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Abstract:
Small grain/fallow-based cropping systems of Montana and the Northern Great Plains are largely
viewed as unsustainable from both an economic and environmental perspective. As a result, interest in
alternative cropping systems has increased. A component of these alternative systems is increased crop
diversity, but a major obstacle to adopting more diverse crop rotations is concern about weed
management during the transition to the new system. I investigated changes in weed population
dynamics during this transition period to some alternative systems in MT.

Temporal dynamics of wild oat and redroot pigweed populations as affected by crop rotations and
management intensity (conventional vs. reduced input levels) were examined. I found that crop
diversity and accompanying crop management practices can be effective weed management tools
during the transition to reduced input cropping systems. Crop rotation alone, however, in both the
conventional or reduced input systems had little impact on weed populations when it was decoupled
from corresponding chemical weed management practices.

In addition, I examined the temporal and spatial dynamics of wild oat, Persian darnel, and redroot
pigweed as part of the same field study. I quantified metrics that described weed population growth or
decline in different crop rotations across conventional, reduced, and organic input cropping systems. A
methodology for graphically depicting the combined temporal and spatial dynamics of a weed
population was developed. This data set was then used to investigate the importance of variables
hypothesized to be important drivers of observed wild oat population dynamics. Using multiple linear
regression techniques, the best predictors of wild oat seedling abundance were determined to be wild
oat seedling density and proximity to wild oat seedling density the previous growing season. The
overall predictive power of our models however was low, but may indicate that wild oat populations
persist in cropping systems by continuously forming new colonies in response to management more
than any other single factor.

Results of these studies highlight the gaps in our knowledge base related to identifying the mix of
fundamental ecological processes and management that drive observed weed population dynamics.
These results also demonstrate the data requirements needed to develop an understanding of weed
population dynamics in agroecosystems. 
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ABSTRACT

Small grain/fallow-based cropping systems of Montana and the Northern Great 
Plains are largely viewed as unsustainable from both an economic and environmental 
perspective. As a result, interest in alternative cropping systems has increased. A 
component o f these alternative systems is increased crop diversity, but a major obstacle to 
adopting more diverse crop rotations is concern about weed management during the 
transition to the new system. I investigated changes in weed population dynamics during 
this transition period to some alternative systems in MT.

. Temporal dynamics o f wild oat and redroot pigweed populations as affected by 
crop rotations and management intensity (conventional vs. reduced input levels) were 
examined. I found that crop diversity and accompanying crop management practices can 
be effective weed management tools during the transition to reduced input cropping 
systems. Crop rotation alone^ however, in both the conventional or reduced input systems 
had little impact on weed populations when it was decoupled from corresponding 
chemical weed management practices.

In addition, I examined the temporal and spatial dynamics of wild oat, Persian 
darnel, and redroot pigweed as part of the same field study. I quantified metrics that 
described weed population growth or decline in different crop rotations across 
conventional, reduced, and organic input cropping systems. A methodology for 
graphically depicting the combined temporal and spatial dynamics of a weed population 
was developed. This data set was then used to investigate the importance of variables 
hypothesized to be important drivers of observed wild oat population dynamics. Using 
multiple linear regression techniques, the best predictors of wild oat seedling abundance 
were determined to be wild oat seedling density and proximity to wild oat seedling 
density the previous growing, season. The overall predictive power of our models 
however was low, but may indicate that wild oat populations persist in cropping systems 
by continuously forming new colonies in response to management more than any other 
single factor.

Results of these studies highlight the gaps in our knowledge base related to 
identifying the mix o f fundamental ecological processes and management that drive 
observed weed population dynamics. These results also demonstrate the data 
requirements needed to develop an understanding of weed population dynamics in 
agroecosystems.
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PROLOGUE

Only in the last decade has the weed science discipline begun to develop weed 

management theory within the broader context of plant ecology (Booth and Swanton 2002). 

This represents a significant shift in the philosophy of a discipline that once focused alm ost 

entirely on technology related to the control of problem weed species. Weed scientists are 

increasingly concerned about the role of weed management as it relates to broader questions 

such as the ecology of weed species in intensively managed agroecosystems, or 

understanding the impacts of invasive weed species in a variety o f managed or natural 

ecosystems.

As this new manner of thinking has evolved within the discipline, the challenge has 

been to reconcile aspects of weed management technology (i.e. agronomic practices) with 

weed ecology (i.e. weed demography, population biology) in a way that continues to advance 

our science (Davis and Liebman 2003). One way that integrates many diverse areas of 

research, as outlined by Cousens and Mortimer (1995) and adopted in this dissertation, is to 

consider weed management at the level of the weed population. By understanding the 

ecology o f weed populations and management effects at the population level, we may be 

better able to target and refine our management efforts.

Because I continually utilize the term “population dynamics” it is appropriate to 

define how it will be used throughout this dissertation. Weed populations exist in the 

environment in different states at given points in time. These states can be defined by the use 

of metrics such as total abundance (biomass or density), spatial extent o f a population, or
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abundance within a given area. Furthermore,' weed populations can exist in different life 

history stages at most points in time. Changes in abundance over space and time, or the 

spatial and temporal dynamics of populations, are of interest because they offer a pattern of 

response to the combined effects of natural and managed population regulation.

Other components of a population, with their own accompanying dynamic properties 

at a larger time scale, are the genetic and phenotypic characteristics of a population. Genetic 

components were not measured in the populations that I studied, and they are not discussed 

here, hi general, this dissertation explores the population dynamics of several annual weed 

species as they were affected by cropping systems and associated weed management 

practices. Specifically, I examined both temporal and spatial dynamics o f introduced weed 

populations through data collected as part of a large cropping systems study conducted in 

central Montana. The intent o f this USDA Special Project was to monitor long-term (10-12 

years) changes in crop productivity and pest population dynamics in response to different 

cropping systems associated with diversification of crop rotations common to the Northern 

Great Plains (NGP). The research presented in this dissertation represents the weed ecology 

studies from the first four, years of this larger rotation study.

. The introduction of this dissertation presents a review of the literature and issues 

relevant to weed ecology studies in the NGP as part o f cropping systems studies. Hypotheses 

that were generated at the onset of this project regarding the potential impact of our 

treatments on weed population dynamics are presented. In Chapter 3, I demonstrate the 

importance of crop rotation, the sequence of Crops within that rotation, and management 

intensity or input level (herbicide use) on temporal weed population dynamics by quantifying
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changes in density of weed seedlings over time. In Chapter 4, the spatial population 

dynamics of introduced weed species at the research location is described. Several different 

metrics that describe the spatial and temporal behavior of these weed populations across 

different cropping system treatments are discussed. Chapter 5 of this dissertation represents 

a summary of my investigations into this spatial data set and the hypotheses I have generated 

linking observed spatial patterns with the processes that may have generated the patterns. I 

suggest that very little is Icnown about the causative mechanisms in cropping systems 

resulting in the spatial patterns of weeds observed in agroecosystems, but that analyses like 

those presented here may improve our understanding.

' hi the results of our manipulations to the introduced weed populations I have looked 

for general guiding principles that may have some portability to weed management in other 

cropping systems. I have tried to consider our studies for their value both in terms of 

practical management objectives and at a level that addresses some of the fundamental 

deficiencies in our understanding of weed population ecology in managed systems. In a 

sense, this dissertation represents my own attempt to bridge the gap between practical weed 

management Icnowledge and the theory that is still being developed in the plant ecology 

literature. There have been definite limitations to this approach, and some of them are 

described here: On the other hand, in describing these limitations, there has been real value 

in discovering deficiencies in the way we think about weed populations in agroecosystems 

and how we might best go about designing experiments to characterize the behavior of these 

populations.



This work has been an effort to further our understanding o f how weed populations 

function within cropping systems in hopes that we can design ecologically based and more 

efficient systems df weed management. It has been written, “the growth of science is the 

growth of the ideas of scientists” (Mayr 1985). Certainly the research and results presented 

in this dissertation represent the personal growth of my own ideas, and I hope they also 

contribute to growth of the weed ecology discipline.
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INTRODUCTION

Development of Alternative Cropping Systems

In response to a variety of economic, environmental, and societal issues, grower 

interest and research involving alternative agricultural systems is increasing in certain regions 

of the U.S. (Porter et al. 2003). This movement has manifested itself in the dryland cropping 

areas of the NGP region of the U.S. and the prairie provinces of Canada as an effort to 

increase profitability and sustainability of current agricultural production systems. The 

traditional continuous small grain or small grain/fallow cropping systems utilized by growers 

that at one time played a major role in stabilizing crop yields and farm incomes are 

increasingly viewed as an inefficient use of soil and water resources as well as not profitable 

given the current agricultural economy (Farahani et al. 1998; Lamey et al. 1994; White et al. 

1994). As a result, alternatives to these more conventional systems are being developed.

In general, the goals of the alternative systems being proposed are to increase crop 

rotation diversity, reduce external input costs (herbicide, fertilizer, tillage costs, etc.), 

promote more efficient use of off-farm inputs, arid sustain or increase farm profitability 

(Nazarko et al. 2003; Miller et al. 2002; Tanaka et al, 2002). Alternative cropping systems 

being proposed range from reduced-input, zero-tillage systems that focus on the benefits 

obtained from soil moisture conservation and decreased soil erosion, to organic production 

systems that rely heavily on tillage for crop seed bed preparation and weed management, but 

eliminate the use and costs associated with pesticide and synthetic fertilizer use that are 

needed in conventional systems (Miller and Buschena 2003). Although these two types of
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cropping systems and their variations are very different, the goals of reducing costs and 

increasing farm profitability remain the guiding theme on which to base optimization.

Justification for Weed Research

As these alternative systems have developed, there has been a corresponding need for 

information on viable weed management strategies (Derksen et ah 2002). Study of these 

alternative cropping systems, and in particular pest management within these systems, offers 

a unique opportunity to further our understanding of weed communities in agroecosystems as 

a whole (Maxwell 1999; Zimdahl 1999). Systems research that focuses on the underlying 

ecological processes affecting weed population dynamics may offer the best solutions for 

weed management in the future (Liebman and Gallandt 1997).

Populations of weed species are governed by a dynamic set of processes that make up 

the life history cycle of each particular species. A basic understanding of these processes is 

crucial to understanding the effects that a particular management objective may have on a 

given weed population. Processes such as seed dispersal mechanisms, immigration or 

colonization ability, weed seed survival in the soil seed bank, seedling establishment rate, 

seedling survival/mortality rates, intraspecific and interspecific competition, fecundity, and 

others may play important roles in how weed populations change with changing land 

management. Understanding how these dynamic processes combine to influence the overall 

population o f a given weed species continues to be a crucial area of research.

To date there is limited information available for the NGP region on the effects of 

implementing alternative cropping systems and the associated changes in tillage patterns.
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herbicide use, and other management practices on the dynamics of weed populations. The 

research presented here has grown out of this need, and is specific to central Montana. 

However, many aspects of the weed management principles discussed are relevant to 

intensive agriculture production systems nationwide that are undergoing similar change. In 

the following sections, I review some important attributes of cropping systems pertinent to 

our studies that influence weed population dynamics.

Cropping System Characteristics Affect Weed Populations 

Tillage and Crop Residue Effects

Tillage, and its effects on crop residue near or on the soil surface, is an important 

component of a cropping system that is thought to influence weed population dynamics. 

There are complex interactions between specific weed species, environment,'time, weed 

management systems, and cultural crop production practices that influence the impact of a 

particular tillage system on a given weed population, hi general, the type of tillage practiced 

within a cropping system is thought to shape the weed species diversity within that particular 

system. Given the shift towards conservation-based tillage practices occurring in the NGP, 

the effect of implementing minimum or no-tillage practices on weed species diversity 

remains a central research question in the region (Anderson et al. 1999).

hi no-tillage or minimum tillage systems there is a tendency to select for summer 

annual grasses, biennials, and winter annuals (Buhler 1995). This may in part be due to 

several factors.. Buhler (1995) concluded that germination is a primary mortality factor for
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annual grass weeds and that mortality was reduced for these populations when seed was 

deposited on or near the soil surface and failed to germinate in no-till production systems. 

As a result, the populations o f these species tended to increase over time. He also concluded 

that lack of tillage increased the survival of biennial and winter annuals because seedlings of 

species with these growth habits were ho longer controlled with preplant tillage operations 

prior to crop planting.

Conversely, the potential for seed germination can also be high in no-tillage systems 

as a result of lack of deep burial of weed seeds by tillage. In effect, lack of deep tillage 

facilitates the formation of many microclimates near the soil surface that may stimulate 

germination of species with diverse dormancy requirements (Medd 1987). Small levels of 

soil disturbance during crop seeding operations may also enhance the effects of microclimate 

factors in stimulating germination.

Conventional tillage systems generally select for smaller and more diverse weed 

communities (Stevenson et al. 1997). In heavily-tilled organic systems, an increased dispersal 

of weed seeds vertically throughout the soil profile might be expected due to the soil mixing 

effects of the tillage implements, potentially increasing inputs of weed seed into the seed 

bank over time, and favoring those species with high seed longevity and dormancy 

requirements. Tillage also has the potential to remove many weed seeds, in the form of 

seedling flushes from the seed bank, and can also deposit seeds in more favorable 

environments for degradation (Buhler 1998). However, Cardina et al. (1996) found that rates 

of velvetleaf (Abutilon theophrasti) seed loss were equivalent and that weed seed predator 

populations were the same in no-tillage and moldboard plowed fields, respectively. Others
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have documented the opposite result finding that no-till production practices can have 

positive impacts on weed seed mortality due to increased favorable environments for weed 

seed degradation or through increased activity of weed seed predators (Andersen 1999).

Derlcsen et al. (1995) found that species diversity is not always affected when tillage 

practices change toward more conservation-based methods. They also found that weed 

population species composition was more likely to be influenced by sites and years in their 

studies. Therefore it remains unclear what the effects of tillage or lack of tillage are on weed 

populations. Conflicting research results also seem to indicate that interaction between 

tillage systems and other management practices or the environment are key to understanding 

tillage effects on particular weed populations and that these interactions should be considered 

when weed management plans are developed for cropping systems. One of the objectives of 

our research was to document the effects of the different tillage regimes that were 

components of our study on the temporal and spatial population dynamics of weed species 

common to the NGP.

Crop Rotation Diversity and Ihtensitv

Increased crop rotation diversity and cropping intensity that results in reduced 

frequency of fallow years are key practices of any cropping system that has the goal of 

increasing profitability and sustainability of current practices in the NGP (Miller et al. 2001; 

Miller et al. 2002; Zentner et al 2001). Changes in crop rotation or crop sequence dictate 

changes in agronomic practices, including weed management practices, and weed 

populations are affected as a result. When crops are rotated to cause differences in crop
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planting dates and seeding rates, crop-weed competitive relationships, and management 

practices may be exploited to manage weed populations.

Doucet et ah (1999) found that crop rotation, when used in combination with 

herbicide programs, provides weed control and is therefore an effective tool in integrated 

weed management. However, other authors (Legere et al 1997; Liebman and Dyck 1993) ■ 

have concluded that crop rotation alone had little effect on weed densities and that the 

value of crop rotation as part of a weed management strategy is highly dependent on the 

crops in the rotation and the length of the rotations.

One overall objective of our study was to quantify the impact o f increasing crop 

diversity within crop rotations on temporal weed population dynamics. We hypothesized 

that crop diversity and crop sequence within a rotation would play a role in the population 

dynamics of weed species, with greater cropping diversity reducing weed densities overtime 

through competition with the various crop species and through the availability of more 

diverse weed management options that crop rotations afford.

Herbicide Use

Herbicide use exerts strong selection on species and phenotypes that can tolerate, 

phenologically avoid, or evolve resistance to management practices. Thus, weed species 

shifts and selection for different species under herbicide input regimes are well documented 

in the literature (Hatcher and Melander 2003; Porter et al. 2003). Factors such as increased 

incidence of herbicide resistance in weeds and potential off-target negative environmental 

inipacts dictate that herbicide use be integrated into a complete pest management system
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(Beckie et al. 1999). Over dependence on herbicide technology and resulting neglect of other 

potential weed management strategies coupled with overuse or misuse of herbicides are 

generally viewed as being unsustainable weed management practices (Liebman and Davis 

2000; Nazarko et al. 2003). Thus, many in the agricultural research community see 

decreasing the amount of herbicide used for weed management in modern cropping systems 

as an important goal worthy of research attention (Marker 2003).

Herbicide use levels were varied across three input levels (conventional, reduced, 

and organic) in this study. Herbicide programs ranged from industry standard tank-mixes in 

a conventional high input system to no herbicide applications in the organic system. We 

hypothesized that within this study, the effectiveness of the different herbicide treatments 

could impact both the temporal and spatial dynamics of weed species populations with the 

largest differences occurring between the conventional system and organic system.

Weed Dispersal Within Cropping Systems

Weed dispersal is a crucial aspect of weed population dynamics. Dispersal is defined 

as the ability of propagules o f a weed species to disperse to areas of suitable habitat., The rate 

of spread of a plant species from a given source is dependent on: (I) the frequency and 

strength of dispersal vectors, (2) the dispersal characteristics of the species, (3) the ability of 

the plant species to increase its population in the invaded area, and (4) the physical 

characteristics of the habitat being invaded (Cousens and Mortimer 1995; Okubo 1980). 

Many important mechanisms play a role in the spread and colonization ability of weed
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species. However, the intent of this research was to quantify the end results of these 

dispeisal mechanisms, as reflected in change in weed seedling density over space and time, 

rather than focusing on specific dispersal mechanisms.

Traditionally, weed scientists have examined only temporal dynamics,of weed 

populations in response to environmental or management changes. Weed spatial 

population dynamics have not been considered when defining integrated weed 

management programs (Jeger 1999). Rarely have scientists examined both the temporal 

and spatial dynamics of weedy species in the same study or at a scale appropriate to 

quantify short-term changes in the population structure (Rew and Cousens 2001). As 

illustrated by recent studies (Allen et al. 1996; Cardina et al. 1997; Colbach and Sache 

2001; Dieleman and Mortensen 1999; Gonzalez-Andujar et al. 1999; Maxwell and 

Ghersa 1992; Wallinga et al. 2002; WfLes et al. 1992), the study of weed population 

dispersal patterns.in space is a relatively new trend in weed science.

Linlcing Ecological and Agricultural Theory

As weed scientists strive to become predictive rather than descriptive, the ability 

to forecast spatial and temporal dynamics of weed populations will become necessary 

(Martinez-Ghersa et al. 2000). Agroecosystems are highly managed systems and have 

been manipulated over time to test hypotheses on the mechanisms involved in many 

important processes related to crop production. Therefore, agroecosystems are somewhat 

better understood than natural systems, and in general they may be well suited for
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experiments aimed at forecasting changes in plant population dynamics, potential 

invasiveness of problem species, and plant community structure (Booth and Swanton 

2002). It seems logical that review and adoption of the theory being developed in the 

ecological plant literature regarding plant population biology will lead to important gains 

as we strive to develop an understanding of processes related to observed patterns of 

weed dynamics in managed agroecosystems.

