extent in 

the low input systems than in conventional management systems due to a 

more diverse and larger microbial community, or due to the reduction 

of environmental stresses on the plant. However, in some instances 

the low rotation frequency of conventional management will foster the 

build-up of specific antagonists that will reduce pathogen populations 

or their activity. (Lockwood, Hart) 

Objective 3; Nutrient Availability. To examine the basis by which 

plant-microbe-soil organic matter (SOM) interactions might be manipulated 

to optimize soil nutrient availability. 

Hypothesis 3.1. The active fraction of SOM will be higher in the low input 

cropping system where organic matter quality and rates of input favor 

a higher rate of turnover; the persistence of this fraction is key to 

the long-term nutrient stability of low-input systems. (Paul) 

Hypothesis 3.2. Microbial biomass will be low in high-input systems and 

will be dominated by bacteria, resulting in rapid N and P ~ecycling. 

In low input systems microbial biomass will be high and dominated by 

fungi, resulting in slower N and P recycling and nutrient release 

which is more synchronized with crop N and P demands. (Klug, Paul) 

Hypothesis 3.3. The soil macroinvertebrate community -- suppressed as a 
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side effect of agricultural practices in high input systems -- can be 

re-established in low input systems to optimize the timing of 

decomposition and- subsequent mineralization. (Lawson, Klug) 

~Y£Othesis 3.4. Organic P pools in active SOM and microbial biomass will 

be higher in low input systems than in conventional systems, resulting 

in equivalent P availability in each type of system despite, the. lack 

of P fertilizer in the low input system. (Ellis) 

Objective 4; C and N Allocation. To examine the extent to which C and N 

allocation patterns -- both within the crop and within the system -- can be 

manipulated to optimize yield. 

Hypothesis 4. 1. Long-term community composition ( weed density and 

diversity) and the life-history strategies of weed species depend 

primarily on the phenology and pattern of carbon allocation of the 

dominant cultivar; weed competition can be minimized by selec~ing crop 

genotypes that express an optimum phenology. (Pregitzer, Renner) 

Hypothesis 4.2. Root turnover is under the long term control of water and 

nutrient stratification in the soil profile and changes in soil 

physical structure as a result of management practices; over the 

ent.ire growing season, root turnover will be lower in the low input 

system due to higher soil pore continuity and a more even distribution 

of nutrient availability over the season compared to conventionally 

managed systems. (Smucker) 

Objective 5; System-wide Outputs. To determine the major controls on nutrient 

losses from the agricultural landscape. 

Hypothesis 5.1. N and P outputs will be low from agronomic systems with 

high short-term immobilization potentials but only if the release of 

the immobilized nutrients is synchronized with the nutrient demands of 

crop and weeds. (Pregitzer, Robertson) 

Hypothesis 5.2. Gaseous N losses will be high relative to leaching losses 

in the low input systems because of a greter frequency of microsites 
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with low o2 potentials and available No3-; absolute N2o losses, 

however, will be lower in low input systems due to greater competition 

for mineralized N (Hypothesis 5.1) and greater N
2
o consumption by 

denitrifiers. (Robertson, Tiedje) 

Hypothesis 5.3. In high input systems, landscape positions with high 

inherent fertility will have lower levels of nutrient outputs than 

inherently infertile areas, whereas in low-input systems landscape 

position will affect nutrient outputs to a lesser extent. (Groffman, 

Pregitzer) 

7.3 Justification and Approach 

7.31 Plant Competition 

Hypothesis 1.1 (Renner, Pregitzer). 

Traditional annual cropping systems are highly disturbed communities forced 

annually to an early successional state (Young et al. 1976). Interspecific 

competition between native plant species and the crop being established is 

intense; countless weed/crop competition studies have documented substantial 

yield declines when weeds are not suppressed. Over time, competitive cultivars 

and continued suppression can result in reduced weed density and/or shifts in 

species composition. These competitive cultivars reduce weed density mainly by 

providing early crop canopy closure (Radosevich et al. 1984). Many crop 

production practices also alter competitive interactions between the crop and 

various native species. For example, frequent tillage favors annual species, 

and high fertility and chemical inputs favor plants tolerant to high.pH and 

high nutrient levels. 

One approach to understanding the long term effects of agricultural 

management on crop-weed competition is the study of weed seed banks. Weed seed 

banks are the integrated, long term product of agricultural system mangement 

and they represent the maximum potential weed pressure that can occur. Little 
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information on changes in seed banks under cropped systems over time is 

available. Seed banks are beHeved to decrease faster when the soil is 

cultivated (Roberts and Feast 1973), but we lack good quantitative estimates of 

the number, distribution, and species of weed seeds in cultivated fields over 

time, and on the effect of the seeds on population densities and diversity 

(Ennis 1977). After continual herbicide use the seed bank may be depleted to a 

level at which subsequent chemical inputs may be less needed, but this is 

difficult to evaluate without basic fnformation on the stability of the seed 

bank or the management and environmental factors that affect this stability. 

Hypothesis 1.1. The use of competitive cultivars and continual suppression 
of weeds can result in agronomically acceptable weed densities, but 
the high and diverse seed banks of low input systems will make them 
more susceptible to weed outbreaks triggered by cli.matic or other 
environmental anomalies. 

Approach. Seed banks in each experimental plot and in an herbicide:...free 

microplot in each plot (see Hypothesis 1.2) will be determined by elutriating 5 

cm depth soil cores from the plots and counting collected seeds. The 

hydropneumatic elutriator is usually used to separate fine roots from soil 

(Smucker et al. 1982) but it also collects seeds and other organic particles 

)450 um with high efficiency (A. Smucker, pers. comm.). Collected seeds will 

be separated by species and counted. Seed banks will be sampled every other 

year beginning in year 2. 

Hypothesis 1.2 (Renner) 

In present-day cropping systems chemical inputs curb interspecific 

competition among weed species and between weeds and crops. Herbicides 

influence plant competition by selectively eliminating herbicide-sensitive 

species. Herbicides for most weed species exist, but not all genotypes are 

equally sensitive: pesticide use has not caused weed problems to cease but to 

shift to herbicide tolerant species and genotypes. 
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The only long term experiment on weed population changes on arable land was 

conducted by Bachthaler (1967) in Germany from 1948 to 1965, This period 

precedes the period of continuous use of many of the herbicides used in 

production agriculture today. Other weed surveys have been conducted. for 1 to 

5 year durations, but few in the corn/soybean rotation, most common to the 

major mid western agricultural region of the U.S. (Fryer and Chancellor 1970). 

Weed community responses to herbicide selection pressure are complex. 

Those weeds in the same taxonomic family as the crop may increase in abundance 

due to herbicide, but it is not known what will occur if the same herbicide 

program is continued over a 5 to 15 year time span: Does the system stablize 

in a monoculture of nonsensitive species that then begin to form ecotypes 

adapted to the various microniches under the selection pressure, or will the 

few 'resistant' plants of certain species escape and propagate and dev~lop an 

herbicide resistant population? Does herbicide selection lead to dominance by 

herbicide-resistant species that are poor competitors when released from 

herbicide pressure? Answers to these questions are important for the 

development of long term weed control strategies that utilize ecological 

concepts to minimize weed-crop competition and herbicide use. 

Herbicide resistance has been documented for many species, but the 

development of this resistance is not rapid compared to the development of 

resistance to insecticides (Lebaron and Gressel 1982, Radosevich and Holt 

1984). Herbicide resistance increases as a function of selection pressure and 

fitness, and once established, the density of the resistant plant population 

becomes many magnitudes higher than it was prior to initial herbicide use. 

When application of this herbicide ceases for a few years and then begins 

again, a rapid return of plants showing resistance will occur (Gressel and 

Segel 1978). The possible development of crop plants genetically modified to 

resist broad band herbicides will make an understanding of herbicide resistance 
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all the more important as herbicide use narrows to one or two chemical families 

and selective pressure for herbicide resistance intensifies. 

Hypothesis 1.2. Strong selection pressure by herbicides leads to weed 
populations with high fitness in the high herbicide environment; on 
release from herbicide pressure the populations will have l~w fitness 
relative to new colonizers. 

Approach. To five subplots within all main plots we will apply a 

continuous herbicide program for at least 20 years; to each subplot we will add 

annually either no-herbicide or one of four herbicide combinations: 

metolachlor + atrazine, metolachlor + metribuzin, metolachlor + dicamba, and 

metolachlor + chloramben. Half of each subplot will receive high herbicide 

levels, and half will receive low or spot application levels. Species 

distributions, diversity, and changes in species abundance will be determined 

annually in each treatment subplot. Differences among management treatments 

(plots) will be related to differences in the competitive success of different 

weed species in different management regimes and to the persistence of the soil 

seed bank (Hypothesis 1.1). 

Hypothesis 1.3. (Tiedje) 

It is well known that the efficacy of some widely used pesticides is 

reduced following repeated applications. In many instances, this is due to an 

increased resistance to the toxic effects of the compound by the targeted 

organism, but it also often is due to enhanced degradation of pesticide 

compounds by soil microorganisms. The system response to added chemicals has 

been characterized as enhanced bio<legradation but there has been no description 

of the basic mechanisms contributing to this response. Detailed knowledge of 

the genetic responses of microbes to added chemicals or other substrates is 

crucial to long-term management of chemically based agricultural systems, and 

to our ability to effectively manage microbial populations in agricultural 
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systems in general. This knowledge is also critical for our understanding of 

the impact of genetically engineered microorganisms (GEMS) on agronomic 

systems. 

Enhanced biodegradation is probably the best model system in which to 

understand population, regulatory, and genetic changes in a natural microbial 

population in response to an introduced selection pressure. The research 

proposed in this section is based on the hypothesis that the native population 

of soil microorganisms is not genetically optimized for the use of a new energy 

resource at the time it is first introduced, but after repeated exposure to the 

new resource, genetic changes will occur that enhance the ability of the 

populations to utilize these chemicals. This type of response in nature 

(essentially microbial evolution) probably requires long periods of exposure to 

the selective force in a natural setting and thus is well suited to the 

long-term design allowed by the LTER project. 

We have chosen the herbicides 2,4-D and 2,4,5-T as model chemicals for 

study since they are the only agrochemicals for which the essential _analytical 

tools -- the degradative genes and plasmids -- have been isolated and 

described. In addition, these genetic materials are capable of conjugative 

transfer to a wide range of host organisms (Kunz and Chapman 1981, Pemberton 

1981). Furthermore, considerable supportive background exists for these 

chemicals: the complete degradative path is known (Don et al. 1985, Duxbury et 

al. 1970, Tiedje et al. 1969), population ecology of 2,4-D degraders has been 

reported (McCall et al. 1981, Ogram et al. 1985, Ou et al. 1978, Ou 1984), 

degradation rates are favorable to the time scale of the expected selective 

response, and we have the characterized plasmids (PJP4) plus contacts with the 

lab of Timmis (Geneva) and Seidler (Corvallis) who have cloned the 2,4-D 

degradative genes. 

