
- NOTE TO USERS - 

This mp~ucbion k the ûest copy available 





EFFECT OF TILLAGE ON RECRUITMENT DEPTH OF FIVE W E D  

SPECIES MEASURED lRr SITU IN ZERO AND CONVENTIONAL TILLAGE 

FIELDS IN MANITOBA 

BY 

MICHELLE J. DU CROIX SISSONS 

A Thesis 
Subrnitted to the Faculty of Graduate Studies 

in Partial Fulfillment of  the Requirements 
for the Degree of  

MASTER OF SCIENCE 

Department of  Plant Science 
University o f  Manitoba 

Winnipeg, Manitoba 

O Copyright by Michelle J. du Croix Sissons July 1999 



National Library m*m of Canada 
Bibliothèque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliographie Services services bibliographiques 

395 Wellington Street 395, rue Wellington 
Ottawa ON Kt A O N 4  Ottawa ON KI  A ON4 
Canada Canada 

Your fi& Votre rérérence 

Our fi& Notre refBrenc-9 

The author has granted a non- 
exclusive licence dowing the 
National Library of Canada to 
reproduce, Ioan, distribute or sell 
copies of this thesis in microform, 
paper or electronic formats. 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substântial extracts fiom it 
may be printed or otherwise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
exclusive permettant à la 
Bibliothèque nationale du Canada de 
reproduire, prêter, distribuer ou 
vendre des copies de cette thèse sous 
la forme de microfiche/fïlm, de 
reproduction sur papier ou sur format 
électronique. 

L'auteur conserve la propriété du 
droit d'auteur qui protège cette thèse. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation. 



THE UNIVERS- OF MANITOBA 

FACULTY OF GRADUATE STUDIES 
***** 

COPYRIGET PERIMISSION PAGE 

EFFECT OF TILIACE ON RECRUITMENT DEPTH OF FLVE WEED 

SPEClES MEASURED INSITUIN ZERO AND CONVENTIONAL TIUAGE 

FIELDS IN MA.NITOBA 

MICHELLE J. DU CROIX SISSONS 

A Thesis/Practicum submitted to the Facuity of Graduate Studies of The Univenie 

of Manitoba in partial MfiIlment of the requirements of the degree 

of 

Master of Science 

MICEELLE J. DU CROIX SISSONS O 1999 

Permission has been granted to the Library of The University of Manitoba to lend or  seil 
copies of this thesis/practicum, to the National Library of Canada to microfilm this 
thesidpracticum and to Iend or seU copies of the film, and to Dissertations Abstracts 
International to publish an abstract of this thesidpracticum. 

The author reserves other publication rights, and neither this thesis/practicum nor extensive 
extracts from it may be printed or otherwise reproduced without the author's written 
permission. 



ACKN07NLEDGMENTS 

1 wish to acknowledge the contributions made by the following people and organizations 

during the preparation of this thesis: 

Dr. Rene Van Acker for his advice, guidance and encouragement throughout this project. 

Dr. D. Derksen and Dr. G. Thomas for their advice and input into this project and for 

reviewing this thesis. 

Dr. M. Entz for reviewing this thesis. 

R.Oree for al1 his help whenever 1 needed it. 

G. Tumbull for his advice and input throughout the development of this project. 

Agriculture and Agi-Food Canada, Dow AgroSciences and NSERC for providing 

funding for this project. 

1 would also like to thank al1 of the farmers who allowed me to survey their fields and 

willingly answered al1 of my questions. 

My Mom and Dad for always encouraging and supporting me. 

Melanie for bringing me flowers when 1 needed them most. 

N o m  for being my most ardent supporter and my best f'iiend. 



TABLE OF CONTENTS 

LIST OF TABLES . 

LIST OF FIGURES . 

ABSTRACT . 

CHAPTER 1. GENERAL INTRODUCTION. 

CHAPTER 2. LITERATURE REVIEW- . 

Introduction . 
Seedbanks . 
Emergence of weed seeds as afTected by environment 

Light . 
Temperature . 
Gaseous environment 
Moisture . 

Response of the weed seedbank to tillage. . 
Depth of weed seedling recruitment as affected by tillage 
Effect of tillage on weed seedling comrnunities . 
Effect of tillage on weed seedling populations 
Conclusions . 
Objectives . 

Page 
*. 
11 

CHAPTER 3. IDENTIFICATION OF MORPHOLOGICAL MARKERS OF 
ROOT/SHOOT INTERFACE IN BROADLEAF WEEDS TO ALLOW FOR 
11V SITU MEASUREMENT OF RECRUITMENT DEPTH . 38 

Introduction . 
Materials and methods 
Weed species 
Soi1 preparation and planthg 

Results and Discussion 

CHAPTER 4. DEPTH OF WEED SEEDLING RECRLJITMENT IN ZERO 
AND CONVENTIONAL TILLAGE FIELDS IN MANITOBA. . 

Introduction . 

iii 



Materials and methods 
Results and Discussion 
Nurnbers of seedlings sampled . 
GeneraI trends in weed seed recruitment . 
Effect of tillage on depth of recruitment . 
Effect of time of sampling on recniitment depth 
Recruitment depth for individual species . 

ConcIusions . 

CHAPTER 5,  TILLAGE INDEX AS A PREDICTOR OF MEAN WEED 
SEEDLING RECKUITMENT DEPTH. 

Introduction . 
Materiais and methods 
Results and discussion 
Effect of tillage index on weed seedling recruitment depth . 
Factors other than tillage Becting depth of weed seedling recruitment depth 
The relationship of tillage index to the recniitment depth of individual weed 
species 
Outliers in the data . 

Conclusions . 

CHAPTER 6. GENERAL DISCUSSION 

LITERATURE CITED 

APPENDIX . 



LIST OF TABLES 

Table Page 

4.1 The number of individuai weeds sampled pre-seeding in 1997 and 1998, 
combined. 

4.2 The number of individual weeds sampled pre-spray in 1997 and 1998, 
cornbined 

4.3 Effect of tillage on mean recruitrnent depth of volunteer wheat in 1 997 
and 1998, (data for years combined). 

4.4 Effect of tillage on mean recruitment depth of wild oats in 1997 and 
1998, (data for years combined). . 53 

4.5 Effect of tillage on mean recruitment depth of green foxtail in 1997 
and 1998. 53 

4.6 Effect of tillage on mean recruitment depth of wild buckwheat in 1998. 53 

4.7 Effect of tillage on mean recmitment depth of barnyard g r a s  in 1998. 53 

5.1 Tillage index values for different field implements. . 73 

5.2 Results and parameter values fiom linear regression andysis of the effect 
of tillage index on mean depths of weed seedling recruitment. 76 



LIST OF FIGURES 

Figure 

Wild buckwheat seedlings showing the morphological marker 
which was used to detennine the depth of recmitrnent. 

Box plots showing range of wild oat recniitrnent depth in zero and 
conventional tillage fields sampled during 1997 and 1998 
(years combined). . 

Box plots showing range of volunteer wheat recruitrnent depth in zero 
and conventional tillage fields sampled during 1997 and 1998 
(years combined). 

Box plots showing range of green foxtail recmitment depth in zero and 
conventional tillage fields sampled during 1997 and 1998. . 

Box plots showing range of wild buckwheat recruitment depth in zero 
and conventional tillage fields sampled during 1998. 

Box plots showing range of barnyard gras  recruitment depth in zero 
and conventional tillage fields sampled during 1998. 

Relationship of tillage index to mean recruitrnent depth of wild oat 
seedlings for the pre-seeding sampling penod (1997 and 1998 data 
combined). . 

Relationship of tillage index to mean recruitment depth of wild oat 
seedlings for the pre-spray sampling penod (1 997 and 1998 data 
combined). . 

Relationship of tillage index to mean recruitment depth of volunteer 
wheat seedlings for the pre-seeding sampling period (1997 and 1998 
data combined). 

Relationship of tillage index to mean recruitment depth of volunteer 
wheat seedlings for the pre-spray sampling period (1 997 and 1998 data 
combined). . 

Relationship of tillage index to mean recruitrnent depth of green foxtail 
seedlings for the pre-spray sampling period (1 997). 

Page 

42 



Figure Page 

5.6 Relationship of tillage index to mean recruitment depth of green foxtail 
seedlings for the pre-spray sampling penod (1 998). 88 

5.7 Relationship of tillage index to mean recruitment depth of wild 
buckwheat seedlings for the pre-seeding sampling period (1 998). . 90 

5.8 Relationship of tillage index to mean recruitment depth of wild 
buckwheat seedlings for the pre-spray sampling penod (1998). - 91 

5.9 Relationship of tillage index to mean recruitment depth of barnyard 
gras  seedlings for the pre-spray sampling period (1998). . 93 

vii 



du Croix Sissons, Michelle Jacklin. M.Sc., The University of Manitoba, July, 1999. 
Effect of Tillage on Recruitment Depth of Five Weed Species Measured in situ in Zero 
and Conventional Tillage Fields in Manitoba Major Professor; Rene Van Acker. 

Knowing the depth of weed seedling recruitment and how tillage affects the depth 

of recruitment can help in the development of improved weed control methods. Weed 

seedling recruiûnent depth is a better measure of seed placement than weed seedbank 

counts. Depth of recruitment of wild oats (Avena fatua L.), volunteer wheat (Triticum 

aestivum L.), green foxtail (Setaria viridis L. Beauv), wild buckwheat (Polygonum 

convolvulus L.) and barnyard grass (Echinochloa crus-galli L. Beauv) seedlings were 

measured in 1997 and 1998. The survey included 44 zero tillage and 44 conventional 

tillage fields over the two field seasons. Detailed Uiformation for each field was collected 

fiom f m e r s  involved in the swey, to allow for the development of a tillage index. A 

morphologicd marker was identified on wild buckwheat so recmitment depth of this 

weed could be measured in the field. 

Weed seedling recruitment was shallower at pre-seeding sampling than at pre- 

spray sampling. Spring tillage or seeding disturbs the soil, exposing seeds to conditions 

that stimulate weed seedling recruitment. Weed seedling recruitment was shallower in 

zero tillage fields versus conventional Mage fields. The mean depth of recruitment in 

zero tillage fields, at the pre-seeding sampling period, for wild oats, volunteer wheat and 

wild buckwheat was 1.92, 0.75 and 1.64 cm, respectively. At the pre-spray sampling 

penod in zero tillage, the mean depth of recnlitment for wild oats, volunteer wheat, wild 

buckwheat and barnyard gras  was 2.42,2.11,2.18 and 1.59 cm, respectively. The mean 



depth of recniitment for green foxtail at the pre-spray sampling period was 2.45 and 1.86 

cm for 1997 and 1998 respectively. In conventional tillage the mean recruitment depth at 

the pre-seeding sampling period for wild oats, volunteer wheat and wild buckwheat was 

3.25,2.79 and 2.5 cm, respectively. At the pre-spray sampling period the mean depth of 

weed seedling recniitment for wild oats, volunteer wheat, wild buckwheat and barnyard 

grass was 4.15,3.74,3.47 and 2.97 cm, respectively. The mean depth of recruitment for 

green foxtail at the pre-spray sampling period was 3.8 and 3.1 1 cm for 1997 and 1998 

respectively. The lack of tillage in zero tillage fields results in the majority of weed seeds 

occurring near the soil surface. Dormant seeds deep in the soil profile are not brought up 

to the surface in zero tillage. 

The amount of soil disturbance is the main factor that determines the depth fkom 

which weeds will be recruited. High tillage levels directly corresponded with increased 

depth of weed seedling recruitment. Other factors such as soil type and environment 

need to be exarnined more closely to determine to what extent they affect the depth of 

weed seedling recruitment. Determinhg the depth of weed seedling recruitment in zero 

and conventional tillage fields is the first step in die development of predictive 

recruitment models. Before the models are developed, farmers can determine the depth 

of weed seedling recniitment in their own fields and concentrate weed control at that 

depth. 



CHAPTER 1 

General Introduction 

One of the greatest concems of famiers is soil erosion and preserving soil quality 

for the future (Domitruk et al, 1997). Since the mid-197OYs, farmers have been adopting 

zero tillage in Manitoba and North Dakota to help prevent soi1 loss and to regenerate soil 

organic matter (Coutts and Smith, 1 99 1). The only soil disturbance that occurs with zero 

tillage is during seeding, harrowing or application of fertilizer (Brandt, 1992). Zero 

tillage does not only reduce erosion, it also increases water infiltraticin and conserves 

moisture by reducing evaporation (Brandt, 1992; Domitnik et al., 1997; Buhler, 1995). In 

some soils, organic matter does not increase greatly, even after years of zero tillage. 

These soils, generally, already have high organic rnatter or have a high turnover of 

organic matter (Domitruk et al., 1997). Other studies have shown that organic residues 

accumulate on the soil surface instead of in the soil profile in zero tillage (Brandt, 1992). 

Brandt (1992) indicated that there has been no conclusive data to-date that demonstrates 

an overall increase in soi1 organic matter as a result of zero tillage. Soi1 nitrogen levels in 

the first few years of zero tillage may decrease or fluctuate until an equilibrium is reached 

(Domitruk et al., 1997). It has been reported in several long terni tillage studies that 

differences in soi1 nitrogen levels due to tillage tend to disappear after several years 

(Brandt, 1992). The advantages of adopting zero tillage include reduced soil erosion, 

increased organic matter, more earthworms and better soi1 tilth (Domitruk et al., 1997). 

Tillage, in agricu1tura.I production has been used for several reasons: to prepare a 

crop seedbed, eliminate stubble that may harbour disease or interfere with seeding and 



harvest machinery, dry out and warm up seed beds in the spring, and to control weeds. 

Reduced levels of weed control has been a major concem preventing faxmers fiom 

adopting reduced or zero tillage systems. There are several types of tillage that affect 

weed seed distribution in the seed bank. Most conventional tillage systems result in little 

plant residue being ieft on the soil surface. Generally, with reduced or minimum tillage 

systerns at l e m  30% of the soil surface is left covered with plant residue. In Manitoba, 

reduced or minimum tillage typically involves only primary tillage with a chisel plough. 

In zero tillage, also know as no tillage or conservation tillage, soil disturbance is Iimited 

to the planting operation and in some cases fertilizer application andor harrowing to 

distribute stubble. 

Weed seedling recruitment is the successful germination and emergence of weed 

seedlings in a field (Harper, 1977). Successfully recruited seedlings have overcome al1 of 

the obstacles that would prevent seeds fkom recniitïng and their populations are easier to 

measure than seeds in the seedbank. Weed seedling recniitrnent is anécted by many 

factors in the field besides tillage, but many of these factors are the result of tillage. 

Weed seed donnancy is afTected by depth of weed seed placement and the microclimate 

around the seed. Light is important in the recruitment of weed seeds, dormancy can be 

broken by light flashes that occur during tillage. Factors such as tillage, seeding practice, 

weed species, soil type and soil applied herbicides c m  affect depth of weed seedling 

recruitment (de la C m ,  1974). Many experiments detem-ng the depth of weed 

seedling recruitment have been conducted where the weed seeds were placed at specific 

depths in the soil, and natural weed populations were not used (Dawson and Bruns, 1975; 
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Wiese and Davis, 1966; Stoller and Wax, 1973). These experiments give an idea of the 

maximum depth of emergence of the weeds. In general there is decreased emergence 

percentages with increased depth of planting (Dawson and Bruns, 1975; Wiese and 

Davis, 1966). The major limitation of these experiments is the lack of knowledge of the 

effects of different management practices on seed movement. A few expenments have 

determined the depth of weed seedling recruitment in the field (de la Cruz, 1974; 

Chancellor, 1964b; Buhler and Mester, 1991). In these experiments the depth of 

recruitment was generally shallower in a minimum or zero tillage system than in a 

conventional tillage system. 

Weed population changes occur at the species level, while weed cornmunity 

changes refer to changes that include al1 weed species (Derksen, 1996). Weed 

community and population changes between different tillage practices are important in 

the adoption of conservation tillage practices. Farmers will not adopt new tillage 

practices unless they are profitable. Understanding the influence of reduced tillage on 

weed communities and populations will allow new and better management of weeds. 

Crop rotation, tillage and herbicide selection can have a large impact on weed 

communities. If producen carefully plan varied crop rotations and consistently use 

herbicides from different chernical families, adoption of conservation tillage may be more 

successfül (Blackshaw et al., 1994). Knowing specific microsite requirements of weed 

species and the impact that agricultural practices have on microsites could help explain 

varïed weed species responses to management practices employed @erksen et al., 1994). 
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Determinhg the depth o f  recniitrnent of several econornicdly important weeds in 

Manitoba and how different management strategies affect the depth of recruitment could 

help in the development of  improved weed control strategies. 



C W T E R  2 

Literature Review 

Introduction 

Weed seedbanks, and the effect of tillage and the environment on weed seedbanks 

has been extensively documented. Understanding how different factors affect the weed 

seedbank is an important Iink to the development of irnproved weed control. The weed 

seedbank dictates that weed seedlings will be recmited to compete with crop plants for 

space, nutrients and moisture. The problem with measuring weed seedbanks is that they 

do not provide the best measure of future weed seedling populations. Weed seedling 

populations are easier to measure and provide a more accurate account of future weed 

competition. Attempts have been made to document the affects of management and the 

environment on seedling populations. Changes in weed cornrnunities, the length of seed 

dormancy and maximum depths of weed seedling emergence have al1 been investigated. 

Information is lacking for the depth of weed seedling recruitment under actual field 

conditions. In this study 1 investigated in situ the effects of different field management on 

the depth of weed seedling recruitment. 

Seedbanks 

A seedbank is al1 the seeds in the soi1 profile (Cavers, 1995). Thompson and 

Grime (1979) defïned the seedbank as al1 detached viable seeds of a species at a specific 

tirne. This includes al1 individual seeds present both above and below ground. The 

seedbank accounts for the largest segment of many plant populations. For most wild type 
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species, only a very small number of the viable seeds in the seedbank will germhate in 

one year (Harper, 1977). Many investigators have s h o w  that large reserves of seeds can 

accumulate in arable soils (Baskin and Baskin, 1985). 