Plants, including weed species in agroecosystems, can exhibit complex spatial and 

temporal population dynamics in-heterogeneous environments. Study of the development 

or spread of these patterns has been driven by the need to reduce the perceived or ■ • 

documented negative consequences of invasion of undesirable species on natural systems 

(Higgins and Richardson 1996). However, the importance of the spatial distribution of 

weed populations, coupled with the change in these distributions over time is of growing 

interest in agroecosystem research (Ghersa et al. 2000).

Detehnination of the Underlying ecological mechanisms that drive changes in 

weed populations within plant communities may be possible through long-term studies. 

These mechanisms have clear implications for the development of ecologically based 

weed management systems and should allow the development of cropping systems with 

reduced external inputs and .site-specific weed management practices (Bond and Grundy 

2001; Johnson et al. 1995; Lindquist et al. 1998; VanWychen et al. 2002; Wyse-Pester et 

al. 2002 ). hi addition, results from these experiments may allow weed managers a more 

thorough understanding of the spatial aggregation and stability of weed populations.
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CROP ROTATION, SEQUENCE, AND INPUT LEVEL INFLUENCE WILD OAT 
(Avenafatua) AND REDROOT PIGWEED (Amaranthus retroflexus) TEMPORAL

POPULATION DYNAMICS

Summary

The adoption of low-extemal-input (LEI) cropping systems and diversified crop 

rotations has necessitated the refinement of weed management practices within these 

systems. The objective o f this study was to achieve a greater understanding of the 

temporal dynamics of intentionally established (planted) annual weed populations over a 

four-year transition period in response to no-tillage crop production practices, crop 

rotation, crop sequence within rotations, and input levels. Crop rotation and associated 

weed management practices (input levels) in herbicide treated areas played a dominant 

role in the differences observed in seedling densities of wild oat (Avenafatua) and 

redroot pigweed (Amaranthus retroflexus) between systems. Crop rotation and crop 

sequence played a relatively smaller role in affecting weed density when decoupled from 

corresponding chemical weed management practices. Initial entry point into the crop 

rotation also had a profound influence on the dynamics of the weed population in some 

instances over the time period o f this study. In the reduced (RED) input systems, crop 

diversity in rotations and associated management practices facilitated the management of 

wild oat and redroot pigweed even when herbicide inputs were reduced compared to 

. inputs in the conventional (CONV) systems. These findings support the premise that 

weed populations can be successfully managed with reduced inputs through knowledge



of the interaction between agronomic practices (crop rotation, input levels, weed 

management practices) and corresponding effects on weed population dynamics.

Introduction

The driving force behind changes in small grain production strategies in the 

Canadian prairies and northern Great Plains (NGP) of the US has been the adoption of 

conservation tillage strategies (Zentner et al 2001). To a lesser degree these changes in 

tillage patterns have been accompanied by the development of alternative cropping 

systems. In general, the goals of these alternative systems are to increase diversity in ■ 

crop rotations, reduce off-farm input costs (herbicide, fertilizer, tillage costs, etc.), and 

sustain or increase farm profitability. In part, improving annual precipitation use 

efficiency and utilizing benefits of diverse crop rotations to reduce pest management and 

fertility inputs have contributed towards the success of these strategies.

Refinement and optimization of agronomic practices and crop rotation strategies 

for LEI cropping systems has been a rapidly expanding area of research as improved 

cropping systems are being widely adopted (Porter et al 2003). Development of diverse 

and alternative cropping systems in the NGP has been a challenge due to annual 

limitation in precipitation and the lack of market infrastructure for crops other than for 

wheat and barley. However, recent studies have demonstrated increased productivity of 

crops such as canola (Brassica napus), yellow mustard (Sinapis alba), pea {Pisinn 

sativum), lentil {Lens culinaris), and sunflower (Helianthus annuus},, and others when 

grown in rotation with small grains and under no-till production practices in the NGP 

(Miller et.al. 2001; Zentner et al. 2002). The challenge for weed scientists has been to

15
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meet the corresponding need for information concerning viable weed management 

practices within these systems (Derksen et ah 2002). Increasingly, weed scientists are 

also interested in understanding how weed management practices affect ecological 

processes that influence weed population dynamics in LEI systems (Davis and Liebman

2003).

In recognition of these issues in the dryland wheat producing areas of the NGP, 

researchers at Montana State University submitted a proposal to the USDA Special 

Grants Program that was funded beginning in 1997 with the following research 

objectives:

1. ) Evaluate pest management techniques using selected crop sequences and tillage

systems on large experimental blocks representative of different farming regions 

in Montana.

2. ) Investigate the interaction o f crop rotation and tillage systems with beneficial and

pest insects, the presence and impact of plant pathogens, weed species community 

composition, and the physical and biological properties o f soils.

3. ) Determine the economic profitability, potential for marketing the alternative crops

produced, and the environmental benefits o f diversified cropping systems.

Crop yield and quality, beneficial and damaging arthropod dynamics information, crop 

pathogen studies, and economic analyses resulting from this project were presented 

elsewhere (Project Leader: Andrew Lenssen, Sustainable Pest Management in Dryland 

Wheat Production Annual Reports 2000-2003). Here, I present data on weed population 

temporal dynamics across a range o f cropping systems from the same Special Grant 

project. This is only one component of a larger group of crop production factors that
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must be simultaneously considered when evaluating risk.associated with the adoption of 

an alternative cropping system.

Over the past decade, numerous studies have been conducted to examine the 

effects of crop rotations on weed populations .(Barberi et al, 1997;. Ball arid Miller 1993;. 

Blackshaw 1994; Bullock 1992; Kegode et al 1999; Liebman and Dyck 1993). However, 

few studies have investigated the role of input levels and crop sequences within rotations 

on weed management specific to the NGP region (Blackshaw et al. 2001; Thomas et al. 

2001; Ulrich et al. 2001). Even less research has separated the effects o f crop diversity 

and associated weed management practices on weed population dynamics (Doucet et al. 

1999). The overall goal of this study was to. quantify the temporal population dynamics 

of key weed species during the transition period from a cropping system with little crop 

diversity managed with tillage and high levels of off-farm inputs to a diversified no

tillage cropping system with reduced levels of off-farm inputs. The specific objectives 

were to assess the effects of crop rotation, and crop sequence within rotations, coupled 

with management intensity (input level) on weed population temporal dynamics by 

quantifying changes in weed seedling densities over time.

Materials and Methods

Site Description and Field Experimental Design

The effects of crop rotation, crop sequence, and input levels on temporal weed 

population dynamics were measured as part o f a cropping systems experiment located in 

Fergus County in central Montana. This large (14. 9 ha) cropping systems study (one
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location o f the USDA Special Project, Sustainable'Pest Management for Dryland Wheat 

Production, P .I. Dr. Gregory D. Johnson, MSU Department of Entomology) was initiated 

in the spring of 1999 near Moore, MT. The intent o f the USDA Special Project as 

discussed above was to monitor long-term (12 yrs) changes in crop productivity and pest 

population dynamics in response to changes in cropping systems. These changes 

included transitioning to no-till crop production from tillage-based systems and 

diversification of traditional small grain crop rotations. The research presented here 

represents the first four years (2000-2003) of weed ecology studies at the site.

The treatment structure was developed through collaboration o f local 

conventional and organic small grain producers and Montana State University- 

Agriculture Experiment Station staff and researchers. The project was established in a 

local producer’s field that had been part of a small grain/fallow cropping system for 

several decades prior to the initiation of the project. Historical weed management in this 

field.had primarily been accomplished through the use of tillage and herbicide inputs. ■

The research site is located at an elevation of 1281 m and the mean annual 

temperature is 5.5 C. Limiting resources for crop production in the area were soil type 

and annual precipitation. The soil type at the experimental site was a Judith clay loam 

with moderate slopes of 4 to 8 %. This soil type is a typical Mollisol found in Montana 

on high elevation benches and terraces and is productive, but tends to be shallow to 

gravel. The site was well drained and crop growth can be subject to drought stress during 

the growing season. Conversely, because of the shallow nature of the soil profile, 

adequate soil moisture recharge can generally be expected over months when crop 

growth is not present in the field (personal communication, Dave Wichman).



The research site is typical of the intermediate precipitation zones in the state of 

Montana. Growing season precipitation at the site from 2000 to 2003 is presented in 

Table 3.1. Average annual precipitation at the location is 350 to 400 mm with 

approximately 50 % of the total occurring during the months of May to July. Over the 

duration o f this study, precipitation during these three months was well below normal 

ranging from 10-45 % below 50 yr averages. A more typical precipitation pattern for this 

location occurred only during the spring and summer of 2001.

Table 3.1. Growing season precipitation (mm) by month (April -September) for Moore, 
MT from 2000-2003. Precipitation data Were recorded by an automated Campbell 
Scientific CRlOX weather station located at the site.

Year ______________ Month____________

______________April May June July Aug. Sept.________ Six-Month Total

---------------- Precipitation (mm) —------------

19

2000 . 23 28 59 48 4 31 193

2001 27 12 130 35 6 49 259

2002 42 31 54 29 83 48 287

2003 79 ' 64 43 3 27 30 246

The experimental design of the study was a randomized complete block with a 

split plot treatment arrangement and three replications. Whole plot treatments were crop 

within a given rotation and subplots were input levels. Whole plots were 0.08 ha (29.3 m 

by 30.5 m) in size, which were subdivided into two 14.6 m wide by 30.5 m long subplots.
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All phases o f all crop rotations were present in each year.of the study. Crop rotations and 

input levels are described in detail below. Detailed agronomic information including 

crop seeding rates and dates and type and date of herbicide applications in each of the 

cropping systems/rotations from 1999-2003 is presented in Appendix A.

Input Level

Two different levels o f production inputs, a conventional (CONV) input system 

and a reduced (RED) input system, were compared in this study. The concept of a 

reduced input system does not imply lower levels of management, but rather a reduction 

in or substitution of externally purchased inputs such as herbicides and fertilizer resulting 

in reduced costs to the producer. Crop rotations were managed under each of these 

scenarios to form a split plot design.

In the CONV input system, pesticides and fertilizers were used as recommended 

based on local best management practices. Herbicide applications typically utilized 

commercially available tank-mixes for dicot and monocot weed control depending on the 

crop type and were applied at full-labeled rates. Seeding dates and rates for the crops 

were based on past experience of growers in the region and were chosen to maximize 

yield.

The objective of the RED input system was to reduce herbicide use relative to that 

in the CONV system. Thus there was a shift in the focus of this system to more integrated 

methods of weed management with greater reliance on cultural techniques as opposed to 

solely relying on expensive chemical methods. The RED input system was also designed 

to reduce input costs and thereby increase net returns. In general, eliminating selective
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monocot control herbicides in the small grain phases o f the crop rotations reduced 

herbicide costs. Later crop seeding dates may decrease the density of early emerging 

weed seedling cohorts (that offer greatest competition to the crop) and thereby reduce the 

need for in-crop herbicide applications. Therefore, crops in the RED input system were 

seeded at later dates (target dates were 10-14 days after CONV dates) and at-a 1.5 X 

seeding rate o f that in the CONV system to supplement weed management.

Crop Diversity

Five unique cropping systems were proposed for the site and were initiated in the 

spring of 1999. Weed population dynamics were monitored in four of the five crop 

rotations. Each o f the four cropping systems of interest was made up o f a 4-yr sequence 

of crop species. Crop sequences within a given rotation were changed to optimize 

production within the different input levels (Table 3.2).

The Small Grain Rotation (SGRAIN) was a no-till small grain based rotation and 

was representative o f common crop/fallow rotations utilized by growers in the area The 

crop rotation in the CONV input system was spring wheat-winter wheat-barley-chemical 

fallow. The rotation in the RED input system was spring wheat-winter wheat-barley

spring sown Austrian winter pea/green manure. This rotation represented the standard 

above which crop diversity was increased in the alternative crop rotations.

The Alternate Year Rotation (ALT) was a no-till continuous, cropping rotation 

that was spring wheat based and consisted of small grain arid dicot crops grown in 

alternating years. In the CONV input system this rotation was spring wheat-field pea

spring wheat-canola. In the RED input system this rotation was barley-field pea-spring



wheat- glyphosate-tolerant canola. An advantage o f this rotation was that it had a 

limited number o f crops to manage and market and at the same time was more diverse 

than the standard SGRAIN rotation.

2 2 .

Table 3.2. Cropping systems and corresponding 4 yr crop rotations in the conventional
and reduced input systems at the Moore, MT, experimental location. a_______________
Cropping System

■Input Level

Conventional (CONV) Reduced (RED)

Small Grain (SGRAIN) . spring wheat spring wheat
winter wheat winter wheat
barley barley
chemical fallow spring AWP/GM

Alternate (ALT) ■ spring wheat barley
field pea field pea
spring wheat spring wheat
canola ht canola

Stacked(STACK) barley barley
spring wheat spring wheat
field pea spring AWP
canola ht canola

Pre-plant Tillage (TILL) spring wheat barley
winter wheat winter wheat
field pea field pea
canola ht canola

a Abbreviations: ht canola, herbicide tolerant canola (glyphosate tolerant); spring AWP, 
spring sown Austrian winter pea; CM, green manure.

The third crop rotation was the Stacked Rotation (STACK), which was also a no
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till continuous crop rotation that consisted of small grains and dicot crops each grown for 

two successive years. This rotation in the CONV input system was barley-spring wheat- 

field pea-canola. This rotation in the RED input system was barley-spring wheat-spring 

sown Austrian winter pea-glyphosate-tolerant canola. The advantage o f this type of 

rotation may be that through doubling the interval between small grain and dicot crop 

types, weed populations may not be able to adapt to specific crops thus maintaining a 

diversity o f weed biotypes present at low population densities. The disadvantage of this 

type of rotation was the lack of prior knowledge about what types o f crops should be ■ 

“stacked” to maximize, benefits and that back to back monocot and dicot components at 

just 2-yr intervals have been reported to be not long enough to result in marked pest 

management benefits (personal communication, Dwayne Beck).

. The Pre-Plant Tillage (TILL) rotation was similar to the STACK rotation except 

that pre-plant bumdown applications of glyphosate were replaced by a pre-plant tillage 

operation for weed control and crop seedbed preparation. This rotation was spring wheat- 

winter wheat-field pea-canola in the CONY input system and barley-winter wheat-field 

pea-glyphosate tolerant canola in the RED input system. It was included in the study to 

provide an additional contrast- (tillage) to the three no-tillage rotations described above.

Weed Subplot Design

The framework for study of weed population dynamics within the overall design 

of the experiment described above was established in late September 1999. Within every 

split plot of the above rotations two sets of weed subplots were established (Figure 3.1). 

Both sets consisted of the same four weed species with one set of plots established inside
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the main body, of the plot -and the other set positioned in an untreated check strip with 

dimensions of 3.3 by 7.3 m. The four weed species established were redroot pigweed, 

common lambsquarters {Chenopodium album), Persian darnel {Lolium persicum), and 

wild oat. These four species were chosen for establisliment because visual observations 

and soil seed bank samples taken during the summer of 1999 at the beginning of the 

study before weed seeds were planted indicated that there were very low background 

populations of these species present at the site. Greenhouse germination methods were 

used to quantify the number of viable seeds in the soil cores obtained from the site (Ball 

and MiUer 1989; Forcella 1992). Values of less than 1.0 seeds m.'2 of wild oat and 5 

seeds m"2 of pigweed'were quantified for the site. No seeds of common lambsquarters or 

Persian darnel were found in the Soil core samples taken from the site. On the basis of ' 

these results, each species was established in separate 0.84 m2 plots. The weed sub-plots 

were established by planting each of the four weed species at a density o f 600 seeds m'2 

by scattering the seed on the soil surface and gently raking. These plots were 

permanently marked by staking two comers of each plot with fluorescent polypropylene 

“road markers” attached to a spike and driven into the ground to a depth of approximately 

10 cm.

Herbicide ,Treated and Untreated Areas

The four weed sub-plots were established twice in each large plot with one set of 

the sub-plots positioned in an untreated area measuring 3.3 by 7.3 m and the other set of 

four weed sub-plots placed within the main treated area of the larger plot (Figure 3.1).

The weed subplots in the untreated areas received no in-crop herbicide treatments over



the duration of the study. The weed sub-plots in both the untreated and treated area of the 

larger plots allowed for separation of rotation effects from weed control (herbicide 

treatments) effects on the weed species seedling densities. The four species were planted 

close enough so that they did intermix with time, particularly in the untreated areas. The 

mixing of weed species may have created some level of interspecific competition, but 

with randomization o f the position of each species within the plots the competition 

influence was considered neutralized.
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= 0.84 m- seeded 
weed 
subplots

Untreated 
Control Area

14.6 m
Figure 3.1. Experimental design of weed subplots established in the split plots in 
September 1999.

Weed Population Assessments

Weed sub-plots were reestablished in the spring of 2000 and each subsequent year 

through 2003 and weed seedling density counts were taken by placing a 0.25 m2 ring in 

the center of the subplot in the exact same position each year, except in the SGRAIN 

rotation where seedling density counts were taken using methods described in Chapter 4
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of this dissertation. These methods resulted in the same type and structure of data 

obtained in the SGRAIN rotation as in the other three crop rotations. Regardless of 

sampling method, seedling densities were quantified in each of the four subplots 

representing each of the seeded weed species and were made prior to any postemergence 

herbicide applications in the treated areas. In general, seedling counts in the untreated 

areas were made within one to three days of when the corresponding counts in the treated 

areas were taken. These counts were made annually in the same locations through 2003 

and depending on the rotation and crop species present were made, in May and the first 

half of June.

Statistical Analysis

Wild oat and redroot pigweed population dynamics, two of the seeded weed 

species, were assessed as representative of the typical response o f a monocot and a dicot 

weed in the cropping systems. These two species exhibited the least variable 

establishment across the input levels and associated crop rotations, in terms of a monocot 

and dicot weed respectively, of the four established species. Wild oat and redroot 

pigweed mean densities m'2 and standard errors over the three replications were 

compared across the cropping systems. Weed seedling count data for the wild oat and 

redroot pigweed populations were subjected to a modified Levene’s test (Neter et al. 

1996) to assess homogeneity o f error variances within years and between years. The data 

passed this test. These data were then analyzed by a repeated measures (between- 

subjects) ANOVA over years using the generalized linear models'(GLM): REPEATED 

subroutine of SAS® 8.1 to examine differences in weed seedling density between the four



cropping systems/ rotations. This type of ANOVA is appropriate where data are taken on 

the same subjects repeatedly over a period of time. Standard ANOVA procedures were 

not suitable because these data violate the assumption of independence since density 

counts were taken from frames located in the exact position each year.

Results and Discussion
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The overall objective of this study was to determine the effect that different 

cropping systems and rotations had on newly established weed populations. Management 

effects on wild oat and redroot pigweed seedling densities were evident from 2000-2003. 