Several recent studies have demonstrated that some plasmids show a 
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propensity for rearrangements of the genetic information which they contain 

(Ghosal et al. 1985, Hopkins et al. 1986, Kawasaki et al. 1985, Komano et al. 

1986). Many cases of genetic rearrangements of plasmids have been correlated 

with the presence or absence of selection for traits conferred by those 

plasmids (Ghosal et al. 1985, Harder and Kunz 1986, and Kunz and Chapman 1981). 

This indicates that the cost to the cell of maintaining that trait in the 

absence of selection is quite high, and that the gene is actually deleterious 

to the organism when the trait it encodes is not under direct selection. In 

other cases, the addition of a compound which is a potential substrate for 

growth (e.g. 2;4,5-T) to mixed populations of bacteria in which no individual 

bacterial type can utilize that substrate has resulted in a novel recombinant 

organism capable of utilizing the new substrate (i.e. in vivo genetic 

engineering) (Ghosal et al. 1985, Kawasaki et al. 1985, Kellogg et al. 1981, 

Latorre et al. 1984). 

The most likely genetic changes in response to selection are: (i) changes 

in the regulation of a metabolic pathway; (ii) a mutation giving rise to a 

new metabolic capability; (iii) the rearrangement or amplification of genes; 

(iv) the transfer of genes to similar organisms; or (v) the transfer of genes 

to dissimilar organisms (horizontal gene transfer). 

Nearly all of the studies of genetic rearrangements have been done using 

contrived laboratory settings which optimize conditions for such changes to 

occur (Charles et al. 1985, Gowland and Slater 1984, Kellogg et al. 1981, 

Latorre et al. 1984, Weinberg and Stotzky 1972). Little has been done to 

determine the frequency of genetic rearrangements in nature which give rise to 

organisms capable of exploiting a new niche such as the rapid influx of a 

potential carbon source. Genetic rearrangements at best take place at low 

frequency, and the population densities of microorganisms in nature can be 

quite low. Therefore, the time-frame necessary for the anticipated genetic 
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rearrangements to occur in a natural setting and be manifested in a stable 

population is likely to be much longer than that required for experiments 

performed in a laboratory setting and will thus require long-term experimental 

designs. 

Hypothesis 1.3. Native populations of soil microorganisms are not 
genetically optimized for the use of a new substrate at the time it is 
first introduced. After repeated exposure to new resource such as 
herbicides, genetic changes will occur that enhance the ability of the· 
populations to utilize that resource. 

Approach. We have developed methods by which we can track genes of 

interest in a mixed population of microorganisms in soil. We focus on 2,4-D 

and 2,4,5-T because several of the genes which comprise the metabolic pathways 

for the utilization of 2,4-D and 2,4,5-T as substrates for growth have been 

cloned and are available for use as probes in DNA:DNA and DNA:RNA hybridization 

experiments. Combining the ability to track and quantify a specific gehe in a 

mixed population of microorganisms with other techniques allows us to detect 

the various types of genetic changes which are likely to take place in the 

experiments which we propose. 

By quantifying the presence of a DNA sequence (gene) and also measuring the 

level of mRNA which has been transcribed from that gene using RNA:DNA 

hybridization it will be possible to determine whether an increased level of 

metabolic activity is due to an increase in the transcription, translation, or 

copy number of that gene. This will allow an evaluation of which one of the 

five potential genetic changes described above result from the selective 

pressure. 

Our experiments will consist of two approaches. The first will be a 

retrospective study in which the 2,4-D degrading populations, plasmids, and 

gene sequences will be compared for populations obtained from non-2,4-D treated 

soils vs. 2,4-D treated soils (2,4-D has been used in some soils at KBS for 
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approximately 20 years). This retrospective study will provide a profile of 

2,4-D degradative capabilities which will serve as a reference against which 

the genetic changes which occur can be measured. The second approach will be 

to monitor genetic changes in soils newly treated with 2,4-D and 2,4,5-T in 

satellite plots to assess the temporal scale of these changes. 

7.22 Herbivory and Pathogenesis 

Hypotheses 2.1 and 2.2 (Scriber, Gage). 

Quantitative changes in herbivore pest populations (i.e. variable 

densitites and rates of increase of insect and other invertebrates) are known 

to occur as a result of short term alterations in cropping systems (e.g. as a 

result of changes in annual crop rotations and conservation tillage). However, 

the impact of invertebrate herbivores upon crop yield over a long period is 

poorly understood for non-conventional cropping patterns for a number of 

reasons: 

1) Variation in the cropping pattern, weed density and composition 

(Kingsley et al. 1983 and 1986), microclimate (All and Gallaher 1977), the 

nutritional suitability of the crop (Manuwoto and Scriber 1986, and the altered 

beneficial insect community (predators, parasites, and insect diseases) will 

affect each particular herbivore species differently. 

2) Genetic variability in the degree of adaptation of the pest to the crop 

plant, the weed community, the conventional chemical inputs (e.g. insecticides, 

nematicides, molluscicides, etc.) are a major block to more effective pest 

management; yet essentially nothing is known about this aspect of various pest 

species (Gould 1983, Diehl and Bush 1984, Futuyma and Peterson 1985, Scriber 

1986). 

3) There is need for long-term studies with a holistic community approach 

as well as for studies with a reductionistic causal mechanism orientation. An 
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efficient approach must include the behavioral, the physiological, the 

biochemical and the genetic bases of change as well as an ecological 

evolutionary perspective (Scriber 1983). 

4) The selection of appropriate scale is crucial. For some insects in 

particular, migratory behavior makes prediction of populations apprriaching 

economic damage levels virtually impossible. The effects of dispersal upon the 

genetic components of intraspecific variation are indeed unknown for most pest 

species. 

It is important to elucidate the behavioral, physiological, genetic and 

ecological adaptations of insects to the plant defenses (i.e. 

counter-adaptations) to develop effective predictive and/or control programs 

for insect pests. We will pursue pest-caused crop loss assessments intensely 

for each treatment at the KBS sites, but we will also place the individual pest 

study in proper perspective (i.e. appropriate scale). This will be 

accomplished by state-wide surveys of certain insects conducted as part of 

existing regional research efforts. 

Of particular significance at this time in the midwest maize cropping 

systems are two "new" insect problems. These lepidopterous insects of the 

Noctuidae family are congenors (Hydraecia immanis Guenee and H. micacea Esper) 

that have only recently appeared and are spreading across the northern corn 

belt in economically significant levels at an alarming rate. One.!!.• micacea, 

(the potato stem borer) is ~olyphagous and entirely new. This insect is also 

spreading atarate which is resulting in significant economic damage to corn, 

and is undoubtedly hastened in its spread by reduced-tillage and 

conservation-tillage practices across the midwest (see Figures 7.1 and 7.2; 

Giebink et al. 1984). Previous records of H. immanis adults and larvae from 

Michigan (R. Fischer and R. Ruppel, pers. comm. MSU collection) and Ohio (Rings 

and Metzler 1982) indicate that endemic but non-outbreak populations have been 
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Figure 7.1. The geographic invation of Wisconsin and adjacent States 
by the hop vine borer, Hydraecia immanis, from its 
discovery in 1975 to the present (after Giebink et 
al. 1984). 
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Figure 7.2. The relationship between hop production, tillage practices, 
and hop vine borer populations over the last century. As 
Wisconsin and New York hop production was declining 
subsequent to the "Hop crash of 1867," California, 
Oregon and Washington took over. (after Scriber and 
Hainze 1986) 
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present over the last decade near and around the KBS site. 

A long-term ecological study would provide a unique opportunity to assess 

these two new insects locally, state-wide, and regionally (Scriber is the 

Chairman of a USDA regional research project to assess stalk-boring insect 

impacts). Long term opportunities to study a totally new insect pest such as 

H. immanis from an apparent host shift from outbreak origin along various 

transects of its economically significant geographic spread are indeed rare. 

With a congeneric introduction (H. micacea) spreading across the same 

geographic areas, feeding on the same major crop, and with the potential for 

interspecific hybridization, the time is right for an extensive survey and an 

intense analysis of population variability through time. It should only be a 

matter of time (based on current rates of spread) before the economically 

damaging populations reach (or develop within) Michigan and Ohio, and we will 

thus have a KBS base line population genetic structure "before and after." 

Hypothesis 2.1. Fundamental shifts in pest species populations will occur 
upon conversion from high input to low input cropping systems; the 
degree to which these shifts will alter crop herbivory patterns will 
be a complex function of alterations in (1) microenvironments, (2) 
crop allelochemical and nutrient contents, (3) plant diversity, (4) 
pest adaptations, and (5) natural predator complexes in the different 
systems. 

Hypothesis 2.2. The long-term immunity of a specific crop genotype to 
herbivory will be more stable in the low input cropping system due to 
phenological and community escape mechanisms; the stability of crop 
palatability to adapted herbivores should not differ among management 
regimes so long as overall N and water availabilities do not differ. 

Approach. In testing these hypotheses we will follow two general 

strategies: (1) we will determine the distribution, phenology, 

temperature-dependent development, foodplant.range, sources of variability 

(environment vs. genetic) in survival and growth of European corn borer, 

hopvine borer, and the potato stem borer; and (2) we will determine the 

influence of crop management practices on the nutritional quality and 
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allelochemics (including silica and cyclic hydroxamates such as DIMBOA) in 

maize to maize-feeding insects including the Europeran corn borer and the 

hopvine borer. The southern armyworm Spodoptera eridania has previously been 

an excellent bioassay organism in assessing general plant resistance and will 

also be used. The occurrence and damage intensity of hopvine borers and potato 

stem borers will be monitored using recently developed pheromone isolates 

(Giebink and Scriber, unpublished) at KBS and adjacent counties to assess the 

rates of geographic spread of and extent of economic losses caused by the 

larval feeding. The phenology (plant sampling for larvae and black light 

sampling for adults) will be matched to air and soil thermal unit accumulations 

in each experimental cropping treatment to determine the best control approach 

(e.g. timing of insecticide applications or cultivation decisions (Giebink et 

al. 1985). Developmental thresholds of eggs will be assessed in controlled 

environment chambers and compared to field emergence data in order to maximize 

the effectiveness (timing) of pest management strategies. Maize genotypes will 

be evaluated for their resistance mechanisms under field treatment conditions 

(including the cyclic hydroxamates, and silica/lignin/cellulose ratios plus 

nitrogen and nutritional composition). 