Seedbanks are studied to M e r  our understanding of plant dynamics. They 

reflect the effects of factors such as tillage, seecling practices, moisture and temperature 

changes. Researchers assume that seedbauks are the most comprehensive measure of 

weed communities. If this were tme, the information denved fiom seedbank research 

could be used to predict the future year's weed seedling populations (Derksen et al., 

1998). Yet cornparisons of seedbank numbers over time indicate that seedbanks are not 

good predictors of friture weed problems. Procedures used to estirnate the seedbank tend 

to over or under estimate seedbank densities and the number of seedlings that will be 

recruited (Ball and Miller, 1989). The germination method, allowing seeds to germinate 

under controlled conditions, results in under estimations of seedbank densities because it 

only accounts for non-donnant seed (Ball and Miller, 1989). This procedure can be made 

more precise if samples are aliowed to sit for two or more years. The Malone extraction 

count, a procedure developed by Malone (1967), over estirnates the number of seedlings 

that will be recruited, because it measures al1 of the seeds in the seedbank, the donnant, 

non-dormant and non-viable but still intact seed, riot just the active seedbank (Ball and 

Miller, 1989). A relationship exists between the seedbank and the subsequent seedling 

populations, but the relationship will Vary fiom year to year due to environmental factors, 

weed species present, seed dormancy and the condition of the soi1 surface (Bal1 and 

Miller, 1989). 
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The percentage of seeds that are successfully recruited is often very low. One 

estimation is that ody  about six percent of viable seed in the top 10 cm are likely to 

produce seedlings (Roberts, 1984). Zhang et aL (1 988) predicted that the percentage of 

seeds in the seedbank that will give rise to seedlings in one year is only three to seven 

percent. Green foxtail (Setaria viridis L. Beauv.) seed counts are poorly related to 

subsequent seedling populations. Green foxtail weed seed counts taken by Bal1 and 

Miller (1989) were not related to weed seedling counts. They concluded that seed count 

estimates were poor predictors of green foxtail seedling densities. The best predictors of 

future weed seedling populations are the past year's seedling populations (Derksen et al., 

1998). The seedling population is dso  easier and less labour intensive to measure and it 

is the seedlings, not weed seeds, that cause crop yield loss (Derksen et al., 1998). More 

research cornparhg seedbank, seedling and mature weed populations in the context of 

weed community dynamics in agricultural production is needed before seedbanks c m  be 

used as predictors for future weed problems (Derksen et al., 1998). Also, the processes of 

seedling recruitrnent need to be better understood before seedbank data can be useful. 

Once these processes are understood we can look at a seedbank population and be able to 

confidently predict the percentage of seeds that will be recruited as seedlings. Still, the 

seedbank is difficult and labour intensive to study because of its variability and it remains 

that the best measurement of seedling populations may be previous seedling populations 

(Derksen et al., 1998). 

The seedbank can be divided into two groups, the transient group lasts for less 

than one year and the persistent group lasts for more than one year (Thompson et al., 
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1977). Cavers (1983) defmed several important points about seedbanks. He indicated 

that there are enonnous numbers of viable seeds in arable soil and wetIands, but there are 

fewer seeds present in other types of habitats. Most burïed seeds become non-viable 

within a few years, but there still are a significant number of weed seeds left in the soil. 

These may survive for many years and successfidly germinate and emerge if conditions 

become favourable. Seeds buried deep in the soil profile remain dormant longer than 

seeds buried near the surface, but deeply buried seeds do not gemiinate and establish as 

well as shallow seeds. Each species has a unique seedbank in terms of longevity and 

dormancy. In addition, a single species cm have one type of seedbank Ui one habitat and 

another in a different habitat (Cavers, 1983). Cavers (1983) gives an example of dwarf 

snapdragon (Chaenorrhinum minus L.) which has a persistent seedbank on railway tracks 

in North America and a transient seedbank on grave1 riversides that are flooded every 

year in London, Ontario. Weed populations in the soil are variable (vary fiom field to 

field and within a field) and are influenced by soil environment and f m i n g  practice 

(Buhler et al., 1997; Wilson et al., 1985). 

Weed species and numbers of seeds are not unifomly distributed in the soil. In 

cultivated soil the seedbank is usually composed of a few dominant species that are 

present in high numbers and comprise 70-90% of the total seedbank. These species are 

primary pests and are present at high numbers because of resistance to control measures 

and adaptation to cropping systems (Buhler et al., 1997; Wilson et al., 1985). Weed 

species that are high in number in the seedbank are generally those that have similar 

germination and growth patterns to the crops being grown (Wilson et al., 1985). A few 
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weed species are present in moderate numbers and represent about 10-20% of the total 

seedbank. These species are generally adapted to the geographic area, but not to the 

curent production practices. Finally, there are many weed species present in the 

seedbank at very low densities. These are usually seeds fkom hard to control weed 

species, newly introduced species and seed f?om the previous crop (Buhler et al., 1997; 

Wilson et al., 1985). Many factors contribute to this association of weeds with crops, 

these include; similarity of seed size, time of ripening, time of germination and tirne of 

tillage and cropping and harvest practices (Wilson et al., 1985). Pre-plant tillage and soil 

environmental conditions at planting have been shown to influence weed seedling 

emergence (Wilson et al., 1985). The recruitment of seeds at or near the soi1 surface are 

highly influenced by environmental conditions. 

Conditions that affect seedling recruitrnent include daily cycles of temperature and 

moisture, and long term effects of hydration and dehydration due to precipitation patterns. 

Species respond differently to conditions experienced at the soil surface. Seeds in the 

seedbank do not geminate continuously and seed germination generally follows a 

cyclical pattern. A seed has germinated once the radical or another embryonic organ 

appears through the seed coat or other enclosing structures (Taylorson, 1987). The largest 

flushes of weed germination and emergence occur in the spring as the soi1 w m s  up. 

Modem agriculture has selected for weed seeds îhat are dormant and, this has lead 

to the creation of a large weed seedbank. Dormancy prevents germination of seeds even 

under conditions that are favourable to successfùl gemiination and emergence. Initial 

dormancy is ofien tenned innate or primary dormancy. Dormancy occurring because of 
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unfavourable environmental conditions is termed secondary or induced domancy 

(Taylorson, 1987). Dormancy is an adaptation to seasonally unfavourable environmental 

conditions. It also allows weeds to survive weed control measures (Taylorson, 1987). 

Continuous weed control has reduced the nurnber of non-dormant weed seeds and has 

selected for dormancy in weed populations. At the same tirne we have selected against 

dorxnancy in crop seeds. Crop plants do not need donnancy because they are placed in 

the ground each year at times and locations optimal for germination and emergence 

(Baskin and Baskin, 1985). Weedy races of crop plants generally have higher levels of 

dormancy and a larger seedbank than their cropped counterparts (Cavers, 1995). Some 

weed species may remain dormant, but viable, for 50 to 100 years or more (Baskin and 

Baskin, 1985). Three of 21 species buried in 1879 by W.J. Beal were viable after 100 

years and 36 of 107 species buried by Duvel in 1902 were viable after 39 years (Baskin 

and Baskin, 1 985). 

In the soil, a number of variables act on weed seeds to affect their viability and 

dormancy. These factors act simultaneously or separately and include changes in 

exposure to light, moist-ure, temperature and gaseous environment (Taylorson, 1970). 

Location in the soil profile can affect the extent to which each of these factors acts upon 

the seeds. Seeds close to the surface will be exposed to more extreme conditions and will 

lose viability faster than seeds deeper in the soil profile (Taylorson, 1970). Most likely, a 

decline in the number of seeds in the seedbank is due to germination of seeds while they 

are in the soil. Generally, non-dormant seeds lose viability faster than dormant seeds. 

Seeds deeper in the soil will remain dormant longer than seeds at the soil surface, and 
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generally, seeds need to be brought to the soil surface to gemünate (Baskin and Baskin, 

1985). 

In wild oats (Avenu fatua L.), primary dormancy is probably responsible for 

persistence of this weed in the soil, secondary dormancy was not evident in the field 

(Banting, 1 962). Banting (1 962) deterrnined that d e r  13 years of continuous cropping, a 

minimum of five years of summerfdow is needed to eliminate wild oats from a heavy 

clay soil. He also found that the percentage of highly dormant seeds is maintained or will 

increase over time due to naturai selection. Corn (1990) found that afler 4.7 years of 

burial, wild oat and foxtail barley (Hordeum jubatum L.) seeds in Alaska had less than 

one percent viability. Although, Conn (1990) did remark that even such a low percentage 

of viable seeds could cause an infestation of wild oats. Miller and Nalewaja (1990) 

conducted experirnents on wild oat longevity in Fargo and Williston, North Dakota. ïbey 

found that seed viability and dormancy was affected by length and duration of burial and 

by nitrogen fertilizer rate. Seeds had greater longevity with deep burial and low levels of 

nitrogen. They proposed that seed longevity would most likely be lower under a zero 

tillage or a conservation tillage system where the majority of the seeds reside near the 

surface (Miller and Nalewaja, 1990). 

Dawson and Bruns (1 975) placed green foxtail, barnyard grass (Echinochloa crus- 

gdli L. Beauv.) and yellow foxtail (Setaria glauca L. Beauv.) seeds at 2.5, 10 and 20 cm 

soil depths to determine the longevity of the seeds for these species. The largest number 

of weeds emerged fiom the 2.5 cm depth for al1 species, only a few seedlings emerged 

from seeds placed at 10 cm and no seedlings emerged firom seeds placed at the 20 cm 



depth. The seeds that had the greatest 

cm depths and seeds remained viable 

12 

viability were those exhurned nom the 10 and 20 

longer at the 20 cm depth (Dawson and Bnins, 

1975). Vanden Born (1971) had similar results with green foxtail seeds grown in soil 

conditions that resembled conventionally tilled fields in central Alberta with respect to 

moisture, compaction and aeration. A large number of seeds germinated from the 0.5 to 8 

cm depth in well dmined soil. The emergence nom 10 cm took a few days longer, and 

the emergence percentage for seeds placed at 12 cm was only 7% (Vanden Born, 1971). 

Barnyard gras had the lowest levels of dormancy over time and yellow foxtail had the 

longest levels of dormancy of the three species (Dawson and Bruns, 1975). After 13 

years of burial a few seeds, of each species tested were able to germinate. After 15 years 

of burial no viable seeds remained. Most of the seeds that became non-viable in the soil 

at the 10 and 20 cm depths did iiot germinate before becorning non-viable, so those seeds 

were actually prevented fiom even germinating (Dawson and B m s ,  1975). 

niornas (1986) tested the longevity of green foxtail seeds by burying packets of 

seeds at 1.0, 2.5, 5.0, 7.5, 10.0 and 15.0 cm. There were increasing levels of viability 

with increasing depths of green foxtail seed placement. After 17 years of burial no viable 

seeds remained. To prevent green foxtail seeds nom becoming dormant and developing a 

persistent seedbank, fields should not be deep tilled. A shallow tillage of no more than 

10 cm should be performed on Canadian prairie soils to promote a rapid depletion of the 

seedbank (Thomas, 1986; Vanden Born, 1 97 1). 

Wild buckwheat (Polygonum convo2vuIus L.) seeds have been reported to have a 

high level of longevity in an undisturbed soil. Lewis (1973) reported that wild buckwheat 
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seeds were still viable after being buried for 32 years in a Pasture. This was an 

undisturbed site and the longevity of viability may be reduced under a conventionally 

tilled field. 

Emergence of weed seeds as affected by environment 

Light. Light has a significant effect on the germination of weed seeds. It can either 

inhibit or promote germination (Taylorson, 1987). Phytochrome in seeds is a receptor for 

red and far-red light. Red-light can promote germination in weed seeds and far-red light 

can inhibit germination (Taylorson, 1987). Phytochrome is present in two foms in the 

seed, an inactive form and an active form (Taylorson, 1987). Gross evidence of this is the 

observation than in annuai cropping systems the number of weeds appearhg before 

cultivation are fewer than d e r  cultivation (Wesson and Wareing, 1969a). 

No more than 10% of the total number of seeds will germinate when disturbed in 

the dark. This suggests that light plays a major role in the germination of buried seeds 

(Wesson and Wareing, 1969a). Light is important for the stimulation of germination in 

any disturbed habitat. Seeds need to be exposed to light for a brief moment to stimulate 

germination (Scopel et al., 1994; Tester and Morris, 1987). The exposure to a light flash 

can cause a significant increase in weed seedling numbers (Wesson and Wareing, 1969a). 

Greater germination of weeds has been shown to occur when daytime tillage was 

preformed with a moldboard plough; a form of tillage that effectively moves seeds 

between different layers in the soi1 (Scopel et al., 1994). Wesson and Wareing (1 969b) 

conducted a detailed study examining the effect of light on germination. The germination 
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of Papaver dubiurn (L.), Plantago Za~ceolu~u (L.), and Spergda anensis (L.) were 

uneected or slightly inhibited by light exposure. Seeds of Rumex crispus (L.), Senecio 

jacobaea (L.) and Sonchus asper (L. Hill) were stimulated to germinate when exposed to 

light after a period of burial. 

Germination of seeds buried deep in wet soi1 may be inhibited by more than just a 

lack of light The lack of oxygen and other gases has an effect on germination of seeds. 

Some gases act as inhibitors of germination and are the product of seed metabolism 

(Wesson and Wareing, 196%). It is assumed that germination is prevented initially by 

the presence of inhibitors, and when seeds are held imbibed in the dark they develop a 

light sensitivity (Wessing and Wareing, 1968b). 

Transmittance of light through the soil is afTected by soil particle size, moisture 

content and colour (Benvenuti, 1995; Tester and Morris, 1987). A decrease in soil 

particle size causes a decrease in the amount of light transmittance. An increase in soi1 

moisture content increases light transmittance in sandy soil, but decreases transmittance 

in a silty soil. Silts and loams tend to compact when wet and reflect low amounts of light. 

Light coloured soil particles allow light to penetmte M e r  than dark coloured soil 

particles (Tester and Moms, 1987). The dark colour of organic soil greatly decreases the 

amount of light transmittance even in the thinnest of soil layers (Benvenuti, 1985). 

Because, light penetration through the soil is poor, the proportion of total seed in the 

seedbank receiving light &er tillage is small (Scopel et al., 1994; Tester and Moms, 

1987). Light, in al1 types of soil, failed to penetrate effectively below 4 mm (Benvenuti, 



1995). Germination levels in seed located below 4 mm of soil were almost identical to 

germination levels of seed kept in darkness. 

The relative importance of light in stimulating germination in seed is dependent 

on the ecological niche in which the seed is found. Shading by vegetation or liner can 

affect light quality and quantity. Increased roughness in the soil surface increases the 

amount of light penetration, especially if the soi1 is highly disturbed. A greater surface 

area, exposed as a result of tillage, results in an increase in the number of seeds receiving 

light. Cracks in the soil surface also allow for greater penetration of light (Tester and 

Morris, 1987). Light is important in stimulating germination of weed seeds, but it is not 

the only environmental factor responsible for germination. Temperature and precipitation 

patterns also have a marked effect on germination. Weed seeds will not germinate and 

emerge under conditions of extreme soil temperature or soi1 moisture (Buhler, 1997; 

Pons, 1991). Tillage in the dark rnay prevent germination of weeds seeds that require a 

light flash, but it rnay select for weeds that do not require a light flash in order to 

germinate (Buhler, 1 997). 

Wild oat recniitment rnay be inhibited by exposure to light flashes, white, blue 

and far-red light rnay inhibit recruitment to the greatest extent (Sharma and Vanden  BO^, 

1978). Covering wild oat seeds with soi1 rnay stimulate recruitrnent (Sharma and Vanden 

Born, 1978). Green foxtail recruitment was reported to be higher under naturai light than 

under light filtered through plant canopies. This rnay be the eEect of differing levels of 

far red to red light @ouglas et al., 1985). Several studies have reported that light does 

not effect recruitment of wild buckwheat seeds (Hume, 1983). 
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Temperature. Weed seeds c m  germinate and emerge over a wide range of temperatures, 

fiom 5O C to greater than 40" C .  A seed that is weakly dormant may be recmited over a 

wider range of temperatures than a seed that is highly dormant. A gradua1 loss of 

dormancy will occur with seeds stored at room temperature, prolonged viability of a seed 

is dependant on low temperatures. Temperatures of greater than 20" C may accelerate the 

process of after ripening (Taylorson, 1987). Some weeds have specific ranges of 

temperature over which recruitrnent is greatest. Green foxtail, for example, has optimum 

germination at 15 to 35" C, but maximum germination rate was achieved at 3S0 C 

(Vanden Born, 1971). Temperature has a great effect on the rate of induction of seeds that 

require light to germinate or dark dormancy of seeds. At low ternperatures, dark 

dormancy in seeds will be induced at a very slow rate. A light flash in the winter rnay 

break dark dormancy, allowing seeds to germinate in the s p ~ g  when the temperatures 

rises (Pons, 199 1). 

The optimum temperature for wild oat seedling recruitment has not been 

conclusively determined. Generdly, wild oats prefer cooler temperatures, although 

recruitment may be limited below 1 5 O  C and above approximately 25°C (Sharma and 

Vanden Born, 1978). Maximum recruiîrnent levels for green foxtail are between 20 to 

30° C. If the temperature decreases to between 15 to 20° C time to 50% recruitrnent was 

increased significantly (Douglas et al., 1985). Wild buclcwheat is adapted to a wide range 

of environmentai conditions and, therefore, recruitment cm occur under a wide range of 

temperatures (Hume et al., 1983). Barnyard gras has similar temperature requirements 

to green foxtail (Dawson and BWS, 1962). 
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Gaseous Environment. Weed seeds need oxygen to meet metabolic requirements for 

germination, and in the process of germination carbon dioxide is released (Taylorson, 

1987). It was previously thought that an increase in carbon dioxide levels inhibited 

germination, but the carbon dioxide levels in upper soil layers is seldorn greater than 1% 

and an increax of 10% would be needed to affect germination (Baskin and Baskin, 1 985; 

Taylorson, 1987). Oxygen levels would have to be reduced to 5 % or less in the soi! to 

affect germination and the soil rarely contains less than 19% oxygen. Therefore, the 

oxygen to carbon dioxide ratios do not significantly impact germination rates of weed 

seedlings. As oxygen levels decrease in the soil, levels of acetaldehyde, ethanol, and 

acetone accumulate in amounts sufficient to inhibit germination (Baskin and Baskin, 

1985; 'Taylorson, 1987). 

Moisture. Moisture levels influence seed germination during initial imbibition and 

during extremes in moisture availability after imbibition. Unless seeds are tolerant to 

flooding, extreme arnounts of water can cause anoxia which is detrimental to seed 

viability (Taylorson, 1987). When excessive moisture, in early spnng or fall, causes 

penods of nearly anaerobic conditions, seed dormancy can either be broken or induced. 

The relationship between weed seeds and soil moisture and how dormancy is rnaintained 

or broken, is not compktely understood (Taylorson, 1987). 