The repeated measures analysis of variance (Table 3.3) indicated that weed seedling 

densities m"2 of both wild oat and redroot pigweed (Tables 3.4 and 3.5) were significantly 

impacted by cropping system/rotation, the input level within the crop rotation, and 

whether or not the weed population was located in the treated or untreated area of the 

plot. A significant interaction among the crop sequences within a given crop rotation on 

the temporal dynamics of the populations was also identified for both wild oat and 

redroot pigweed.

Wild oat and redroot pigweed densities varied dramatically over crop rotations 

and input levels in response to management practices when data were combined over 

starting points in each respective crop rotation.’ In general, wild oat densities in all the 

crop rotations (Table 3.4) were much higher than redroot pigweed seedling densities 

(Table 3.5). The highest wild oat initial seedling densities occurred in the ALT rotation 

followed by those in the STACK and SGRAIN rotations. The lowest wild oat seedling 

densities occurred in the TILL rotation. The same pattern was evident in the redroot



pigweed density data although initial densities were always lower (~ 10-40 seedlings m '2) 

compared to wild oat seedling densities.
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Table 3.3. Summary of repeated measures ANOVA main effects results for wild 
oat and redroot pigweed seedling densities after 4 yrs. Differences were considered to be . 
significant when P < 0.05. (ROT= rotation, INP = input level, TU = treated or untreated 
area o f plot, SEQ =crop sequence within a rotation)

Source • Factor d f MSE F P

Wild oat density m '2
ROT 3 21.9 2.03. 0.001
INP I 25.3 0.54 0.11
ROT*INP I 17.5 2.31 0.007
TU . I 38.7 ; 7.90 0.0001
ROT*SEQ .3 14.3 1.12 0.03

Redroot pigweed density m '2
ROT 3 . 14.4 3.20 0.004
INP I 24.8 0.69 0.15
ROT*INP I 18.2 3.45 0.01
TU I 29.3 6.25 0.0001
ROT*SEQ 3 , 14.9 0.98 0.04

Crop Rotation and Input Level Effects

The relative response o f the populations of each species to management 

treatments was determined by calculating the slope of the trajectory o f the populations 

over time (Tables 3.6 and 3.7). These slopes were then used as a means to compare the 

effect of the different crop rotations and input levels in both the treated and untreated 

areas of the plots.



Table 3.4. Mean wild oat seedling densities m"2 combined over starting points in each crop rotation in the CONV and RED input
systems in both the herbicide treated and untreated areas of plots from 2000-2003.

Year Rotation Conventional Reduced

Treated Untreated. Treated Untreated

2000 ALT 94 70 - 108 62
STACK ' 75 74 64 59
TILL 40 44 14 46
SGRAIN 50 55 45 68

2001 ALT 46 91 68 86
STACK 40 83 50 77'

. TILL 20 46 12 53
SGRAIN . 45 59 35 75 '

2002 ALT 26 105 ■ 30 102
STACK 33 92 45 80
TILL 14 55 12 58
SGRAIN 55 ■ 75. 25 88

2003 ALT 18 130 ■ 24 120
STACK 29 105 38 80 -
TILL 10 70 10 75
SGRAIN . 65 85 45 98

^Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation.



Table 3.5. Mean redroot pigweed seedling densities m'2 combined over starting points in each crop rotation in the CONV and RED
input systems in both the herbicide treated and untreated areas of plots from 2000-2003.

Year Rotation Conventional Reduced

Treated Untreated Treated Untreated

2000 ALT 21 15 ■ 24 13
STACK 23 15 29 13
TILL 10 16 14 13
SGRAIN 15 12 12 • 9

2001 ALT 11 25 . 26 19
STACK 15 23 17 20
TILL 5 13 11 18
SGRAIN 12 15 8 12

2002 ALT . 10 29 12 ■ 31
STACK 10 28 15 21
TILL 6 17 8 25
SGRAIN • . 8 18 ■ 10 20

2003 ALT 6 34 8 31 '
STACK 9 31 11 24
TILL 4- 21 10 26
SGRAIN 7 20 ■ 15 18

^Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation.
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Across the four cropping systems at both the CONV and RED input levels wild 

oat and redroot pigweed seedling densities generally decreased in the treated areas over 

time (negative slopes) (Table 3.6). Exceptions to this Were the positive wild oat 

population growth (positive slopes) documented in the SGRAIN rotation from"2001-2003 

in the CONV input system and in the RED input system from 2002-2003. Positive 

redroot pigweed population growth also occurred in the RED input system of the 

SGRAIN rotation from 2001-2003 (Table 3.7). The most dramatic decreases in the wild 

oat and redroot pigweed seedling densities occurred between 2000-2001 in most cases, or 

I yr after establishment of the populations. Over time, decreases in the populations ’ 

slowed as indicated by the lower magnitude of the negative slope values for the 

population trajectories.

Across the four cropping systems at both the CONV and RED input levels wild 

oat and redroot pigweed seedling densities increased in the untreated areas over time as 

indicated by the positive slopes of the population trajectories. Gradual yearly increases in 

the wild oat and redroot pigweed densities were observed in the untreated areas as few 

significant differences in the slopes of the population trajectories were determined 

between years for a given crop rotation/system.

Over time the impact of each of the main effects of crop rotation and input level 

on the wild oat and redroot pigweed population trends were summarized in Tables 3.8 

and 3.9. The direction of overall temporal population dynamics for each species for the 

duration of the study was based on slopes of the population trajectories over time. In both 

the CONV and RED input systems the alternative rotations (ALT, STACK, and TILL) 

reduced wild oat seedling densities compared to that of the SGRAIN rotation, where



Table 3.6. Slopes of the trajectories for the wild.oat populations in each crop rotation in the CONV and RED input systems for both
the herbicide treated and untreated areas of plots over transition periods from 2000-2003.

Rotation Conventional Reduced

Treated Untreated Treated Untreated '

ALT
00-01 -48 c B 21 a A . -40 b B 24aA
01-02 -20 b A 14 a A -38 b C 16 a A
02-03 . -8 a B 25 a A -6 a B 18 aA

STACK
00-01 -35 b.C 9 aA -14 b B 18b A
01-02 -7 a B 9 aA -5 aB 3 a A
02-03 -4 a C 14 a A -7 aC ' 0, aB

TILL
00-01 -20 b C 2 aB -2 aB 7 aA
01-02 -6 a B 9 b A . 0 a AB 5 a AB
02-03 -4 a B 15 c A -2' a B 21b A

SGRAIN
00-01 -5 b B 4 b A -10 b C 7 b A

• 01-02 10 a A 16 a A -10 bB 13aA
02-03 10 aB IOaB 20 a A IOaB

"Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation. 
bMeans within a row for a rotation followed by the same uppercase letter are not significantly different according to Fischer’s 
protected LSD at P = 0.05. Means within a column for a rotation followed by the same lowercase letter are not significantly different 
according to Fischer’s protected LSD at P = 0.05.



Table 3.7. Slopes of the trajectories for the redroot pigweed populations in each crop rotation in the CONV and RED input systems
for both the herbicide treated and untreated areas of plots over transition periods from 2000-2003.

Rotation Conventional Reduced

Treated Untreated Treated Untreated

ALT
00-01 - I ObC . IObB 2 aA 6 b B
01-02 -I a C 4 aB -14 c D / 1 2 c  A
02-03. -4 a C 6 ab A -4 b C 0 aB

STACK
00-01 . -8 b B 8 a A -12 b B 7 b A
01-02 -5 ab B 5 a A - I  a B I a A

"02-03 - I a B 3 a A -4 a B 3 ab A

TILL '
00-01 -5 b B -3 b B . -3 b B 5 b A
01-02 I aB 4 a A -3 bC 7 b A
02-03 -2 a B 4 a A ' 2 aA I aB

SGRAIN
00-01 -3 a B 3 a A . -4 b B 3 b A
01-02 -2 aC 3 a B 2 aB 8 aA
02-03 -I a B 2 aA 5 "a A -2 c B

^Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation. 
bMeans within a row for a rotation followed by the same uppercase letter are not significantly different according to Fischer’s 
protected LSD at P = 0.05. Means within a column for a rotation followed by the same lowercase letter are not significantly different 
according to Fischer’s protected LSD at P = 0.05.



T a b le  3 .8 . R e sp o n se  (p o s it iv e  o r  n e g a tiv e )  o f  w ild  o a t te m p o ra l p o p u la tio n  d y n a m ic s  a v e ra g e d  o v e r  fo u r y ea rs  o f  th is  s tu d y  in  each
ro ta tio n  in  re sp o n se  to  th e  C O N V  an d  R E D  in p u t sy s te m s  in  b o th  th e  h e rb ic id e  tre a te d  an d  u n tre a te d  a reas  o f  p lo ts .

Rotation Conventional Reduced

ALT

Treated Untreated

+

Treated Untreated

+

STACK - 4- - +

TILL 4- - +

SGRAIN + + 0 +

"Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation; 
+, increasing population; -, decreasing population; 0, no change in population.



T a b le  3 .9 . R e sp o n se  (p o s it iv e  o r  n e g a tiv e )  o f  re d ro o t p ig w e e d  tem p o ra l p o p u la tio n  d y n a m ic s  av e rag e d  o v e r fo u r y ea rs  o f  th is  s tu d y  in
e a ch  ro ta tio n  in  re s p o n se  to  th e  C O N V  an d  R E D  in p u t sy s tem s  in  b o th  th e  h e rb ic id e  tre a te d  and  u n tre a te d  a reas  o f  p lo ts .

Rotation Conventional Reduced

ALT

Treated Untreated

H-

Treated Untreated

+

STACK H- - +

TILL H- - +

SGRAIN + + +

^Abbreviations: ALT, Alternate rotation; STACK, Stacked rotation; TILL, Pre-Plant Tillage Rotation; SGRAIN, Small Grain rotation; 
+, increasing population; -, decreasing population
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positive wild oat population growth was observed in the CONV input system and where a 

flat response in the population dynamics o f wild oat was quantified in the RED input 

system of the SGRAIN rotation (Table 3.8). This is an indication that the added crop 

diversity and the wild oat management options that this diversity affords in these 

alternative rotations, with respect to the SGRAIN rotation, has facilitated the successful 

management of the established wild oat populations over time. As was hypothesized, in 

the untreated areas of both input systems, the response of wild oat populations is always 

positive for all of the crop rotations/systems.

For the redroot pigweed populations, in both the CONV and RED input systems 

the alternative rotations (ALT, STACK, and TILL) reduced pigweed seedling densities 

equal to that of the SGRAIN rotation, except where positive pigweed population growth 

was quantified in the RED input system of the SGRAIN.rotation (Table 3.9). Redroot 

pigweed growth was always positive in the untreated areas of both input systems for all 

of the crop rotations/systems.

Crop Sequence Within Crop Rotation Effects

Combining the weed temporal dynamics data over the different starting points of 

the crop rotations was useful to describe the general impact of the main effects of crop 

rotation, input level, and herbicide treatments on the weed populations of both species 

over time. This approach, however, may result in a loss of information about ,specific 

crop sequences within the crop rotations that potentially has important weed management 

implications. Therefore, another objective o f this study was to examine what role, the 

entry point into a rotation and subsequent crop sequence of that rotation had1 on the newly 

established weed populations over time. The experimental design o f this project was
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such that each phase of each rotation was implemented during the initial year of the 

project, which resulted in each phase of each rotation being present in subsequent years’ 

The power o f this design was used to separate the influence o f entry point/crop sequence 

from the main effects of crop rotation and input level.

The repeated measures ANOVA indicated that in some instances a significant 

interaction between the crop sequences within a given crop rotation on the temporal' 

dynamics o f the populations occurred for both wild oat and redroot pigweed populations. 

These interactions only occurred in the weed populations in the treated areas of the plots. 

No significant rotation by sequence interactions were determined for either the wild oat 

seedling data or redrootpigweed seedling data in the untreated weed populations. In the 

untreated areas, in the absence of weed management through the use of herbicide

applications, the populations of both species increased independently o f crop sequence
)

within a crop rotation.

In the CONV input system of the ALT rotation (Figure 3.2) the canola-spring 

wheat-pea-spring wheat rotation sequence and the pea-spring wheat-canola-spring wheat 

rotation sequence resulted in lower wild oat seedling densities in 2001 than the other two 

crop sequences that had spring wheat starting points. Of these two crop sequences, only 

in the canola-spring wheat-pea-spring wheat rotation did wild oat seedling densities 

remain low for the duration o f the rotation sequence. Interestingly, in 2002, the pea- 

spring wheat-canola-spring wheat rotation sequence resulted in the highest wild oat 

seedling densities, but declined again in 2003. In 2003 the spring wheat-pea-spring 

wheat-canola crop sequence had the highest wild oat seedling densities of the four 

possible sequences after four years of this study.
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Figure 3.2. Wild oat seedling density prior to POST herbicide applications each year under 
contrasting crop sequences in the treated areas of the conventional and reduced input 
treatments of the ALT rotation. Vertical bars represent ± one standard error of the mean of 
three replicates. Crop type abbreviations are the following: spring wheat (sw), field pea (p), 
canola (c), barley (b), herbicide-tolerant canola (htc).
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In the RED input system of the ALT rotation (Figure 3.2) two crop sequences 

resulted in significantly lower wild oat seedling densities in 2001 compared to the two 

other crop sequence possibilities in the rotation. These two crop sequences were the pea

spring wheat-herbicide-tolerant canola-barley sequence and the herbicide-tolerant canola- 

barley-pea-spring wheat crop sequence. Similar to the results in the CONV input system 

of this rotation, the highest wild oat seedling densities in 2001 were in the sequences with 

small grain starting points. Results indicate that after 2001 a pattern emerges in the wild 

oat populations that is indicative of successful wild oat management in the dicot crop 

(population drops) followed by subsequent management failure (population spikes) in the 

small grain phases of the rotation sequences. '

In the CONV input system of the STACK rotation (Figure 3.3) the canola-barley

spring wheat-pea rotation resulted in significantly higher wild oat seedling densities 

compared to the other three crop sequences over the four year duration o f this study.

Only in 2001 in the spring wheat-pea-canola-spring wheat crop sequence did wild oat 

densities approach those of the canola-barley-spring wheat-pea sequence.

Similar to the ALT rotation, two crop sequences in the RED input system of the 

STACK rotation (Figure 3.3) resulted in significantly higher wild oat seedling densities 

compared to the other two crop sequence possibilities in the rotation in 2001. These two 

sequences were the barley-spring wheat-Austrian winter pea-herbicide-tolerant canola 

sequence and the spring w heaf Austrian winter pea-herbicide-tolerant canola-spring 

wheat sequence. Wild oat densities remained significantly higher for the duration of the 

rotation only in the barley-spring wheat-Austrian winter pea-herbicide-tolerant canola

sequence.
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Figure 3.3. Wild oat seedling density prior to POST herbicide applications each year, 
under contrasting crop sequences in the treated areas of the conventional and reduced 
input treatments of the STACK rotation Crop type abbreviations are the following: spring 
wheat (sw), field pea (p), canola (c), barley (b), herbicide-tolerant canola (htc), Austrian 
winter pea (spring seeded) (awp).
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Figure 3.4. Redroot pigweed seedling density prior to POST herbicide applications each year 
under contrasting crop sequences in the treated areas of the conventional and reduced input 
treatments of the ALT rotation. Vertical bars represent ± one standard error of the mean of 
three replicates. Crop type abbreviations are the following: spring wheat (sw), field pea (p), 
canola (c), barley (b), herbicide-tolerant canola (htc).



The significant effect of crop sequence in the CONV input systems of both the 

ALT and STACK iotation may be the result of wild oat establishing well in a particular 

crop (spring wheat and barley) and surpassing a threshold density where the population 

can be maintained or increase in density over time despite subsequent herbicide 

treatments in the rotational crops. These results also suggest that the in-crop herbicide 

treatments specifically targeting wild oat in the small grain phases of the crop rotations 

were not an effective means of long-term suppression of wild oat populations even if 

these applications did effectively reduce crop yield impacts during that particular 

growing season. Potential reasons for this phenomenon are unclear, but lack of control 

by the postemergence herbicides may be in part attributed to poor environmental 

(drought) conditions that can decrease herbicide activity. In the RED input treatments of 

the ALT and STACK rotations significant effects of crop sequence on wild oat seedling 

densities were anticipated because no in-crop graminicides (Appendix A) were used in 

the small grain phases of the-RED input systems. Eliminating the use of selective 

monocot herbicides in the RED input systems had the intended effect of decreasing 

inputs and therefore costs, but also led to increases in wild oat densities the year 

following the small grain crop. •

There were no significant rotation by sequence effects in the TILL rotation for the 

wild oat populations. This result was likely because of the combined effects of tillage 

and herbicide serving to suppress the wild oat populations and indicates that the preplant ' 

tillage utilized in this crop rotation/system is negatively impacting wild oat populations 

more than the chemical weed management practices solely employed in the no-till crop 

rotations/systems. Early cohort monocots that emerge after glyphosate bumdown
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applications,, but prior to crop planting up to the time of crop emergence may be the 

greatest weed management challenge in no-tillage small grain production systems, this 

may be in part be due to these plants escaping mortality at planting and then adequately 

developing to survive postemergence herbicide applications and thus produce seed which 

contributes to future generations.

Only in one instance across the four crop rotations/systems and two input levels 

was there a significant interaction effect of crop sequence on redroot pigweed densities. 

This interaction occurred in the RED input system of the ALT rotation (Figure 3.4) where 

the pigweed density in the four crop sequences again displayed a type of phase shift 

behavior with higher redroot pigweed seedling densities occurring after dicot phases of 

the crop rotations followed by decreased densities following the small grain phases of the 

crop sequences. The general reduction of redroot pigweed seedling densities over years 

and lack of crop sequence effects within rotations across all crop rotations/systems may 

have occurred because effective dicot herbicides were used in both the CONV and RED 

input systems in all crops whenever possible (Appendix A).

Management Implications

, The objective of this study was to achieve a greater understanding of the temporal 

dynamics of the newly established (planted) weed populations in response to crop 

rotation, crop sequence within rotations, and input levels. It was evident that crop 

rotation and associated weed management practices (input levels) in the herbicide treated 

weed populations played a role in the significant differences observed in seedling 

densities for both species between systems and over time. This finding is similar to that
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of Liebman and Dyck (1993) who concluded that crop rotations made up Of crop species 

of varying types with varying management practices could be effective weed 

management tools. Chemical weed management practices within both the CONV and 

RED input levels of the rotations in this study appear to be major management factor 

driving these results. Results of this study reinforce the importance of why crop rotation 

diversification has long been acknowledged as a crucial practice in any type of integrated 

weed management plan and also why more diverse crop rotations in the NGP should be 

promoted, assuming specific other crop production factors can be resolved. The range of 

weed management options that a diverse crop rotation affords can be tailored to meet the 

specific needs'of land managers to address a specific weed management concern. For 

example in this study, management of wild oat, which is notoriously difficult to control in 

continuoits small grain/fallow rotations in the NGP, was significantly improved through 

the addition of the dicot crops to the alternative rotations in this study; This allowed for 

the use of effective herbicide applications in the dicot phases of the rotations that 

negatively impacted the wild oat populations. The benefit of crop rotation, from a weed 

management perspective, is the ability that it gives growers to develop a weed 

management plan that enables them to use alternative weed management strategies and 

practices that target a specific weed species or life history stage of a particular weed 

species (Anderson 2004).