Hypotheses 2.4 and 2.5 (Lockwood, Hart). 

Plant diseases are often limiting factors in crop production. Growing the 

same crops with little or no rotation often results in the build-up of 

pathogens to epidemic proportions. In a few root diseases, however, after an 

initial rapid increase in disease during the first few years of cultivation, a 

decline in disease severity occurs, resulting in a sustained but low level of 

disease thereafter (Cook and Baker 1983). There are several examples in which 

soils become suppressive to certain pathogens following crop monoculture. The 

induction of suppressiveness appears to be related to the development of a more 
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antagonistic microbiota (Baker and Cook, 1983). 

Crop management practices such as tillage and rotation significantly affect 

plant diseases. Where no-till or minimum-tillage is practiced, for example, 

some diseases may increase in severity due to the build-up of pathogen 

populations on exposed crop residues (Shaner 1981), whereas others may become 

less severe because of reduced plant stress as a result of less extreme 

temperatures and soil water conservation (Doupnik and Boosalis 1980). · A 

comprehensive, long term study of the interaction of management practices, 

plant density, stalk rot and yield should provide valuable predictive 

capabilities concerning management practices as they affect this and other 

important diseases. 

Hypothesis 2.3. Populations of foliar pathogens will increase more rapidly 
and will be sustained at higher levels under low-input and no~till 
cultivation than under plowed tillage due to the exploitation of crop 
residues by pathogens, essentially free of contact with competitive 
soil microbiota. 

Hypothesis 2.4. Root pathogens will be suppressed to a greater extent in 
the low input systems than in conventional management systems due to a 
more diverse and larger microbial community, or due to the reduction 
of environmental stresses on the plant. However, in some instances 
the low rotation frequency of conventional management will foster the 
build-up'of specific antagonists that will reduce pathogen populations 
or their activity. · 

Approach: Corn plants under different management systems will be assayed 

for incidence and severity of diseases at intervals throughout the growing 

season. The diseases to be observed will include primarily corn stalk rot, 

caused by Fusarium roseum 'Graminearum' (Gibberella ~), a root-infecting 

pathogen. Stalk rot is the most destructive disease of corn (Shortleff, 1973). 

In addition, one or more of the following foliar diesases also will be 

monitored: Northern leaf blight caused by Helminthosporium turcicum, 

anthracnose caused by Collectotrichum graminicolum, and eyespot caused by 

Kabatiella zeae. The information on foliar diseases should suggest management 
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practices that will minimize these diseases. 

We will initially use classical monitoring techniques and explore the use 

of monoclonal antibodies against metabolites produced by the stalk rot pathogen 

to examine the extent of colonization of the corn plant by the pathogen. We 

currently have antibodies to Fusarium and others will be developed in L. P. 

Hart's laboratory (Dept. of Botany and Plant Pathology, MSU). Our preliminary 

studies strongly suggest that colonization of stalks is correlated with stalk 

rot development late in the season; therefore the antibody approach will permit 

early assessment of stalk rot potential. The latter is not possible with 

classical approaches. In addition, the technique allows for plants to be 

sampled non-destructively, and hundreds of samples could be assayed in a day. 

Changes in the conduciveness of soil to Fusarium 'Graminearum' will be studied 

in soil samples taken from all main treatment plots. Conduciveness will be 

determined using controlled inoculum densitites of the pathogen, The virulence 

of the pathogen population in soil will be determined to assess whether it has 

changed. Germination of propagules of the pathogen on the soils will be tested 

in the laboratory to determine the relative abilities of the soils to suppress 

germination. In addition, microbial biomass of the soils (Section 7.33) and 

the kinetics of utilization of an energy source such as glucose will be 

determined, since in some instances disease suppressiveness has been related to 

these factors (Alabouvette et al. 1985). Similar work will be done with 

Phytophthora megasperma f. sp. glycinea, a root-infecting pathogen of soybean 

that causes significant losses in Michigan and in the U.S. (Sinclair 1982). 

These approaches will permit analyses of changes in conduciveness of the 

soils to the stalk rot pathogen and may suggest management systems that will 

maintain or increase suppressiveness. 

7.33 Nutrient Availability 
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Hypothesis 3.1 (Paul) 

The store of nutrients in that portion of the SOM that turns over during 

periods of months to (10 years is operationally defined as the active fraction; 

it can control the fertility of both agricultural and forest soils. The size 

and composition of this fraction is dependent on C inputs, nutrient 

availability, organism interactions and landscape position. The decline of 

this fraction often is so rapid after cultivation or clearcutting that the 

efficiency of nutrient utilization by plants is very low. This can result in 

lowered productivity and in major contamination of the environment. 

Stable natural ecosystems have developed by maximizing internal utilization 

of nutrients and by maintaining a large, highly active SOM fraction. The flux 

of nutrients through labile, inorganic forms can be high but the competition 

for the available forms between various plants and the large microbial biomass 

is high enough so that the nutrients are not lost to the environment. 

Techniques for the characterization of the active fraction and measurement of 

its size need to be improved because understanding the role of this fraction in 

ecosystem function and the management of this resource depend on better 

knowledge of its size and turnover. 

Because of the time involved in its production, stabilization and 

reutilization, the active fraction can only be studied in long term plots. To 

understand the basis of its formation and turnover in situ, it is necessary to 

study these factors in an experimental system across which C inputs and 

organism interactions vary significantly. The design of our long-term plots 

meet precisely these requirements for a resource base. 

Hypothesis 3.1. The active fraction of SOM will be higher in the low input 
cropping system where organic matter quality and rates of input favor 
a higher rate of turnover; the persistence of this fraction is key to 
the long-term nutrient stability of low-input systems. 

Approach. Tracers ( 14c and 15N) will be utilized to measure the impact of 
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management on the dynamics of organic C and N. Transformations of inorganic N 

are closely intertwined with organic N and will be simultaneously measured 

(Milchunas et al. 1985, Schimel 1986). We will follow: 1) inputs of plant C 

to roots and associated organisms; 2) transformation of plant C by rhizosphere 

organisms and the production of metabolites; 3) the production of active SOM; 

and 4) the mineralization of active SOM to plant-available nutrients or its 

transformation to stable fractions. Experimental techniques for labeling both 

young trees (Smith and Paul 1987) and crop plants (Warembourg and Paul 1977) 

are available. Above ground vegetation will be exposed to 14co three to five 2 

times during each growing season in propofilm C enclosures that have controlled 

CO2 contents and temperatures. Translocation of C to beneath ground 

components, utilization of C by rhizosphere microflora, and exudation of C and 

utilization by soil microorganisms to produce biomass and active SOM w~ll be 

studied by short term measurements. Transformation to stable SOM and 

subsequent releases will be studied in long-term measurements. 

Addition of highly labelled 15No3 and unlabelled NH4+ results in 

preferential uptake of 15No
3 

by the plants and 14NH
4
+ by the microorganisms 

(Paul and Juma 1981). Reversing the labelling procedure with the addition of 

14 C organic substrate can be utilized to preferentially label microorganisms 

with 14c-15N. This procedure makes it possible to initiate experiments with 

14c-15N labelled in situ plant materials or 14c-15N labelled microbial 

populations. Sufficient plots to sample six replicates on nine subsequent 

sampling dates (1,3,6, and 12 months and 2,4,8,16 and 32 years) will be 

established on each of the major management systems that will be developed. 

The turnover of the SOM and uptake of nitrogen can thus be measured over the 

extensive time period required to gain an understanding of the dynamics of this 

fraction. The plot design and sampling procedures will be established to 

protect the long term plots such that they are useful for long term 
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measurements. 

The dynamics of active SOM will also be measured during long-term 

laboratory incubations under conditions of net mineralization, Decomposition 

rate functions can be measured and related to the size and turnover of the 

active fraction. Isotopic dilution experiments (Horton et al. 1986) involving 

addition of 15NH4+ during incubation of soils from unlabelled sites makes it 

possible to calculate actual rates of mineralization and immobilization as well 

as net mineralization, such that a mathematical model of the C and N cycles can 

be prepared. Maximization of N availability in a fertilizer-free system is 

dependent on being able to apply this model to the field systems under study. 

Extrapolation to and testing of the model to other landscapes will involve 

integration of the data from the other hypotheses in this study. 

Because it will take 2-3 years to develop a viable low-input croppi,ng 

system on our site, we will test parts of this hypothesis on the Rodale plots 

at Kutztown, Pennsylvania. This site has conventional and low fertilizer 

plots, replicated eight times and crossing two soil types. After five years 

under this management scheme, levels of active organic matter are approaching 

steady state. The use of N
2 

fixing legumes in conjunction with management 

systems that enhance the inherent competitive capability of different plant 

types have produced an economically viable, alternative agricultural system 

established on an experimentally sound basis. Dr. D. Harwood, who initiated 

these plots, has stated that the secret of the management of such sites depends 

on understanding and managing the active SOM. But little is known about the 

size, characteristics or turnover rates of the SOM at these sites,~xcept that 

different levels of SOM and different mineralization capacities have been 

developed during the five year period (Radke and Liebhardt 1986). 

Measurement of mineralizable components (C and N) and immobilization 

potential (Horton and Paul 1986), together with fractionation of SOM fractions 
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on a particle size and density gradient basis (Anderson and Paul 1984), will 

relate SOM dynamics, to measured N uptake patterns of field crops. Extensive 

agronomic background and detailed yield measurements available on the Rodale 

site will greatly aid our initial modeling of nutrient dynamics (Juma and 

McGill 1986) in our LTER plots. 

Hypothesis 3.2 (Klug, Paul) 

The early heyday of soil microbiology, in the beginning of the 20th 

century, was founded on the belief that knowledge of microbial populations 

would be useful in soil fertility management. This concept was found to be 

unworkable because the diversity of the microbial populations, the effects of 

biotic parameters, and the lack of knowledge of ecological concepts concerning 

microbial growth made it impossible to do anything but qualitatively study soil 

microorganisms. Furthermore, studies were not integrated in a manner that 

allowed for the examination of direct or indirect effects of changes in 

microbial biomass, species diversity and other components of the system, e.g. 

SOM and fauna, on soil fertility. 