Wild oat recniitment is highest under moist soil conditions (Sharma and Vanden 

Born, 1978). Soi1 moisture had a greater effect on green foxtail recruitment than 

temperature (Blackshaw et al., 198 1). Blackshaw et al. (1 98 1) determined that green 
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foxtail is more sensitive to changes in environmental conditions than wheat. Barnyard 

gras  has been reported to have low levels of recruitment under dry conditions, especially 

where crusts forrn after a rainfdl (Wiese and Davis, 1966). 

Response of the weed seedbank to tillage. 

Tillage has a significant effect on the density of weed seeds in the seedbank, 

species composition in the field, and location and distribution of seeds in the seedbank. 

A change in tillage system will change the composition, vertical distribution and density 

of weed seeds in agricultural soil (Buhler et al., 1997). Fallowing land to control weeds 

has been practiced for many years and has been proven to be very successful. At Morris, 

Minnesota an expenment was conducted to determine how long it takes to eliminate wild 

mustard (Brassica kaber @.C) L.C. Wheeler) seed fiom the seedbank using various 

tillage and chernical practices. In this experiment, moldboard ploughing was performed 

three times per year. M e r  seven crop years, less than three percent of the original weed 

seeds in the viable seedbank remained (Warnes and Anderson, 1984). However, this 

level of tillage for weed control is impracticd (Warnes and Anderson, 1984). In the same 

study, tillage and crop rotation, together, had intermediate effectiveness in reducing 

viable weed seed numbers. Continuous bromegrass and continuous chem-fdIow were 

least effective in reducing viable weed seed numbers (Warnes and Anderson, 1984). 

Derksen et al. (1994) has indicated that, in Saskatchewan, cornpetitive crops may be as 

successfûl as a crop-failow rotation in controlling weeds. 

Increased soil organic matter resulting fiom less tillage can also influence the 

weed seedbank via increased activity of soi1 borne organisms such as eardiworms, 
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bacteria, fungi, algae, protozoa, nematodes and insects (Cavers, 1995; Domitnik, 1997). 

Besides eating and destroying weed seeds, these organisms deposit waste around weed 

seeds. The increased nitrogen levels can break seed dormancy, causing a greater 

emergence of weed seeds (Cavers, 1995). Reduced tillage can also lead to an increase in 

soil borne pathogens because of increased residue levels. Some of these pathogens can 

kill weed seeds in the soil. Decreased soil temperature and the prevention of light 

penetration are aiso the result of increased levels of residue and these may reduce or delay 

emergence of weeds (Dyer, 1995). Harper (1959) demonstrated that there was a longer 

dormancy penod in weed species as depth of seed placement increases. With zero-tillage 

there were no seeds buried so the numbers of weed seeds in the seedbank should 

decrease, although some weed species have higher dormancy at the soi1 surface. (Cavers, 

1995). 

Derksen et al. (1998) determined that the year of assessment had a greater effect 

than tillage on weed species community composition of seedbank and residual weed 

populations. For seedling (pre-spray) communities, the order of importance was reversed 

and tillage had a greater impact on the species composition than did the year of 

assessment. This indicates that weed management strategies could be based on tiliage 

system, despite annual influences on weed community composition (Derksen el al., 

1998). Differences in total weed densities between tillage systems did not exist in the 

seedbank or the residual weed communities, but densities did differ in the seedling 

communities. This indicates that recruitrnent is delayed in zero-tillage. This may provide 
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an explanation for greater crop yields in zero-tillage despite the presence of weeds 

(Derksen et al., 1998). 

The extent and depth of weed seed distribution is directly related to the arnount of 

soil disturbance (Dyer, 1995). Tillage is the primary cause of vertical weed seed 

movement in soil (Buhler et al., 1997). Inversion tillage, such as moldboard ploughing, 

tends to uniformly distribute seed throughout the soil profile (Bd, 1992; Buhler et oL, 

1997; Dyer, 1995). Cousens and Moss (1990) tried to determine how tillage affected 

seed movement by monitoring coloured bead movement in the soil. The first year of 

moldboard ploughing moved seeds deep into the soil, during the second year, the beads 

were moved to the surface. It took five years to obtain a stable seed distribution in the 

soil. In soil that was ridge tine cultivated it took ten years to reach a stable bead 

distribution. M e r  20 years of tillage the two systems had similar bead distributions. 

Using beads to indicate what is happening with seeds is not always accurate because 

beads are added only once and weed seeds are added every year (Cousens and Moss, 

1990). Seeds have been found at depths up to 32 cm after moldboard ploughing 

compared to depths of only 12 cm following chisel ploughing (Buhler et al., 1997). 

Moldboard ploughing also moves older seed to the surface while burying young or fieshly 

shed seed via soil inversion (Ball, f 992; Yenish et al., 1992). 

Minimal tillage systems in which the soi1 is not inverted (ie. chisel plough) cause 

a concentration of large portions of seed at or near the soil surface. Chisel ploughing may 

cause a more uniform seed age distribution in the soil compared to moldboard ploughing, 

because it does not result in an inversion the soil (Yenish et al., 1992). In fields that were 
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moldboard ploughed, fewer weed seeds were found in the upper 5 cm after five years 

compared to fields that were chisel ploughed or not tilled. In zero-tillage, 60% of seeds 

were found in the top 1 cm of the soil and few seeds were found below 10 cm. In 

cornparison, fields that were chisel ploughed had about 30% of seeds in the top 1 cm of 

the soil (Ball, 19%; Buhler et al., 1997; Dyer, 1995). Yenish et al. (1992) reported that 

chisel plough and zero-tillage plots had approximately 60% more seeds in the top 19 cm 

of soil than plots that were moldboard ploughed. In an undisturbed ley the majority of the 

seeds were found on or near the soi1 surface. Both the number of seeds and the number of 

species found decreased with increasing depth (Roberts, 1963). Pareja et al. (1985) 

recovered seeds from depths of 20 cm even if no tillage was performed. In reduced 

tillage 85% of the seed was in the upper 5 cm of the soil, only 25% was in the same layer 

under conventional tillage. Seeds closer to the soil surface have a greater chance of 

germinating and emerging successfùlly (Ball, 1992; Paraja et al., 1985). Seeds on the 

surface of the soil, however, are more liable to be eaten by predators, or to decay (Yenish 

et al., 1992). 

The potential for increased weed infestations in fields exists where tillage 

methods are practiced that leave the majority of the seed near the soil surface. As such, 

better management strategies are needed to prevent severe weed problerns fiom 

developing (Ball, 1992; Yenish et al., 1992). It is possible that chisel plough and crop 

rotations can be combined to accelerate the decline of weed seedbanks. Vertical seed 

distribution in seedbanks plays a more important role in weed community shifts among 

tillage systems than does the amount of surface residue (Buhler et al., 1997). The effect 
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that secondary tillage has on seed distribution in the seedbank is minimal compared to 

p n m q  tillage (Staricka et al., 1990). As more cultivation is performed a finer seed bed 

is created, through which tiIlage implements pass more easily and, therefore, causing less 

seed movement than in hard packed soil (Rew and Cussans, 1997). 

Seed movement dso depends on soil texture, structure, moisture and type, and 

speed of cultivation (Rew and Cussans, 1997). Where seeds are positioned in soil 

structural units also has effects on where seeds will be distributed in the soi1 profile d e r  

tillage. Paraja et al. (1 985) found weed seeds in most soil fractions, even in the absence 

of tillage, however, greater numbers occurred in the unaggregated fiaction in zero tiI1age 

fields. Weed seeds were distributed evenly among various soil aggregate size classes in 

conventional tillage fields. Tillage not only moves seeds deeper into the soil profile, but 

also, into larger soi1 aggregates. The seeds inside the soil aggregates are exposed to high 

moisture concentrations and low oxygen tensions that inhibits germination and promotes 

domancy (Paraja et al.. 1985; Pareja and Staniforth, 1985). Cousens and Moss (1 990) 

indicated that al1 seeds will move with the soil regardless of their size and shape, 

therefore, seed distribution should be similar among species. Fine seed beds provide 

better weed seed-soi1 contact and, therefore, a better chance for germination when 

compared to coarse seedbeds (Pareja and Staniforth, 1985). Soi1 structure creates a 

heterogeneity of soil environments that, in tum, creates a variety of microsites for weed 

seeds. There may be several sub-populations of weeds in different microsites. The 

requirements for germination may be similar among weed species but the time at which 



each microsite provides the optimum conditions for germination may differ (Pareja and 

Staniforth, 1985). 

Weed species that c m  germinate and become established at the soil surface, such 

as small seeded grasses and broadleaf weeds, have the greatest potential to flourish under 

reduced tillage systems (Buhler et al., 1 997; Dyer, 1 995). Moldboard ploughing buries 

these seeds at depths too great for successfb1 germination and emergence so that seedling 

numbers would be expected to decline unless subsequent tillage occurs (Buhler et al., 

1997; Dyer, 1995; Yenish et al., 1992). Large seeded weeds that remain near the surface 

in conservation tillage systems are inhibited fiom establishing. Large seeded weeds have 

seeds that are too large to fa11 into soil cracks in most soil types, preventing good soil to 

seed contact (Buhler et al., 1997; Wames and Anderson, 1984). Deeper burial of these 

species contributes to re-infestation following subsequent tillage (Buhler et al., 1997). 

Experiments in England have s h o w  that after five years of zero tillage the 

number of seeds remaining in the seedbank is two to four times higher than in cultivated 

soil. In addition, seed number increased with increasing depth of burial (Dyer, 1995; 

Roberts and Feast, 1 972; Yenish et al., 1 992). For many weed species, burial of seeds, 

even at a shdlow depth is sufficient to suppress germination and favour the swival  of 

weed seeds (Chepil, 1946; Chepil, 1949; Roberts and Feast, 1972). Roberts and Feast 

(1973b) reported that the loss of viable seeds was 34% per year in undisturbed soil. 

When the number of cultivation events increased to seven per year, loss of viable weed 

seed increased to 50% per year (Roberts and Feasî, 1973b; Roberts and Dawkins, 1967). 

The number of viable seeds in the seedbank is greater in untilled soil because tillage 
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promotes germination of seeds (Roberts and Dawkins, 1967). Viability levels of seeds of 

Poa annua (L.), SteIZaria media (L.) Vill. and Capsella bursa-pastoris (L. Medicus) 

decreased at a rate of about 50% per year in tilled soil, while for Chenopodium album (L.) 

the rate was about 40% per year. Avenu futua (L.) seed survival decreased at a rate of 

25% per year in undisturbed soil. This rate increased to 80% in the fxst year when the 

plots were moldboard ploughed, and the rate of viability decrease in a yearly moldboard 

ploughed system was 50 to 60% per year. n i e  rate of decrease was significantly higher in 

plots that were moldboard ploughed four times per year cornpared to plots that were 

moldboard ploughed two times per year (Roberts and Dawkins, 1967). Thurston (1961) 

found that wild oat seeds could survive longer in undisturbed soil than in cultivated soil. 

A seed's ability to recruit fiom deep soil depths decreases with length of burial period. 

The spnng flush of weeds may represent only four percent of the viable seeds in the soil, 

indicating that it would take several years to reduce weed seedbank populations (Roberts 

and Dawkins, 1967). Chepil(1946) found that wild oat seed had a maximum dormancy 

of three to four years. He found that 80% of viable seed germinated in the first year, 18% 

in the second, and 2% in the third year. By the fouth year, only two seeds out of several 

thousand germinated at Swift Current, Saskatchewan. Seeds produced at different points 

on the spikelet of wild oats had different levels of dorrnancy. The seeds from the 

secondary florets of the spikelet had greater domancy than the larger seeds originating at 

the base of the spikelet (Chepil, 1946). Cultivation should induce the rnajority of these 

seeds to germinate in the first year. Since wild oat seeds will not geminate readily when 



lying on the soil surface, Chepil(1946) suggested that in order to better manage wild oats, 

soi1 should be tilled to bury seeds at a depth where they will readily genninate. 

When weed seeds fall on the soil surface, shallow tillage may increase 

germination levels because shallow burial can stimulate germination. Inversion of soil by 

moldboard ploughing decreases emergence of some seeds that initially fa11 on the soil 

surface. It also increases seed survival by burying seeds beyond the reach of surface 

hazards such as predation and fluctuating temperature and moisture conditions. The soi1 

environment is changed (decreasing temperature, increasing moisture and maintaining the 

seed in darkness) in a way that promotes seed survival (Chepil, 1946; Chepil, 1949; 

Mohler and Gdeford, 1997). Mohler (1993) observed two types of gemination patterns 

in response to tillage. A rnonotonic decrease in seedling emergence in response to 

increasing depth and a non-monotonie response, where shallow burial increased 

emergence levels but deep burial decreased the amount of seeds gerrninating. The effect 

of tillage on an entire seedbank depends on the initial vertical distribution of seeds in the 

soil profile and subsequent movement by tillage (Mohler and Galeford, 1997). If seed 

r e m  is prevented, seed populations will decline more rapidly in cultivated soil than in 

undisturbed soil, but seedling populations will initially be greater in tilled fields (Froud- 

Williams et al., 1983). It is almost impossible to prevent al1 seed return and fkeshly shed 

seed will always be a problem. If zero tillage is being practiced, any cultivation will 

exhume buried seed and reduce any benefit of weed control previously obtained (Froud- 

Williams et al., 1983). 
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Depth of weed seedling recruitment as affected by tiuage. 

The amount of soil disturbance is an important factor in determining the depth of 

weed seedling recruitment (de la Cruz, 1974). In Arlington, Hancock and Janesville, 

Wisconsin giant (Seloria faber0 and green foxtail seedling emergence depths were found 

to be shallower in zero tillage treatments than in chisel plough treatrnents. The deepest 

recruitment depths were fÏom rnoldboard plough plots (Buhier and Mester, 1991). In a 

study by de la Cruz (1974), 50% of weed recniitrnent in zero tillage occurred in the top 1 

cm. Buhler and Mester (1991) reported that 40% of weeds emerged fiom depths of 0.5 to 

1 cm in zero-tillage. In plots that were chisel ploughed, 16% of weeds emerged fiom this 

sarne depth range. Only 10% germinated fiom the 0.5 to 1 cm depth in conventional 

tillage plots. These measurements were made on natural weed seedling populations 

found in the field. Grassy weeds were removed from the s6il cores by Buhler and Mester 

(1991) and rneasured fiom the seed or seed scar to the soil surface. De la Cruz (1974) 

rneasured depth of weed seedling recruitment by taking soil cores as well. He measured 

grassy and broad leaf weeds because he was able to identify point of germination 

(morp holog ical marker) on smartweed (Polygon um pensylvanicum L .) and velvetleaf 

(Abutilon theophrasti Medicus). 

Yenish et al. (1992) found that recmitment of weed seeds was 9 to 10% higher in 

moldboard ploughed and chisel ploughed plots respectively, when compared to zero 

tillage plots. He found no differences in percent recruitment at different depths in zero 

tillage. In plots that were chisel ploughed there was a small decreases in percent 

recmitment with increasing depth of seed placement from around 30% close to the 



surface to 22% at 14 to 19 cm deep. Moldboard ploughing caused large increases in 

percent recruitment as depth of seed placement increased fiom the soil surface (19%) to 

14 to 19 cm deep (38%) (Yenish et al., 1992). Buhler and Mester (1991) found that 

overall, emergence depths were similar under conventional tillage and chisel plough 

treatments, but the emergence depths were shallower in zero tillage plots. 

Dawson and Bruns (1962) placed green foxtail, barnyard gras and yeilow foxtail 

seeds at 1.25 cm intervals nom the soil surface to 12.5 cm deep to determine the depths at 

which these weeds could emerge. Al1 three weeds could recruit fkom depths as deep as 10 

cm, but the majonty emerged from depths of less than 7.5 cm. Deep recruitment can 

cause unique weed problems, including the possibilities that they rnay escape pre- 

emergent herbicide applications via delayed ernergence (Dawson and Bruns, 1962). The 

seeds that successfully emerged fkom deeper in the soi1 were usually larger and had 

greater food reserves (Dawson and B u s ,  1962). 

Chancellor (1964b) has indicated that different species can germinate from 

different depths. Some weed species, such as Matricaria recutita (L.) and Papaver 

rhoeas (L.), can only recniit fiom depths of less than 3 cm. Species such as Polygonom 

convolvulus (L.) and Veronica hederijïolia (L.), however, can recruit from as deep as 13 

cm. The majority of weed species have a moderate range of recruitment depths (nom the 

soil surface to 7 cm) (Chancellor, 1964b; Zhang et al., 1998). 

Seeds that are able to recruit from deep in the soil rnay be able to do so because of 

larger seed size and greater food reserves, or they are able to recniit under a wider range 

of environmental conditions (Chancellor, 1964b). Weed seedling recruitment in large 
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groups can have deeper recruitment than weed seedlings that are recmited as individuals, 

because the combined force of the group allows them to push through greater depths of 

soil (Zhang et al., 1998). This has been observed for Seteria viridis, Seteria glauca, 

Seteria faberi (Hem.) and Abutilon theophrasti (Zhang et al., 1 998). 

Fall or spring tillage may also create conditions that are favourable for deeper 

weed recruitment. It is not known if small seeded weeds positioned deep in the soil 

profile germinate but fail to emerge or if they remain dormant until they are moved closer 

to the soil surface. It is suspected that they do not germinate when deep in the soil, since, 

if this were the case, the viable seedbank for many species would be more quickly 

depleted then has been obse~ved (Chancellor, l964b). 

Chancellor (1964a) comments that soil type is not important in determining fiom 

what depth seeds can recruit. This is contrary to findings fiom Dawson and Bruns 

(1962). Dawson and Bruns (1962) indicated that the deepest recmitment depths of 

barnyard grass, green foxtail and yellow foxtail seedlings would occur in a fine sandy 

loarn. Recruitrnent was greater at deeper depths in light sandy soil compared to heavier 

soil types (Dawson and Bruns, 1962; Zhang et al., 1998). 

De la Cruz (1974) determined the depth of weed seedling recruitment of 

velvetleaf (Abutilon theophrasti), smariweed (Polygonurn pensylvanicum) and three 

species of foxtail (Setaria glauca, Setaria viridis and Setaria fabero. Soi1 cores of weed 

seedlings in the field were taken, to determine in situ recruitment depth. Several fields 

were sampled to determine the effect of different soil types on depth of recruitment. De 

la Cruz (1974) detemiined that the majority of seedlings germinated at 1 .O to 2.5 cm 
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depths in the soil under field conditions. A clear trend of shallower emergence occurred 

under zero tillage. The average depth of weed seedling recruitment in tilled plots was 

nearly twice what was measured in zero tillage plots. Species buried in lighter soil under 

conventional tiilage had a better chance of gerrninating fiom greater depths than in a 

heavier soil (de la Cruz, 1974). Grassy weeds were able to genninate and emerge from 

deeper soil depths than broadleaf weeds. This is because the soil creates more resistance 

to the expanding cotyledons of broadleaf weeds than it does to the narrow coleoptile of 

grassy weeds (de la Cruz, 1974). Overall, de la Cruz (1974) concluded that weed seeds 

germinate and emerge from relatively shallow depths in the soil. In zero tillage, seecis 

tended to germinate fiom extremely shallow depths, 50% of seedlings recruited fiom 

shallower than 1 cm. 