Conversely, crop rotation in the absence of chemical weed management played a 

much smaller role in the dynamics of the weed populations in the untreated areas of this, 

study. This finding is similar to those of other studies (Davis and Liebman 2003; Doucet 

et al. 1999; Legere et al. 1997; Thomas et ah 1996), where crop rotation and crop
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sequence played a relatively small role in influencing weed density when decoupled from 

corresponding, weed management practices. This represents a significant hurdle in the 

development of LEI input systems and organic production systems that must be 

overcome if weed management in these systems is to be practical. It is also indicative of 

the further research needed to develop effective weed management practices in these 

systems. The cultural weed management practices utilized in this study, such as delayed 

crop planting and increased crop seeding rates, in the absence of chemical weed 

managements practices did not reduce the densities of either wild oat or redroot pigweed 

in this study. Even if weed densities are held at a low equilibrium with cultural practices, 

the populations have a significant chance to increase without the added mortality from 

herbicide applications. If chemical weed management inputs are to be reduced, even 

more cultural mechanisms need to be introduced to suppress weed populations to further 

curb the risk of adopting reduced input systems to an acceptable level.

Results of this study also suggest that initial starting point or entry point into the 

rotation can have a profound influence on the dynamics of the weed population over the 

period of a rotation. For example, when a wild oat population was established in the 

herbicide-tolerant canola phase of the RED input ALT rotation, this population decreased 

dramatically after that establishment year and as a result was lower over the duration of 

the rotation compared to when a population was established in spring wheat phase of that 

same rotation. This highlights the importance of having an in-depth understanding of the 

potential effects that a particular crop sequence may have on a given weed population. 

Crop rotations are critical for breaking up cycles of weed population growth and 

suppressing weed densities throughout the rest of the rotation. This finding would



facilitate the management of specific problem species if growers were more aware of the 

potential benefits of specific crop sequencing.. Perhaps equally important is an 

understanding of what crop sequences should not be used, and would only serve to 

exacerbate a weed management problem.

The results of this study underscore the importance and power of long-term' 

cropping systems studies, however difficult or costly they are to manage and maintain, to 

determine the effect of past management history on future weed population temporal 

dynamics. This study also highlights the need for continued investigation into 

ecologically based weed management strategies as optimization of LEI systems continues 

across the region. A powerful finding of this study was that weed populations in systems 

that rely on more integrated methods of weed control coupled with a reduction in off- 

farm inputs (herbicides) could be successfully managed. In the RED input systems, crop 

diversity in rotations and associated management practices facilitated the management of 

the wild oat and redroot pigweed in this study when herbicide inputs were reduced 

compared to inputs in the CONV systems, but even the RED input systems remained 

reliant on chemical weed management practices.

These results suggest that it is possible to mange specific weed problem with an 

understanding of the interplay between crop rotation, crop sequence, and input level.. 

Undoubtedly, this will require more time and energy on the part of the grower to be put 

into crop and weed management tasks. However, if the current trend towards the 

development of LEI input cropping systems continues, there may well be incentives, both 

economic and environmental, for the grower to manage according to LEI objectives. The 

risk of adopting a similar cropping system to one of the alternative systems described
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here and managing it with a given level of inputs is dependent on a wide array of 

production factors specific to individual growers. We have demonstrated, however, some 

positive weed management attributes of the cropping systems in this study that may be 

further fine-tuned as part of an individual’s crop production strategy. This will enable a 

grower to develop crop rotation strategies with a given level of inputs facilitating the 

design of a suite of weed management tools that are both effective and profitable.

It is clear from this study that more diversified crop rotations can improve weed 

management in reduced-tillage small grain production cropping systems. We found, 

however, that reliable Weed mortality offered by herbicides is important to add to the less 

reliable weed suppression offered by cultural weed management practices. Variability in 

weed population response to cultural practices emphasizes the requirement to express 

these results as general principles rather than as prescriptions of specific rotations or 

weed management practices. Certainly, within the range of weed population variation in 

response to these systems, it is possible that the weed species that we studied could be 

managed with reduced or even no herbicide inputs. Thus, there may be sites or years 

where, under particular crop rotations and sequences, these reduced cost systems could be 

implemented with minimal risk of future weed management problems. However, site- 

specific and improved Icnowledge of weed behavior in response to cultural practices will

be crucial for risk reduction.
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MANAGEMENT INTENSITY EFFECTS ON WEED POPULATION SPATIAL
AND TEMPORAL DYNAMICS

Summary

Methods that simultaneously characterize the spatial and temporal dynamics of 

weed populations are needed to facilitate understanding of the impacts of weed, 

management on a given weed population. This study characterized the effects of three 

different cropping system input levels (conventional, reduced, and organic) on the spatial 

and temporal dynamics of intentionally established (planted) populations of wild oat, 

Persian darnel, and redroot pigweed. Complete seedling density census maps were used 

to quantify the changes in temporal dynamics (5N/5t) and changes in spatial dynamics 

(5n/5t) for each of these populations in the different cropping systems/input levels over a 

period of four years. Input level influenced both the temporal and spatial dynamics of the 

weed populations, but the magnitude of this influence varied by weed species. We found 

that independent of input level (conventional, reduced, or organic), increased crop 

diversity in crop rotations and including fallow years, whether managed chemically or 

through the use of a green manure Cropi had the effect of suppressing the density and 

spatial extent of all three of the weed species populations. Methods were developed to 

graphically depict the simultaneous spatial and temporal dynamics of a weed population. 

Our results suggest that plotting values of 5N/5t and 5n/5t for a weed population and 

their two dimensional standard errors over a given management period in a plane with 

axes of 5N/5t and 5n/5t will provide a spatial and temporal signature of a weed



population. This signature may allow general prediction of behavior of weed populations 

in response to different cropping systems and weed management approaches over time.
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Introduction .

Many studies in the ecology literature have documented the range of temporal and 

spatial characteristics that plant communities may exhibit. Entire books have been 

devoted to the study and characterization of patterns that develop in plant communities 

over time and space (Dale 2000). Conversely, relatively little is Icnown about the 

temporal and spatial dynamics of weed species in agricultural fields (Cousens and 

Mortimer 1995). Linking temporal and spatial dynamics of agricultural weeds to be 

predictive about future population dynamics is fundamental to ecologically based weed 

management (Colbach and Debaeke 1998).

Our understanding of the response of weed population dynamics to management 

is improving. Blackshaw et al. (1994) and Thomas et al. (2001) have documented the 

effects of environment, crop rotation, and tillage intensity on weed species community 

structure in the NGP. Others have described the importance and effects of management 

on weed community spatial structure (Cardiria et al. 1995; Dieleman et al. 2000;

Lindquist et al. 1998; Mortensen et al. 1993). Gonzalez-Andujar et al. (2001) suggest that 

understanding and integrating the spatial and temporal distribution of weed populations 

in response to management has become increasingly important in the study of weed 

ecology. An additional value of studying the linlc between spatial and temporal weed 

dynamics and weed management is an improved understanding of the processes



influencing invasion under relatively simplified agricultural environments. Application 

of weed population dynamics models to make management decisions is also dependent 

on integrating the effects of agronomic processes into various types of models.

Few field studies, however, have quantified population dynamics of weed species 

at scales appropriate to test hypotheses about which ecological processes are thought to 

be important drivers of the observed dynamics (Rew and Cousens 2001). Controlled 

experiments designed to identify specific processes that regulate populations are needed. 

Thus, the overall goal of this study was to examine the effect of different cropping 

systems including weed management techniques on the spatial and temporal dynamics of 

weed populations by collecting detailed full census weed seedling densities over time and 

space. We realized that an important first step was to identify methods of data analysis 

that would elucidate underlying processes of weed colonization and local naturalization. 

Thus, the first objective of the study was to identify metrics useful for simultaneously 

describing the temporal and spatial dynamics of weed populations. The second objective 

was to compare the spatial and temporal population dynamics of key weed species 

between cropping systems that had contrasting weed management practices and varying 

levels of weed management inputs in a controlled cropping system field experiment. 

Finally, we examined in detail the specific case of wild oat (Avenafatua) temporal and 

spatial dynamics in a conventional input system compared to its dynamics in an organic 

input cropping system.
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Materials and Methods

Site Description and Field Experimental Design

The effects of weed management treatments on temporal and spatial weed 

population dynamics were measured as part of a cropping systems experiment located in 

Fergus County in central Montana. This large (14. 9 ha) cropping systems study (one 

location of the USDA Special Project, Sustainable Pest Management for Dryland Wheat 

Production, PT. Dr. Gregory D. Johnson, MSU Department of Entomology) was initiated 

in the spring of 1999 near Moore, MT. The intent of the USDA Special Project was to 

monitor long-term (12 yrs) changes in crop productivity and pest population dynamics in 

response to changes in cropping systems. These changes included transitioning to no-till 

or organic crop production from conventional tillage systems and diversification of 

traditional small grain based crop rotations.' The research presented here represents the 

first four years (2000-2003) of weed ecology studies at the site and is specific to one of 

the cropping systems initiated at the location.

The treatment structure was developed through collaboration of local 

conventional and organic small grain producers and Montana State Uniyersity-Bozeman 

Experiment Station staff and researchers. The project was established in a local 

producer’s field that had been conventionally farmed with tillage arid inputs (pesticides 

and fertilizers) as part of a small grain -  fallow cropping system for several decades prior 

to the initiation of the project. A detailed description of the location is given in Chapter 3 •



of this dissertation.'

The experimental design of this study was a randomized complete block with a 

split plot treatment arrangement and three replications. Whole plot treatments were crop 

within a given rotation and subplots were input levels. Whole plots were 0.08 ha (29.3 X 

30.5 m) in size, and subdivided into two 14.6-m-wide by 30.5-m-long subplots. Halfof 

these subplots were then split in half again (7.3-m-wide by 30.5-m-long) to 

accommodate the organic cropping systems treatments. All phases of all crop rotations 

were present in each year of the study. Crop rotations and input levels are described in 

detail below. Agronomic information including crop planting seeding rates and dates and 

type and date of herbicide applications for the cropping system/rotations is presented in 

Appendix A.

Input Level

Tlrree different levels of production inputs, a conventional (CONV) input system, 

a reduced (RED) input system, and an organic (ORG) input system were compared in this 

study. The concept of a reduced input system does not imply lower levels of 

management, but rather a reduction in externally purchased inputs (herbicides and 

fertilizers)- resulting in reduced costs to the producer. Similarly, organic treatments were 

not “organic by neglect”, but rather designed by local organic growers and reflected a 

typical organic crop rotation and management practices common to the region. The crop 

rotations were managed under each of these scenarios forming the split plot design.

In the CONV input system pesticides and fertilizers were used as recommended 

based on local best management practices. Herbicide applications in this system typically
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utilized commercially available tank-mixes for dicot and monocot weed control 

depending on the crop type and were used at full-labeled rates. Seeding dates and 

seeding rates for the crops were based on past experience of growers in the region and 

designed to maximize crop yield.

The objective of the RED input system was to reduce herbicide use from that in 

the CONV system by strategically using herbicides. When herbicides were used, the full- 

labeled rate was applied. Thus there was a shift in the focus in this system to more 

integrated methods with greater reliance on cultural weed management techniques as 

opposed to solely relying on chemical methods. The RED input system was also 

designed to reduce input costs. In general, eliminating monocot control herbicides in the 

small grain phases of the crop rotations reduced expensive herbicide use. Later seeding 

dates may increase the potential to manage more weed seedling cohorts and thereby 

reduce the need for in-crop herbicide applications. Therefore, crops in the RED input 

system were seeded at later dates (target seeding dates were typically 14 days later than 

in the CONV system) and at a 1.5 X rate than in the CONV system to supplement weed 

management.

The ORG input level was developed by collaborating with local organic growers 

to develop weed'management systems that are non-chemical in nature. It included an 

Austrian winter pea/green manure crop for nitrogen fertility management in the crop 

rotation as a replacement for chemical fallow and mechanical tillage was relied on for 

weed control. The mechanical tillage was utilized prior to crop seeding to both establish 

a seedbed for planting the crops and to control any emerged weed seedlings. Similar to 

the RED input system, crops in the ORG system were seeded at later dates (again target
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seeding dates were typically 14 days later than in the CONV system) and at a 1.5 X rate 

than in the CONV system to supplement weed management.

Crop Diversity

Spatial and temporal dynamics of weed populations were monitored across three 

input levels of the Small Grain Rotation (SGRAIN) at the experimental location. This 

rotation was a small grain based rotation and was representative of common crop 

rotations utilized by growers in the area. The four-year crop sequences within the 

rotation were changed to optimize production across the different input levels (Table 4.1). 

The crop rotation in the CONV input system was spring wheat-winter wheat-barley- 

chemical fallow. The rotation in the RED input system was spring wheat-winter wheat- 

barley- spring sown Austrian winter pea/green manure. The ORG input system crop 

rotation was spring wheat-lentil-barley-fall sown Austrian winter pea/green manure.

Table 4.1. Four-year crop rotations in the conventional, reduced, and organic input 
systems of the SGRAIN rotation at the Moore, MT, experimental location.a___________
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Cropping System

------------------------------ Input Level---------

Conventional (CONV) Reduced (RED) Organic (ORG)

Small spring wheat spring wheat spring wheat
Grain winter wheat winter wheat lentil
(SGRAIN) barley barley barley

chem fallow spring AWP/GM fall AWP/GM
a Abbreviations: chem. fallow, chemical summer fallow; spring AWP, spring sown 
Austrian winter pea/green manure; fall AWP, fall sown Austrian winter pea/green 
manure
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Weed Subplot Design

The framework for study of weed population dynamics within the overall design 

of the experiment described above was established in late September 1999. . Within every 

split plot of the above rotations two sets of weed subplots were established (Figure 4.1). 

Both sets consisted of the same four weed species with one set of plots established inside 

the main body of the plot and the other set positioned in an untreated check strip with 

dimensions of 3.3 in by 7.3 m. The four weed species established were redrOot pigweed, 

common lambsquarters (Chenopodium album), Persian darnel (Lolium persicum), and 

wild oat. These four species were chosen for establishment because visual observations 

and soil seed bank samples taken during the summer of 1999 at the beginning of the 

study before weed seeds were planted indicated that there were very low background 

■ populations of these species present at the site. Greenliouse germination methods were 

used to quantify the number of viable seeds in the soil cores obtained from the site (Ball . 

and Miller 1989; Forcella 1992). Values of less than 1.0 seeds m "2 of wild oat and 5 

seeds in'2 of pigweed were quantified for the site. No seeds of common lambsquarters or 

Persian darnel were found in the soil core samples taken from the site. On the basis of 

these results, each species was established in separate 0.84 m2 plots. The weed sub-plots 

were established by planting each of the four weed species at a density of 600 seeds m"2 

by scattering the seed on the soil surface and gently raking. These plots were 

permanently marked by staking two comers of each plot with fluorescent polypropylene 

“road markers” attached to a spike and driven into the ground to a depth of approximately

10 cm.



Herbicide Treated and Untreated Areas
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The four weed sub-plots were established twice in each large plot with one set of 

the sub-plots positioned in an untreated area measuring 3.3 by 7.3 m and the other set of 

four weed sub-plots placed within the main treated area of the larger plot (Figure 4.1). 

The weed subplots in the untreated areas received no in-crop herbicide treatments over 

the duration of the study. By establishing the weed sub-plots in both the untreated and 

treated area of the larger plots the effects of chemical weed control (herbicide treatments) 

on the weed species seedling densities could be separated from the effects of crop 

rotation and crop sequence within rotations. However, in the ORG system tillage for 

weed management could not be eliminated from the control areas.

Conventional Reduced
Input
pea/green
manure

Input
summer
fallow

Organic 
winter pea / 
green manure

I  = 0.84 m2 
seeded 
weed 
subplots

^Untreated 
Control Areas3.0 m

Weed Grid
14.6 m 7.3 m 7.3 m

Figure 4.1. Example of the experimental design and sampling procedure of weed 
subplots established in SGRAIN cropping system in September 1999.
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Weed Population Assessments

The area sunounding the weed sub-plots was reestablished in the spring following 

weed emergence in 2000 and each subsequent year through 2003. Weed and crop 

seedling density counts were taken by placing a 3 m X 7.3 m grid (0.09m2/grid cell) 

constructed of PVC pipe and nylon string over the delineated area each year. Total weed 

and crop seedling densities were quantified for each cell of this grid resulting in a total 

mapped area of 240-0.09m2 cells (Figure 4.1). In general, seedling counts in the 

untreated areas were made within one to three days of when the corresponding counts in 

the treated areas were taken. Depending on the rotation and crop species present seedling 

density counts were made in May and the first half of June.

Statistical Analysis

Complete seedling density census maps were used to quantify the changes in 

seedling density (SN) in each cell of the grid and change in spatial extent was calculated 

as the change in grid cells occupied (Sn) from one census to the next. Common 

lambsquarters had very low initial establishment and therefore was removed from this 

analysis.

Values of 5N/5t (temporal dynamics) and SiVSt (spatial dynamics) were 

calculated for the remaining three established weed species across all three input levels 

. and all entry points in the crop rotations. A modified Levene’s test was used to assess 

homogeneity of variances for both variables within and between years (Neter et al. 1996). 

Both variables passed this test. These data were then.subjected to split-plot analysis of 

variance using the PROC ANOVA sub routine of SAS® 8.1. Treatments were separated 

based on Fisher’s protected LSD test at P=O.05. Mean values of 5N/5t and 5n/5t over



the three replications were compared both within input levels across years and within 

input levels across entry points in the crop rotations for the weed populations established 

in both the untreated and treated areas of the plots.

Results and Discussion
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One objective of this study was to develop a method of describing the temporal 

and spatial dynamics of the newly established weed populations that would allow the best 

estimates of weed population behavior in response to different cropping systems and 

corresponding weed management approach. The complete census density maps of the 

area surrounding the weed subplots were used to calculate values of 5N/5t (change in 

weed seedling density-temporal dynamics) and 5n/5t (change in area occupied by weed 

seedlings-spatial dynamics) for the weed populations in the mapped area. These metrics 

were useful in characterizing the dynamics of the weed populations.

Temporal Dynamics

We hypothesized that CONV input systems would have lower weed population 

growth rates (5N/5t) than the RED input system and that the RED input system would 

have lower weed population growth rates than the ORG system. We tested the null 

hypothesis that there would be no difference in the values of SN/St"across the input levels 

for the different species.