We are beginning to develop significant understanding of 1) the role of 

microorganisms as sources of enzymes for nutrient transformations; 2) the 

contribution of the biomass as an agent in nutrient mineralization and 

immobilization; 3) the potential for genetic engineering relative to the 

degradation of pesticides; and 4) the potential for biological pest control by 

microbial agents. Studies directed toward using this understanding in 

agricultural management must be based on a knowledge of basic microbial 

ecology. They must also be established on a LTER site where the management 

factors that can control the populations are in place and long-term studies can 

be undertaken. The latter is of special importance if one is to track temporal 

changes during various transitional stages. 
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The microbial biomass N, Sand P content comprises 2-10% of systemwide 

organic reserves and is often larger than that found in a single crop (Smith 

and Paul 1986). Management of this biomass such that it releases nutrients in 

times of peak plant primary productivity and immobilizes it to protect against 

losses during non-growth periods has great potential. Factors known to affect 

microbial biomass include tillage, which has both a spatial (Holland and 

Coleman 1986) and mixing effect (Meisinger et al. 1985; Doran et al.), wetting 

and drying (Bettner 1985), predation by soil fauna (Anderson et al. 1984), soil 

acidification (Lahm et al. 1984), agricultural chemicals, and the quality and 

quantity of substrate (Aber and Melillo 1982). However, the ecological 

principles governing shifts within microbial assembleges and total biomass have 

not been used to design effective management schemes for agricultural systems. 

The management systems we plan to initiate (Section 6.2) will include 

tillage differences with both placement and cultivation effects, organic versus 

chemical nutrient inputs, and differences in the timing of crops in the 

integrated crop management program. In the agroforestry sites there will be 

differences in ratio of above ground to beneath ground production within the 

same species. These management treatments will change the fungal to bacterial 

ratio (Holland and Coleman 1986), the type of fungi (Schnurer 1986), the 

stabilization rates of the microbial populations, and the nutrient contents of 

different functional components (Van Veen et al. 1985). 

Hypothesis J.2. Microbial biomass will be low in the high-input systems 
and will be dominated by bacteria, resulting in rapid N and P 
recylcing. In low input systems microbial biomass will be high and 
dominated by fungi, resulting in slower N and P recycling and nutrient 
release which is more synchronized with crop N and P demands. 

Approach. Microbial biomass will be determined via chloroform fumigation 

using internal standards to correct for variations in the KN and KC (Voroney 

14 and Paul 1984). Nutrient immobilization and release will be measured using C 
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15 
and N isotopic dilution (Schimel et al. 1985, Foster et al. 1985). The type 

and extent of fungal hyphae will be determined. microscopically using phenolic 

aniline blue staining of membrane filament suspensions (Hansen et al. 1974). 

Bacterial numbers will be obtained using acidine orange staining of soil 

extractions followed by filtration and epiflourescence counting. Relationships 

between mineralization and the dynamics of plant nutrient uptake will be 

calculated using models such as those described by Paustian and Schneurer 

(1986) and Van Veen et al. (1984). Plant growth models involving N uptake and 

competition between plants and microorganisms for nutrients will utilize 

adaptations of the Ritchie plant N model (see Section 6.4). 

In order to manage microbial biomass and associated assembleges one must 

begin to develop a data base on the associated populations. The latter must be 

conducted in concert with studies on soil organic matter dynamics and nutrient 

transformations to obtain effective predictive management. 

Fungal and bacterial populations will be determined using functional group 

analyses which establish relationships between assemblage-diversity in relation 

to biomass changes. Initial approaches will utilize standard methods for 

enumeration of major functional groups associated with the nitrogen cycle 

(Doran 1980). Maj or differences in hydrolytic capabilities of heterotrophic 

organisms will be assessed by plating on differential media containing 

increasing complexities of carbohydrates and protein sources (Suberkropp and 

Klug 1976). We are well aware of the interpretational problems associated with 

results obtained with these approaches. We believe, however, that it is 

essential to build a long term data base using techniques whose limitations are 

well understood in order to provide long term continuity. We will use this 

data base both to test the long term hypothesis above and to develop questions 

about specific functional groups that will be addressed in spin-off proposals. 
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Hypothesis 3.3 (Lawson, Klug) 

Though the invertebrate community contributes only 1-15% of total 

heterotrophic metabolism of the soil community (Edwards et al. 1970), their 

indirect effects are substantial: the consumption and incorporation of organic 

matter within the soil and the grazing of microbial populations can control the 

rate of SOM mineralization. 

As an example, detritivorous soil invertebrates consume 20-100% of the 

annual deposition of deciduous leaf litter (Bornebusch 1930; Nicholson et al. 

1966; Knollenberg et al. 1985). The primary effect of this consumption is 

reduced litter particle size, which increases the surface area for microbial 

colonization (Kurcheva 1962). As leaf litter passes through the digestive 

tract, however, certain assimilative losses from the ingests occur (Tracey 

1951) with commensurate excretory additions. For example Barley and Jennings 

(1959) estimated that the earthworm Allolobophora caliginosa released 6% of the 

previously unavailable ingested nitrogen as free available Nin feces and 

urine. These digestive and excretory alterations of ingested litter in 

combination with the physical reduction in particle size results in increased 

microbial activity of the excreta (Ghilarov 1963), and overall higher microbial 

populations in soils with invertebrates (Kollmannsperger 1956, Went 1963). 

Fungivores and bacterivores are directly involved in the turnover of soil 

microbial biomass and nutrients. Perrson et al. (1980) calculated that soil 

invertebrates, while contributing only 4% of heterotrophic respiration, 

consumed 30-60% of microbial production, and thus contributed 10-50% of total 

soil N mineralization. These dynamics result in an overall stimulation in the 

rate of nutrient recycling within the soil system (see Anderson and Ineson 

1984). 

The influence of invertebrates on soil fertility encompasses not only 
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biological changes but physical alterations as well. The major effects appear 

to be mediated by macroinvertebrate groups such as earthworms, In a comparison 

of soils colonized and not colonized by earthworms, Stockdill and Cossens (in 

Stout et al. 1976) found that the colonized soil had a higher soil moisture 

holding capacity, higher available soil moisture, more soil organic matter, and 

a greater redistribution of surface organic matter to the underlying soil. 

In agricultural systems the complexity of interactions is lessened due to 

human influences on species diversity and numbers of soil invertebrates. 

Agricultural systems typically have a lower diversity and abundance of 

invertebrates (House and Parmelee 1985). This is primarily a result of habitat 

disruption from plowing and the removal of plant residues from the soil 

surface. Conversion of high input systems to biologically maintained systems 

is likely to be a slow process. Klapp (1942) attributed slow old-field 

succession to the lack of soil invertebrates to mix the soil and maintain 

adequate soil pore space, while other factors that maintain nutrient 

availability are likely equally important, the establishment and maintenance of 

a diverse soil invertebrate community is undoubtedly important to the 

maintenance of overall soil fertility. 

Hypothesis 3.3. The soil macroinvertebrate community -- suppressed as a 
side effect of agricultural practices in high input systems -- can be 
re-established in low input systems to optimize the timing of 
decomposition and subsequent mineralization. 

Approach. The significance of the soil invertebrate community to the 

maintenance of soil fertility, as stated above, is largely indirect and can 

only be evaluated in an integrated study of the soil ecosystem, The 

development of the invertebrate community will be quantified in all treatments 

and related to commensurate alterations in SOM dynamics (Section 7.33) soil 

microbial biomass and composition (Section 7.33), nutrient availability and 

transformations (Section 7.33), soil physical characteristics (Section 7.4), 
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plant productivity (Section 7.4), and overall microbial activity (Section 7.4). 

Sample cores will be collected from all experimental plots at 3 depth 

increments to 15 cm. Subsamples will be hand-picked of large invertebrates, 

and smaller inveterbrates will be extracted by elutriation and density gradient 

flotation (Lawson and Merritt 1979) or by scope-sorting. Invertebrates will be 

enumerated, identified to major taxa, and within taxa categorized as to 

functional feeding specialization (e.g. predator, detritivore, fungivore, 

bacterivore) by gut content analyses, laboratory observation, and published 

accounts of feeding specialization. 

Population estimates and information on feeding specialization will also be 

utilized in conjunction with long term studies of 14c; 15N labeled SOM (Sect. 

7.33). Long-term degradation and partitioning among soil compartments will 

provide an indication of the role of various members of the invertebrate 

community in the establishement of no-till, low input and native successional 

systems. This can be estimated by examining differences in specific activity, 

rate of uptake and timing of label incorporation among invertebrate taxa, and 

feeding specializations (McBrayer and Reichle 1971). 

We recognize that these studies are mainly correlative in nature. They are 

nevertheless valuable for providing a solid data base upon which to build more 

experimental studies. More specific, mechanistic experimentation that we will 

undertake will include studies of invertebrate grazing on microbial populations 

in relation to C and N immobilization. Field manipulations involving the 

introduction of selected invertebrates (e.g. earthworms) to microplots in order 

to accelerate invertebrate succession in no-till and native successional 

systems will also be initiated. 

Hypothesis 3.4 (Ellis, Knezek) 

Although all nutrients are critical for crop production, N and Pare 
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usually the most important. Phosphorus is present in excess supply in most 

agricultural soils at the present time because of adequate to excessive use of 

phosphate fertilizers over the past forty years. Consequently, inorganic P 

reactions in soil (i.e. adsorption and precipitation) play the dominant role in 

governing available Pin most agricultural soils, and factors regulating 

inorganic P reactions have been much more intensively studied than those 

regulating organic P turnover. 

In low input systems P availability will be under the control of biological 

as well as inorganic reactions. Moreover, in low-input systems P demands by 

the vegetation will be greater than in conventional systems because of a more 

intense reliance on N2-fixation, which is commonly P limited in pasture and 

natural systems (Griffiths 1979). Thus it will be critical to understand P 

dynamics in any cropping system that attempts to reduce reliance on external P 

inputs. Because of excessive P fertilization in the past it likely will take a 

number of years for existing P levels to decline to levels at which yields will 

be compromised. Thus, it is critical that questions addressing P dynamics in 

unfertilized systems be conducted in long-term plots. 

We plan to examine questions related to both the inorganic and organic 

turnover of Pin our cropping systems. The inorganic soil chemistry of Pis 

well established (Lindsay 1979). The process of phosphate adsorption has also 

been researched heavily (Ellis 1985). Nevertheless, distinguishing between 

adsorption and precipitation is still difficult, and the role of diffusion 

inside soil particles where P has been adsorbed in not well understood. Such 

information is important for understanding the rate at which Pin the soil 

solution is made available for plant and microbial uptake. 

The composition of organic phosphorus in soils is still largely an unknown. 