A seedbed that was smooth and even, promoted maximum herbicide efficacy of 

soil applied herbicides. Tillage methods used had a significant effect on recruitment 

depths but there was no significant effect associated with herbicides used. The depth of 

weed seedling recruitment in plots treated with tnfluralin was similar to weed recruitment 

depth in untreated plots. The recniitment depth for weed seedling when other herbicides 

were used was slightly shallower (De la Cruz, 1974). 

EfTect of tillage on weed seedling communities. 

The ecological theory predicts greater species diversity at low levels of soil 

disturbance (Clements et a l ,  1996). This is supported by data of Clements et al. (1996) 

who reported that moldboard ploughing resulted in the fewest weed species white zero 
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tillage resulted in the greatest nurnber of different weed species. Moldboard ploughing 

achially prevents the establishment of a diverse weed community. Disk and chisel 

ploughing promote the establishment of a more diverse weed cornmmity because stubble 

and soil clods left on the surface provide a greater diversity of microsites (Feldman et al., 

1998). Anderson (1994) indicated that tilling the soil increased the number of seedlings 

emerging within the weed community, but the community emergence patterns were not 

afXected, in other word the same species were present in each system. The response of 

individual weed species was the same, where tillage increases the magnitude of 

emergence, but not the emergence pattern (Anderson, 1994). Clements et al. (1996) 

attributed greater weed species diversity in zero tillage and chisel tillage systems to an 

increase in the number of perennial weed species. Derksen et al. (1993) and Frick and 

Thomas (1992) found that most species present were not associated with any specific 

tillage system. In fact, Frick and Thomas (1992) discovered that the top five most 

prevalent weeds were the same for each tillage system in Ontario. Differences in weed 

recnütrnent found between tillage systems may be due to high occurrences of a particular 

weed in one or two fields and Frick and Thomas (1992) indicated that the differences 

among tillage systems could be chance events. The sarne study indicated that the 

influence of tillage is less than that of the crop grown or the year in which the survey or 

experiment was conducted (Thomas and Frick, 1993). Thomas et al- (1994) compared 

zero and conventional tillage systems in Manitoba. They detemiined that tillage had a 

significant impact on 17 out of 23 weed species that were included in the survey. The 

Manitoba swey,  indicated that some weed species had greater densities in zero tillage 
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fields while other had greater densities in conventional tillage fields. The Manitoba study 

measured seedling populations and the Ontario study measured residual weeds. 

Differences in weed populations between tillage systems do not exist in the residual weed 

populations (Derksen et al., 1 998). 

Foxtail barley (Hordeum jubalum), a perennial bunch gras, was difficult to 

control in zero tillage in Saskatchewan (Derksen et al., 1993). Derksen et al. (1 994) and 

Hume et al., (1991) reported that foxtail barley was strongly associated with zero tillage 

continuous cropping. EEective control for perennial native species needs to be developed 

for zero tillage to continue in Saskatchewan (Derksen et al., 1994). 

Canada thistle (Cirsiurn arvense L. Scop.) and perennial sow-thistle (Sonchus 

arvensis L.) were present in both zero tillage and conventional tillage plots (Blackshaw et 

al., 1994). Of all the p e r e ~ i a l  weed species found, dandelion (Tarmacum oflcinale 

Weber in Wiggers) was most commonly associated with zero tillage (Blackshaw et al., 

1994; Derksen et al., 1993; Thomas and Frick, 1993). Thomas and Fnck (1993) reported 

that hgrnenting perennials such as field bindweed (Convolvulus anensis L.), common 

milkweed (Asdepias syriaca L.) and Canada thistle, may be expected to decrease in zero 

tillage systems because regenerating structures would not be broken up and moved 

around. This is contrary to the Manitoba weed survey by Thomas et al. (1994), where 

dandelion, perennial sow thistle, quack grass (Agropyron repens (L.) Beauv.) and Canada 

thistle had higher densities in zero tillage fields versus conventional tillage fields. Some 

studies indicated that perennial weeds increased in zero tillage, but Blackshaw et al. 

(1 994), Derksen et al. (1 993) and Derksen et al. (1994) did not find this to be me .  



32 

Annuai grassy weeds have ofien been reported to be associated with zero tillage, 

but this was not the case in a study by Derksen et al. (1993). Wild oats were associated 

with zero tillage in three of seven site years in Saskatchewan, but green foxtail was not 

associated with any one tillage system (Derksen et al., 1993; Derksen et al., 1994). 

Thomas et al. (1994) also reported higher densities of wild oats in zero tillage versus 

conventional tillage in Manitoba. Froud-Williams (1981) indicated that wild oats 

decreased in zero tillage due to a greater loss of seeds on the soil surface. Green foxtail 

densities were higher in conventional tillage fields versus zero tillage fields in a survey by 

Thomas et al. (1994). Buhler (1992) found that green foxtail control was often poorer in 

chisel ploughed plots and zero tillage plots than in conventional tillage plots where soil 

applied herbicides were used. Soil applied herbicides are not always as effective when 

used in minimal or zero tillage systems because of interception of herbicide by soil - 
residue (Buhler, 1992). Hume et al- (1991) indicated that the most important factor 

affecting the presence of green foxtail was crop rotation. There were very high densities 

of green foxtail under continuous cropping with much lower densities when one year of 

fdlow was included. 

Wind disseminated species, dong with winter annuals, were highly associated 

with zero-tillage (Derksen et al., 1993). Volunteer crop species were generally associated 

with zero or minimal tillage, but this was not consistent (Derksen et al., 1993; Thomas et 

al., 1994). 

Annual dicot species have been associated with conventionai tillage systems 

Derksen et al. (1993). Weed comrnunities often fluctuate and are dependant on 



33 

environmental conditions and location, and may be affected by relative timing of 

management (Derksen et al., 1993). Blackshaw et al. (1994) and Cardina et al., (1 991) 

found that the annual dicot, redroot pigweed (Amaranthus retrofexus L.), sometimes 

increased in zero tillage plots versus minimal or conventional tillage plots. The 

germination of redroot pigweed is stimulated by light. It's hard seed coat allows it to 

survive the harsh conditions found at the soil surface and, therefore, it is well adapted to 

zero tillage systems (Blackshaw et al., 1994; Buhler, 1992; Hume et al., 199 1). Oryokot 

et al. (1997) reported that at Elora and Woodstock, Ontario, redroot pigweed was not 

affected by tillage system, at al1 sites except in 1994 at Elora, where recruitment was 

delayed in the moldboard system because of a lack of moisture. Thomas et al (1994) 

found increased densities of redroot pigweed in conventional tillage fields versus zero 

tillage fields in Manitoba. He stated that warmer temperatures in conventional tillage 

may stimulate the growth of redroot pigweed in Manitoba. Lamb's quarters 

(Chenopodium album) densities were not greatly effected by tillage systems (Blackshaw 

et al., 1994), but densities were greater under chisel ploughing in Buhler's (1 992) study. 

In studies by Teasdale et al. (1991) and Thomas et al. (1994) Iamb's quarters seedling 

populations grew faster in conventional tillage compared to zero tillage plots. The reason 

for this is not understood because lamb's quarters seedling recruitment can occur at low 

temperatures and on the soil surface, therefore, tillage should not affect recruitment 

patterns (Teasdale et al., 199 1). 

A study by Froud-Williams et al. (1984), found that the recruitment of small 

seeded species was reduced by burial. The establishment and emergence of large seeded 
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species was improved by shallow burial (Froud-Williams et al., 1984). Poor 

establishment of large seeded species f?om the surface indicates that surface recruitment 

for these species was generally unsuccessful because of inadequate moisture availability 

Vroud-Williams et al., 1984). 

Effect of tillage on weed seedling populations. 

Wilson and Cussans (1975) reported that the greatest increase in seedling 

populations followed cultivation, and there was a lower number of seedlings in zero 

tillage plots. Chancellor (1964a) found the sarne response for arable weed seeds 

following a reasonable number of cultivations. He also found an inverse response 

between the number of weeds recruited and the number of cultivation events. A third 

response outlined was an intermediate response, where weed species respond to an 

intermediate number of cultivation events or to a specific timing of cultivation 

(Chancellor, 1964a). In contrast, Derksen et al. (1994) observed that, in Saskatchewan, 

there was no apparent trend between total weed density and tillage treatments. Weed 

communities were more simiIar within the continuous cropping treatments than in the 

crop fallow treatments. Growers already practicing continuous cropping may experience 

less of a change Ïn  weed communities when switching to zero tillage than when switching 

from fallow to zero tillage (Derksen et al., 1994). In continuous wheat and a wheat- 

canola rotation, zero tillage plots in Alberta often had more weeds than minimal tillage or 

conventional till plots (Blackshaw et al., 1 994). Wnicke and Arnold (1 985) determined 
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that total gras yield was significantly greater in zero tillage than in systems where either 

disk or plough were used, but yields for broad leaf weeds were not different. 

Egley and Williams (1990) reported a decrease in the number of weeds recruiting 

in the fïrst year in tilled plots compared to zero tillage plots in Stoneville, MS. Higher 

emergence in the second year in the tilled plots compared to the zero tillage plots, offset 

this difference. In the subsequent three years no differences were found in levels of weed 

emergence between tillage systems when weed seed return was prevented. Teasdale et al. 

(1991) had similar results, where total weed density increased after one year of zero 

tillage but it took two years of conventional tillage to produce a sirnilar increase in weed 

nurnbers. This trend was explained by the fact that moldboard ploughing moves seeds 

deep in the soil during the first year brings them back up to the surface in the second year. 

Popay et al. (1994) suggest that because tillage stimulated germination, shallow 

cultivation reduces seedling numbers over time when no seeds are allowed to be replaced. 

If seed retum could be prevented, seeds should be buried deep into the soil profile where 

they remain dormant or germinate but are prevented fiom emerging (Popay et al., 1994) 

A control method recommended by Egley and Williams (1990) was to eliminate tillage 

for one or more years to ensure maximum emergence of seeds on the surface. This would 

prevent seeds fiom being incorporated into the soil profile and obtaining long term 

persistence through imposed dormancy. Hume et al. (1991) indicated that total 

elimination of tillage in Saskatchewan may not yet be feasible depending on the weed 

species present, since continuous cropping of wheat can build up green foxtail 

populations. On the other hand, in Akron, CO, Anderson and Nielson (1996) reported 
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that in a 20 year rotation, green foxtail densities were not affected by tillage. Campbell et 

al. (1998) determined that a pre-seeding tillage event in Saskatchewan did not 

significantly decrease perennial weed populations of foxtail barley. The populations of 

green foxtail and broadleaved plants were found to be higher in the plots that were tilled 

compared to the zero tillage plots. 

Summary 

More diverse weed communities occur in reduced and zero tillage systems for 

several reasons. Availability of favourable recniitment microsites generally increases 

because of increased stubbie and soi1 clods on the soil swrface. Seedbanks are reduced in 

zero tillage fields because weed seeds are not incorporated into the soil each year by 

tillage, and loss of seed viability is greater at the soil surface than within the soil profile. 

Seed movement in zero tillage fields due to soi1 borne organisms, fieeze-thaw cycles 

creating cracks in the soil, and seeding of contaminated crops, does not seem to build up 

soil seed populations to significant levels. More research is needed to determine the 

effects of changes in tillage system on weed seedbanks, seedling communities and 

seedling populations. At this time, changes in weed communities cannot be predicted. 

Knowing future weed problems could give an advantage to producers when they are 

choosing cropping practices. Seedling populations tend to be greater in zero tillage fields, 

but research to-date has not reported consistent resuits, and often weeds can be managed 

using diverse crop rotations and the rotation of herbicides. To fully understand what is 

happening in weed communities when tillage practices are changed requires more than 
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presence-absence data or a record of the level of weed infestation. Determining from 

where in the soi1 profile weeds are successfulIy recruited could improve management by 

optirnizing different types of weed control methods. Knowing the depth of weed seedling 

recruitrnent indicates the position of the microsite. The factors that allow dormancy to be 

broken and recruitrnent can be quantified at the microsite. These conditions can be 

simulated in the lab and allow for increased accuracy of seedbank measurements. 

Identieing the management factors that affect seed movernent and consequently affect 

the depth of seedling recruitment can improve understanding and control of weeds. If 

depth of seedling recruitment can be confidently predicted under certain management 

practices, farmen can optimize weed control. This information can also be used in the 

development of a model to predict when weed seedlings will recruit. 

Objectives 

The objectives of this project were: 

1) To determine the depth of wild oats, volunteer wheat, green foxtail, wild 

buckwheat and barnyard gras seedling recruitment under zero and conventional tillage 

fields across Manitoba. 

2) To develop a model to predict depth of weed seedling recruitrnent based on 

management factors. 
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Chapter 3 

Identification of morphological markers of root/shoot interface in broad Ieaf weeds 

to alIow for in situ measurement of recmitment depth. 

Introduction 

Weed seedbanks have been extensively studied in order to get a better 

understanding of weed seedling populations in subsequent years (Derksen et al-, 1998). 

Derksen et a[. (1998) has shown, however, that seedbanks are not good predictors of 

future weed problems. Methods used to estimate the seedbank tend to over or 

underestimate seed densities and the nurnber of seedlings that will be recruited (Bal1 and 

Miller, 1989). Pre-spray seedling counts give a more accurate account of the seedling 

populations that will be present and compete with crops the next year (Derksen er al., 

1998). Measuring the depth of weed seedling recruitment allows us to determine where 

weeds are corning from and how different management factors affect seed movement. 

The depth of weed seedling recmitment is measured differently in grassy versus 

broadleaf weeds. For grassy weeds, the distance between the seed present on the 

seedling, or the seed scar, to the soil surface indicates the depth of recruitment (de la 

Cruz, 1974; Buhler and Mester, 1991). Most cornmon broadleaf weeds bnng their 

cotyledons and seed coats to the soil surface leaving no obvious means for measuring 

depth of seedling recruitrnent. What is needed to identiQ broadleaf seedling recruitment 

depth in situ is a morphological marker at the root/shoot interface, where the vascular 

systems of the root and shoot meet. This marker would be indicative of the point of 



39 

germination. This point has been identified in some species by a kink or a bending and at 

times a darker colouration at the interface (de la Cruz, 1974). De la Cruz (1974) found 

these indicaton on two species, velvetleaf (Abutilon theophrasti Medicus.) and smart 

weed (Polygonym pensylvanicum L.). He also found that the rootlshoot interface was 

easier to identie and measure when weed seedlings were at the cotyledon to the second 

true leaf stage because weed seedlings at this stage had not yet deveioped secondary roots 

and the shoots were easy to distinguish fkom the roots. 

Our objective, therefore, was to determine if morphological mvkers of the 

rootlshoot interface were present on several economically important broadleaf weed 

species present in Manitoba. We wanted to be able to measure, in situ, depth of 

recruitment for broadleaf weeds as well grassy weeds because they are equally as 

problematic to producers in Manitoba. 

Materials and Methods 

Weed Species. Weed species initially included in this experiment were wild buckwheat 

(Polygonum convolvulus L.), redroot pigweed (Amaranthus retroflexus L.), larnb's 

quarters (Chenopodium album L.), stinkweed ( T ' a s p i  arvense L.), volunteer canola 

(Brassica napus L.) and wild mustard (Brassica kaber P.C.) L.C. Wheeler). A second 

experiment was conducted on wild buckwheat, redroot pigweed and wild mustard in 

order to provide confirmation of a marker on wild buckwheat and to have another, more 

intensive, look at redroot pigweed and wild mustard. 
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These species represent a range of economicdly important weeds in Manitoba 

(Thomas and Donaghy, 199 1; Thomas et al., 1998). 

Soil Preparation and Planting. Experiments were conducted in a growth room with a 

dayhight temperature of 2 1 /lS°C respectively and 16 hours light. A 2: 1 clay-1oarn:sand 

mixture was used for planting. Soil was sterilised using a type EA Dillon Automatic Soil 

Pasteurizer (E200A) to kill any weed seeds present in the soil before planting. Plastic 

pots (10 cm diameter) were lined with a shallow layer of peat moss to prevent soil from 

fdling out the bottom. Seeds were placed on a four-centirnetre thick layer of soil and the 

appropnate thickness of soi1 was placed on top of the seeds to simulate planting depths of 

O (soil surface), 2.5, 5, 7.5 and 10 cm. Pots were watered as required to keep the soil 

moist. In the first experiment, four reps at each planting depth were seeded for each weed 

species. Weed seedlings were excavated at the cotyledon and four leaf stages. The soil 

surface was marked on the weeds in one pot with a permanent marker before any soil was 

removed. Soi1 was washed from the roots by ninning them under water. In the second 

experiment, eight reps at each planting depth were seeded for each weed species. Weeds 

in this experiment were excavated between the cotyledon and the six-leaf stage. In both 

experiments, the depth of planting and the soil surface was known, so it was known 

where to look for a marker of the roothhoot interface. Plants were initially examined to 

see if there was an obvious morphological marker at this point, as described by de la Cruz 

(1974). If one was found, the distance between that point and the soil surface was 

measured to see if it coincided with the depth of planting. If one was not found, the 
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distance fiom the soi1 surface to the known point of germination was measured and the 

seedling was exarnined for the presence of any morphological indicator of the root/shoot 

interface. 

Results and Discussion 

A definite morphological marker of the root/shoot interface was found only on 

wild buckwheat seedlings. There did not seern to be any other obvious indicators of 

germination points on seedlings of the other weed species. This does not, however, 

indicate that they do not exist for these species. Wild buckwheat seedlings had an 

obvious and stable morphological marker present at the point of germination (Figure 3.1). 

The marker was in the form of a kink or displacement at the rootkhoot interface. In most 

cases, as well, the root/shoot interface was darker than the surrounding portions of the 

stem and root. The darkened area usually began at a distinct point and then gradually 

faded out. These observations are similar to those found by de la Cruz (1974). One of 

the species for which he found a morphological marker of the root,shoot interface, was 

smartweed, which is in the same family as wild buckwheat. This may indicate that the 

marker is easier to find in the Polygonaceae family or that it is more common in this 

family. De la Cruz (1974) did find a morphological marker of the rootkhoot interface for 

velvetleaf, indicating that the marker is present on weed species in more than one family. 