Mean values of 5N/5t for wild oat populations.in the treated areas over the three 

transition periods (2000-2003) of both the CONV and RED input systems were all



positive (populations were growing) with one exception (Table 4.2). This one exception 

was the wild oat population that was established in the chemical fallow entry point of the 

CONV crop rotation in 2000, which had a negative value of-0.07 for that first transition 

period. Values of 5N/5t were similar between the two input systems for the wild oat 

populations. '
I

Based on these results we could not reject the null hypothesis that there was no 

difference in the change in density of wild oat over time between the CONV and RED 

input systems. These positive values indicate that all wild oat populations within these 

two systems are generally increasing in density over time despite the fact that in the 

CONV input system these populations are being actively managed with monocot 

herbicides on a yearly basis. Large decreases in value of 5N/5t were only quantified in 

the chemical fallow-spring wheat transition in the CONV input system and in the 

Austrian winter pea/green manure-spring wheat in the RED input, system. This was an 

indication that, in general, only in one out of four years of these crop rotations that the 

management strategy was having the intended effect of suppressing the wild oat seedling 

densities. Even when the populations were suppressed, the values of 5N/5t remained 

positive except in the 2000-2001 chemical fallow-spring wheat transition period of the 

CONV input level.

Increases in the density of wild oat were also evident in the untreated areas of the 

CONV and RED input systems (Table 4.3) and were likely due to the absence of in-crop . 

herbicide treatments. However, similar to the treated areas of the RED input system the 

largest negative impact on wild oat density was again due to the inclusion of the Austrian 

winter pea/green manure phase in the crop rotation. The effect of growing a cool season
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Table 4.2. Mean values o f 5N /5t for wild oat populations in the CONV and RED input treatments over four entry points o f SGRAIN
rotation. Values are for populations in the treated area o f  the plots over three transition periods.

Input Level3 2000-2001 2001-2002

5N/5t

2002-2003

Conventional

SW-WW 0.35 A a 0.12 B b 0.24 A a

X

024
WW-B 0.45 A a 0.16 B b 0.14 B a 025
B-F 0.62 A a 0.46 A a 0.22Ba . 0.43
F-SW -0.07 Ab O.lOBb ■ ■ 0.05 B b 0.03

X 0.33 0.21 0.16

Reduced

SW-WW 0.45 A a 0.21 B b 0.21 Bb 0.29
WW-B 0.46 A a . 0.52 A a 0.27 B b 0.41

' B-SAWP/GM 0.23 B b 0.21 B b 0.41 A a 028
. SAWP/GM-SW 0.10 B c 0.11 B c 0.25 Ab 0.15

X 0.31 0.26 02:9

^Abbreviations: SW, spring wheat; W W , winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05. Means within a Column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected.LSD at P = 0.05.



Table 4.3. Mean values o f 5N /5t for wild oat populations in the CONY, RED and ORG input treatments over four entry points o f
SGRAIN rotation. Populations represent those in the untreated area o f the plots.

Input Level 2000-2001 2001-2002 2002-2003

Conventional - X

SW-WW 0.31 B b 0.57 A a 0.51 A a 0.46
WW-B 0.21 C b 0.35 B be 0.52 Aa 0.36
B-SF 0.31 B b 0.45 Ab ' 0.45 A a 0.40
SF-SW . 0.48 B a 0.48 B b 0.58 A a - 0.51

X 0.32 0.46 0.51
Reduced

SW-WW 6.51 A a 0.31 B a 0.24 C a 0.35
WW-B 0.35 Ab OJlAa 0.21 B a 0.29
B-SAWP/GM 0.26 Ab 0.15 B b 0.25 Aa 0.22
SAWP/GM-SW 0.15 A c 0.11 A b 0.05 B b 0.10

X 0.31 0.22 0.18
Organic

SW-LEN -0.06 B b 0.10 Ab 0.15 A a 0.06
LEN-B 0.24 A a 0.25 A a 0.21 A a 0.23
B-FAWP/GM 0.28 A a 0.15Bb -0.04 C b 0.13
FAWP/GM-SW -0.10 Bb 0.10 A b -0.05 B b -0.01

X 0.09 0.15 0.06

"Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; SAWP/GM* spring sown Austrian winter pea/green manure;
LEN, Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.bMeans within a row for an input level followed by the same uppercase
letter are not significantly different according to Fischer’s protected LSD at P = 0.05. Means within a column for an input level followed by the
same lowercase letter are not significantly different according to Fischer’s protected LSD at P = 0.05.



broadleaf crop and terminating this crop as a green manure with timely tillage appeared 

to have the desired effect of reducing wild oat seedling densities the following year in the 

spring wheat crop.

Dramatic decreases in the values of 5N/5t for the wild oat populations in the 

QRG treatments were quantified (Table 4.3). The effect of the green manure phase of the 

rotation is evident, but also the effect of late-planted barley is evident in the previous 

transition sequence and appeared to be minimizing wild oat population growth. This 

created two high mortality conditions in the wild oat populations in a four-year rotation. 

Conversely, years when spring wheat and lentil were grown seem to increase the wild oat 

population growth rate. Based on these results we can conclude that there is a difference 

in wild oat growth rates between input systems and it is opposite of what we had 

originally hypothesized. Values of 5N/5t tend to be lower in the ORG system than in the 

CONV and in some phases of rotations are lower than values in the RED input systems. 

These results also suggest that the role of tillage in managing wild oat should not be 

underestimated and that tillage may be impacting the wild oat populations more so than 

herbicide applications that were used for weed management in the no-till systems/input 

levels.

Similar dynamics were quantified in the Persian darnel populations (Tables 4.4 

and 4.5). Values of 5N/5t were higher than those for the wild oat populations, especially 

in the untreated areas of the plots (Table 4.5). Again including a chemical fallow phase 

in the ,CONV input system and the Austrian winter pea/green manure year in the RED 

input system had the effect of suppressing the Persian darnel populations, but only for 

that transition sequence. After these phases of the rotations, the populations tended to
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Table 4.4. M ean values o f 5N /5t for Persian darnel populations in the CONY and RED input treatments over four entry points of
SGRAIN rotation. Values are for populations in the treated area o f the plots over three transition periods.

Input Levela 2000-2001 2001-2002 .

- 5>j/5t

2002-2003

Conventional X

SW-WW 0.41 A a 0.05 C c 0.15 B b 0.20
• WW-B 0.25 A b 0.21 Ab 0.11 Bb ■ 0.19

B-F 0.21 C b 0.38Ba 0.49 A a 0.36
F-SW -0.12 B c -0.10 B d 0.10 Ab -0.04

X 0.19 0.13 0.85

Reduced

SW-WW 0.48 A a 0.38 B a 0.11 Ce 0.32
WWdB 0.38 Ab 0.36 A a 0.39 Aa 0.37
B-SAWP/GM 0.28 A c 0.25 Ab 0.25 A be 0.26
SAWP/GM-SW 0.21 A c 0.05 B c 0.14 Ac 0.13

X 0.33 0.26 0.22

“Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed by  the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.5. M ean values o f 5N /5t for Persian darnel populations in the CONY, RED and ORG input treatments over four entry points
o f SGRAlN rotation. Populations represent those in the untreated area o f the plots.

Input Level 2000-2001 2001-2002 2002-2003

' 5N/5t
Conventional X

SW-WW 0.41 B a 0.66 A a 0.65 A a 0.57
. WW-B 0.35 C a 0.48 B b 0.70 A a 0.51

B-SF 0.36 A a 0.48 A b 0.52 Ab 0.45
SF-SW 0.49 B a 0.49 B b 0.65 A a 0.54

X 0.40 0.52 0.63
Reduced

SW-WW 0.45 A a 0.21 B a 0.15 Bb 0.27
WW-B 0.21 A b 0.24 A a 0.31 A a 0.25
B-SAWP/GM " 0.25 A b 0.21 A a . 0.21 A a 0.22
SAWP/GM-SW. 0.05 B c 0.10 A b -0.05 B c 0.10

X 0.24 0.19 0.15
Organic

SW-LEN 0.16 Ab 0.07 B b 0.19 Ab 0.14
LEN-B 0.35 A a 0.24 A a 0.31 A a 0J0
B-FAWP/GM 0.15 A b 0.10 Ab 0.1 IAb 0.12
FAWP/GM-SW -0.15 A c -0.08 A c -0.08 A c -0.10

X 0.12 0.08 0.13

^Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; SAWP/GM, spring sown Austrian winter
pea/green manure; LEN,. Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different.according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.6. Mean values o f  5N /5t for redroot pigweed populations in the CONV and RED input treatments over four entry points o f
SGRAIN rotation. Values are for populations in the treated area o f the plots over three transition periods.

Input Level3 2000-2001 2001-2002

ShFdt

2002-2003

Conventional
-

X

SW-WW 0.11 Ab 0.08 A b 0.05 A a . 0.08
WW-B 0.12 A b 0.05 Ab 0.06 A a 0.07

‘ B-F 0,28 A a 0.46 A a 0.11 B a 0.28
F-SW -0.12 B c -0.10 B c 0.05 A a -0.05

X 0.13 0.12 0.06

Reduced

SW-WW 0.16 A a 0.15 A a 0.15 Aa 0.15
WW-B 0.05 Ab 0.11 A a 0.11 A a 0.09

■ B-SAWP/GM 0.25 A b 0.06 B a 0.12 B a 0.14
SAWP/GM-SW 0.03 A b -0.01 Ab 0.01 A b ' 0.01

X 0.12 0.07 0.09

Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different'according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.7. M ean values o f 5N /5t for redroot pigweed populations in the CONY, RED and ORG input treatments over four entry
points o f SGRAIN rotation. Populations represent those in the untreated area o f the plots,

Input Level 2000-2001 2001-2002 2002-2003

5N/5t
Conventional X

SW-WW 0.11 B b 0.25 A b 0.24 A a 0.20
WW-B 0.25 B a 0.41 A ab 0.25 B a R30
B-SF 0.35 B a 0.48 A a 0.31 Ba 0.38
SF-SW 0.25 B a 0.51 A a 0.28Ba 0.35

X 0.24 0.41 0.27
Reduced

SW-WW 0.24 A a 0.21 Ab 0.25 Aa 0.23
WW-B 0.31 A a 0.35 A a 0.26 A a 0J0
B-SAWP/GM 0.25 B a 0.41 B a 0.21 B a 0.29
SAWP/GM-SW 0.41 A a 0.42 A a. 0.08 Bb 0J0

X 0.30 0.34 0.20
Organic

SW-LEN . 0.15 Bb 0.11 B b 0.31 A a 0.19
LEN-B 0.31 A a 0.28 A a 0.25 A a 0.28
B-FAWP/GM 0.28 A a 0.21 A a ■ 0.01 B b 0.16
FAWP/GM-SW -0.15 B c 0.25 Aa -0.08 B b 0.01

X 0.14 0.21 0.12

^Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; SAWP/GM, spring sown Austrian winter
pea/green manure; LEN, Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



increase in density again. In the ORG input system (Table 4.5), crop diversity and the 

associated management practices (tillage) had the intended effect of suppressing the 

Persian darnel populations, similar to the dynamics observed in the wild oat populations.

■Values of 5N/5t in the redroot pigweed populations were lower than for the two 

monocot weed species discussed above in the treated areas of the CONV and RED input 

systems (Table 4.6). Including the chemical fallow and Austrian winter pea phases was 

again beneficial, but the magnitude of the response in the redroot pigweed population was 

not as large. In the ORG input system (Table 4,7) values of 5N/5t are similar to those in 

treated areas of the CONV and RED input systems.

Spatial Dynamics

We hypothesized that CONV input systems would have lower weed population 

spatial growth rates (5n/5t) than the RED input system and that the RED input system 

would have lower weed population growth rates than the ORG system. The null 

hypothesis tested was that there would be no difference in the values of 5n/5t across the 

input levels for the different species. In general for each weed species, there were very 

few differences observed in the spatial growth rates over the three input levels.

Therefore, we cannot reject the null hypothesis after quantifying the spatial dynamics of 

these populations.

However, one pattern in the values 5n/5t was evident across all three input levels. 

Increased crop diversity and including fallow years, whether chemical or green manure, 

and independent of weed management approach (CONV, RED, or ORG) had the effect 

of decreasing the spatial extent of all three of the weed species (Tables 4.8-4.13).
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Table 4.8. M ean values o f 5n /5t for wild oat populations in the CONV and RED input treatments over four entry points o f SGRAIN
rotation. Values are for populations in the treated area o f  the plots over three transition periods.

Input Level" 2000-2001 2001-2002' 2002-2003

Conventional

SW-WW 15 A a
WW-B 12 A a
B-F 8 A a
F-SW -2 A b

X 8

Reduced

SW-WW - 17 A a
WW-B 11 A a
B-SAWP/GM 5 B b
SAWP/GM-SW -5 A C

X 7

5n/5t

x

10 A a 9 A a 11
12 A a 11 A a 12
9 A a 10 A a 9
-21
3

C b -12 B 
5

b -12

10 A a 15 A a 14
8 A a 12 A a 10
15 A a 15 A a 12
-2 A b -7 A b -5
8 9

^Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans w ithin a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.9. Mean values o f 5n /5 t for wild oat populations in the CONV, RED and ORG input treatments over four entry points o f
SGRAIN rotation. Populations represent those in the untreated area o f the plots.

Input Level 2000-2001 2001-2002

X i-,/ x t

2002-2003

Conventional X

SW-WW 10 A b 8 A b 12 A a 10
WW-B 5 B be 15 A a 10 AB a 10
B-SF . 15 A ab . 15 A a 5 B ab 12
SF-SW 20 A a 12 B a 9 B a 14

X 13 13 9
Reduced

SW^WW 15 A a 10 A a 10 A a 12
WW-B 5 B b 16 A a 11 AB a 11
B-SAWP/GM 11 A ab 10 A b 9 A a 10
SAWP/GM-SW I A C -5 B C - 8 B b -4

X 8 8 6
Organic

SW-LEN 12 A a 10 A a 11 A a 11
LEN-B 15 A a 10 A a 15 A a 13

' B-FAWP/GM .5 A b -2 B b . -5 B b -I
. FAWP/GM-SW - 8 B C -8 A b -5 A b -7

X 6 3 4

A bbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; SAWP/GM, spring sown Austrian winter
pea/green manure; LEN, Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P -  0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.10. Mean values o f 5n/5 t for Persian darnel populations in the CONV and RED input treatments over four entry points o f
SGRAIN rotation. Values are for populations in the treated area o f the plots over three transition periods.

Input LeveT 2000-2001

Conventional

SW-WW 9 A a
WW-B 2 A b
B-F 5 A b
F-SW I A b

X 4

Reduced

SW-WW 5 A a
WW-B 4 A a
B-SAWP/GM 3 A a
SAWP/GM-SW -5 A a

X 2

2001-2002 2002-2003

-  5n/5t---------- -------------------

x

4 B a 11 A a 8
5 A a 5 A a 4
3 A a 5 A a 4
-10 B b -5 AB ab ■ -5
I 4

5 A a 5 A b 5
4 A a 10 A a 6
3 A a -5 B C 0
-5 A a -2 A be -4
2 2

“Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P =.0.05. Means within a column for an input level followed by the same lowercase letter are not significantly
different according to Fischer’s protected LSD at P -  0.05.



Table 4.11. M ean values o f 5n /5t for Persian darnel populations in the CONV, RED and ORG input treatments over four entry points
o f  SGRAIN rotation. Populations represent those in the untreated area o f the plots.

Input Level 2000-2001 2001-2002 2002-2003

----:----------------------— 5n/5t-------------------------------
Conventional x

SW-WW 15 A a 20 A a 16 A a 17
WW-B 5 Ab 8 ' Ab 15 A a 9
B-SF 15 A a 15 A a 7 A a 12
SF-SW 18 A a 12 A ab 16 A a 15

X  ' . ; 13 14 14
Reduced

SW-WW . 5 A ab 5 A a 11 A a • 7
WW-B 10 A a 10 A a 8 A a 9
B-SAWP/GM. 5 A ab 11 A a 5 A ab 7
SAWP/GM-SW -2 Ab . -7 Ab -5 Ab r5

x- 5 5 5
Organic

SW-LEN 15 A a 5 B a 10 AB a 10
LEN-B . 6 Ab 5 A a 4 Ab 5
B-FAWP/GM 5 Ab 7 A a 5 Ab 6

■ ' FAWP/GM-SW I Ab -4 Ab -2 A c -2
X I 3 4

Abbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; SAWP/GM, spring sown Austrian winter pea/green manure;
LEN, Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s protected LSD
at P = 0.05.1 Means within a column for an input level followed by the same lowercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05.
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Table 4.12. M ean values o f 5n/St for redroot pigweed populations in the CONV and RED input treatments over four entry points o f
SGRAIN rotation. Values ,are for populations in the treated area o f the plots over three transition periods.

Input LeyeT 2000-2001 2001-2002 2002-2003

5n/5t

Conventional x

SW-WW 5 A a 7 A a 12 A a 8
WW-B 7 A a -2 B b 10 A a 5
B-F 12 A a 12 A a 5 . B ab 10
F-SW 5 A a -8 B b -15 B b -6

X 7 2 3

Reduced

SW-WW 12 A a 15 A a 9 A a 12
WW-B 5 A b I A. C 8 ' A a 5
B-SAWP/GM 5 A b  . 7 A b 5 B a 6
SAWP/GM-SW 5 B b -2 B C 12 A a 5

X I 5 9

A bbreviations: SW, spring wheat; WW, winter wheat; B, barley; F, chemical fallow; AWP/GM, spring sown Austrian winter
pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s
protected LSD at P = 0.05. Means within a column for an input level followed-by the Same lowercase letter are not significantly
different according to Fischer’s protected LSD at P = 0.05.



Table 4.13. M ean values o f 5n /5t for redroof pigweed populations in the CONY, RED and ORG input treatments over four entry
points o f SGRAIN rotation. Populations represent those in the untreated area o f the plots.

Input Level 2000-2001 2001-2002 2002-2003

5n/5t
Conventional X

SW-WW 10 A a 10 A a 12 A a 11
WW-B 8 A a 15 A a 15 A a 13
B-SF 8 A a 7 A a 5 A b " 7

■ SF-SW 9 A a 15 A a 2 B b 9
x 9 12 ' 9
Reduced

SW-WW 8 ' A a 4 A a 7 A a 6
WW-B 5 A a 7 A a 8 Aa 7
B-SAWP/GM 4 B a 7 B a 12 A a 8 ■

• .SAWP/GM-SW 5 A a -3 B h -2 Bb 0
. X 6 4 6

Organic
SW-LEN 12 A a 5 . ABa 8 A a 8
LEN-B 7 A ah 5 A a I l A a 8
B-FAWP/GM 5 B b 8 B a ■15 Aa 9
FAWP/GM-SW -4 B c 7 A a . -2 Bb 0

X 5 6 8

<1
LO

LEN, Lentil; FAWP/GM, spring sown Austrian winter pea/green manure.
bMeans within a row for an input level followed by the same uppercase letter are not significantly different according to Fischer’s protected LSD 
at P = 0.05. Means within a column for an input level followed by the same lowercase letter are not significantly different according to Fischer’s 
protected LSD at P -  0.05.