Total organic P has been successfully measured since the early 1950's (Mehta et 

al. 1954, Saunders & Williams 1955, Walker & Adams 1958, Williams et al. 1970, 
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Williams and Walker 196 7) but an understanding of the nature of the organic 

phosphate compounds has not developed. Early work attempted to divide the 

organic phosphates into nucelic acids, insitol phosphates and lipid soluble 

phosphates. However, these fractions have not been identified as components of 

SOM. Tiessen et al. (1984) developed a fractionation scheme that divides the 

organic P fraction into functional groups: labile organic P, moderately labile 

organic P, and chemically and physically protected organic P. This approach 

leaves something to be desired because it doesn't explicitly define the 

components of each group; however we predict that the approach will relate to 

the pools of rapid and slow cycling organic matter and it will allow us to 

detect changes in P cycling within an intermediate time frame (i.e. 5 to 20 

years). 

Hypothesis 3.4. Organic P pools in active SOM and microbial biomass will 
be higher in low input systems than in conventional systems, resulting 
in equivalent P availability in each type of system despite the lack 
of P fertilizer in the low input system. 

Approach. Soil samples will be collected from all experimental treatments 

twice yearly (spring and fall) during the initial years of the project. The 

organic phosphorus will be fractionated by the methods of Tiessen et al. (1984) 

or by methods that are developed to give improved measures of the labile 

organic P pools. In addition, organic P pools in microbial biomass will be 

determined as part of Hypothesis 3.1 and plant uptake of P will be measured as 

part of the general data support (Section 7.4). During later years when 

differences develop due to divergence in our treatments and methodology is 

better developed, more frequent samplings will characterize turnover on a 

seasonal basis. Inorganic P fractions will also be determined using 

modification of the methods of Tiessen et al. (1984). 

7.34 C Allocation 
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Hypothesis 4.1 (Pregitzer, Renner). 

Most terrestrial plants require similar basic resources: light, co2 , 

water, and nutrients. The intensity of competition between plants is mainly a 

function of the manner in which plants acquire and use essential resources, or 

interfere with the ability of other plants to sequester resources from the 

available pool. Species that coexist under limited resource availability often 

exhibit different phenological or morphological traits; those species having 

similar utilization efficiencies will experience the most intense competition 

(Goldberg and Werner 1983). For example, we would expect species with similar 

rooting patterns to interfere with one another more so than species exploiting 

different soil volumes (Werner 1977). The end result of interspecific 

differences in a competitive environment is a partitioning of the resource 

pool. Thus, in natural communities limiting resources are often fully,utilized 

and recycled, and many ecosystems tend to be both efficient and conservative 

with regard to these resources. 

Stands of crop plants should be developed that more fully utilize and 

recycle the resource pool, and within which competition among harvest species 

and other organisms is minimized. Choosing species and management treatments 

that accentuate resource exploitation in both time and space should result in 

more efficient and conservative cropping systems. 

One example of a cropping system in which optimized resource exploitation 

could be effectively managed is the cultivation of poplar. We know that 

certain Populus clones exhibit different patterns of carbon allocation. For 

example, the clone Populus X euramericana cv. "Eugenei" consistently allocates 

more carbon to leaves, branches, and boles and less to roots than clone Populus 

tristis f Populus balsamifera cv. "Tristis III" (Isebrands and Nelson 1983, 

Isebrands et al. 1983). Differences in root/shoot ratios of poplars and other 

perennial plants do not appear to reflect inherent differences in allometry, 
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but rather genetically controlled timing of budset during the growing season: 

the earlier buds set, the greater the proportion of carbon allocated to the 

roots (Cannell and Willett 1976, Isebrands and Nelson 1983). Harvestable yield 

and resource utilization and allocation appear to depend fundamentally on 

cultivar phenology. There is little doubt plant phenology is under strong 

genetic control (Pregitzer and Barnes 1980) and therefore open to manipulation 

by plant breeders. 

Our understanding of how clonal differences in cultivar phenology and whole 

plant C allocation interact with resource availability to determine net 

assimilation, harvestable yield and resource partitioning at the ecosystem 

level is notably lacking. For example, does the Populus clone 'Eugenei' truly 

have a higher rate of net assimilation than the clone 'Tristis', or does 

'Tristis' merely allocate more of its carbohydrates to the production of 

short-lived fine roots, a biomass component heretofore poorly accounted for in 

most published carbon budgets? Will clonal differences in duration and 

efficiency of nutrient uptake, length of leaf display, and 

aboveground-belowground allocation of C influence the composition of the weed 

community and the output of nutrients in the long-term? By establishing 

treatments of genotypes with fundamentally different growth phenologies and 

patterns of C allocation it will be possible to determine what the long-term 

impact of carbon allocation patterns have on interspecific competition, 

intraecosystem fluxes' partitioning of resource pools, and on ecosystem 

outputs. 

Hypothesis 4.1. Long-term community composition (weed density and 
diversity) and the life-history strategies of weed species depend 
primarily on the phenology and pattern of carbon allocation of the 
dominant cultivar; weed competition can be minimized by selecting crop 
genotypes that express an optimum phenology. 

Approach. This hypothesis will be tested by examining weed community 
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composition, the life histories of dominant weeds, and resource allocation at 

the ecosystem level in our different cropping systems. We will initially 

concentrate on the conventional tillage plots (both plowed and no-till) and the 

Populus plots. Timing of weed germination, growth, flowering and fruiting, 

along with overall rates of growth and nutrient uptake, •ill be measured in 

herbicide-free subplots of these plots (see Hypothesis 1.2) The timing of 

early and maximum growth in the Populus clones, in particular the times of bud 

break and set, weekly shoot growth of the terminal leader, leaf production and 

abscission, and basal diameter growth will also be measured and compared to the 

life histories of competing weeds. For both weeds, annual crop, and Populus 

clones, the timing and rates of root elongation will be measured using 

minirhizotron tubes and microvideo image analysis (see Section 7.24). Contents 

of nitrogen in plant parts (leaves, fruits, branches and stems, coarse ,and fine 

roots) will be determined periodically throughout the growing season. These 

measurements, in conjunction with other experiments under Objectives 3, 4, and 
\ 

5 (see Sections 7.33-7.35), will enable us to determine how the phenology and 

growth pattern of the cultivar influences long-term competition and 

partitioning of the available nitrogen pool. 

Hypothesis 4.2 (Smucker) 

Root growth, bi.amass, and morphological geometry are central to questions 

regardlng nutrient uptake and primary productivity in terrestrial ecosystems. 

Effective rooting volumes based on root surface areas are strong determinants 

of uptake potentials, and photoassimilates partitioned to roots in order to 

expand this volume can drain a substantial portion of the C fixed by plants. 

We hypothesize that root turnover will be high in the high-input systems 

and decrease during the transition to low input systems. This will be due to 

differences in the temporal patterns of water, nutrient availability, and 
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differences in soil structure discussed in previous sections. We expect water 

and nutrient inputs to be more or less equal among our treatments on an annual 

basis but less pulsed on a seasonal basis in the low-input systems. Thus 

during certain periods, plants in the high input systems will be forced to 

allocate a relatively large part of their photoassimilate to water and nutrient 

scavenging via root growth. Lower porosity in these systems due to lower 

macroinvertebrate activity and faster SOM turnover will extract a higher C cost 

per unit area growth. The net result of this compensatory root growth in high 

input systems will be a greater proportion of plant C allocated to roots, with 

proportionately less allocated to yield. 

Hypothesis 4.2. Root turnover is under the long term control of water and 
nutrient stratification in the soil profile and changes in .soil 
physical structure as a result of management practices; over the 
entire growing season, root turnover will be lower in the low.input 
system due to higher soil pore continuity and a more even distribution 
of nutrient availability over the season compared to conventionally 
managed systems. 

Approach. We will measure root turnover directly in the field using newly 

developed microvideo techniques that provide for nondestructive, economical, 

and quantitative evaluation of in situ root development. Root growth will be 

evaluated towards the end of the first five year period by measuring daily 

changes in root length densitites at 1.2 cm intervals along a clear plastic 

tube inserted 180 cm at a 45° angle into the soil profile. The recent 

combination of minirhizotron tubes (5 cm diameter x 2 m length acrylic tubes; 

Figure 7.3) that are permanently installed in field plots, together with video 

microcameras (Saunders and Brown 1978, Upchurch and Ritchie 1984) whose images 

are stored on tape and analyzed later by image analysis provide an unparalled 

opportunity to follow in situ root growth at depths greater than 10-15 cm under 

different experimental conditions. Image analysis algorithms recently 

developed at the MSU Image Processing and Analysis Laboratory provide a method 
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Figure 7.3. Schematic diagram of the minirhizotron system used for root 
turnover analyses. The video camera is lowered into the m:i.nirhizo­
tron tube once per day or other time interval and 1 x 1.2 cm 
pictures at known depth are captured on tape. Video recordings are 
downloaded in the lab to a Vi.com'·image processor via a time base 
corrector to synchronize frames. Algorithms developed at Michigan 
State provide numerical analyses of the total length, surface area, 
branching and diameters of roots at 1.2 cm intervals. 



for quantifying 1.0 cm wide video transects of the minirhizotrons and thereby 

for quantitatively monitoring root growth and branching morphology in hundreds 

of minirhizotron transects weekly. The entire system is now in routine 

operation in other studies currently underway at KBS. 14 
We will use C turnover 

in tagged roots (Section 7.33) to corraborate minirhizotron estimates. 

Hypothesis 5.1 (Pregitzer, Robertson) 

In many natural systems, long term competition for limiting resources 

produces relatively conservative and efficient nutrient cycles. Resource 

partitioning leads to a group of organisms that can be optimally adapted to the 

physical-chemical environment of a site. In agricultural systems, this 

organism-environment interaction is eliminated by imposing new organisms on the 

system and by manipulating the physical and chemical environment. As a result, 

nutrient use efficiency in agricultural systems is generally low and hydrologic 

nutrient outputs are high relative to older natural systems (Keeney 1982, 

Rosewall and Paustian 1984). Sediment and pesticide outputs can also be high 

from cultivated areas (Pimentel and Levitan 1986). 

An especially important factor affecting system nutrient outputs is the 

degree of temporal synchrony among plant uptake activity, SOM turnover, and 

microbial immobilization potentials. Systems in which neither plant uptake nor 

microbial immobilization are active when SOM is releasing nutrients to the soil 

solution stand to lose substantially more of these nutrients to external sinks 

than will systems that are tightly synchronized. Key to this synchrony may be 

short-term immobilization potentials of the microbial biomass. 

There has been very little research on the role of microbial biomass as 

regulator of nutrient outputs from agricultural systems. None of this research 

has been long-term. Long term data are needed to analyze the effects of slow 

changes in SOM pools, population structures, and nutrient pools caused by 
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different agricultural management strategies. Long term data are also needed 

to evaluate complex variation in outputs caused by climate, e.g. the effects of 

or late-spring frosts on short term immobilization and release of nutrients by 

microbes. 