Finding the morphoiogicaI marker on wifd buckwheat dlowed a broadleaf weed species 

to be added to the large-scale s w e y  identiwng the depth of weed seedling recruitment in 



- -0- 

marker which was used to detemiioe depth of recniitment. 
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two different tillage systems. These expenments were not exhaustive in the search for 

morphologicd markers for the rootkhoot interface and dthough they allowed us to add 

one species to our recniitment depth survey, there are many other important broadleaf 

species for which recniitment depth should be investigated. 



CHABTER 4 

Depth of weed seedling recruitment in zero and conventional tilIage fields in 

Manitoba. 

I[ntroduction 

The distribution and number of weed seeds in seedbanks has been extensively 

studied (Soriano et al., 1968; Mohler, 1 993; Ball, 1992; Cavers, 1995; Yenish et al-, 

1992; Wrucke and Arnold, 1985; Staricka et al., 1990). Many researchers have used data 

obtained nom weed seedbanks to try to predict future weed problems and improve weed 

control (Buhier et al., 1997; Cardina and Sparrrow, 1996; Forcella, 1992; Wilson et al., 

1985). Not al1 researchers agree that the answer to weed control cm be found by 

investigating the seedbank. Derksen et al. (1998) found that the seedbaiik population \vas 

not the best indicator of subsequent years weed seedling populations. He also found that 

the best predictor of future weed seedling populations was the previous years seedling 

population. 

It is very labour intensive to try to charactenze seedbanks and many samples need 

to be taken to do this because of the inherent vaiability of seed placement in the 

seedbank. In addition, the sample may or may not represent seeds ready to germinale and 

ernerge because the sampling does not account for extemal factors (moisture, 

temperature, light) and dormancy acting on seeds, preventing them fiom germinating 

(Baskin and Baskin, 1985; Cardina et al., 1996; Taylorson, 1987). 
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Cardina and Sparrow (1996) considered several methods of predicting weed 

seedling populations fiom the soil seedbank. They found that seedling population 

characteristics drawn fiom seedling emergence fiom soil trays, emergence from intact 

cores and seed extraction, al1 correlated poorly with subsequent in situ seedling 

populations. This does not mean that seedbanks shouid not be studied. Zhang et al- 

(1998) found that using the active soil seedbank to predict fiiture seedling populations 

could be more dependabie and less t h e  consuming than using the total seedbank. 

Seedbanks are important because they are the physical and genetic source of weed 

seedling populations. Factors, such as temperature, moisture, seed rain and seed 

mortality, affect seedbanks and regulate seedling populations by either promoting or 

preventing seedling recmitment (Buhler et al., 1997). 

The seedbank also provides important information about the effects of different 

types of tillage and weed management on weed populations. Understanding how 

different management factors affect weed seedbanks could lead to better weed control 

strategies (Buhler et al., 1997). Examining seedling populations instead of the seedbank 

may provide the answer to understanding seedbanks and seed dynamics. 

Weed seedling recruitment is the successfbl germination and emergence of weed 

seedlings in a field (Harper, 1977). Successfully recr~i:=d seedlings have overcome al1 of 

the obstacles that would prevent seeds fiom recmiting and their populations are easier to 

measure than seeds in the seedbank. Measuring the depth of seedling recruitment will 

increase our understanding of how tillage affects active weed seed movement without 

having to take soil core measurements. M e a s h g  successfülly recruited weed seedlings 
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allows for rapid quantification of how changes in management affect the active weed 

seedbank. 

Factors such as tillage, seeding practice, weed species, soil type and soil applied 

herbicides c m  affect depth of weed seedling recruitment (de la Cru,  1974). Many 

expenments determinhg the depth of weed seedling recruitment have been conducted 

where the weed seeds were placed at specific depths in the soil, and natural weed 

populations were not used (Dawson and Bruns, 1975; Wiese and Davis, 1966; Stoller and 

Wax, 1973). These expenments give an estimation of the maximum depth of emergence 

of the weeds that were tested. In general emergence decreased with increased depth of 

planting (Dawson and Bruns, 1975; Wiese and Davis, 1966). The major limitations of 

these experiments were the iack of knowledge of the effects of different management 

practices on seed movement and the fact that natural seedbanks were not studied. A few 

experiments have been conducted to determine the depth of werd seedling recruitment 

fiom n a t d  weed seedbanks in the field (de la Cruz, 1974; Chancellor, l964b; Buhler 

and Mester, 1991). In these experiments, the depth of recruitment was generafly 

shallower in a minimum or zero tillage system than in a conventional tillage system. It is 

important to know the depth of weed seedling recruitment and how it is affected by 

different management strategies to aid in the development of improved weed control 

strategies. 

The objective of this study was to determine the depth of recruitment of several 

economically important weeds in Manitoba under zero and conventional tillage systems. 



47 

Materials and Methods 

A field survey of 88 fields was conducted over two years, that included 44 zero 

tillage and 44 conventional tillage fields. Each field was surveyed twice, once pre- 

seeding (pre-seed) and once before post emergent herbicide application @re-spray). 

These two sampling dates were chosen because this is when weeds have the greatest 

economic impact on crop yield, and when most f m e r s  choose to implement weed 

control measures (Derksen et al., 1998). Fields were chosen by contacting zero tillage 

fanners in pre-detemined areas and requesting a referral to a nearby conventional tillage 

farmer. 

Certain criteria for both zero and conventional tillage fields needed to be fulfilled 

before they could be included in the survey. Zero tillage fields were required to have had 

a minimum of three years without tillage to ensure that the weed seedbank had time to 

adapt to this system and were, therefore, reflective of the system. In selecting zero tillage 

systems, narrow seed openers were preferred to minimise the amount of disturbance that 

occurred. Fields that had a harrowing, andor a separate application of fertilizer with 

narrow openers were accepted as zero tillage. This helped ensure that enough zero tillage 

fields could be found. Conventional tillage fields had to have been tilled at least twice 

before seeding, either in the fa11 or spring. In some cases a fertilizer application with a 

cultivator was considered a tillage operation. Al1 fields included in the survey had to be 

free of soi1 applied herbicides for at least one year to ensure the presence of weeds at 

sampling. As well, stubble type for d l  of the fields was limited to wheat or canola to 

minimize variation among fields. 
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A large area of south western Manitoba was surveyed in this study. Fields were 

located in the vicinity of each of the following locations: Altona (N49'06.204" 

WO97'34.O IO"), Carman (N49'30.264" W097'39.883"), Homewood (N49'30.264" 

WOWW. 17 1 "), Portage la Prairie (N49'58.938" W098' l5.7OS"), Brandon 

(N49'54.324" W099'36.722"), Souris (3'449'37.3 50" W 1 00' 1 6.333 "), Hartney 

(N49'28.78 1 " W100'3 1.494")' Crystal City (N49'07.687" W098'57.067"), Mather 

(N49'05.642" W099' 12.130"), Arden (N50' 16.736" W099' 16.5 12"), Brookdale 

(N50'02.563" WO99'33.8 l6"), Minnedosa (MO' 14.758" W099'49.801") and Newdale 

(N50'2 1 -696" W 100' 12.245 "), Manitoba. Up to six fields were surveyed near each 

location. 

In 1997, wild oats (Avena fatua L.), volunteer wheat (Triricurn aestivum L.) and 

green foxtail (Setaria viridis L. Beauv.) were surveyed. In 1998, wild buckwheat 

(Polygonum convo2vuZus L.) and barnyard gras  (Echinochola crusgalli L. Beauv.) were 

added to the survey. Wild buckwheat was added when a morphological marker of the 

rootlshoot interface was identified in the winter of 1997f98 (Chapter 3). This marker 

allowed for in situ measurement of recruitment depth. Barnyard grass was added to 

increase the number of species sampled in 1998. 

Depth of recruitment for grassy weeds was measured fi-om the seed, that remained 

at the point of germination, to the soi1 surface. Depth of recruitrnent for wild buckwheat 

was measured from the morphological marker to the soi1 surface. Before weeds were 

removed 60m the soil, the soi1 surface was rnarked on the stem of the plant with a 

permanent marker. Grassy weeds were measured in the field to the nearest 0.5 cm in 
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1997 and the nearest 0.1 cm in 1998. Wild buckwheat plants were removed dong with a 

large portion of soil and placed in plastic bags intact The bags were then stored on ice 

until they could be put in a cold room. In the lzb, soil was removed 60m wild buckwheat 

plants in a root-washing sink. Each plant was then carefully examined to identify the 

presznce of the morphological marker. For al1 species, seedlings were chosen arbitrarily 

in each field. 

Sampling did not occur in a set pattern, each field was scouted until weeds were 

found. No more than five weeds of one species were taken fiom any single weed patch in 

a given field. In 1997, a maximum of 20 individu& Tom each weed species was taken 

from each field (if that many weeds could be found within a field). The nurnber of 

individuais of each species sampled per field was increased to 30 in 1998, to increase the 

accuracy of measurernent. This sarnpling method resulted in a large portion of each field 

being included in the study. 

Wild oat and volunteer wheat data for 1997 and 1998 were combined upon 

confirmation of homogeneity of variances because mean recruitrnent depths were found 

not to be significantly different between years (see appendix 4.1.1 to 4.1.2). A significant 

difference occurred between years for green foxtail, therefore, each year had to be 

andysed separately (see appendix 4.1.3). Wild buckwheat and barnyard gras depth of 

weed seedling recruitment, was only measured in 1998, therefore, there was only one year 

of data to analyse. Data was analysed as a completely randomized design using analysis 

of variance (ANOVA) to separate treatment means and to test for significant interactions 
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with the SAS (version 6.12) statistical package (SAS Institute, Raleigh, NC). Tillage 

system and time of sampling were the main eEects. 

Results and Discussion 

Numbers of seedlings sampled The total number 

indicated in 

Table 4.1. 
combined, 

Tables 4.1 and 4.2. 

The number of individual weeds sampled 

weeds sarnplea 

pre-seeding in 

both years is 

1997 and 

Zero Tillage Conventional Tillage 

Volunteer wheat 

Wild oats 

Green foxtail 

Wild buckwheat 

Table 4.2. The number of individual weeds sampled pre-spray in 1997 and 1998, 
combined. 

Zero Tillage Conventional Tillage 

Volunteer wheat 

Wild oats 

Green foxtail 

Wild buckwheat 

Barnyard grass 

A decrease in the number of volunteer wheat seedlings in the pre-spray sampling 

period occurred in both zero tillage and conventional tillage fields. It is iikely that a large 

portion of the volunteer wheat seedlings that were close to, or on the soi1 surface, had 

germinated or were controlled by pre-seeding herbicide application @um-off), tillage or 

seeding operations before the pre-spray sampling. Because crop plants have been 
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selected not to have dormancy, volunteer wheat has a very small seed bank compared to 

the other weed species sampled (Baskin and Baskin, 1985; Cavers, 1995). Consequently, 

volunteer wheat seedlings were found in fewer fields and in lower numbers during the 

pre-spray sampling period. Green foxtail seedlings were found in very low nurnbers 

during the pre-seeding sampling period in 1998 and not at al1 in the pre-seeding sampling 

period in 1997. Green foxtail is a C4 plant that requires warm temperatures to germinate 

(Douglas et al., 1985). At the time of the f ~ s t  sampling penod, temperatures may not 

have reached the level needed for green foxtail recruitment. 

Barnyard grass was not found, at dl ,  in the pre-seeding sampling period in 1998. 

Barrett and Wilson (1983) noted that barnyard grass takes longer to germinate under cool 

conditions and germination rates are much greater at warm temperatures The bamyard 

gras plants that were surveyed in 1998, in the pre-spray sampling period, were found in a 

very limited nurnber of fields. The barnyard grass seedlings surveyed in the zero tillage 

system were fiom one field only. In the conventional tillage system the barnyard gras  

seedlings were surveyed in only four fields. It is not clear why more barnyard grass was 

not found in 1998. Wild oats, green foxtail and wild buckwheat seedling numbers 

increased in the pre-spray sampling period. Increased soil temperature and soil 

disturbance caused by tillage and seeding may have stimulated seedling recruitment, 

making is easier to find individu& of these species to sample in the pre-spray versus the 

pre-seeding sampling period. 

General trends in weed seedling recruitment. Recruitment depths were affected by 

time of year and by tillage system. Mean recruitmknt depth for al1 species in both tillage 



systems was generally shallow, not deeper than 4.5 cm. Deeper recniitrnent depths were 

observed in conventional tillage fields versus zero tillage fields (Table 4.3 to 4.7). These 

results are similar to those reported by de la Cruz (1974) who found that the majority of 

weed seedlings recruited fiom shallow depths (upper 4 cm) and that weed seedlings in 

zero tillage fields recniited fiom shallower depths than weed seedlings in conventional 

tillage fields. 

Effect of tillage on depth of recmitment. Mean recruitment depth was shdlower in 

zero tillage versus conventional tillage fields for al1 weed species, in both pre-seeding and 

pre-spray sampling periods. This difference was significant for al1 weed species at both 

sampling periods (Tables 4.3 to 4.7). 

Recruitrnent from greater depths in conventional tillage fields was Iikely the result 

of many factors. Tillage exposes seeds to light, for example, which stimulates seedling 

germination, even if the light flash is brkf (Scopel et al., 1994; Taylorson, 1987; Tester 

and Moms, 1997; Wesson and Wareing, 1969a). 

Table 4.3. Effect of tillage on mean recniitrnent depth (cm) of volunteer wheat in 1997 
and 1998 (data for years combined). 

Time of Sampling 
Tillage Pre-Seeding Pre-Spray LsDo.0~ 

Conventional 2.79 3.74 0.70 
Zero 0.75 2.1 1 0.42 
LSD o.os 0.46 0.73 



Table 4.4. Effect of tillage on mean recniitment depth (cm) of wild oats in 1997 and 
1998 (data for years combined), 

Time of Sampling 
Tillage Pre-Seeding Pre-Spray L S D o - o s  

Conventional 3.25 4.15 0.58 
Zero 1.92 2.42 0.39 
LSD o.os 0.55 0.43 

Table 4.5. E f f i  of tillage on mean recmitment depth (cm) of green foxtail in 1997 and 
1998- 

Year of Sampling 
Tillage 1997 1998 

Conventiond 3.80 3.1 1 0 -62 
Zero 2.45 1.86 O .45 
LSD o.os 0.69 O -44 

Table 4.6. Effect of tillage on mean recruitment depth (cm) of wild buckwheat in 1998. 
Time of Sarnpling 

Tillage Pre-Seeding Pre-Spray L S D o - O S  

Conventional 2.50 3.47 0.51 
Zero 1 .64 2.18 0.42 
LSD o.os 0.53 0.40 

Table 4.7. Effect of tillage on mean recruitment depth (cm) of barnyard gras in 1998. 
Tillage Pre-Spray 

Conventional 2.97 
Zero 1.59 
LSD o.os 1.29 

Tillage also changes the vertical distribution of seeds in the soil, the extent and depth of 

which is determined by the amount of soil disturbance (Buhler et al., 1997, Dyer, 1995). 

Some studies have indicated that soil bulk density in zero tillage was higher than 

in conventional tillage and this was detrimental to crop emergence (Buhler and Mester, 
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1991). Therefore, higher bulk density in zero tillage fields could restrict weed seedling 

recruitrnent f?om deeper depths in the soil. Buhler and Mester (1991) attributed reduced 

depth of weed seedling recruitrnent in zero tillage fields to greater bulk density. Blevins 

et al. (1983) reported differing results, they found that soil bulk density in zero and 

conventional tillage fields was, generally, very similar, and this would therefore, have no 

affect on recniitment depth of weed seedlings. 

Most of the tillage performed in Manitoba is chisel tillage or non-inversion tillage. 

Although most weed seeds are concentrated near the soil surface in chisel plough tillage, 

seeds in zero tillage fields are generally found even closer to the surface (Ball, 1992; 

Buhler et al., 1997; Dyer, 1995; Yenish et al., 1992). The recruitrnent depth for both zero 

tillage fields and conventional tillage fields was deeper during the pre-spray sampling 

period versus the pre-seeding sampling period. This difference between sampling times 

in depth of recruitrnent was likely caused by seeding and tillage operations occuning &er 

the pre-seeding sampling, moving weed seeds deeper into the soi1 profile. Warming of 

the soil as the season progressed, which c m  be accelerated by tillage, was also a probable 

contnbutor to increased depth of recruitrnent at the later sampling time. Weed seeds can 

germinate at a variety of temperatures, but will germinate faster at optimum temperatures 

(Taylorson, 1987; Vanden bom, 1971). As thermal time passes the: emergence zone 

expands permitting deeper recruitment prior to the pre-spray sampling period. 

Mean recniitment depths for d l  weed species in both tillage systems were 

shdlower than 4.5 cm during both sampling periods. Therefore, seeds located deeper 

than 4.5 cm in the soil profile are less likely to be recruited and recruitrnent of those 
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seedlings rnay be delayed. Deep tillage will not prevent weed seedling recruitment since 

it will bring up new seeds at the same time that it is burying seeds shed on the soil 

surface. If seed return is prevented, seed and seedling populations will decline more 

rapidly in conventional tillage versus zero tillage systems (Froud-Williams et al., 1983). 

It is, however, very difficult to prevent al1 seed return. Seeds shed on the soil surface are 

incorporated into the soil, replenishing the seed bank every year. 

Knowing where weed seedlings are recruiting £iom allows for the development of 

improved weed control methods. Based on observations in the present study, in 

conventional tillage systems, for example, soil applied herbicides rnay not have to be 

incorporated below 5 cm in the soil and tillage for weed control can be concentrated at 

the depth of weed seedling recruitment. Optimising the effectiveness of tillage for weed 

control rnay lead to a reduction in the arnount of tillage needed to control weeds. This 

may enable farmers to switch fiom intensive cultivation to minimum amounts of 

cultivation and still benefit fiom the tillage based weed control. In zero tillage systems, 

soi1 applied herbicides could be applied between 1.0 and 2.5 cm, in the band where weed 

seedling recruitment occurs. Although, this would improve the effectiveness of soil 

applied herbicides in zero tillage and give zero tillage f m e r s  another option for weed 

control, it rnay be difficult to do. Currently, there is no technology that would deliver 

herbicides at a specific depth in the soil while still maintaining uniform field coverage, 

especially if low disturbance is required. 