Otherwise the populations tended to grow in space unchecked before and after these • 

respective crop phases in each of the input levels in both the treated and untreated areas 

of plots. It appeared that the spatial growth rate for all species in the untreated areas, 

especially within the CONV system, was greater than the spatial growth rate in the 

herbicide treated areas of plots. Visual observation of the plot areas would support this 

conclusion because it appeared that, independent of total density, the weed species in the 

untreated areas generally occupied a larger area than in the corresponding treated areas of 

plots.

Likely due to the nature of their dispersal mechanisms, Persian darnel and redroot 

pigweed did not grow spatially as fast as wild oat (smaller values of 5n/5t). Persian 

darnel is a shorter plant and most of the seeds shatter out to the ground prior to harvest 

potentially reducing the impact of dispersal by means of harvesting equipment. Most of 

the redroot pigweed at the site tends to be. small in stature due to the combined effects of 

a short growing Season and delayed planting of crops' in the RED and ORG input 

systems. Again this would suggest that a large proportion of redroot pigweed seed is 

unaffected by harvesting operations and therefore has limited dispersal. Field ' 

observations of redroot pigweed seedlings often growing up through the skeletons of the 

previous year’s plants support this conclusion.

Combining Spatial and Temporal Dynamics

The final objective of this study was to develop a method for comparing the 

temporal and spatial dynamics of a given population simultaneously. We suggest that 

plotting points and their two dimensional standard error over time in a plane with axes of
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5N/5t and 5n/5t will provide, a spatial and temporal signature of a weed population that 

may allow general prediction of behavior in response to different cropping systems and 

weed management approaches. Although the behavior of a population will rarely be 

predicted exactly on the 5N/5t by 5n/5t plot, a population under certain dominant- 

stresses from management or the environment is likely to settle in particular regions of 

the graph. Thus, regions of the plot form areas of attraction rather than weed populations 

converging on an equilibrium point in the plot. The area of these figures can be divided 

into four quadrants: an area of increasing temporal and spatial growth rates (upper right 

quadrant), an area of decreasing temporal and increasing spatial growth rates (lower right 

quadrant), an area of decreasing temporal and spatial growth rates (lower left quadrant), 

and an area of increasing temporal and decreasing spatial growth rates (upper left 

quadrant). By determining which of these quadrants the different populations fall within 

at any given time, a sense for the combined temporal and spatial dynamics and stability 

of the populations as affected by cropping system treatments can be gained. If a species 

has a high fate of dispersal and naturalizes in each grid cell, the map will become fully 

occupied in a short time and the dynamics will collapse into vertical shifts along the 

vertical line corresponding to zero on the x-axis. Thus, it is the dynamics prior to full 

occupation of the mapped area that will be crucial to identifying a signature for a 

particular system.

. We plotted the combined spatial and temporal dynamics of wild oat in the CONV 

and ORG input systems to determine the stability of the populations and mean response 

of these two variables and their associated variances to cropping system treatments over 

the duration of our study (Figures 4.2-4.5). The different entry points in the rotations

75



have resulted in markedly different dynamics for the wild oat populations in each of the 

two systems.

It has often been noted that there are always weeds present in organically- 

managed fields, but that these populations are somehow different than populations in 

conventionally managed fields. Anecdotal evidence suggests that weed populations 

growing in fields managed with organic practices tend to exist at lower densities in a 

given area and that over time these populations become spatially diffuse over that given 

area. This is in contrast to weed populations of the same species observed growing in 

fields managed under conventional practices, which tend to form high-density patches in 

particular areas of fields over time. We tested the null hypothesis that there should be no 

difference in the temporal and spatial dynamics of wild oat between the two input 

systems. Figures 4.2-4.5 represent the combined temporal and spatial dynamics of the 

wild oat populations in the treated areas of the CONV input system compared to the wild 

oat populations in the ORG input system Each figure represents the traj ectories of these 

respective populations that were initiated in one of four entry points of the crop rotations.

We hypothesized that the entry point or crop and associated management in a 

rotation would determine the spatial and temporal behavior of a weed population. Figure 

4.2 represents the wild oat populations that were initiated in entry point one of the crop 

rotations. This corresponds to spring wheat in the CONV system and also spring wheat 

in the ORG system. Both populations generally fall within the upper right quadrant 

indicating wild oat populations that are increasing both over time and space. Only after 

the third transition period (year four of the study) did the population in the ORG system 

move out of the upper right quadrant to the lower left quadrant, an area of decreasing
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temporal and spatial population growth.. This was likely in response to the successful 

management of the late-seeded, highly competitive barley crop in that system. '

Figure 4.3 shows a much different trajectory of the wild oat populations. The 

populations in this second entry point in the rotation are generally decreasing over time 

and space after having been initiated in the winter wheat phase in the CONV input 

system crop rotation and in the lentil phase in the ORG input system crop rotation. Again 

this pattern of response would be indicative of successful management of wild oat in the 

barley and fallow phases of the crop rotations in both of the systems. Standard errors 

indicate large amounts of variability within these populations, especially in values of 

5N/5t.

Still another pattern is evident for the wild oat populations initiated in the third 

entry point of the rotations (Figure 4.4). These populations originate in the upper right 

quadrant of the graph indicative of rapid growth then shift dramatically down the spatial 

dynamic scale after the fallow phases of the rotations and then finally shift directly back 

to the upper right quadrant after the spring wheat phases of the rotations in both of the 

input levels.

■ Figure 4.5 depicts dynamics that are opposite of the dynamics of the second entry 

point in the crop rotations. After the populations are initiated in the chemical fallow and 

Austrian winter pea/ green manure phases of the respective crop rotations, their temporal 

and spatial growth rates increase with time.
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Figure 4.2. Combined temporal and spatial dynamics o f wild oat in the CONV and ORG input systems. CONV input crop sequence
was spring wheat-winter wheat-barley-chemical fallow. ORG input crop sequence was spring wheat-lentil-barley-fall Austrian winter
pea/green manure. Error bars represent ± one standard error about mean values for 5n/5t and 5N/5t for each transition period.
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Figure 4.3. Combined temporal and spatial dynamics o f wild oat in the CONV and ORG input systems. CONV input crop sequence
was winter wheat-barley-chemical fallow-spring wheat. ORG input crop sequence was lentil-barley-fall Austrian winter pea/green
manure-spring wheat. Error bars represent ± one standard error about mean values for 5n/6t and 6N/5t for each transition period.



0  = Organic
System

Transition Years

1 =2000-2001
2 =  2001-2002 
3 = 2002-2003

■  =  C o n v e n t i o n a l

S y s t e m I
055

I
!°o15fees

II
-04

-045
-05

-055
-06

-30-28-25-2*-22-20-18-16-14-12-10 -8 -6  4 - 2  0 2 4 6 8 1 0 1 2 1 4  16 18 2 0 2 2 2 4  26 28 30

chfct facial

Figure 4.4. Combined temporal and spatial dynamics of wild oat in the CONV and ORG input systems. CONV input crop sequence 
was barley-chemical fallow-spring wheat-winter wheat. ORG input crop sequence was barley-fall Austrian winter pea/green manure
spring wheat-lentil. Error bars represent ± one standard error about mean values for 5n/5t and 5N/5t for each transition period.
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Interestingly, and perhaps counter to what we originally hypothesized, the 

variability about the mean response of the two variables is less in the ORG system than in 

the CONV system. This is especially evident in the spatial measure of 5n/5t than in the 

density measure 5N/5t. Populations are more stable and potentially more predictable in 

the ORG treatments compared with the relatively unstable wild oat populations in the 

CONV systems that are characterized by a high degree of variability especially in the 

5N/5t measure. These results suggest that in fact there are differences in the behavior of 

the combined temporal and spatial dynamics of wild oat in the ORG system compared to 

the CONV system, just as many conventional and organic growers have long suggested.

Based on these results it is evident that the sequence of crops in a crop rotation 

can have lasting impacts on the temporal and spatial dynamics of weed populations, hr 

the future, an interesting question will be whether these dynamics become equilibrated 

and whether more of a signal response for each of the input levels becomes apparent, e.g. 

what quadrant will be occupied by the weed populations after the populations have 

moved out of an establishment phase and into more of a naturalization phase? Regardless 

of the answer to that question, the methodology developed here to graph simultaneous 

spatial and. temporal dynamics of a weed population appears to have utility in assessing 

the impacts of weed management practices on a given population

By integrating the positive attributes of each of these systems, we have the 

potential to develop cropping systems that have intrinsic abilities to suppress weed 

populations. For example, it is clear that including a broadleaf/green manure crop in 

small grain rotations as a replacement for traditional chemical fallow can have at least a 

similar or greater positive impact on weed populations by suppressing both the temporal
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and spatial growth rates of weed species, particularly for a grass species such as wild oat. 

Reducing costly inputs by taking advantage of some of these intrinsic weed suppression 

characteristics of cropping systems would serve to optimize the development of LEI 

cropping systems for the region in the future.
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PREDICTING SMALL SCALE WILD OAT (Avenafatua L.) SPATIAL AND 
TEMPORAL DYNAMICS IN A CONVENTIONAL 

AND ORGANIC CROPPING SYSTEM

Summary

This study investigated the dynamics of wild oat populations in a conventionally 

managed cropping system compared to wild oat dynamics in an organically managed 

system to determine what variables were driving the observed patterns in measured 

changes in wild oat density over time and space. Multiple linear regression techniques 

were used to predict wild oat population dynamics. Regressions were performed on wild 

oat and crop seedling data from complete census density maps developed from a large 

cropping systems study that is described in Chapter 4 of this dissertation. For a given 

location in a mapped area, wild oat seedling density the previous year and 1st order 

neighborhood wild oat seedling densities (a surrounding 0.3 m adjacent area) in the 

previous year were the best predictors of current wild oat seedling densities in these two 

cropping systems. This strongly suggests that processes mediating the observed wild oat 

seedling densities over time are related to the density and proximity of wild oat seedlings 

in previous years and may be related to the dispersal characteristics of wild oat.

However, this simple linear model used to determine important factors in the observed 

dynamics had low explanatory power and only accounted for 25-35 % and 28-45 % of the 

observed variation in the conventional and organic systems over time, respectively. 

Therefore, based on these results, we examined the frequency distributions of the value of
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5N/5t (temporal dynamics) of wild oat for both of the input systems and calculated the 

proportion of new colonization growth (wild oat seedlings occupying previously 

unoccupied zones of the mapped area) relative to all growth and decline in the wild oat 

population. Results indicate that after four years of management in the organic system 

positive growth of wild oat populations was primarily associated with new colonization 

of previously unoccupied areas, whereas in the conventional system wild oat population 

growth was more associated with previously occupied areas. New colonization events, 

apparently related to dispersal of wild oat seeds as suggested by the simple regression 

analysis, appear to be allowing the wild oat populations to persist even when subjected to 

the management stresses of herbicides in the conventional system or tillage in the organic 

system. A practical implication of these results are that growers need to develop Cropping 

systems and corresponding crop rotations that limit wild oat and weed seed dispersal in 

general. This study provides a framework for future discussion to guide our efforts in 

developing realistic population dynamics models and begins to bridge the gap between 

descriptive statistics and weed population dynamics model development.

Introduction

Beginning with the influential work of Watt (1947), an important goal in a wide 

array of ecological research has been to determine whether or not large-scale spatial 

patterns of organisms are the result of local interactions, Ecologists continue to
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investigate processes potentially responsible for the spatial and temporal patterns of 

organisms observed in nature (Cohen and Levin 199; Levin 1992;, One powerful method 

often employed in this search is the use of simulation models. A model that includes both 

the spatial and temporal aspects of weed populations may improve our ability to 

discriminate between dominant processes influencing observed population patterns (Dale 

1999). Though there is increased interest in the use of spatially explicit simulation 

models in ecology (Balzter et al. 1998), there have been limited attempts to model the 

spatial and temporal dynamics of weed populations in agroecosytems.

Few models in the plant ecology literature describe patterns of aggregation or 

spread for weed species and even fewer have been validated with real data (Higgins et al. 

2001). Previously described patterns of plant spread do exist, however, and they have 

been identified as standards for modeling weed invasion and spread. These models 

include variations of simple random diffusion (Skellam 1951), guerrilla (Cheplick 1997), 

nascent foci (Moody and Mack 1988), and phalanx (advancing front) patterns (Allen et al. 

1996) of plant dispersal. With some notable exceptions (Maxwell and Ghersa 1992), 

current models developed for specific weed species analyze the importance of life 

histories of weeds, impacts of management, and environmental factors as they relate to 

temporal weed population dynamics but mostly preclude spatial analyses or prediction 

(Woolcock and Cousens 2000). This research philosophy has resulted in only general 

models or rules for predicting and managing weed populations comprised of different 

species across heterogeneous environments (Lodge 1993).



87

Others disagree with the research philosophy of only developing general models 

of weed population dynamics. Higgins and Richardson (1998) suggest that the 

importance of plant-environment interactions and the novel nature of many plant invasion 

scenarios, both of which may be important in agroecosystems, should result in the 

development of case specific models. Higgins et al. (2001) concluded that spatial 

simulation models are often more difficult to parameterize and validate than general 

statistical or analytical models, but there are situations where such effort is warranted.

The ongoing trend towards diversification (Miller et al, 2001) of traditional wheat-fallow 

cropping systems in the NGP continually results in questions associated with changes in 

weed population dynamics and may represent a situation where such model development 

is warranted. The implications for weed management in the region are far reaching and 

range from the ability to predict potential invasiveness of problem species, optimization 

of site specific weed management and reduced external input systems, and improved 

understanding of spatial aggregation, stability, and variability in weed populations within 

a given weed management scenario as they relate to the persistence of that weed 

population.

Empirical data sets are often lacking that allow for simultaneous exploration of 

spatial and temporal population dynamics of Weeds in agroecosystems. Our data set, 

collected as part of a large cropping system experiment described previously in Chapter 4 

of this dissertation, has overcome this limitation. Here we begin the process of 

developing a temporal and spatial population dynamics model by making an assessment
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of the factors important in the observed patterns of newly established weed populations in 

the field. Specifically, I investigated the dynamics of wild oat in the CONV system as 

well as the ORG system to determine what variables were driving the observed patterns 

in measured changes in wild oat density over time and space. This study provides a 

fiamework for discussion to guide our efforts in developing realistic population dynamics 

models and begins to bridge the gap between descriptive statistics and model 

development.

Materials and Methods

Multiple linear regressions were performed on wild oat and crop seedling data from 

the complete census density maps for the first entry point in the CONV and ORG 

cropping systems. Regression models were fit to previous year wild oat and crop density 

in the same and neighboring cells of the mapped area. The methodology for the collection 

of this data set was outlined in Chapter 4 of this dissertation. An area surrounding the 

weed sub-plots in each of the cropping systems was reestablished in the spring following ■ 

weed emergence in 2000 and each subsequent year through 2003. Weed and crop 

seedling density counts were taken by placing a 3 X 7.3 m grid (0.09m2/grid cell) 

constructed of PVC pipe and nylon string over plots managed according to organic 

standards (ORG) or conventional standards (CONV). Total weed and crop seedling 

densities were quantified for each cell (0.09m2) of this grid resulting in a total mapped 

area of 240 cells (Figure 4.1). .
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Multiple linear regression to predict wild oat seedling density at time t was 

performed for each transition period (defined as Iyr in the rotation to the next) in each 

input system with wild oat density data combined over the three replications in the study. 

The model used described the dependence of the variable Nt (wild oat density at time t) 

on the (M ) independent variables by invoking the following simple linear relationship 

(Upton and Fingleton 1985):

I

E(M) = M + b\X\i + B2X2I + "• +b k-\X /c„i„• (z = 1,2,.. :,n) (5.1)

Where E(M) denotes the expected value of M., the {bj} are a set of unknown constant 

coefficients whose values are to be determined, and the [Xji) are the set of values of the 

independent X  variables. Independent s  variables used in this model are summarized in 

Table 5.1. Values of these variables were calculated from the seedling density census 

maps.

Table 5.1 Independent X variables used in the regression to predict wild oat density in 
mapped area over time.

Variable Description

X\ Wild oat density at time t-1 in target cell
X2 Crop density at time t-1 in target cell . .
X2 Sum of wild oat and crop density at time t-1 in target cell
X4 1 Sum of wild oat density in 1st order neighborhood grid cells at time t-1
X5 Sum of crop density in 1st order neighborhood grid cells at time t-1
Xs Sum of crop and wild oat density in 1st order neighborhood grid cells

at time t-1
X2 Sum of all species in 1st order neighborhood grid cells at time t-1
11st order neighborhood includes the 8 cells immediately bordering a target cell
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The multiple linear regression analysis and variable selection were performed 

using Version 2003.1 of WiiiSTAT® for Microsoft® Excel. This package performs'a 

stepwise linear regression and has an automated procedure for selecting which variables 

to include in the regression model. The procedure starts with no variables in the 

regression equation and the program investigates all independent variables using p > 0.05 

criteria for rejecting parameters.

Results and Discussion

We hypothesized that all of the variables listed above would be significant. 

predictors of wild oat density. When stepwise regressions of three transition periods of 

data for each of the two input levels were performed, only wild Oat density at time t-1 in 

target cell (Xi) and the sum of wild oat density in 1st order neighborhood grid cells at time 

t-1 (W) met the 0.05 significance level for entry into the model. No other variables met 

this level of significance to improve the prediction of wild oat density at time t. The 

regression equations for the three transition periods (2000-2003) for the CONV system

were:

2000-2001 M = .009 + 1.52W + 0.059 X4 (r2 = 0.25) n=528 (5.2)

2001-2002 M = .001 + 1.42%, + 0.032 X4. (r2 = 0.35) n=528 (5.3)

2002-2003 M = .007 + 1.85%, + 0.056 X4 (r2 == 0.29) n=528 (5-4)
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The regression equations for the three transitions periods (2000-2003) for the ORG 

system were:

2000-2001 N t — .027 + 2.5 LY] + 0.63 (r2 = 0.37) n=528 (5.5)

2001-2002 N t = .043 + 3:5 IW1 + 0.42 W4 (r2 = 0.45) n=528 (5.6)

2002-2003 N  = .081 + 2.97W] + 0.62 W4 (r2 = 0.28) n=528 (57)

Where M is wild oat seedling density in a specific cell of the grid at time t. P values and 

confidence intervals (95 %) for each coefficient for the two input systems are summarized 

in Table 5.2.

These results indicate that only .two of the variables of the group that we orig in a lly  

hypothesized were important drivers of wild oat population dynamics. Wild oat seedling 

density the previous year and 1st order neighborhood wild oat seedling densities in the 

previous year were, the best predictors of current wild oat seedling densities in these two 

cropping systems. This strongly suggests that processes mediating the observed wild oaf 

seedling densities over time are related to the density and proximity of wild oat seedlings 

in previous years and may be related to the dispersal of wild oat.