Hypothesis 5.1. N and P outputs will be low from agronomic systems with 
high short-term immobilization potentials but only if the release of 
the immobilized nutrients is synchronized with the nutrient demands of 
crops and weeds. 

Approach. We will test this hypothesis by monitoring relative rates of N 

and P lost via leaching and gaseous pathways from our treatment plots, and by 

then comparing seasonal patterns against those measured for short-term 

immobilization potentials as part of Hypothesis 1.1. Leaching losses will be 

indexed with low-tension lysimeters installed in all plots; lysimeter 

collections will be made on a precipitation-event basis, at least weekly, and 

samples routinely analyzed for inorganic N and P. Denitrification fluxes will 

be measured on a routine basis late in the first 5-year phase in conjunction 

with Hypothesis 5.2. 

Hypothesis 5.2 (Robertson, Tiedje) 

Nitrogen losses via gaseous pathways can cancel a significant proportion of 

total annual N inputs. Nitrogen balance calculations for agricultural systems 

typically estimate these losses to be around 20-50% of fertilizer inputs 

(Allison 1966, Kurtz 1980), or in excess of 30-75 kg N ha- 1yr-l for 

-1 
agricultural systems fertilized at 150 kg N ha • N gas losses from natural 

systems not recently disturbed are typically substantially less than this 

(Melillo et al 1983, Robertson and Tiedj e 1984); denitrification losses from a 

midsuccessional field at KBS, for example, extrapolated to a flux of <2 kg N 

ha- 1yr- 1 , much less than precipitation inputs (Robertson and Tiedje 1984). 

This suggests that low-input agricultural systems -- if they can be designed to 
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mimic midsuccessional communities -- may lose a smaller proportion of their N 

inputs to gaseous sinks. 

Despite a lower absolute denitrification flux from low-input systems 

(Hypothesis 5,1), we hypothesize that relative to other pathways of N loss such 

as N03 leaching, denitrification will be higher under low input management. 

Increased denitrification in low input systems will mainly be the result of 

higher moisture availability in these sites coupled with greater SOM 

availability and turnover and a soil structure that favors macropore flow. The 

net result will be a highly aggregated soil with a high potential for o
2 

consumption. Nitrification tends to be very active in well aggregated soil and 

thus conditions will be ideal for denitrifiers -- ready supplies of electron 

donors, acceptors, and an aggregate structure that favors microsite o
2 

depletion. Moreover, leaching losses of nitrate may be low partly bec~use 

preferential water flow via larger or more continuous soil pores in the 

low-input system may only slowly deplete micropore or aggregate No
3 

levels. 

Absolute N
2
0 fluxes will be lower for the reasons outlined in Hypothesis 

5.1: competition for inorganic N with plants and microbial heterotrophs, N
2
o 

fluxes relative to total N-gas fluxes will be lower because during much of the 

growing season soil No
3 

levels will be relatively low while SOM remains 

avai.lable; electron acceptors will thus be at a premium and denitrifi.ers will 

tend to consume rather than release N2o (Robertson and Tiedje 1987). The 

degree to which N
2

0 losses will be lower will depend on the seasonal ti.ming of 

N2o producti.on: if most N2o ls produced in the spring (Goodroad et al. 1984) 

then N
2

0 consumption later in the season may have little effect on overall 

production. On the other hand, i.f N2o production in the low i.nput system 

extends further i.nto the growi.ng season, then growing-season consumption may 

significantly attenuate annual losses. 

In some cases no-tillage systems have been shown to have higher 
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denitrification activity than plowed systems (Rice and Smith 1982) but 

differences between these systems may primarily be seasonal, and gaseous 

outputs may be equal over the long term (Groffman 1985). Differences in No
3 

availability and SOM turnover between low input and conventional systems wi11 

be the key determinants of denitrification activity in our systems. 

Hypothesis 5.2. Gaseous N losses will be high relative to leaching losses 
in the low input systems because of a greater frequency of microsites 
with low o2 potentials and available N01-; absolute N

2
0 losses, 

however, will be lower in low input systems due to greater competition 
for mineralized N (Hypothesis 5.1) and greater N20 consumption by 
denitrifiers. 

Approach. We will monitor denitrification and N2o fluxes from our plots 

during years 4 and 5 of the project, after the low-input system is established 

and equilibrated. At this time we will use an acetylene-block, static core 

technique (Robertson et al. 1987) to measure denitrification fluxes, at1;d i!!, 

situ N2o flux chambers to quantify N2o loss. Denitrifier enzyme biomass (Smith 

and Tiedje 1979) will also be monitored as an index of potential 

denitrification activity and as a general indicator of treatment effects 

(Groffman 1986). Measurements will be scheduled to include a broad range of 

environmental conditions in order to fully characterize relative rates of N gas 

fluxes from the sites. The N20 flux measurements from conventional till plots 

will be related to hydrologic N loss measurements conducted by J. Ritchie on 

adjacent plots at KBS such that a relative estimate of the type of N loss can 

be used for modeling purposes. 

Hypothesis 5.3 (Groffman, Pregitzer) 

Long term research in agroecosystems requires a landscape level component. 

Different components of the landscape have different biological properties and 

thus different responses to agricultural management (Forman and Godron 1983), 

and landscape position has a dramatic effect on nutrient and pesticide outputs 
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from agricultural systems (Lowrance et al. 1984). 

Understanding how landscape position affects system response to management 

and outputs is complex. In natural systems, naturally fertile positions with 

high levels of SOM, and probably microbial biomass, generally have highest 

nutrient outputs (Vitousek et al. 1982). These patterns may be reversed in 

agricultural systems to which nutrients are added: naturally infertile areas 

may not be able to immobilize nutrient inputs as well as naturally fertile 

areas, leading to higher outputs from the more oligotrophic systems. However 

this fertility-output relationship may be man:i.pulated with management 

strategies that affect the levels and turnover of active SOM. 

To address landscape position effects on cropping system outputs we need to 

generate functionally relevant characterizations of landscape positions and to 

study how these positions interact with management factors. Key 

characterization factors include soil texture, soil drainage (internal and 

external), slope, aspect, and patch size and shape (Pregitzer et al. 1983, Hole 

and Campbell 1985). Once landscape positions have been characterized, patterns 

of outputs from a range of natural and agricultural systems can be compared. 

Hypothesis 5.3. In high input systems, landscape positions with high 
inherent fertility will have lower levels of nutrient outputs than 
inherently infertile areas, whereas in low-input systems landscape 
position will affect nutrient outputs to a lesser extent. 

Approach. We will use a geographic information system (GIS) as a tool for our 

landscape level studies. A GIS contains layers of information about soils, 

vegetation, hydrology and land use. Information is compiled from existing 

sources and from field surveys. A GIS can be a valuable tool in landscape 

ecology because it can be used to generate multifactor characterizations of 

landscape components. A GIS can also be useful for landscape scale 

characterization of biogeochemical processes when biological and transport 

functions are incorporated along with the geographical information. 
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Production of a GIS for KBS will be relatively inexpensive. There is a 

modern soil survey for the station and very high quality aerial imagery for 

topographic mapping of the station has recently been completed. Land use at 

the Station is also well mapped. GIS construction thus depends mainly on 

compiling this information into a form that can be handled by the GIS 

digitizers. 

Initially, the GIS will be used to identify distinct landscape units. By 

integrating information about soil texture, drainage, slope, aspect, and patch 

size, we can produce multifactor characterizations of landscape position that 

should be functionally distinct. We can then choose sites for our preliminary 

landscape level studies. 

For the initial phase of the KBS LTER, we plan to examine the effect of 

landscape position on yield and N outputs in only one cropping system type, 

conventional corn/soybean production. This type of system is well distributed 

at KBS, and various plots are under sufficiently similar management to allow us 

to test the first part of our hypothesis with statistical rigor. In future 

phases of the LTER we more fully incorporate landscape position as an 

experimental variable (see Sections 4.0 and 6.2). 

7.4 Project-wide Support Measurements 

A major goal of the LTER is to produce coherent data sets that allow for 

the analysis of long term dynamics in a single ecosystem type and for 

comparisons among all LTER sites. We summarize below the various measurements 

that we will take as part of the basic, project-wide support base. 

Measurements are grouped under the five core research topics that form the 

basis of the LTER program (Callahan 1984). 

1. Pattern and Control of Primary Production. In this category we include 

measurements of aboveground production of both crops and weeds. We will 
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quantify indices of root turnover and detailed growth measurements of crops and 

weeds beginning in year 3 (Hypotheses 4.1 and 1.3 respectively). We will 

measure as part of Hypothesis 5.2 in situ co2 production (soil respiration), 

and will be able to combine this information with aboveground production data 

to calculate productivity measures as GPP, NPP, and net community production. 

2. Spatial and temporal distribution of populations. Our LTER is built 

around the study of the dynamics of key populations within agricultural 

systems; these include mainly plant, insect, and microbial groups; we do not 

believe vertebrates are important controls on other populations in our system, 

though should vertebrates appear important later in the study we will include 

them in our phase II hypotheses. Weed populations (species abundance and 

diversity) will be monitored routinely, as will crop densities. Soil seed 

banks will be quantified in years 3 and 5 (Hypotheses 1,1, 1,2). The presence 

and abundance of major insect pests will be monitored routinely, and in 

selected years we will also measure the distribution, phenology, development, 

and food plant preference of several of the more important insect consumers in 

our area (European corn borer, hopvine borer, and potato stem borer; Hypotheses 

2.1 and 2.2). We also plan to monitor the dynamics of major soil invertebrates 

(Collembola, Acari, Annelida, Diploda, Isopoda, and Diptera) on a semiannual 

basis (Hypothesis 3.3). As part of Hypotheses 2.4 and 2.5 we will study the 

dynamics of Fusarium corn stalk rot using monoclonal antibodies and monitor 

levels of Helminthosporium (northern leaf blight), Collectotrichum anthracnose 

and Kabatiela eyespot. We wil also follow changes in microbial populations as 

part of Hypothesis 3.2, and as part of Hypothesis 1.2 we will examine changes 

in specific populations of microbes in soil by tracking genetic markers. 