Seed longevity rnay play an important role in the depth of seedling recruitment for 

species that have seeds that can remain viable and dormant for many years. Seedlings 
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recruiting fiom deeper in the soil profile in zero tillage, for example, may still be 

rernnants of seeds moved by tillage before zero tillage was implemented. 

Effect of time of sampling on recmitment depth. Seedling recruitment was deeper and 

more variable during the pre-spray sampling period for al1 of the weed species sampled 

(Tables 4.3 to 4.7). In the zero and conventional tillage fields the first sampling date was 

performed before any field operations took place. The second sampling period occurred 

d e r  tillage and seeding had been performed. The soil disturbance may have caused 

seeds to be moved deeper into the soil profile and could have also stimulated germination 

of deeply buried dormant seeds. This would have resulted in the more variable 

recruitment depth profile witnessed in the pre-spray sampling penod versus the pre- 

seeding sampling period (Figures 4.1 to 4.5). The box plots indicate the distribution of 

weed seedling recruitment in zero and conventional tillage fields. The upper and lower 

lines indicate the upper and lower quartiles respectively or the 751h and the 25ith 

percentiles. The middle line indicates the median of the data and the whiskers indicate 

1.5 times inter-quar&ile range. Data points outside of this range or outliers were not 

plotted. 

Recmitment depths for individual weed species. Wild oats had a deeper and wider 

range of recruiûnent than the other weed species. The depth of wild oat seedling 

recruitment ranged fiom the soi1 suface to as deep as 14.5 cm (outlier not plotted) in the 

soil (Figure 4.1). The extreme recruitment depth example was found in a pre-spray, 

conventional tillage field. Wild oat seed is able to bury itself into the ground due to a 

long awn that twists under wetting and drying conditions. The larger seed size and the 
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ability of the first intemode to elongate allows wild oats to recruit fiom greater depths in 

the soi1 compared to most other gmssy species (Sharma and Vanden Born, 1978). Wild 

oats recruitment can occur fiom up to 20 cm in the soil if the conditions are favourable 

(Sharma and Vanden Born, 1978). The ability of wiid oat seed to remain dormant longer 

under an undisturbed site (> 3-6 years) than a cultivated one (3-6 years) will help to 

maintain a supply of deep emerging wild oat seedlings for the first several years of zero 

tillage (Sharma and Vanden Born, 1978). Mean recruitment depth for wild oats were 

significantly different between conventional and zero tillage fields, during both sampling 

periods (Table 4.3). Mean recruitment depths were significantly different between the 

pre-seeding and pre-spray periods, in zero and conventional tillage (Table 4.3). 

The majority of volunteer wheat seed recruited on the soi1 surface, especially in 

zero tillage fields (Figure 4.2). Crop plants do not have a persistent seedbank, therefore, 

volunteers are primarily the result of the previous year's seed rain. As such, the seeds do 

not have a chance to become incorporated into the soil. The mean recruitment depth of 

volunteer wheat was shallower than wild oats because, in wheat, the first internode does 

not elongate to the same length that it does in wild oat (Sharma and Vanden Born, 1978). 

Mean recmitment depths for volunteer wheat were significantly deeper in conventional 

tillage fields than in zero tillage fields at both pre-seeding and pre-spray sampling 

periods. Mean recruitment depths were also deeper in the pre-spray versus the pre- 

seeding sampling penod in both tillage systems (Table 4.4). 

Mean recruitment depth for green foxtail seedlings in 1997 and 1998 were 

significantly different (Appendix 4.1.3) and, therefore, the data for each year could not be 
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Figure 4.1. Box plots showing the range of wild oat recniitment depth in zero and 

conventional tillage fields sampled during 1997 and 1998 Wears combined). 
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Figure 4.2. Box plots showing the range of volunteer wheat recmitrnent depth in zero and 

conventional tillage fields sampled during 1 997 and 1998 (years combined). 
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Figure 4.3. Box plots showing the range of green foxtail recniitment depth in zero and 

conventional tillage fields sampled during 1997 and 1998. 
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Figure 4.5. Box plots showing the range of barnyard gras recruitment depth in zero and 

conventional tillage fields sampled during 19%. 
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combined in the analysis. The average depth of recruitment for green foxtail was deeper 

in 1997 than in 1998 (Table 4.5). Mean recruitment depth was also significantly deeper 

in conventional tiIlage fields than in zero tillage fields for both 1997 and 1998 (Table 

4.5). 

Since green foxtail is a C4 plant, recnritment will be greatly affected by soi1 

temperature. In 1998, a cold penod occurred during the pre-spray sampling period, which 

may have limited recruitrnent depth more so than in 1997 (appendix 4.2). Green foxtail 

recruitment, was generally, fiom shallower depths and over a narrower range than either 

wild oats or volunteer wheat in both years (Figure 4.3). It has been reported that green 

foxtail recruitment can occur fkom 12 cm deep in the soil, but the majority of seedling 

recruitment was fiom the soil surface to 7.5 cm deep (Dawson and Bruns, 1962). Vanden 

Born (1971) also found that green foxtail could recruit from as deep as 12 cm, but the 

majority of seedlings were recruiting from 0.5 to 8 cm in the soil. Douglas et al. (1 985) 

reported maximum recruitment depth for green foxtail to be between 7.6 and 10 cm with 

fewer seedlings recruiting fiom deep in the soil profile. This may be due to the small 

seed size of green foxtail, relative to volunteer wheat or wild oats, that would restnct the 

depth fiom which it can recruit since smaller seed size indicates reduced food storage 

(Dawson and Bnins, 1962). ' 

In this study, the deepest recnlitment depths for green foxtail were 7.5 cm and 9.0 

cm in zero and conventional tillage fields, respectively. Unlike wild oats, the coleoptile 

of green foxtail seedlings is quite short, which also restncts it's potential depth of 

recruitment (Douglas et al., 1985). Green foxtail recruited fiom greater depths in 
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conventional tillage fields vernis zero tillage fields, suggesting that seed movement 

caused by soi1 disturbance fiom tillage operations plays an important role in determining 

depth of seedling recruitment. 

Green foxtail requires warm temperatures for recniitrnent. Maximum recruitment 

levels reported by Douglas et al. (1 985) were not reached until temperatures of 20-30" C 

occurred. They reported that a decrease in temperature fiom 20' C to 1 5 O  C decreased the 

time needed for recruitrnent by 50%. Johnson and Lowery (1985) compared temperature 

differences in various zero tillage and conservation tillage methods to conventional 

tillage. They found that in early spring, zero tillage fields were cooler than minimum 

tillage fields (chisel plough and till-plant) or conventional tillage fields. The warmer 

temperatures in conventional tillage fields may have allowed deeper recruitment of green 

foxtail, which is a heat-loving weed (Douglas et al., 1985). 

Wild buckwheat recruitment depth patterns were sirnilar to those of green foxtail 

(Figure 4.4). This may have been due to sirnilar seed sizes between green foxtail and 

wild buckwheat- The achenes of wild buchheat have been reported to be recruited fiom 

as deep as 19 cm, but the majority of recruitment occurs between 1.25 to 5 cm (Hume et 

al., 1983). The maximum recruitment depths in this study were 7 cm and 10 cm (not 

plotted) for zero and conventional tillage fields, respectively. The mean depths of 

recruitment of wild buckwheat for zero tillage pre-seeding and pre-spray, (1.64 and 2.18 

cm, respectively) and conventional tillage pre-seeding and pre-spray, (2.5 and 3.47 cm, 

respectively) fdl  into the range described by Hume et al. (1983). The expanding 

cotyledons of wild buckwheat may provide more resistance to recruitment dirough the 
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soil than grassy weeds, therefore, limiting maximum recruitment depth. Hume et al. 

(1983) indicates, however, that soil compaction should not affect the depth of wild 

buckwheat recruitment. Depth of weed seedling recruitment in conventional tillage fields 

was signincantly deeper that in zero tillage fields at the pre-seeding and the pre-spray 

sampling period (Table 4.6). In conventional and zero Mage fields, the depth of 

recruiûnent for the pre-spray sampling penod was significantly deeper than the pre-spray 

mean recniitment depth (Table 4.6). 

The sample size was very small for barnyard gras in both zero tillage and 

conventional tillage fields (Table 4.2); therefore, the patterns seen in barnyard gras 

recruitment may not be wholly representative of what is happening across Manitoba 

(Figure 4.5). Recruitment depths in barnyard grass were shallower and had a smaller 

range of distribution than wild oat or volunteer wheat. 'ïhe zero tillage recruitment 

depths for barnyard gras were shailower than green foxtail recruitment depths but the 

conventional tillage recruitment depths were similar to those of green foxtail. 

Dawson and Bruns (1962) compared recruitment depths of barnyard grass, yellow 

foxtail and green foxtail. Al1 weeds were able to recruit fiom as deep as 12.5 cm, but the 

majonty of seedlings recruitment was in the range fiom the soil surface to 7.5 cm. They 

indicated that yellow foxtail and barnyard g ra s  recruited from deeper depths than green 

foxtail because of their greater seed size. In this study barnyard grass was found to have 

similar recnutment patterns to green foxtail (Figure 4.3 and 4.5). Dawson and B m s  

(1975) also studied the longevity of seeds of these weeds in soil. They found that 

barnyard gras remained viable longer when the seeds were buried deeper in the soil. Out 
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of the three weeds tested barnyard grass had the shortest length of viability, and yellow 

foxtail had the longest length of viability. Since barnyard grass and green foxtail have 

similar heat requirements for recmitment (Dawson and BUS, 1962) and have sirnilar 

patterns of recruitment in this study, it may be that the two weeds would act similarly 

under similar conditions. Barnyard grass was only sampled in 1998 and in that year it 

was found ody during the pre-spray sampling period. The rnean recniitment depth of 

barnyard g ra s  seedlings was deeper in conventional versus zero tillage fields (Table 4.7). 

Conclusions 

MI of the weeds surveyed in this study were recruited from shallower depths in 

zero tillage fields versus conventional tillage fields and recruitment was fiom shallower 

depths in the pre-seeding versus the pre-spray sampling period. These results are similar 

to those obtained by de la Cruz (1 974) and Buhier and Mester (1 99 1) who also measured 

depth of recruitrnent for natural weed seedling populations in the field. The significance 

of this study is that the data represents a large nurnber of fields fiom a wide range of 

geographic areas in Manitoba and that the recruitrnent measurements were taken in 

producers fields under cornmonly practised field conditions. The multiple sites represent 

varied soil types, climate and management factors, al1 of which have an impact on the 

depth of seedling recruiûnent. 

Conventional tillage fields have a wider range of recruitrnent depth than zero 

tillage fields. Soi1 mixing caused by tillage moves seeds deeper into the soil profile (Ball, 

1992; Buhler et al., 1997; Dyer, 1995; Yenish et al., 1 992). Tillage also causes the soil to 



67 

warm to a deeper depth versus zero tillage fields, thus facilitating deeper recniitment. In 

zero tillage, recruitment was concentrated near the soil surface. There was some variation 

in recniitment depths and there was deeper recnlltment than expected for some 

individuals in some fields, which may be the result of seed movement caused by seeding 

and fertilizer operations. 

Knowing the depth of weed seedling recruitment c m  aid in the development of 

improved weed control strategies. Even now, soil applied herbicides are being placed on 

the soil surface of zero tillage fields in the fa11 and early spring with good weed control 

results (G. Turnbull, personal communication). The concentration of seedling 

recniitment near the surface in zero tilhge allows this practice to be successfül. Being 

able to place herbicides at the point of recruitrnent may allow farmers to reduce herbicide 

rates or increase the efficacy of herbicides. 

Weeds will always be a problem since seeds can never be economicaily 

eliminated nom fields. Escapes fiom control measures will replenish the seed bank. 

Weed control can be optimised by understanding more about weed ecology and biology. 

Knowing where weeds come fiom in the soi1 profile is one step in that direction. 



CHAPTER 5 

Tillage index as a predictor of mean weed seedling recruitment depth. 

In traduction 

Tiliage has a significant impact on weed seedbanks, position of seeds within the 

soil profile and subsequent seedling populations (Ball, 1992; Buhler, 1997; Cardina et al., 

1991 ; Chancellor, 1964a; Chepil, 1946; Chepil, 1949; Cousens and Moss, 1990; Dyer, 

1995; Froud-Williams et al., 1983; Sonano et al., 1968; Yenish et al., 1992). One of the 

major impacts of tillage on weeds is seed movement and placement in the soil profile, 

which is dependant on the intensity and fiequency of tillage. A change in tillage systems 

will change the composition, vertical distribution and density of weed seeds in the soil 

(Buhler et al., 1997). The extent and depth of weed distribution is directly related to the 

amount of disturbance, it is the primary cause of vertical weed seed movement in the soil 

(Buhler et al., 1997; Dyer, 1995). 

The effect of tillage on an entire seedbank depends on the initial vertical 

distribution of seeds in the soil profile and subsequent movement by tillage (Mohler and 

Galeford, 1997). Fields in which chisel ploughing is performed tend to have a more 

uniform seed age than fields in which moldboard ploughing is performed. Large portions 

of weed seed remain at or near the soil surface because there is no soi1 inversion (Yenish 

et al., 1992). Furthemore, zero tillage fields tend to have seed on the soil surface or very 

close to the soil surface (Roberts, 1963). In zero tillage fields, 60% of seeds were found 
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in the top 1 cm of the soi1 compared to chisel pioughed fields, which had 30% of seeds in 

the top 1 cm of the soil (Ball, 1992; Buhler et al., 1997; Dyer, 1995). 

Secondary tillage has a rninor effect on seed rnovement compared to primary 

tillage (Staricka et al., 1990). As more cultivation is performed a finer seed bed is 

created, through which tillage implements pass more easily, therefore, causing less seed 

movement than in hard packed soi1 (Rew and Cussans, 1997). Seed movement in the soil 

also depends on soil texture, structure, moisture and type and speed of cultivation (Rew 

and Cussans, 1997). Where seeds are positioned in soil structural units also influences 

where seeds will be distributed in the soil profile after tillage. Although, Paraja et al. 

(1985) found weed seeds in most soi1 fractions even in the absence of tillage, weed seeds 

were found in greater numbers in the unaggregated fraction in zero tillage fields. In 

conventional tillage fields weed seed was distributed evenly arnong various soil aggregate 

size (Paraja et al., 1985). Seed size and shape should not have an effect on movernent 

because of tillage; therefore, seed distribution should be similar arnong species (Cousens 

and Moss, 1990). 

Seedling recruitment depths have been found to be shallower in zero tillage plots 

than in chisel plough plots (Buhler and Mester, 1991). In a study by de la Cruz (1974), 

50% of weed seedling recruitment in zero tillage fields occurred in the top 1 cm of soil. 

Buhler and Mester (1991) reported that 40% of weeds emerged fiom depths of 0.5 to 1 

cm in zero tillage plots. Chisel plough plots had only 16% of weeds recmiting fkom this 

same range. 
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Weed seedling recruitment was generally deeper in a sandy soil than a clay soil 

(Dawson and Bruns, 1962; de la Cruz, 1974; Zhang et al., 1998). On the other hand 

Chancellor (1964b) cornments that soil type is not important in determining from what 

depth weed seedlings c m  recruit from. 

Determining the depth of weed seedling recruitment based on tillage intensity is 

difficult because of the variety of tillage irnplements and seeden available. The 

development of a method for estimating depth of weed seedling recruitment based on a 

standardized scde of soil disturbance would allow any piece of equipment to be easily 

incorporated into the scde. A tillage index could be based on implement size, speed and 

depth of tillage, amount of stubble removed or soil disturbance. 

The objective of this study was to create a tillage index, based on levels of crop 

residues removed. We also wanted to determine if this tillage index could be used as a 

predictor of depth of weed seedling recruitrnent. 

Materials and Methods 

A field survey of 88 fields over two years was conducted to determine the depth 

of weed seedling recruitment in zero and conventional tillage fields (Chapter 4). Each 

f m e r  participating in the field survey provided information on the management of each 

field that was sweyed. Information was gathered on seeding, fertilizing, soil type, legal 

land description, and harrowing for zero and conventional tillage famiers (appendix 5.1). 

In addition, the amount and type of tillage that occurred on each field was collected fkom 
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each conventional tillage f m e r .  The total number of years in zero tillage for fields 

surveyed was also received fiom each zero tillage f m e r .  

A matrix was developed using this information and the mean depth of recruitment 

for each weed species in each field (appendix 5.1). A tillage index was created fkom the 

data collected on tillage and seeding. The tillage index was based on estimations of 

percentage stubble lefi after specific field operations. The best indicator of soi1 

disturbance and movement is the amount of stubble that remains afler a field operation 

(Dr. David Lobb, Department of Soi1 Science, University of Manitoba, personal 

communication). The amount of stubble remaining on the soi1 surface &er a tillage 

operation is dependent on the percentage of stubble before the tillage operation. Since, 

the speed and depth of a tillage or seeding operation can be variable and the condition of 

the soi1 and the residue before field operations is often unknown, the percent stubble 

removed by a particular implement is the best measure of soi1 disturbance. True depth 

and speed of tillage and seeding can Vary by as much as 40-60% compared to what the 

f m e r  reports (Dr. David Lobb, personal communication). In-field measurement would 

be required to obtain accurate estimates of these parameters; therefore, we did not use 

farrner's estimates of speed and depth of tillage in our tillage index estimation. Instead, 

data on the percent residue remaining after a single implement pass were used to develop 

a tillage index (Siemens et al., 1993). The value used in Table 1 was calculated by 

converting the percent stubble remaining to the percent stubble removed. The stubble 

density data presented by Siemens et al. (1993) were separated between fiagile and non- 

fiagile stubble and were presented in ranges (wheat is non-fragile and canola is fragile 
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stubble). The mean of each range was calculated and divided by ten to present the value 

in whole numbers. The mean of the calculated value for h g i l e  and non-fragile stubble 

was then determined and used as the values for the tillage index (Table 1). Stubble types 

were combined because stubble type did not seem to affect weed seedling recruitment 

depth (data not shown). The tillage index is a quantification of the arnount of soi1 

disturbance. 

For each field, each operation was given a value based on Table 5.1. Because 

narrow hoe type openers were not rated d l  hoe openers with a width of one inch or less 

were considered to provide an equivalent tillage index to a semi deep hrrow drill or a 

press drill. Al1 hoe openers, that were wider than one inch, were given a tillage index of a 

hoe opener drill. The value for each operation in one field for each sampling penod by 

summing the individual values to give a total tillage index for that field. The mean depth 

of recruitment for each weed was plotted against the tillage index of that particular field. 