. Figure 5.1 compares the relative magnitude of each of the values of the 

coefficients in each of the input systems for the significant terms in the model. The 

coefficient, Bo, can be interpreted as the density that occurs as a result of new 

colonization in response to dispersal from cells beyond bordering map cells. There were
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no significant differences between years or input systems for the intercept term (B0).

These intercept terms were not significant in any of the models. However, they were 

included in this discussion because in effect they may represent the very small probability ■ 

of rare dispersal events when the values of B1 and B4 are zero. These rare dispersal 

events are potentially important in the overall population dynamics or persistence of a 

weed population because it is new colonies that tend to have the positive growth rates.

Table 5.2 Summary statistics of coefficients for parameters in the regression model used 
to predict wild oat seedling densities over time for three transition periods (2000-2003).

Input System Variable Value P value 95 % Cl

CONV So 0.009 0.85 0.12
o.ooi 0.78 0.17'
0.007 0.91 0.18

S 1 1.52 2.3E-05 0.16
1.42 1.4E-06 0.25
1.85 3.7E-06 0.32

S4 0.059 1.0E-12 0.02
0.032 2.4E-10 0.02
0.056 7.8E-12 0.03

ORG So 0.027 0.34 0.15
0.043 0.10 0.10
0.081 0.39 0.25

Si 2.51 4.3E-10 0.15
3.51 8.4E-10 0.26

' 2.97 4.6E-09 0.25
S4 0.63 3.8E-12 0.09

0.42 4.6E-12 0.10
0.62 ■ 5.3E-08 008
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Figure 5.1. Values of coefficients for parameters in the regression model used to predict 
wild oat seedling density over time in the CONV and ORG input systems. Error bars 
represent 95 % confidence interval for each term.
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The relative magnitude of the value of Bi, the contribution of the same cell at TVt.] 

to M, was significantly higher in the ORG system than in the CONV system. There were 

no differences-in this value across years within an input system. A similar pattern was 

documented for the values OfB4, the density contribution from neighbor cells. The value 

of B4 was significantly higher in the ORG system compared to the CONV system and 

there were no differences between years within a system for this variable. The greater 

relative magnitude of the parameter values in the ORG system indicated that wild oat 

seedling density at time t-1 and wild oat seedling densities in the 1st order neighborhood 

at t-1 play a more dominant role in determining wild oat density in the ORG system than 

in the CONV system, i.e. one wild oat seedling in the ORG system at time t-1 results in 

more wild oat seedlings at time t than does one wild oat seedling at time t-1 in the CONV 

system. It should be noted however, that the explanatory power of our models is limited 

as indicated by the low r2 values (Equations 5.2-5.7). The models only accounted for 25- 

35 % and 28-45 % of the observed variation in the CONV and ORG systems over time, 

respectively.

Therefore, based on these results, we examined the frequency distributions of the 

value of 5N/5t (temporal dynamics) of wild oat over the three transition periods for each 

of the input systems for our mapped areas (Figures 52-5.1). These histograms generally 

show a normally distributed pattern of growth and decline of the wild oat populations in 

each of the systems.
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The distributions are dominated by values of zero, because in the majority of mapped 

cells there was neither growth nor decline if wild oat was not present in either year. 

However, in the cases where there was positive growth we dissected the change in density 

into the following categories: those cells starting with zero density and increasing to some 

density at the following time (5N/5t > 0 as new colonies), cells that had density 

remaining the same (5N/5t =0), cells that had increasing density (5N/5t > 0), or cells that 

had decreasing density (5N/5t < 0). The special case of positive growth starting from 

zero density indicated that wild oat was colonizing a previously unoccupied grid cell. The 

majority of positive growth in the wild oat populations for both the CONV and ORG 

system fit into the new colonization category.

We calculated the proportion of new colonization growth relative to all cells 

exhibiting growth for each transition period in each input system. ■ Over years in the 

CONV system the proportion of new colonization growth declined from a value of 0.79 

in the first transition period to a value of 0.53 in the third transition period (Figure 5.4). 

The decline in new colonization indicates that as the populations become more 

established in the CONV system not as much population growth occurs in the form of 

new colonies. However, the total number of cells exhibiting growth remained the same, 

thus most population growth is occurring in cells where wild oat had already established.

The opposite was true in the ORG system where the proportion of positive growth 

from zero (new colonization) has remained high over the three transition periods and has 

ranged from 0.96 to 0.77 of the total cells exhibiting growth. This indicated that after
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four years of management in the ORG system positive growth was primarily associated 

with new colonization by wild oat. New colonization events, apparently related to 

dispersal of wild oat seeds as suggested by the simple regression analysis, appear to be 

allowing the wild oat populations to persist even when subjected to management by 

herbicides in the CONV system or tillage in the ORG system Over time this metric of 

proportion of growth in the form of new colonies may provide us with a signature 

response that would be useful in characterizing whether or not an invading weed 

population has moved more into a stage of naturalization rather than invasion.

Establishment of the new colonies as a result of dispersal, which maintain the 

population even in the. face of tremendous regulatory pressure, has been documented 

elsewhere in native plant communities. The results of the wild oat dynamics in our 

studies are somewhat similar to those of Keddy (1981) who found that Cakile edentula in 

a sand dune habitat type maintained populations by seed dispersal from a source area of 

low density but high fecundity into an area of high density but relatively low fecundity 

and high mortality. The practical implications of these findings are that growers need to 

develop cropping systems and corresponding crop rotations that limit wild oat and weed 

seed dispersal. This data suggests that wild oat persists in a cropping system by 

continuously dispersing to form successful new colonies that may in affect maintain the 

overall metapopulation in a field. By limiting dispersal, wild oat population growth 

might be limited and restricted to already established patches. Through appropriate 

management techniques these patches could then be further reduced through a variety of
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techniques including crop rotation and associated weed management options or 

potentially even through site-specific management techniques. We have gained some 

valuable insight into the driving mechanisms responsible for wild oat patch development 

and stability over time through this study. These results also demonstrate the steps that 

will be needed to develop realistic, case specific models of weed spread and aggregation 

in agroecosystems and the data required to develop these models.
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EPILOUGE 

General Summary

The three main chapters of this dissertation represent significant improvements in 

our understanding of the effects of management practices on weed population dynamics. 

At the same time these chapters also serve as a reminder that there are many questions 

unanswered and much work to be done in the study of weed population dynamics. I took 

the approach in writing this dissertation of starting with large scale issues, such as crop 

rotation and input level effects on weed populations in a field experiment (Chapter 3), 

and progressed to finer scale questions related to why individual wild oat plants may 

establish over time and space in particular patterns in response to management stresses 

(Chapter 5). I believe this was an effective way to answer a wide range of research 

questions associated with this project. At larger scales we were able to complete very 

applied research that will be useful to producers in Montana as they continue to 

experiment with diversified crop rotations. In addition, at the smaller research scales, we 

continue to make progress towards answering questions related to why a given plant 

population exhibits characteristic patterns over space and time, currently a fundamental 

research matter in the plant ecology discipline.

We have developed methodologies over the duration of this project that have been 

useful in characterizing both temporal and spatial dynamics of weed populations against 

the complex backdrop of cropping system treatments and various weed management and
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input level scenarios. I found that crop diversity and accompanying crop management 

practices could be effective weed management tools during the transition to reduced input 

no-till cropping systems or organic systems. From a weed management perspective, 

consistent with what other research has documented, we have found that the benefit of a 

crop rotation is not so much the fact of having diverse crops in the field as it is having the 

flexibility to manage weeds through different treatment options that these diverse crop 

rotations afford. Crop rotation alone, however, in either the conventional or reduced 

input systems had little impact on weed populations when it was decoupled from 

corresponding chemical weed management practices. This does not mean that the effect 

of crop rotation should be discounted, but rather highlights the research need of 

developing additional cultural weed management practices that would further the 

development of low external input cropping systems and reduce production risk 

associated with the adoption of these systems.

I also identified and quantified metrics that described weed population growth or 

decline in different crop rotations across conventional, reduced, and organic input 

cropping systems. By taking the approach at the onset of this project of combining the 

temporal and spatial dynamics of a weed population we have developed the useful 6N/6t 

and 6n/6t graphics to describe the simultaneous spatial and temporal dynamics of a weed 

population. This is an important step forward for a discipline that often considers the two 

measures separately. We should continue to explore the use of these metrics to determine 

if they , are appropriate to document signature patterns in weed populations over space and 

time in response to management stresses.
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I have also begun the process of making the jump from descriptive statistics to 

model development through manipulations of the data set that was developed through this 

study. There is much work to be done, but we have made a first-cut attempt at describing 

processes that are driving factors in the observed dynamics of wild oat across cropping 

system treatments. If these factors can be identified many opportunities to develop 

cropping systems that have intrinsic weed suppression properties could be initiated.

Results of these studies highlight the gaps in our knowledge base related to identifying 

fundamental ecological processes that drive observed weed population dynamics but also t 

that we are making improvements in elucidating these processes.

Future Research

Dealing with such a large and complex cropping system experiment was a 

tremendous learning experience that was different from anything that I have ever 

experienced in my graduate career. Not only did this experience illustrate to me how 

much work it takes to develop and maintain such an experiment, but it also taught me a 

great deal about interacting with the large number of people with diverse backgrounds 

and skills that this type of experiment inevitably needs to be implemented. I think that 

this experience should serve me well in the future.

Obviously knowing what I know now about the logistics of the experiment, there 

are parts of this study that I would do differently if the study was to be continued or if I 

ever repeated a similar study. I learned that there must some be some give and take
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between objectives of larger cropping systems study and the objectives of performing a 

data intensive project such as the one we attempted here. For these reasons, I would 

recommend that an experiment of this level of detail should only be attempted were 

resources are located for constant monitoring and upkeep. Location is everything and this 

project could have been improved if it were established at a site, potentially at a research 

center, where resources could have been specifically dedicated to the project. Also, 

personnel must be informed and dedicated to completing the tasks at hand. Ifthey are 

not, time must be taken to ensure that they become so.

In terms of the actual experiment, I think that more could have been gained by 

reducing the complexity of the treatment structure. Often it seemed that in the rush to 

complete all the work,, we lost sight from time to time of what the questions were that we 

were trying to answer by doing the work. That is not to belittle the power of this . 

experiment; it is just to say that for one grad student/technician it was a tremendous 

amount of work. IfI attempt a similar experiment in the future, I would carefully select 

fewer treatments (and pick opposite ends of the management spectrum), fewer weed 

species, and make absolutely sure to establish proper controls in the experimental design 

prior to initiation of the project. We will still have to deal with complexity and 

interactions inherent in systems type trials, but I have learned through this study how to 

complete objectives, and perhaps more importantly what not to do to jeopardize the 

success of a similar project. The goal of this project was to develop a data set that 

describes the dynamics of the weed populations. We have accomplished this goal. Now 

it is time to ask further questions of this data set.
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Crops were seeded across the different rotations by input levels to facilitate the 

ease of the planting schedule. As such, the following tables (A.2-A.5) indicate when 

crops were seeded by input level rather than by cropping system/rotation. A Conserva 

Pale air drill was used to seed all plots at 30.5 cm row spacings except those of the ORG 

rotation, which were seeded with a double-disc drill at 20 cm row spacings. The only 

exception to this was the Austrian winter pea/green manure phase plots of the ORG 

rotation that were direct seeded with the Conserva Pale air drill.

Herbicide applications were made with a 7.3 m-wide hooded sprayer to minimize 

herbicide drift to neighboring plots and the untreated areas of plots. Tables A.6-A.9 

indicate the products used, rates, and dates of application for each of the different crops ' 

across input levels.



Table A .I . Crop seeding information at Moore SPM site in 2003.

Crop Cultivar Input level Seeding
date

Seeding
rate
(kg/ha)

Seeding
depth
(cm)

Seed
treatment

Fertilizer
Applied

Winter wheat Big Sky Reduced 9/19/02 108 3.8 ■ Raxil MD Yes
Winter wheat Big Sky Conventional 9/19/02 72 ' 3,8 Raxil MD Yes
Austrian Winter 
Peas

Common Organic 9/26/02 121 5.0 None No

' Austrian Winter 
Peas

Common Reduced 4/28/03 12L 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Reduced 4/28/03 204 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Conventional 4/28/03 204 • 5.0 Apron + 
Maxim

.Yes

Canola
(Argentine)

Hyola
401

Conventional 4/28/03 7.5 2.5 Helix Xtra Yes

Canola RR Hyola
357

Reduced 4/28/03 7.5 2.5 Helix Xtra Yes

Barley Lewis Organic 5/14/03 112 3.8 None No
Barley Lewis Reduced 5/14/03 104 3.8 Raxil MD Yes
Barley Lewis Conventional 4/28/03 58 3.8 Raxil MD Yes
Spring Wheat McNeal Organic 5/14/03 112 3.8 None No

Spring wheat McNeal Reduced 5/14/03 103 3.8 Raxil MD 
Extra

Yes

Spring wheat McNeal Conventional 4/28//03 70 3.8 Raxil MD 
Extra

Yes

Lentils Vantage Organic 5/14/03 112 5.0 None No



Table A.2. Crop seeding information at M oore SPM site in 2002.

Crop Cultivar Input level Seeding
date

. Seeding 
rate 
(kg/ha)

Seeding
depth
(cm)

Seed
treatment

Fertilizer
Applied

Winter wheat Big Sky Reduced 9/26/01 108 .3.8 Raxil MD Yes
Winter wheat Big Sky Conventional 9/26/01 72 3.8 Raxil MD Yes
Austrian Winter 
Peas

Common Organic 9/26/01 121 5.0 None No

Austrian Winter 
Peas

Common Reduced 4/22/02 121 5.0 Apron + 
Maxim ■

Yes

Green field peas Majoret Reduced 4/22/02 197 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Conventional 4/22/02 197 5.0 Apron + 
. Maxim

Yes

Canola
(Argentine)

Hyola
401

Conventional 4/22/02 7.5 2.5 Helix Xtra Yes

Canola KR Hyola
357

Reduced 4/22/02 7.5 . 2.5 Helix Xtra Yes

Barley Lewis Organic 5/14/02 112 3.8 None No
Barley ' Lewis Reduced 5/14/02 105 3.8 RaxilMD Yes
Barley Lewis Conventional 4/22/02 57 3.8 Raxil MD Yes
Spring Wheat McNeal Organic- 4/30/02 112 3.8 None . No

Spring wheat McNeal Reduced 5/14/02 103 3.8 RaxilMD
Extra

Yes

Spring wheat McNeal Conventional 4/30/02 70 3.8 Raxil MD 
Extra

Yes

Lentils Vantage Organic 4/30/02 112 5.0 None No
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Table A.3. Crop seeding information at Moore SPM site in 2001.

Crop Cultivar Input level Seeding
date

Seedin
grate
(kg/ha)

Seeding
depth
(cm)

Seed
treatment

Fertilizer
Applied

Winter wheat Big Sky Reduced 10/17/00 108 3.8 Dividend Yes
Winter wheat Big Sky Conventional 10/17/00 72 3.8 Dividend Yes
Austrian Winter 
Peas

Common Organic 9/28/00 112 5.0 None No

Austrian Winter 
Peas

Common Reduced 4/17/01 112 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Reduced 4/17/01 168 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Conventional 4/17/01 168 5.0 Apron + 
Maxim .

Yes

Canola
(Argentine)

Hyola
401

Conventional 4/17/01 6.5 2.5 Helix Xtra Yes

Canola RR Hyola
357

Reduced 4/17/01 6.5 2.5 Helix Xtra Yes

Barley . Lewis Organic 5/5/01 100 3.8 None No
Barley Lewis Reduced 5/5/01 100 3.8 Raxil MD Yes
Barley Lewis Conventional 4/17/01 53 3.8 Raxil MD Yes
Spring Wheat McNeal Organic 4/26/01 112 3.8 None No

Spring wheat McNeal Reduced 5/10/01 100 3.8 Raxil + 
Thiram + 

• IMZ

Yes

Spring wheat McNeal Conventional . 4/26/01 67 3.8 Raxil + 
Thiram + 
EMZ

Yes

Lentils Richlea Organic 5/10/01 112 5.0 -None No



Table A.4. Crop seeding information at Moore SPM site in 2000.

Crop Cultivar Input level Seeding
date

Seedin 
g rate . 
(kg/ha)

Seeding
depth
(cm)

Seed
treatment

Fertilizer
Applied

Winter wheat Big Sky Reduced 9/22/99 100, 3.8 Dividend Yes
Winter wheat Big Sky Conventional 9/22/99 100 ' 3.8 Dividend Yes
Austrian Winter 
Peas

Common Organic 9/22/99 112 5.0 None No

Austrian Winter 
Peas

Common Reduced 4/11/00 112 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Reduced 4/11/00 168 5.0 Apron + 
Maxim

Yes

Green field peas Majoret Conventional 4/11/00 168 5.0 Apron + 
Maxim

Yes

Canola
(Argentine)

Hyper
5001

Conventional 4/11/00 6.5 2.5 Benlate + 
■ GaUcho

Yes

Canola RR Raider
RR

Reduced 4/11/00 6.5 2.5 Benlate + 
Gaucho

Yes

Barley Lewis Organic 5/5/00 100 3.8 ■ None No
Barley Lewis Reduced 5/5/00 100 3.8 Raxil + 

Thiram
Yes

Barley Lewis Conventional 4/11/00 53 3.8 Raxil + 
Thiram

Yes

Spring Wheat McNeal Organic 4/25/00 112 3.8 None No

Spring wheat McNeal Reduced 5/5/00 100 3.8 Raxil + 
Thiram + 
IMZ

Yes

Spring wheat McNeal Conventional 4/25/00 67 3.8 Raxil + 
Thiram +

Yes-

Lentils Richlea Organic 5/5/00 112 5.0 None No
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Table A.5. Crop seeding information at Moore SPM site in 1999.

Crop Cultivar Input level Seeding
date

Seeding
rate
(kg/ha)

Seeding
depth
(cm)

Seed
treatment

Fertilizer
Applied

Winter wheat3
(SW)

McNeal Reduced 5/18/99 105 3.8 Raxil + 
Thiram

Yes

Winter wheat3
(SW)

McNeal Conventional 5/6/99 67 3.8 Raxil + 
Thiram

Yes

Austrian Winter 
Peas

Common Reduced 4/27/99 112 5.0 Apron Yes

Field peas Alfetta Reduced 4/27/99 168 5.0 Apron Yes
Field peas Alfetta Conventional 4/27/99 168 5.0 Apron Yes
Canola
(Argentine)

Hyola
308

Conventional 4/27/99 6.7 • 2.5 Captan + 
Guacho

Yes

Canola RR Hyola
LG3235

Reduced 4/27/99 6.7 2.5 Captan + 
Guacho

Yes

Barley Chinook Reduced 5/18/99 81 3.8 Raxil + 
Thiram

Yes

Barley Chinook Conventional 4/27/99 54 3.8 Raxil +' 
Thiram

Yes

Spring wheat McNeal Reduced 5/18/99 100 3.8 Raxil + 
Thiram

Yes

Spring wheat McNeal Conventional 5/6/99 67 3.8 Raxil + 
Thiram

Yes

A Due to the initiation of the project in the spring of 1999, winter wheat was replaced with spring wheat for this growing 
season.
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Table A.6. Herbicide application rates and dates at M oore SPM site in 2003

Crop Input
Level

Herbicide (Common 
Name)

All crops- 
except those in 
TILL rotation

C&R Glyphosate + 
Ammonium Sulfate

Field Pea C Ethalfluralin 
Qiuzalofop + 
Crop Oil 
Concentrate

KR Canola, R Glyphosate + 
Ammonium Sulfate

Canola C Trifluralin 
Qiuzalofop + 
Crop Oil 
Concentrate

Spring AWP 
(STACK Rot)

R None

Field Pea R Qiuzalofop + 
Crop Oil 
Concentrate

Winter Wheat R Bromoxynil + 
MCPA

Winter Wheat 
(TILL Rot.)