3. Organic Matter Dynamics. Soil organic matter will be measured on a 

routine basis in all plots, and the active fraction will be studied 
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14 15 particularly intensively as part of Hypothesis 3.1. C and N tagged plant 

material will be used for these studies. In addition to soil organic matter 

turnover we will routinely monitor microbial biomass (Hypothesis 3.2) and total 

soil respiration (Hypothesis 5.2). 

l+. Nutrient Cycles. As parts of hypotheses 3.1, 3.2, 3.4, and 5.1 we will 

follow nutrients in inorganic N and P pools, in soil organic matter, microbial 

biomass, and plant biomass pools. We will also trace the release of nutrients 

by macroinvertebrates as part of hypothesis 3.3. Outputs of nutrients (organic 

and inorganic N; P) to groundwater will be indexed using low-tension cup 

lysimeters as part of Hypotheses 5.1 and 5.3. Gaseous N losses from all plots 

will be quantified on a seasonal basis in years 4 and 5 (Hypothesis 5.2). Soil 

physical structure will be monitored as part of Hypotheses 3.3, 4.2, and 5.2 

using newly developed NMR spectroscopy techniques available on the Msu'campus 

to quantify soil pore size distributions and continuity. Precip1tation volume 

will be monitored continuously by an on-site automated weather station; 

precipitation chemistry is being monitored at the main KBS weather station as 

part of the NADP program. 

5. Patterns and Frequencies of Disturbance, Disturbance is an integral 

part of agricultural systems and thus an integral part of thls study. Most of 

our hypotheses in fact are implicity phrased in terms of disturbance effects, 

as our management treatments range from highly disturbed plowed systems to a 

never-tilled midsuccessional communlty. We wlll evaluate the effects of 

different types of disturbance (plowing, herbicide use, nutrient inputs, 

harvesting) on both short-term system properties such as nutrient outputs and 

pest outbreaks as well as on long-term attributes such as SOM levels and the 

quality and the variability of primary production. 
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9.0 SITE DESCRIPTION AND MANAGEMENT 

9.1 Overview of the Kellogg Biological Station 

The 1020 ha W.K. Kellogg Biological Station has been administered by MSU as 
a primary research facility since its 1929 deeding to the University by 
Kellogg. In its early years the Station was devoted to wildlife, forestry, and 
soil conservation research and teaching; during the past 20 years a research 
emphasis on ecology, production agronomy, and forest genetics has led to 
well-established and internationally recognized programs in each of these 
fields. The mission of the Station (Appendix F), recently reformulated by the 
trustees of MSU, puts a primary emphasis on mainta.ining an environment for 
interdisciplinary research in ecology, agriculture, and areas of natural 
resource use and the environment. 

The Biological Station is located in southwest Michigan on the pitted 
outwash plain of the Kalamazoo morainic system left by the last retreat of the 
Wisconsin glaciation, ca. 14,500 years B.P. Soils in the area developed on 
glacial till and are thus high in carbonates and vary from deep, poorly-drained 
Carlisle muck to sandy, well-drained Fox loam. Most regional soils are sandy 
loam and silty clay loam of moderate fertility. Principal Station soils are 
the Kalamazoo series (Typic Hapludalfs, fine-loamy, mixed, mesic) and Oshtemo 
series (Typic Hapludalfs, coarse-loamy, mixed, mexic). Minor soils at the 
Station include Houghton (Typic Medisaprists), Sebawa (Typic Agriaquolls), 
Sleeth (Aerie Ochraqualfs) and Spinks (Psammentic Hapludalfs) series. ,All of 
our experimental sites are underlain by Kalamazoo sandy loam, which differs 
from Oshtemo mainly in subsoil texture. Kalamazoo and Oshtemo soils -- or ones 
very similar -- are the major soils that occur in southwest Michigan. 

Around 350 ha of Station property are cultivated. Major crop rotations are 
corn/soybean and alfalfa, typical of the region as a whole. Precipitation in 
southwest Michigan (ca. 920 mm yr-1) is fairly evenly distributed throughout 
the year, though years with crops' showing late-season drought stress are 
common. KBS is included in Lake Michigan's snow shadow, and receives )2.0 m of 
snow each winter. The Lake's heat capacity tends to slightly retard the 
advance of spring and prolong fall relative to Wisconsin, on the leeward side 
of the Lake, and southwest Michigan growing seasons are typically 180 days. 
The average number of days with appreciable precip.itation is ca. 100 per year; 
solar and sky radiation are concomitantly low, especially during the winter. 

Most Michigan soils were developed under forest vegetation. The majority 
of the original KBS vegetation has been classified as oak-hickory forest, the 
rest as elm-ash (80 ha) and beech-maple forest (30 ha) (Kuchler, 1964). As is 
true in all of the region, most of these sites have been extensively modified 
since settlement in the early 1800 1 s. Most station holdings were cleared in 
the mid-1800's and in general agriculture until at least the 1920-1930 period 
when much of the present station area came under MSU management. 

Present station holdings include 350 ha of cultivated land, 50 ha of old 
fields in various well-documented stages of secondary succession, 5 ha of 
never-plowed sod, 493 ha of conifer and hardwood plantings, 50 ha of old-growth 
and secondary growth oak-hickory forest, 62 ha of lakes and ponds and 50 ha of 
developed and landscaped areas. A recently implemented site-management plan 
adopted by the Board of Trustees reiterates the University's commitment to 
maintaining this diversity for research purposes. Additional lands to support 
agriculture and forestry research have recently been added. 
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Research in terrestrial ecology at the Station has drawn heavily on the 
availability of well-defined successional series. Since 1972 more than 60 
publications, including 8 theses, have focused on plant population and 
community ecology within the KBS old field system. Agricultural research has 
included irrigation scheduling for corn and soybeans; yield, fertilizer 
response, N uptake and other aspects of different tillage-intercrop systems; 
pest management in corn, soybean, and soybean systems; and dairy forage 
production. A major water relatio2s study, using a recently completed 
automated rain-out shelter (3200 m) is underway. NSF recently funded a 
project (Robertson and Smucker with 6 collaborators) to experimentally examine 
interactions of key nutrient cycling processes in agricultural ecosystems. 

KBS is also developing programs to support research into alternative 
agricultural systems. Studies in this area include comparisons of alternative 
and conventional management systems for both grain and vegetable crops and 
socioeconomic study of on-site family farms. An education program proposal is 
presently being prepared for submission to the Kellogg Foundation for training 
graduate students having an interest in the area of agricultural ecology. 

9.2 Facilities available 

9.21 Research Facilities 

KBS facilities support 8 full time (year round) faculty from several 
University departments and around 15 full time research support staff. In 
October 1986 there were in addition 8 full time graduate students at the 
station and 4 postdoctoral research associates. Summer population is higher, 
to include 50 or so visting faculty and graduate students who conduct research 
during parts of the summer. Summer academic programs in ecology and field 
biology attract 15-40 graduate and undergraduate students from other 
institutions. 

Since inception of ecological research activities in 1965, the Stack 
Research Building has been the primary focus of academic and research programs 
at the station. Construction of a new research building (24,000 sq. ft.) was 
completed in spring 1985, and the Stack Building has been renovated (8,000 sq. 
ft.) to support year round education programs as well as some additional 
research space. The new building includes 12 major research laboratories, a 
University branch library, an auditorium, offices, and supporting service areas 
(darkrooms, isotope counting, instrument, microscope rooms, environmental 
chambers, autoclave, graphic facilities, and a VAX 11/780 computer). 
Additional service areas include wet and dry laboratories for field sample 
processing, an animal room, a cold room, 2 walk-in incubators, and greenhouse 
facilities. 

The KBS library holds over 9,000 volumes, subscribes to 160 periodicals and 
carries Current Contents and the Science Citation Index. Online services at 
the library include access to major literature search databases. The library 
is staffed by a full-time University librarian with additional part time 
clerical/technical help. Reference collections at KBS include a 2000-specimen 
herbarium, cataloged on the Station computer. 

For the LTER project, we will use facilities at the Station as well as the 
extensive facilities available in LTER investigator laboratories on the main 
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MSU campus. Most centralized LTER measurements will be made in a lab between 
Robertson's and Klug's at KBS (though nutrient analyses will be routinely run 
on the Crop and Soil Sciences Department's dual-channel flow injection 
analyzer). Facilities in Robertson and Klug's labs include digestion and 
extraction apparatus for plant and soil samples, a CHN analyzer, and various 
FIA, HPLC, and GC units. Other routine measurements will make use of 
facilities available on campus; microbial biomass analysis for example will be 
performed in Paul's lab, and soil pore geometry and root image analysis will be 
performed in Smucker's. 

9.22 Field facilities 

As di.scussed in Section 6 and Appendix C3, the main LTER plots will be 
located on 40 ha of Station property that has been in corn/soybean cultivation 
for )50 years. The site is protected on all sides by cultivated buffer areas. 
It is located about 200 m from an all-weather road and 2 km from the main 
Station Laboratory. The entire site will be irrigated by a lin~ar move 
irrigation system fed by a 10" well; this system will be installed at 
University expense as described in Appendix CJ. An additional 20 ha, not 
irrigated, will be provided as a satellite site in which to establish small 
plot, low-input management tri~ls as described in Section 6.2. This site also 
has been in cultivation for a number of years. 

Farm implements at the Station will be available for use by the LTER 
project as needed. In addition, a pick up truck, tractor and associated 
implements will be provided the Project as part of the University's site 
establishment commitment (Appendix C3). 

9,3 Site Management, Integrity, and Promotion 

The five goals of KBS, as stated in the University mission statement 
(Appendix F) are 1) to maintain and strengthen basic ecological research and 
training; 2) to develop an innovative agricultural program based on sound 
ecological principles that optimizes the dual goals of agricultural 
profitability and envlronmental quality; 3) to maintain an environment for 
interdisciplinary research and exchange of knowledge concerning ecology, 
agriculture, natural resources and the environment; 4) to maintain an active 
outreach program to educate, explain and promote the activities of the Statlon, 
and to keep the public informed and involved in the general area of 
environmental quality; and 5) to promote and conduct an integrated education 
program in ecology, agriculture, natural resources and the environment 
emphasizing field experience. The LTER will be an integral component of the 
overall KBS program. It will form the core of a basic research program in 
agricultural ecology, contribute to teaching and student research programs, and. 
fill an important gap between basic research and applied agricultural extension 
activities. 

Due to the high potential value of the LTER to the overall KBS program, the 
University and KBS are prepared to devote considerable resources to the project 
and are commi.ted to careful and consistent site management. The LTER site 
management committee will consist of the three principal investigators 
(Robertson, Paul, Klug), the site manager (J. Bronson) and the KBS co-directors 
for biological research (Lauff) and agricultural programs (Knezek). This 
committee will approve all non-LTER research projects at the site. The fact 
that all the land for the LTER is owned by the University guarantees the long 
term integrity and security of the site and avoids potential conflicts over 
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site use. 