Pre-seeding and pre-spray sampling periods were calculated separately. The pre-seeding 

sampling penod only included operations that occurred before the sampling period. A 

tillage index of zero indicates that no tillage or seeding had taken place since the previous 

spnng. The pre-spray tillage index included al1 operations fkom the previous fall. A 

farmer calculating a tillage index for his field would use Table 5.1 and choose the values 

for the implements that were closest to his own and surn each individual tillage event to 

reach a total tillage index. The tillage index and the mean depth of weed seedling 

recruitment for each weed in each field were plotted and regression analysis was used to 

test for relationships between depth of weed seedling recruitment and tillage index. 



Table 5.1. Tillage index values for dEerent field implernents (Based on values given in 
Siemens et al., 1993). 

TiIlage index 
Implement 
Chisel Plough with 
Sweeps 
Straight Points 
Twisted points or shovels 
Disks 
Offset - heavy ploughing 

Primary cutting 
Finishing 

Tandom - heavy ploughing > 10" spacing 
Prirnary cutting > 9" spacing 
Finishing 7-9" spacing 
Light after harvest but before tillage 

One way disc - 12- 16" blades 
1 8-30'' blades 

Field cultivators (as primary tillage operation) 
Sweeps 12-20" 
Sweeps or shovels 6-12" 
duckfoot points 
Field cultivators (as secondary tillage operation) 
sweeps 1 2-20" 
sweeps or shovels 6-12" 
ducKoot points 
Harrows 
spring tooth 
spike tooth 
flextine tooth 
roller harrow 
packer harrow 
Rod weeder 

Plain 
with semi chisels or shovels 

Drills 
hoe opener drill 
semi deep furrow drill or press drill 7-12" spacing 
deep h o w  drill with 12" spacing 
single disc opener drill 
double disc opener drill 2.0 

Air seeders refer to field cuhivator or chisel plough 
Air drill refer to drill opener 



The regression was accomplished using the PROCREG procedure in the SAS system for 

windows (Version 6.12) statistical package (SAS Institute, Raleigh, NC). Pre-seeding 

and pre-spray sampling periods were analyzed separately for wild oats (Avenu fatun L.), 

volunteer wheat (Triticurn aestivum L.) and wild buckwheat (Polygonum camolvuZus L.). 

Years for green foxtail (Seturia viridis L. Beauv.) were andyzed separateiy and only for 

the pre-spray sampling period. Barnyard grass (Echinicholu curs-gdi L. B eauv.) was 

only sarnpled in 1998 in the pre-spray sampling penod. A tillage index of zero in the 

pre-seeding sampling penod indicates that no soil disturbance occurred in that field prior 

to sampling. The large number of fields sampled in this study ensured a continuum of 

soil disturbances, fiom a single low disturbance pass to up to six separate disturbance 

operations in one field. 

The effect of soil type on mean depth of weed seeding recruitment was 

determined by plotting soil type against mean depth of weed seedling recmitment depth 

for each field (Appendix 5.2.1 to 5.2.8). Soil types were determined by using 

Reconnaissance Soil Survey Reports. Fields were located on the map using Iegal land 

descriptions and the soil was determined to be clay, clay loam, loam, loam, clay-loam, 

sandy loam or a loamy sand. 

The effect of number of years in zero tillage on weed seedling recruitment was 

detemiined by plotting years in zero tillage against mean weed seedling recruitment depth 

for each field (Appendix 5.3.1 to 5.3 5). 



ResuIts and Discussion 

Effect of tilIage index on weed seedling recmitment depth. In both sampling penods 

the depth of weed seedling recruitment, generally, increased with increasing amounts of 

tillage (Figures 5.1 to 5.9 and Table5.2). Soi1 disturbance caused by tillage and seeding 

had a significant impact in determïning the depth of weed seedling recmitment. For al1 of 

the weed species, the relationships between tillage index and depth of recruitment were 

linear. Except for a few outliers, increased tillage did not increase depth of weed seedling 

recruitment beyond 5 cm. This may be related to the fact that chisel type tillage is most 

common in Manitoba (there was no moldboard tillage in this study). Moldboard tillage 

tends to unifomly distribute seed throughout the soil profile up to depths of 32 cm (Ball, 

1992; Buhler et al., 1997; Dyer, 1995). Chisel plough systems concentrate seeds closer to 

the soil surface, resulting in maximum depths of recruitment of 12 cm (Ball, 1992; Buhler 

et al., 1997; Dyer, 1995). 

Higher tillage indexes may not increase depth of weed seedling recruitment for 

two main reasons. Cousens and Moss (1990) found that it took 10 yean of ndge tine 

cultivation to reach a stable distribution of beads within a field. Afier a number of 

cultivation passes weed seeds may not be moved any deeper into the soil profile. Staricka 

et al. (1990) and Rew and Cussans (1997) detennined that only primary tillage has a 

significant effect on weed seed movement. As more tillage is performed a finer seed bed 

is created, through which tillage implements pass more easily, therefore, causing less seed 

movement than in hard packed soil. 
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The R~ value associated with the regressions was higher for al1 weed species for 

the pre-spray sampling period versus the pre-seeding sampling period (Table 5.2). 

Table 5.2. Results and parameter values nom linear regression analysis of the effect of 
tillage index on mean depths of weed seedling recruitment. 

Weed Tirne Slope Y-Intercept R~ F Value 
S pecies 
Wdd oats Pre-Seed 0.200 1.772 0.3 8 33.51** 

(0.0346) (O. 1899) 

Wild oats Pre-Spray O. 162 1.82 1 0.54 76.05* * 
(0.0 186) (O. 1934) 

Volunteer Pre-Seed 0.278 0.649 0.66 114.88** 
wheat (0.0260) (O. 1346) 

Volunteer Pre-S pray 0.197 1.232 0.58 42.46** 
wheat (0.0302) (0.32 14) 

Green foxtail 1997 0.108 2.1 64 0.33 1 5.02** 
Pre-spray (0.0278) (0.3089) 

Green foxtail 1998 0.1 10 1.518 0.42 29.13"" 
Pre-spray (0.0203) (0.2147) 

Wild 1998 0.1 18 1.504 O -40 21 .58** 
buckwheat Pre-seed (0.0255) (O. 1599) 

Wild 1998 0.1 16 1.768 0.47 38.14** 
buckwheat Pre-spray (0.01 88) (O. 1956) 

Bamyard 1998 O. 160 0.689 0.56 1 1 .go** 
grass Pre-spray (0.0467) (0.53 85) 

> 

Values in parentheses are standard errors. 
** - significant at the 1% level 

Tillage generally occur~ed in the spring. Spring tillage may have more of an efYect on 

depth of recruitment because it stimulates recruiûnent through exposure of weed seeds to 
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light flashes and warmer temperature. Recruitment response to fa11 tillage is possible 

because seeds exposed to a light flash in fa11 may respond and recruit in the spring when 

temperatures rise (Pons, 1991). Ail of the relationships between tillage index and mean 

recruitment depth for dl of the weed species were significant at the 1% Ievel, therefore, 

tillage had a si@cant effect on depth of weed seedling recruitment. 

nie  oniy soil disturbance that occurred before the pre-seeding sampling penod 

was fa11 tillage or fa11 harrowing. Sarnpling in conventional and zero Mage fields was 

done before any spring tillage operations had occurred. Duing the pre-spray sampling 

period, weed seedling recruitment depth was affecteci by both spring and fall tillage and 

soil disturbance caused by seeding. Increased soil disturbance, caused by tillage and 

seeding operations, may have moved weed seeds deeper into the soil profile, and weed 

seeds that were already deeper in the soil profile were stimulated to recruit, because of 

soi1 warming and exposure to light flashes (Pons, 1991; Taylorson, 1987). During the 

pre-seeding sampling penod, weed seeds that were positioned deeper in the soi1 profile 

may still have been domant and did not, therefore, recruit, regardless of how much 

tillage was performed the previous fall. Therefore, only those seeds that were close 

enough to the soi1 surface to receive a light flash or those seeds that were in soil which 

was warm enough would have recruited at the pre-seeding sampling period (Pons, 1991; 

Taylorson, 1 987). 

Factors other than tillage affecting depth of weed seedling recruitment. The 

strongest relationship between tiliage index and mean recruitment depth for any of the 

weed species provided an R~ value of 0.66 (this was for volunteer wheat in the pre- 
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seeding sampling period). This indicates that 66% of the variation in ~ecniitment depth 

was accounted for by the tillage index (Table 5.2). The other 34% of variation must be 

related to other factors, such as soil type and speed and depth of tillage and seeding (de la 

Cruz, 1974). Data on soi1 type were collected and plotted versus mean weed seedling 

recruitrnent depth. The relationship between soil type and depth of weed seedling 

recruitment for any of the weed species was inconsistent (appendix 5.2.1 to 5.2.8). This 

compares with Chancellor (1964b) who concluded that soi1 type was not important in 

detemining nom what depth weed seeds could recruit. Dawson and Bruns (1962) and 

De la Cruz (1974) found, however, that weed seeds could consistently recruit from deeper 

depths in lighter soil types. 

Speed and depth of tillage and seeding can impact depth of weed seedling 

recruitment but they are difficult to measure (Dr. David Lobb, persona1 communication; 

Siemens et al-, 1 993). 

Environmental conditions such as moisture and temperature and the exposure of 

seeds to a light flash can also affect the depth of weed seedling recruitment (Baskin and 

Baskin, 1985; Taylorson, 1987). Light is important for the stimulation of germination in 

any disturbed habitat (Scopel et al., 1994; Tester and Morris, 1987). Light penetration 

through soil is poor, therefore, the proportion of total seed in the seedbank receiving light 

after tillage is small (Scopel et al., 1994; Tester and Moms, 1987). Effective penetration 

of light h to  the soi1 is not greater than 4 mm (Benvenuti, 1985). Increased roughness in 

the soil surface increases the amount of light penetration, especially if the soil is highly 

disturbed by tillage (Tester and Moms, 1987). Although light is important in the 
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recruitment of weed seedlings it is not the only environmental factor responsible for 

stimulating germination. Weed seeds will not geminate under extreme conditions of 

moisture or temperature @uhier, 1997; Pons, 1991). These factors are important in 

Iimiting the depth of recruitment, especially at the pre-seeding sarnpling period. 

The initiai distribution of weed seeds in the seedbank before tillage will also 

affect the depth of weed seedling recruitment (Rew and Cussans, 1997). The seedbank is 

difficult and time consuming to quantiS. (Baskin and Baskin, 1985; Cardina et al., 1996). 

The number of years any field is in zero tillage (which ranged fiom 3 to 24 in this 

study) did not seem to affect depth of recruitment of any of the weed species considered 

(appendix 5.3.1 to 5.3.5). Perhaps length of seed dormancy is not a factor that strongly 

affects depth of weed seedling recruitment. If it did, there would be shallower weed 

seedling recruitment in fields that had been in zero tillage longer. Seed placed deeper in 

the soil profile would have been exhausted, and there would not have been any tillage to 

replace those seeds. Therefore, weed seedlings may not be recruiting as deep in zero 

tillage as in conventional tillage because the conditions necessary for recruitment are not 

being met at deeper depths in zero tillage. There may be other environmental factors such 

as decreased soil temperature and prevention of light penetration which may prevent 

weed seedling recruitment nom deeper depths (Dyer, 1995). Harper (1 959) demonstrated 

that the length of seed dormancy increases as depth of seed placement increases. 

Therefore, if a zero tillage field is cuitivated, dormant seed will be exhumed and reduce 

any benefits of weed control previously obtained (Froud-Williams et al., 1983). 



80 

The relationship of tillage index to the recmitment depth of individual weed species. 

Wild oat weed seedling recruitment depth was weakiy associated with tillage index in the 

pre-seedling sampling period, 38% of the variation was explained by tillage index (Table 

5.2). At the pre-spray sampling penod, depth of wild oat seedling recruitment had a 

stronger association with tillage index, tillage index explained 54% of the variatioii in 

recruitment depth (Figures 5.1 and 5.2, and Table 5.2). Although the R~ values were 

lower in the pre-seeding versus the pre-spray sampling penod the relationship of 

recruitment depth to tillage index was highly significant at both sampling pex-iods (Table 

5.2). The higher dope value at the pre-seeding sarnpling period indicates that with each 

increase in tillage index, recruitment depth will be afEected more than in the pre-spray 

sampling period. This was true for volunteer wheat and wild buckwheat as welt. Rew 

and Cussans (1997) noted that if little Mage has been performed, any additional tillage 

would have a great affect on weed seed movement as is shown in the results fiom the pre- 

seeding sampling period. Seed movement within the soil profile would be affected less 

as more tillage was performed. This c m  be seen in the results from the pre-spray 

sampling period. 

These data suggest that factors other than tillage affect recruitment depth because 

tiilage does not account for al1 the variation around the mean. At the pre-seeding 

sampling penod the soil had not been disturbed since fall, and in some cases not at al1 

since seeding the previous year. Soi1 temperature, moisture and the absence of a light 

flash may have prevented recmitment fiom deeper in the soil profile and, therefore, had 

more of an affect on recruitrnent depth than tillage index. The relationship between 
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tillage index and recruitment depth was much stronger for the pre-spray sampling penod 

(Figure 5.2, Table 5.2). This indicates that tillage was a very important factor driving 

weed seedling recruitment depth during this period. Tiilage before the pre-spray 

sampling period exposed (shallow and deeply buried) seeds to light, that is necessary to 

break dormancy (Taylorson, 1987). Tillage would have also warmed up the soil to deeper 

depths promoting recruitment of deeply buried seed. Deeper tillage would have 

stimulated recruitment of deeply burïed weed seeds. 

The relationship between recniitment depth and tiliage index was strongest for 

volunteer wheat compared to al1 of the other weed species sampled at either the pre- 

seeding or the pre-spray sampling period (Table 5.2). The tillage index accounted for 

66% and 58% of the variation in volunteer wheat seedling recruitment in the pre-seeding 

sarnpling period and the pre-spray sampling period, respectively (Table 5.2). The slopes 

for pre-seeding and the pre-spray sampling periods were 0.278 and 0.197, respectively. 

Increases in tillage index pre-seeding will affect recruitment depth more so than dunng 

the pre-spray period. The nurnber of volunteer wheat seedlings sampled pre-seeding was 

greater than during the pre-spray period, which may be the reason for a stmnger 

relationship at the pre-seeding sampling period. Volunteer wheat does not have a 

persistent seedbank, therefore, volunteers are primarily the result of the previous year's 

seed rain. As such, recruitment depth will be largely affected by the amount of soil 

disturbance caused by tillage and seeding. In the pre-seeding sampling penod, the 

majority of the fields having a tillage index of zero had volunteer wheat recruitment 

depths of less than 1 cm deep (Figure 5.3). As tillage index increased so did the depth of 
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O 2 4 6 8 10 12 14 16 18 

Figure 5.1. Relationship of tillage index to mean recruitment depth of wild oats seedlings 

for the pre-seeding sampling period (1 997 and 1998 combined). 
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Figure 5.2. Relationship of tiliage index to mean recruitment depth of wild oats seedlings 

for the pre-spray sampling period (1997 and 1998 combined). 
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volunteer wheat recruitment. At the pre-spray sampling penod recruitment depth was 

even more strongly related to the tillage index (Figure 5.4 and Table 5.2). 

Green foxtail recmitment depths were only analyzed for the pre-spray 

sampling period. In addition, mean recruitment depths were significantly different 

between y e m  and data for each year was, therefore, analyzed separately (Chapter 4). 

Green foxtail seedlings were found in almost every field in 1997 and 1998, an increased 

number of fields in 1998 increased the number of data points. For 1997, the tillage index 

explained 33% of the variation in mean recruitment depth of green foxtail. In 1998, the 

tillage index explained 42% of the variation in mem recruitment depth (Table 5.2). The 

higher R' in 1998 rnay have been due to the increased number of fields sampled and the 

increased number of data points giving a stronger indication of the relationship between 

recruitment depth and tillage index. The relationship between tillage index and 

recruitment depth was weaker for green foxtail in both years rhan for either wild oats or 

volunteer wheat (Figures 5.5 and 5.6, and Table 5.2). This may be because, with a 

relatively smaller seed size, green foxtail seeds are not moved as much by tillage as are 

wild oats and volunteer wheat seeds. Although, according to Cousens and Moss (1990), 

seed size and shape should have no affect on how seeds will move within the soil; 

therefore, seed distribution should be sirnilar among weed species. Recruitrnent depth 

was shdlower for green foxtail versus wild oat and volunteer wheat (Chapter 4), perhaps 

because green foxtail seeds are smaller and have less energy reserves. It may be for this 

same reason that tillage index was not as strongly related to recruitment depth for green 

foxtail as compared to wild oats or volunteer wheat. Lower slope values for green foxtail 
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Tillage index 

O 2 4 6 8 10 12 14 16 18 

Figure 5.3. Relationship of tillage index to mean recnlltment depth of volunteer wheat 

seedlings for the pre-seeding sampling period (1997 and 1998 combined). 
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Figure 5.4. Relationship of tillage index to mean recruitment depth of volunteer wheat 

seedlings for the pre-spray sarnpling period (1997 and 1998 combined). 
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Figure 5.5. Relationship of tillage index to mean recruitment depth of green foxtail 

seedlings for the pre-spray sampling penod (1 997). . 
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Tillage index 
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Figure 5.6. Relationship of  tillage index to mean recruitment depth of green foxtail 

seedlings for the pre-spray sampling @od (1 998). 
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indicate that as tillage is increased recmitment depth of this weed would not change as 

much as would wild oat or volunteer wheat recruitment depth (Table 5.2). 

The relationship between mean depth of recniitment and tillage index for wild 

buckwheat in the pre-seeding sampling penod was weaker than volunteer wheat and 

similar to wild oats and green foxtail at the same sampling period. Tillage index 

explained 40% of the variation in recruitment depth (Table 5.2). This indicates that at 

this sampling time, tillage had a significant effect on the depth of recruitment of wild 

buckwheat (Figure 5.7). Wild buckwheat seed has very high levels of dormancy. The 

seeds need specific conditions to recruit. Early in the season, these conditions may only 

be met over a very narrow range of soil depths, thus preventing recruitment from any 

deeper in the soil before spring tillage. During the pre-spray sampling period, recruitment 

depth was more strongly related to tillage. The tillage index explained 47% of the 

variation in wild buckwheat recruitrnent depth (Figure 5.8 and Table 5.2). Spring tillage 

warms up the soil and exposes dormant seed to light flashes, breaking dormancy and 

allowing seeds deeper in the soil profile to recruit. The slopes for wild buckwheat 

support these conclusions. The slopes for the pre-seeding and pre-spray sampling periods 

were very sïmilar at O. 1 18 and O. 1 16, respectively indicating that during the pre-spray 

sampling versus the pre-seeding sampling period recniitment depth of wild buckwheat 

seedlings would not change as much with changes in the tillage index (Table 5.2). 