C Tribenuron + 
Thifensulfuron 
Bromoxynil + 
MCPA +
NIS

Winter Wheat 
(SGRAIN Rot.)

C Metsulfuron + 
Bromoxynil + 
MCPA +
NIS

Chem Fallow C Glyphosate + 
Dicamba

Barley C Tralkoxydim 
Bromoxynil +

. MCPA + . 
Supercharge + 
Ammonium Sulfate

Barley R Bromoxynil +
MCPA + 
NIS

Timing Rate Application
___________________ ai or ae/ha Dates
Preplant bumdown 0.44 kg/ha 9/11/02
applications according 1.9 kg/ha 4/17/03
to planting dates 5/2/03
Fall 0.84 kg/ha 10/14/02
POST 84 g/ha

I %V/V
6/12/03

POST 0.72 kg/ha 
1.9 kg/ha

6/12/03

Fall 0.84 kg/ha 10/14/02
POST

Harvest for forage 
before weed seed set

84 g/ha
1%V/V

6/12/03

POST 84 g/ha
I %V/V

6/12/03

POST 0.21 kg/ha 
0.26 kg/ha

5/16/03

POST 8..'8 g +
17.5 g/ha 
0.21 kg + 
0.26 kg/ha 
0.25% V/V

5/16/03

POST 4.2 g/ha 
0.21 kg + 
0.26 kg/ha 
0.25% V/V

5/16/03

As needed 0.30 kg + 5/16/03
0.14 kg/ha 6/25/03

POST 0.20 kg/ha 
0.45 kg + ' 

• 1.36 kg/ha 
0.5% V/V

6/17/03

' 1.9 kg/ha '
POST 0.56 kg +

1.7 kg/ha
0.25% V/V

6/17/03
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Table A. 6. Continued

Spring Wheat C Tralkoxydim POST 0.20 kg/ha 6/17/03
Bromoxynil + MCPA + 0.45kg+ '
Supercharge + 1.36 kg/ha
Ammonium Sulfate > , I 0.5% V /V

1.9 kg/ha
Spring Wheat R Bromoxynil + MCPA + ,POST 0.45 kg + ■ 6/17/03

NIS . 1.36 kg/ha
0.25% VAf

Austrian R None Plowed down as 7/15/03
Winter Pea green manure'

Austrian O . None Plowed down as 6/26/03
Winter Pea green manure
Organics- all O None Tillage before
crops planting
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Table A.7. Herbicide application rates and dates at Moore SPM site in 2002.

Crop Input
Level

Herbicide (Common 
Name)

Timing Rate
ai or ae/ha

Application
Dates

All crops- C&R Glyphosate + Preplant bumdown 0.44 kg/ha 9/17/01
except those in Ammonium Sulfate applications 1.9 kg/ha 4/15/02
TILL rotation - according to 4/29/02

planting dates 5/13/02
Field Pea C Ethalfluralin Fall ■ 0.84 kg/ha 10/22/01

Qiuzalofop + POST 84 g/ha 6/4/02
Crop Oil Concentrate I %V/V

KR Canola R Glyphosate + POST 0.72 kg/ha 6/20/02
• Ammonium Sulfate 1.9 kg/ha

Canola C Trifluralin Fall 0.84 kg/ha 10/22/01
' Qiuzalofop + POST ' 84 g/ha 6/4/02

Crop Oil Concentrate 1% V/V
Spring AWP R None Harvest for forage
(STACK Rot) before weed seed

set
Field Pea R Qiuzalofop + 84 g/ha 6/4/02

Crop Oil Concentrate POST . 1%V/V
Winter Wheat R Bromoxynil + POST 0.21 kg/ha 5/30/02

MCPA 0.26 kg/ha

Winter Wheat C Tribenuron + POST 8.8 g + 5/30/02
(TILL Rot.) Thifensulfuron 17.5 g/ha

Bromoxynil + MCPA + 0.21 kg +
NIS- 0.26 kg/ha

0.25% V/V
Winter Wheat C Metsulfuron + POST 4.2 g/ha 5/30/02
(SCRAPS Rot.) Bromoxynil + MCPA + 0.21 kg +

NIS 0.26 kg/ha
0.25% V/V

Chem Fallow C Glyphosate + Dicamba As needed 0.30 kg + 5/30/02
0.14 kg/ha 6/18/02

Barley C Tralkoxydim POST 0.20 kg/ha 6/4/02
Bromoxynil + MCPA + 0.45 kg +
Supercharge + 1.36 kg/ha
Ammonium Sulfate 0.5% v /y

1.9 kg/ha
Barley R Bromoxynil + MCPA + POST 0.56 kg + 6/18/02

NIS 1.7 kg/ha
0.25% V/V

Spring Wheat C Tralkoxydim POST 0.20 kg/ha 6/4/02
Bromoxynil + MCPA + 0.45 kg +
Supercharge + 1.36 kg/ha
Ammonium Sulfate 0.5% V/V

1.9 kg/ha
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Table A.7. Continued

Spring Wheat R Bromoxynil + MCPA + 
• ' NIS

Austrian Winter 
Pea

R None.

Austrian Winter O None
Pea •• . •
Organics- all O None
crops

POST 0.45 kg + 
1.36 '

6/18/02

kg/ha
0.25%

- v /v
Plowed down as 
green manure

7/15/02

Plowed down as 7/15/02
green manure 
Tillage, before 
planting



1 2 8

Table A. 8. Herbicide application rates and dates at Moore SPM site in 2001.

Crop Input
Level

Herbicide (Common 
Name)

Timing Rate 
ai or 
ae/ha

Application
Dates

All crops- C&R Glyphosate + Preplant bumdown 0.53 10/9//00
except those in Ammonium Sulfate applications according kg/ha 4/16/01
I ILL rotation to planting dates 1.9 kg/ha 4/24/01

5/7/01
Field Pea C Ethalfluralin 

Qiuzalofop +
Crop Oil Concentrate

Fall
POST

0.84
kg/ha 
84 g/ha
I %V/V

10/26/00
' 5/31/01

RR Canola R Glyphosate + 
Ammonium Sulfate

POST 0.72
kg/ha
1.9

kg/ha

5/31/01

Canola C Trifluralih Fall 0.84 10/26/00

Spring AWP 
(STACK Rot)

R

Qiuzalofop +
Crop Oil Concentrate

None

POST

Harvest for forage 
before weed seed set

kg/ha 
84 g/ha
1% V/V

5/31/01

Field Pea R Qiuzalofop +
Crop Oil Concentrate

POST 84 g/ha
I %V/V

5/31/01

Winter Wheat R Bromoxynil + 
MCPA

POST 0.21
kg/ha
0.26
kg/ha

6/20/01

Winter Wheat 
(TILL Rot.)

C Tribenuron + 
Thifensulfuron 
Bromoxynil + MCPA + 
NIS

POST 8.8 g +
17.5 g/ha 
0.21 kg +
0.26
kg/ha
0.25% '
V/V

6/1/01

Winter Wheat 
(SGRAIN Rot.)

C Metsulfuron + 
Bromoxynil + MCPA + 
NIS

POST 4.2 g/ha 
0.21kg + 
0.26 
kg/ha
0.25%
V/V

6/1/01 ■

Chem Fallow C Glyphosate + Dicamba As needed 0.30 kg +
0.14
kg/ha

5/23/01
7/5/01
7/13/01
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>

Table A. 8. Continued

Barley C Tralkoxydim 
Bromoxynil + MCPA + 
Supercharge +

- Ammonium Sulfate

Barley R Bromoxynil + MCPA + 
NIS

Spring Wheat C Tralkoxydim 
Bromoxynil + MCPA + 
Supercharge + 
Ammonium Sulfate

Spring Wheat R Bromoxynil + MCPA + 
NIS

Austrian Winter 
Pea

R None

Austrian Winter 
Pea

O None

Organics- all 
crops

O None

POST 0.20 kg/ha 
0.45 leg + 1.36 
kg/ha 
0.5% V /V 
1.9 kg/ha

6/1/01

POST 0.56 kg+1.7 
kg/ha
0.25% V/V

6/20/01

POST 0.20 kg/ha 
0.45 kg + 1.36 
kg/ha
0.5% V/V

6/1/01

1.9 leg/ha
POST 0.45 kg+ 1.36' 

kg/ha
0.25% V/V

6/20/01

Plowed down as 
green manure

7/20/01

Plowed down as 6/8/01
green manure 
Tillage before 
planting

V
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Table A .9. Herbicide application rates and dates at Moore SPM site in 2000.

Crop Input
Level

Herbicide (Common 
Name)

Timing Rate
ai or ae/ha

Application
Dates

All crops- C&R Glyphosate + Preplant bumdown 0.53 kg/ha 4/9//00
except those in Ammonium Sulfate applications 1.9 kg/ha 4/21/00
TILL rotation according to 5/4/00

planting dates 5/16/00
Field Pea C Ethalfluralin Fall 0.84 kg/ha 10/28/99

Qiuzalofop + • POST 84 g/ha 6/2/00
Crop Oil Concentrate I %V/V

RR Canola R ' Glyphosate + POST 0.72 kg/ha 6/2/00
Ammonium Sulfate 1.9 kg/ha

Canola C Trifluralin Fall 0.84 kg/ha 10/28/99
Qiuzalofop + POST 84 g/ha 6/2/00
Crop Oil Concentrate 1%V/V

Spring AWP R None Harvest for forage
(STACK Rot) before weed seed

Field Pea R Qiuzalofop +
set

84 g/ha 6/2/00
Crop Oil Concentrate POST I % V/V

Winter Wheat R Bromoxynil + POST 0.21 kg/ha 5/25/00
MCPA 0.26 kg/ha

Winter Wheat C Tribenuron + POST 8.8 g + 5/25/00
(TILL Rot.) Thifensulfuron 17.5 g/ha

Bromoxynil + MCPA + 0.21 kg +
NIS 0.26 kg/ha

0.25% V/V
Winter Wheat C Metsulfuron + POST 4.2 g/ha 5/25/00
(SGRAIN Rot.) Bromoxynil + MCPA + 0.21 kg +

NIS 0.26 kg/ha
0.25% V/V

Chem Fallow ' C Glyphosate + Dicamba As needed 0.30 kg + 5/25/00 ■
0.14 kg/ha 6/12/00

7/T5/00
Barley C Tralkoxydim POST 0.20 kg/ha 6/2/00

Bromoxynil + MCPA + 0.45 kg +
Supercharge + 1.36 kg/ha
Ammonium Sulfate 0.5% V/V

1.9 kg/ha
Barley R Bromoxynil + MCPA + POST 0.56 kg + 6/12/00

NIS 1.7 kg/ha
0.25% V/V
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Table A .9. Continued

Spring Wheat C Tralkoxydim 
Bromoxynil + MCPA + 
Supercharge + 
Ammonium Sulfate

Spring Wheat R Bromoxynil + MCPA + 
NIS

Austrian Winter R None
Pea

Austrian Winter O None
Pea
Organics- all 
crops

O None.

POST . 0.20 kg/ha 6/2/00

POST

0.45 kg + 
1.36 kg/ha 
0.5% V /V 

' 1.9 kg/ha 
0.45 kg + 6/12/00

Plowed down as 
green manure

1.36 kg/ha 
0,25% V/V

7/17/00

Plowed down as 
green manure 
Tillage before 
planting-

6/28/00



132

Table A. 10. Herbicide application rates and dates at Moore SPM site in 1999*.

Crop Input
Level

Herbicide (Common 
Name)'

Timing Rate
ai or ae/ha

Application
Dates

All crops- C&R Glyphosate + Preplant bumdown 0.53 kg/ha 4/26/Z99
except those in Ammonium Sulfate applications according 1.9 kg/ha 5/17/99
TILL rotation to planting dates
Field Pea C Ethalfluralin EPP 0.84 kg/ha 4/12/99

Qiuzalofop + POST 84 g/ha ?
Crop Oil Concentrate I % V/V

RR Canola R Glyphosate + POST 0.72 kg/ha ?
Ammonium Sulfate 1.9 kg/ha

Canola C Trifluralin EPP 0.84 kg/ha 4/12/99
Qiuzalofop + ’ POST . 84 g/ha ?
Crop Oil Concentrate 1% V/V

Spring AWP R None Harvest for forage 7/9/99
(STACK Rot) before weed seed set

Field Pea R . Qiuzalofop + POST ■ 84 g/ha ?
Crop Oil Concentrate I %V/V

Chem Fallow C Glyphosate + As needed 0.30 kg + 6/11/99
Dicamba 0.14 kg/ha 7/21/99

8/19/99
Barley C Tralkoxydim POST 0.20 kg/ha ?.

Bromoxynil + MCPA 0.45 kg +
+ 1.36 kg/ha
Supercharge + 0.5% V/V
Ammonium Sulfate 1.9 kg/ha

Barley R Bromoxynil + MCPA POST 0.56 kg + ?
+ 1.7 kg/ha
NIS 0.25% V/V

Spring Wheat C Tralkoxydim POST 0.20 kg/ha ?
Bromoxynil + MCPA 0.45 kg +
+ 1.36 kg/ha
Supercharge + 0.5% V/V
Ammonium Sulfate 1.9 kg/ha

Spring Wheat R Bfomoxynil + MCPA POST 0.45 kg + 7
+ . 1.36 kg/ha
NIS 0.25% V/V

Austrian Winter R None Plowed down as green 6/29/99
Pea manure

^Unknown herbicide applications dates for some crops in 1999 are indicated with a ? 
symbol.
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APPENDIX B:

INFORMATION ON MOORE SPM DATA ARCHIVE STRUCTURE
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• Spatial data collected from 2000-2003 and described in this dissertation for the 

four seeded weed species at the Moore SPM location is housed on the computer 

“Seedbank” in the Maxwell Weed Ecology Lab. Instructions for navigating the file 

structure are as follows: Select the “D” drive on Seedbank, open the “Experiments” 

folder, open the “data” folder, open the “Moore_SPM” folder, select the Excel speadsheet 

named “Master_Data_File”.

All the data are housed in this one spreadsheet file. The first four worksheets of 

this file include diagrams and dimensions of plot layouts as well as notes explaining the 

organization of the actual data in the file. The last three worksheets are the weed spatial 

data over the four years in this study in the Conventional, Reduced, and Organic input 

, systems at Moore, MT.



135

APPENDIX C:
■ ' . (

ADDITIONAL CROP SEQUENCE EFFECTS ON WILD OAT AND REDROOT 
PIGWEED TEMPORAL DYNAMICS
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Figure C l. Wild oat seedling density prior to POST herbicide applications each year 
under contrasting crop sequences in the treated areas of the conventional and reduced 
input treatments of the TILL rotation. Vertical bars represent ± one standard error of the 
mean of three replicates. Crop type abbreviations are the following: spring wheat (sw), 
field pea (p), canola (c), barley (b), herbicide-tolerant canola (htc), winter wheat (ww).
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Figure C.2. Redroot pigweed seedling density prior to POST herbicide applications each 
year under contrasting crop sequences in the treated areas of the conventional and 
reduced input treatments of the STACK rotation. Vertical bars represent ± one standard 
error of the mean of three replicates. Crop type abbreviations are the following: spring 
wheat (sw), field pea (p), canola (c), barley (b), herbicide-tolerant canola (htc), Austrian 
winter pea (spring seeded) (awp).
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Figure C.3. Redroot pigweed seedling density prior to POST herbicide applications each 
year under contrasting crop sequences in the treated areas of the conventional and 
reduced input treatments of the TILL rotation. Vertical bars represent ± one standard 
error of the mean of three replicates. Crop type abbreviations are the following: spring 
wheat (sw), field pea (p), canola (c), barley (b), herbicide-tolerant canola (htc), winter 
wheat (ww).
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Figure C.4. Wild oat seedling density under contrasting crop sequences in the untreated
areas o f  the conventional and reduced input treatments o f the ALT rotation. Vertical bars
represent ± one standard error o f the mean o f three replicates. Crop type abbreviations are
the following: spring wheat (sw), field pea (p), canola (c), barley (b), herbicide-tolerant
canola (htc).
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Figure C.5. Wild oat seedling density under contrasting crop sequences in the untreated
areas o f  the conventional and reduced input treatments o f the STACK rotation. Vertical
bars represent ± one standard error o f the mean o f three replicates. Crop type
abbreviations are the following: spring wheat (sw), field pea (p), canola (c), barley (b),
herbicide-tolerant canola (htc), Austrian winter pea (spring seeded) (awp).
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Figure C.6. Wild oat seedling density under contrasting crop sequences in the untreated 
areas of the conventional and reduced input treatments of the TILL rotation. Vertical 
bars represent ± one standard error of the mean of three replicates. Crop type 
abbreviations are the following: spring wheat (sw), field pea (p), canola (c), barley (b), 
herbicide-tolerant canola (htc), winter wheat (ww).
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Figure C.7. Redroot pigweed seedling density under contrasting crop sequences in the
untreated areas o f the conventional and reduced input treatments o f the ALT rotation.
Vertical bars represent ±  one standard error o f the mean o f three replicates. Crop type
abbreviations are the following: spring wheat (sw), field pea (p), canola (c), barley (b),
herbicide-tolerant canola (htc).
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Figure C.8. Redroot pigweed seedling density under contrasting crop sequences in the 
untreated areas of the conventional and reduced input treatments of the STACK rotation. 
Vertical bars represent ± one standard error of the mean of three replicates. Crop type 
abbreviations are the following: spring wheat (sw), field pea (p), canola (c), barley (b), 
herbicide-tolerant canola (htc), Austrian winter pea (spring seeded) (awp).
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Figure C.9. Redroot pigweed seedling density under contrasting crop sequences in the
untreated areas o f  the conventional and reduced input treatments o f  the TILL rotation.
Vertical bars represent ± one standard error o f the mean o f three replicates. Crop type
abbreviations are the following:s Spring wheat (sw), field pea (p), canola (c), barley (b),
herbicide-tolerant canola (htc), winter wheat (ww).
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