We intend to promote our LTER site to both basic and applied scientists. 
We expect to attract a variety of satelite proposals for work at the site and 
spin-off a number of our own research proposals. Possible spin-off proposals 
that are now in the discussion phase include an analysis of landscape-level 
ecosystem dynamics in the mixed-agriculture landscape, more-detailed studies of 
denitrification and other microbial processes, and the movement and outputs of 
pesticides from agronomic systems. There are natural opportunities for 
collaboration with other LTER sites, and we expect much of our data to be 
suitable for allowing comparisons of our managed systems with natural areas in 
the larger LTER program. 

10.0 DATA MANAGEMENT 

10.1 Computer facilities and personnel 

Data management for the LTER will be centered on the KBS VAX-11/780 
computer, recently upgtaded with NSF funds. This system is built on what was 
the first full-scale computing facility funded by NSF for a biological field 
station. It supports statistical, database. management, graphics, spreadsheet, 
wordprocessing, and communication software. The current configuration is 
described in Figure 10.1. Microcomputers and terminals are available in the 
offices or laboratories of all LTER project researchers. 

Communication between KBS and the MSU main campus is currently done via 
dial-up lines (up to 2400 bps). A high speed (9600 bps) direct line has been 
proposed to link the KBS system with MSUnet, the university network which 
includes mainframe, departmental, and many microcomputer networks on campus as 
well as access to BITNET and other national networks. 

KBS computer facilities are managed by two full-time professionals at the 
systems analyst level. Their positions were recently redefined to ensure even 
greater continuity in data management as well as computer system operation. An 
intern program with a local college (Kalamazoo College) has provided student 
programmers for specific tasks, and KBS graduate students are employed for 
certain projects. As described in Appendix C, a significant portion of one of 
these systems analyst positions is earmarked for LTER data management and we 
will use a combination of interns and KBS graduate students for day-to-day data 
handling. 

The University has provided strong support for the development and 
maintenance of the KBS computer system. Salaries for the full-time positions 
are provided by KBS general funds and by the Agriculture Experiment Station. 
KBS general funds also contribute a large share of VAX operating and 
maintenance costs. Other operating funds come from the College of Natural 
Science (to support graduate student research) and from user fees (chiefly 
research grants). 

10.2 Data Handling 

Over the last decade, KBS has played a significant role in the generation, 
organization and analysis of long term ecological data sets. The Station 
hosted an NSF funded workshop on "Data Management at Biological Field Stations" 
in May 1982. The current computer services manager, John Gorentz, and others 

65. 



Figure 10.1 KBS Computer facilities. 

Computer Servi.ces 
W.K. Kellogg Blological Station, Hlchlgan State Universlty 

Hlckory Corners, Mlchlgan 49060 

KBS Computer Services supports scientific, educational, and administrative 
activlties at KBS. Our in-house VAX-11/780 computer is managed to provide a 
personal computing environment, It is highly accessible with most researchers, 
technicians and secretaries having terminals or microcomputers where they work, 
Zenith Z-l.50 microcomputers are also available in a microcomputer classroom. 
The staff provides training and consultation. 

REPRESENTATIVE USES: 

o Ad hoc research data analysis 
o Lon~ term management of research databases 
o Automated data acquisition (loggers, lab instruments, weather stations) 
o Simulation of ecological models 
o Equipment and chemical inventories 
o Personal bibliographic reference files 
o Manuscript preparation 
o Communications server 

RESEARCH DATABASE MANAGEMENT: 

KBS is an Experimental Ecological Reserve (EER), and as such is committed to 
making past and present data on its habitats available to researchers. This is 
done through a catalog of data sets and research sites, and by providing long 
term care for databases, These include meteorological data, land use data, 
long term limnological data from Lawrence, Wi.ntergreen and Gull Lakes and 
Augusta Creek, long term data on secondary succession, and many others, 

COMPUTER CONFIGURATION: 

Model: VAX-11/780 (installed summer 1980) 
Manufacturer: Digital Equipment Corporation (DEC) 
Architecture: 32 bit processor, with paged virtual memory 
Main memory: 16 Megabytes 
Disk storage: 912 Mb Winchester 
Tape drive: 9 track, 800/1600 bpi, 45 ips (model TE16) 
Communications: 3 dial-up/dial-out lines (300, 1200 and 2400 bps) 
Operating system: VAX/VMS (interactive, batch, and real-time) 
Primary language: FORTRAN-77 (ANSI 1978) 
Serial ports: 56 asynchoronous RS-232 
Serial devices: Video terminals (VTlOOs, VT220s, VT240s), 

microcomputers emulating VT100s, graphics pen plotter, 
daisywheel, dot-matrix, and laser printers 

MAJOR SOFTWARE PACKAGES: 

0 INGRES Complete relational database management 
0 P-STAT Data manipulation and statistics 
0 BMDP Comprehensive statistics 
0 20/20 Spreadsheet and modelling 
0 SAS Statistics and graphics 
0 WORD-11 Professional qualHy word processing 
0 VTERM Terminal emulation and file transfer 
0 SURFACE-II Contour and 3D graphics 

STAFF: 

John Gorentz (Computer Servl.ces Manager) and Wilbur Mahoney: Call 616-671-2221 
or 199-2221 from the MSU campus. 



at KBS participated in the early development of LTER data management protocols. 
KBS has accumulated software (purchased and developed in-house) and experience 

to handle many types of data collection, compilation, analysis, documentation, 
storage and transfer. 

LTER data management will center on INGRES, a leading multi-user relational 
database management system (DBMS) that has been a great help with the current 
long term KBS data sets. All its functions are avilable from higher level 
languages, as well as by a built-in menu and command interface. This means 
that we can build customized programs for the most common input and output 
tasks (including error checking) and do not have to write special programs for 
ad hoc data retrieval and analysis. This technique has been successful with 
two of our long term databases, our 25 year meterological database and R. G. 
Wetzel's 20 year limnological database. We expect to adapt the software used 
for the limnological database to LTER data handling. SAS and SAS/GRAPH will 
also play a large part in data analysis. Surface-II is also available for 
mapping surface isarithms and for 3D graphical analysis. IMSL Fortran 
subroutine libraries are also available as needed. 

A great deal of attention will be given to data documentation, especially 
necessary considering that the data will be used by many persons and over a 
long period of time. There will be a directory to LTER data. Notes on 
anomalies and methods will be an integral part of the database. We will 
standardize formats for date and time, location of sites, and identification of 
biological, chemical, and physical parameters. Identification of sites will be 
done according to a master list of KBS sites that is also used in connection 
with a land use database and biological inventories. We will also keep track 
of the researchers accessing the data, so they can be given~ hoc 
information on its usability and reliability. This becomes necessary, for 
example, when gradual deterioration of instruments is discovered after the 
fact. 

KBS has recently developed some useful utilities to link its software 
packages. They are based on a common-denominator ASCII data format that makes 
provision for internal documentation of the contents of each file, A program 
has been developed to convert data between this standard KBS format and INGRES 
and SAS internal formats. Links to spreadsheet programs (including Lotus 
1-2-3) are also planned. These program will be especially useful to off-site 
researchers transferring data into and out of the LTER database, 

Data access will be controlled through the account authorization systems of 
the VMS operating system and INGRES. We expect to enforce a vigorous database 
entry protocol to get all data generated by LTER researchers into the database, 
and will provide open access to the data using protocols existing at other LTER 
sites as guidelines. The VAX's growing role as a communications server will 
make for excellent access to the database both from KBS, campus, and elsewhere. 

11.0 PROJECT EXECUTION 

11.1 Management Plan and Personnel 

The LTER project will be managed following the scheme outlined in Figure 
11.1. The managing PI (Robertson), in conjunction with the co-PI's (Klug and 
Paul), will be responsible for project coordination and execution, The 
location of two PI's on site at KBS, and one on the main MSU campus will aid in 
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Figure 11.1 Project management structure. 



coordination of the overall research effort. Day-to-day operation of the 
project will be supervised by a postdoctoral or master's level projett manager 
housed at KBS. This person will coordinate and supervise all field sampling 
and baseline data gathering, and will coordinate activities among our field 
manager/technician, laboratory technicians, data manager, and modeler. Our 
field manager, Jim Bronson, has been managing experimental agronomic plots at 
KBS for >S years; our data manager, John Gorentz, is chief systems analyst at 
KBS, with >S years experience managing the Station's long-term data sets on the 
KBS VAX. We have not yet identified our project manager, who we expect to be 
at the senior technician or postdoctoral level. All managers will supervise 
hourly employees such as graduate and undergraduate students and seasonal farm 
aides. 

Operational subprojects will be managed by the participating investigators 
associated with specific hypotheses, as specified in the Hypothesis summary, 
Section 7.1. Karen Renner will be responsible for all weed sampling and she 
will work on a consulting basis with a plant population ecologist with 
long-term experience at KBS. Sampling and separation of weeds and weed seeds 
by hydropneumatic elutriation will be done by Renner at KBS; weed 
identification will be done at Renner's laboratory on campus using the KBS 
herbarium as needed. Mark Scriber will be responsible for all insect work and 
John Lockwood will handle plant disease studies. Identification and analysis 
of insects and pathogens will be done in their campus laboratories. Jim Tiedje 
will be responsible for the genetic analysis/2-4D degradation experiments using 
equipment available in his laboratory. 

Analysis of the various organic matter fractions and microbial biomass 
measurements will be the responsibility of Eldor Paul and will be carried out 
in his laboratory on campus. Mike Klug will be responsible for the analysis of 
microbial population dynamics, which will be done in his lab at KBS. Lawson 
will be responsible for soil invertebrate questions, working out of Klug's lab 
at KBS. 

Kurt Pregitzer will oversee establishment and management of the short-term 
rotation forestry treatments and together with Al Smucker will be responsible 
for measurements of above and belowground carbon allocation and root turnover 
in these and other treatments. Smucker's image analysis work will be performed 
on campus. 

Peter Groffman together with Pregitzer will be responsible for establishing 
lysimeter studies of nutrient outputs. Groffman will also be responsible for 
initial landscape studies, to be carried out at the MSU Center for Remote 
Sensing and at KBS. Boyd Ellis will be responsible for all P analyses. Phil 
Robertson will be responsible for all N-gas analysis at his KBS laboratory in 
addition to his responsibilities as managing PI. 

Routine measurements taken in support of the overall project (Section 7.4) 
will be under the direct supervision of the project manager, who reports to the 
managing PI. These analyses will be done in a lab at KBS under the overall 
supervision of Robertson and Klug. 

11.2. Synthesis and External Review 

Overall project synthesis will be the responsibility of the co-PI's. They 
will lead semi-annual meetings of all investigators and will supervise 

67. 