The sarnple size of bamyard grass was quite small but the relationship between 

tillage index and depth of recruitment was strong, with tillage index accounting for 56% 

of the variation associated with recruitment depth (Figure 5.9 and Table 5.2). The dope 
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Tillage Index 

Figure 5.7. Relationship of tillage index to rnean recruitrnent depth of wild buckwheat 

seedlings for the pre-seeding sampling penod (1 998). 
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10 15 

Figure 5.8. Relationship of tillage index to mean recniitrnent depth of wild buckwheat 

seedlings for the pre-spray sarnpling penod (1998). 



was 0.160 which indicated that increases in tillage index strongly affected recruitment 

depth of barnyard grass. Depth of bamyard gras recruitment, therefore, was greatly 

affected by the amount of soi1 disturbance caused by seeding and tillage. Barnyard grass 

seeds are slightly larger than green foxtail seed but it was not expected that tillage index 

wodd affect barnyard gras  recruitment depth so much more than it did for green foxtail. 

This may be due to the smail number of barnyard gras seedling sampled causing the data 

to be biased towards the management factors in only a few fields. Barnyard gras may be 

able to recruit fiom deeper depths in the soi1 than green foxtail but since bamyard gras 

was only sampled in 1998 more study is needed before more conclusions cm be drawn 

(Chapter 4). 

Al1 of the relationships between tillage index and mean seedling recruitment depth 

were significant at the 1% level (Table 5.2). Although tillage index did not account for 

dl of the variation associated with mean recruitment depths, tillage was a significant 

factor determining recruitment depth of the weed seedlings surveyed. 

Outiiers in the data. 

The linear regression plots for wild oat pre-seeding and pre-spray, volunteer wheat 

pre-spray and both years of green foxtail pre-spray al1 had noticeable outliers, showing 

very deep ~:cruitment at high levels of tillage index (Figures 5.1, 5.2, 5.4, 5.5 and 5.6). 

Out of eight obvious outliers, samples fiom one fmer ' s  fields accounted for five of 

them. Trever McLeod is a conventional tillage f m e r  near the town of Brookdale, MB. 

In both sampling years, data from this fariner's fields produced outliers for wild oats at 
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Figure 5.9. Relationship of tillage index to mean recniitment depth of barnyard g r a s  

seedlings for the pre-spray sampling period (1 998). 
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the pre-seeding and the pre-spray sampling periods and green foxtail at the pre-spray 

sampling period (Figures 5.1, 5.2, 5.5 and 5.6). Over the course of one year he conducts 

six field passes, two cultivations in the fall, two in the s p ~ g ,  one anhydrous application 

and seeding. He pastures his cows on bis fields over the winter and tills extensively to 

prepare the soil for seeding. His depth of tillage is similar to other conventional tillage 

farmers in this survey but he may have tilled deeper than he realized. His speed of tillage 

is in the upper range, but there are other farmers in the survey who performed tillage 

operations faster. 

In 1998, outiiers in both the pre-seeding and pre-spray sampling period for wild 

oats corne fiom the fields of Doug Love, a conventional tillage famer near the town of 

Portage la Prairie, MB (Figures 5.1 and 5.2). Over the course of one year this farmer has 

four field operations; two fa11 cultivations, one anhydrous application in the spring and 

seeding. The wild oat outlier during the pre-spray sampling penod was in the same area 

as the outliers found in Trever McLeodYs fields. Each of the fields for both Trever 

Mcleod and Doug Love are clay loams. In 1998, Don Friesen a conventional tillage 

farmer near the town of Altona, Ml3 had a volunteer wheat outlier at the pre-spray 

sampling period (Figure 5.4). This field had four field operations; two fa11 cultivations, 

one anhydrous application and seeding. The soil type on this field was a clay. 

Based on the intensity of tillage on the fields, which produced the outlies in the 

data, it is suspected that dl of these oiltliers are caused by intensive tillage in the fall and 

the spring that leads to exceptional depths of recnutment. The actual speed and depth of 

tillage that the famen are using c m  Vary by as much as 40-60% fiom what they think. 
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The depth of tiliage may be much greater than reported in cases of extreme tillage as the 

seedbed becomes softer and equipment is able to p a s  through the soil easier. This would 

not only move seed deeper into the soil profile, but the tilled soil would provide less 

resistance to deeply recruiting seedlings. 

Other outliea are not so easily explained. Ed Phillips is a zero tillage f m e r  near 

Hartney, MB. An outlier with a 1ow tillage iudex and a high recruitment depth in the pre- 

spray wild buckwheat sampling period comes fiom one of his fields in 1998 (Figure 5.8). 

In 1998, Ed Phillips used a low disturbance seeder with one inch openers, but in 1997 he 

was ushg a higher disturbance seeder with two inch spoons. Al1 other field operations 

between the two years were the same. Seeding in 1997 may have moved weed seeds 

deeper into the soil, and in 1998 there rnight have been deeper recruitment fiom deeply 

placed seeds, because of past seeding operations. Although years do not seem to have an 

affect on mean depth of recniitrnent (appendix 5.3.1 to 5-33, the minimum number of 

years in zero tillage was three for the fields surveyed. Seedling recruitment may respond 

to the previous year's management. 

Summary and ConcIusions 

The tillage index is based on data that were collected fiom farmers after the 

sampling was completed. Fields were initially chosen using very broad definitions of 

zero tillage and conventional tillage (Chapter 4). The tillage index foms a continuous 

measurement of soil disturbance, fiom no disturbance (before seeding in a zero tillage 

field), to intensive soil disturbance in a conventional tillage field. It was based on 



96 

Siemens et al. (1993) estirnates of percent stubble remaining after a specific implement 

passes. Soi1 disturbance and movement might be better measured by integrating speed 

and depth of each implement pass but these are not reliable measurements unless they are 

measured in the field. 

The tillage index was a way to integrate al1 factors associated with tillage into a 

reliable and easy to calcuiate measurement of soil disturbance. The tillage index used 

provides a precise measurement of one factor that affects weed seedling recruitment 

depth. Tillage is the primary factor, but not the only factor af5ecting weed seedling 

recruitment. For most weed species, especially for the pre-spray sampling period, the 

tillage index accounted for close to 50% of the variation associated with recruitment 

depth. More research is needed measuring weed seedling recruitment depth on different 

soil types to determine if soil type is important in determining the depth of weed seedling 

recruitment. Initial analysis of soil type data collected in this study indicated that it was 

not a consistent factor (appendix 5.3.1 to 5.3.1). Other factors such as soil temperature 

and moisture are important in detennining the depth of weed seedling recruitment but 

they are difficult to measure on a consistent basis within the weed seedling recruitment 

zone. 

The range of recruitment depths of the weed species sampled in zero and 

conventional tillage fields were quite narrow. There is onIy a recruitment depth 

difference of 5 cm fiom the lowest tillage index to the highest tillage index. Even if the 

tillage index was improved to account for more variation due to tillage and other factors 
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that affect recnlltment depth, it may still be a challenge for farmers to modiQ tillage 

practices énough to affect weed seedlîng recruitment in such a narrow range. 

O*er studies have been conducted to determine the depth of weed seedling 

recruitment from nahiral weed seedling populations under different tillage practices (de la 

C m ,  1974; Chancellor, 1964a; BuMer and Mester, 1991). None of these studies 

included as extensive a number of locations as did the present study. The large number of 

fields sampled over the wide geographical area allowed us to create a mode1 of 

recruitment depth based on the tillage scenarios represented in the data set. With this 

mode1 farmen may position their system in the tillage continuum based on the simple 

tillage index calculation. It may be possible for them to then predict, with sorne 

reliability, the recruitment depth of a number of common weed species in their own 

fields. Tillage or application of soi1 applied herbicides can then be targeted at the depth 

of weed seedling recruilnient to optimize weed control. 

The information obtained through this study will be w d  as a basis in the 

development of prediction models of the timing of weed seedling recmitrnent. 

Combining depth and timing of weed seedling recruitment may allow one to more 

accurately predict when and where weed control should be applied. Determining the 

exact timing of weed seedling recruitment in individual fields will allow f m e r s  to 

optimize current weed control strategies. 



General Discussion 

In this study, the depth of weed seedling recruitment was determined in zero and 

conventional tillage fields over many locations in Manitoba. The significance of this data 

cornes from the large number of fields sampled over the many locations in a region. Each 

f m e r  involved in the survey had a difEerent system and used different machinery. 

Because, natural seedling populations were measured, as opposed to seeds placed at 

specific depths in the soil, the results obtained reflect what is happening in farming 

systems across Manitoba. This represents an irnprovernent over previous studies by 

Dawson and Bruns (1975), Wiese and Davis (1966) and Stoller and Wax (1973) who 

placed seeds at specific depths in the soil. The weed seedlings measured were a better 

measure of weed populations than seed measurements because the seedlings had 

overcome al1 of the factors that would have prevented weed seeds fkom recruiting. Many 

factors, such as tillage, soil type, soil environment and seed positions may affect the depth 

of weed seedling recruitment. Soi1 disturbance caused by tillage and seeding, was the 

main driving factor influencing depth of weed seedling recniiûnent for al1 of the weed 

species sampled. Across al1 fields surveyed, the depth of weed seedling recruitment 

increased as soil disturbance levels due to tillage and seeding increased. Although a large 

number of fields were sampled in this study, increasing the number of sites might have 
c. 

improved the estimation of the relationship between tillage intensity and depth of 

recruitment. 
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The discovery of the morphological marker on wild buckwheat (Polygonurn 

convolvulus L.) allowed a broad leaf weed species to be added to the survey in 1998. 

Although the marker was only found on wild buckwheat, other weeds may also possess 

an obvious charactenstic identimg the point of recruitrnent. De la Cruz (1974) found a 

morphological marker on two broad leaf weed species, velvetleaf (Abutilon theophrasti 

Medicus) and srnartweed (Polygonym pensylvanicum L.). Smartweed and wild 

buckwheat are in the same family, suggesting that the morphological marker is only 

present in that family, but since velvetleaf is in a different family, this is not the case. 

Weeds that were examined for the presence of a morphological marker need to be re- 

examined and those not considered need to be included in the investigation for the 

presence of a morphological marker. Knowing the recruitment depth of one weed does 

not mean that the response will be the same for another. It is important to know the depth 

of weed seedling recruitment because it is the best measurement of seed movement in the 

soil. Although wild buckwheat is an economically important broadleaf weed in 

Manitoba, it is not the only one that can significantly affect yields of crop plants. 

Broadleaf weeds for which a morphological marker should be identified and depth of 

recruitrnent should be determined are: wild mustard (Sinapsis anensis L.), redroot 

pigweed (Amaranthus retrofrexus L.) and lamb's quarters (Chenopodium album L.). 

These broadleaf weeds are economically significant in Manitoba (Thomas, 1 99 1 ; Thomas 

et al., 1998). 

The grassy weeds included in the survey encompass the major species in 

Manitoba. The numbers of individuals sampled for each species was quite large, except 
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for barnyard grass (Echinochloa cmgal l i  L. Beauv). Because, the information on 

bamyard grass is limited, solid conclusions about this weed cannot be drawn. Although 

barnyard grass is very similar to green foxtail in seed size, further investigation needs to 

be done to confiidently determine how tillage affects recruitment depth of barnyard grass. 

It is important to know the recruitment depth of barnyard grass because it is one of the 

three major grassy weeds in Manitoba, these being; wild oats (Avena fatua L.), green 

foxtail (Setaria viridis L. Beauv) and barnyard grass (Thomas and Donaghy, 199 1 ; 

Thomas et al., 1998). 

nie weed species surveyed in this study recruited from quite shallow in the soil 

profile. Mean recruitment depth for al1 weed species surveyed was less than 4.5 cm. This 

does not necessady indicate that seedlings are unable to recruit fiom deeper in the soil 

profile, it only indicates where seeds or microsites are positioned in the soil profile in 

Manitoba fields. Weed seeds, which are deeper in the soil, rnay not be able to recruit, 

because of the lack of suitable microsites. Deeply placed weed seeds may germinate but 

are beyond maximum emergence depths. As well the percentage of suitable microsites is 

higher closer to the soil surface. In Manitoba, most tillage is non-inversion or chisel type 

tillage, which does not create as much soil disturbance as inversion or moldboard 

ploughing. Although the majority of weed seedlings will still recruit fkom fairly shallow, 

even in moldboard ploughing, seed placement has a significant effect on the depth of 

weed seedling recruitment. This indicates that weed seedlings will tend to recruit from 

shallower depths in the tillage systems cornmon in Manitoba. The positive relationships 

between tillage index and recruitment depth support this theory. 
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The development of the tillage index, based on tillage, harrowing and seeding, 

dIowed fields to be viewed on a continuous scale of soil disturbance rather than as simpIy 

zero or conventional tillage. The diveeity in management systems today no longer 

allows such broad terms to be effective in defining any one system. The term zero tillage 

can refer to tillage intensities that range from one extremely low disturbance field pass to 

three field passes (seeding, fertilizer application and harrowing) in one field. The latter 

can be the same amount of disturbance as a minimal tillage system, but because there is 

no tillage it is still defined as zero tillage. Current definitions of zero tillage are based on 

the percent of soil disturbance, which is harder to define than soil disturbance based on a 

tillage index. A tillage index indicates total disturbance because it is a sum of al1 the field 

operations that are individually rated with regard to how much soil disturbance each pass 

caused. It is a simple method that c m  be completed in a very short period of time. 

Famers do not have to go into fields to measure soil disturbance the tillage index can be 

calculated based on the nurnber of field operations. The tillage index developed in this 

study is easy to use and highly related to mean recruitrnent depth for al1 weed species, but 

it is still not the best tillage index that can be developed. Soi1 disturbance is highly 

dependant on the speed and depth at which any one implement is used, but these two 

factors need to be measured in the field to ensure accuracy. This was not done but it 

should be to improve the accuracy of the tillage index. Sampling dates should be 

coordinated to occur the day the farmer was seeding or tilling. The depth and speed of 

each operation could be measured at that tirne. Additional tillage events would have to be 
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measured as welI. For now, the tillage index is based on stubble measurements, wfiich is 

in itselfa good rneasure of soi1 disturbance even if it is not the best. 

During the 1997 and the 1998 sarnpling seasons, stubble density measurements 

were taken dong with weed seedling measurements. A picture was taken of the soil 

profile, with a grid overlay. The grid consisted of 640 squares that were 1 mm2. The 

percentage of squares with more than 60% stubble were tallied to determine mean stubble 

density on the fields (appendix 5.1). In 1997, three stubble density pictures were taken 

per field, in 1998 five were taken per field. The stubble density measurements were less 

strongly reiated to mean recruitment depth than the tillage index 1 developed (data not 

shown). The field measurements were too variable, most likely because not enough 

replicates were taken in each field. Time limitations, because of the number of fields 

sampled, prevented more measurements fiom being taken. The tillage index developed, 

is a good rneasure of soil disturbance, but it could be improved by developing a index 

based on a wider range of f a m  implements used in Manitoba and incorporating a speed 

and depth for each pass. An improved tillage index may be able to produce a stronger 

relationship with recruitment depth, so farmers couid have higher level of confidence on 

the depth of weed seedling recmitment in their fields. 

1 also conducted soil core experiments during the winters of 1997/98 and 1998/99 

(appendix 6.1). The idea was to bnng zero and conventional tillage fields to the lab to 

determine the effect of each system on recruiünent depth of weed seedlings. Initially, the 

purpose was to detennine the effect of tillage system on those broadleaf weeds for which 

a morphological marker could not be found, but it was determined that such a 
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methodology could also be used to investigate the effects of each system under a 

controIled environment. Weed control in zero tillage is more difficult because tillage, an 

important means to control weeds, has been removed. The adoption of zero tillage has 

been slow because of the fear that weeds would be too difficult to control. In some cases 

there are shifts to increased levels of weed populations because zero tiIlage favos some 

types of weeds (Derksen et al-, 1993). It was hteresting to discover that for the species 

we investigated there was reduced recruitment in the zero tillage cores. There was 

something, therefore, in the zero tillage cores that was reducing the percentage of weed 

seedling recruitment compared to the conventional tillage cores, especially as the depth of 

planting increased. There may be severai reasons for this. The change in environment in 

zero tillage cores, because of the lack of tillage, may have been detrimentai to the weed 

species tested in this experiment. There may have also been a physical barrier to weed 

seedling recruitment, the seeds may have germinated but failed to recniit due to physical 

impediments, which was especially evident as the depth increased. The accuracy of this 

method c m  be tested by cornparkg the response of depth of recruitment in the core to the 

depth of recruitment in the field, of those weeds that can be measured in the field (grassy 

weeds and wild buckwheat). If the weed responds similarly in the field and in the indoor 

experiments, the depth of recruitment of those weeds that cannot be measured in the field 

may be investigated indoors. Although in this study, this experiment was not expanded 

beyond the methodology developrnent, it has potential to become a very important 

research tool in the fbture. For example, the effect of physical and biological changes in 

zero venus conventionally tilled fields, on recniitrnent depth could be investigated. It 
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could also be used to investigate the effects of different moisture levels, temperatures, 

light and chemicais on recruitrnent depth at a fine depth scale. 

Knowing the depth of weed seedling recruitment under different tillage systems is 

only the beginning. Results fiom this project indicate that soil applied herbicides should 

work in zero tillage systems without incorporation because seedling recruitment is very 

close to the soil surface. Development of better delivery systems may allow herbicides to 

be placed in the range of weed seedling recruitment to increase eficacy or reduce rates 

needed, and the tillage index can be used to inform fatmers where recxuitment is 

occurring within their system. The addition of soil applied herbicides is important to the 

zero tillage farmer because it increases herbicide options for weed control. 

The depth of weed seedling recmitment for wild oats, volunteer wheat, green 

foxtail, wild buckwheat and barnyard g r a s  was determined in zero and conventional 

tillage fields over a wide geographicd area in Manitoba. Mean recruitment depths for al1 

weed species surveyed was deeper in conventionai tillage than in zero tillage. Although 

overall mean recruitment depth was shallow (> 4.5 cm). This indicates that tillage for 

weed control does not need to be deep. Shallow tillage would not only control weeds but 

it would also prevent weed seeds fiom being placed deep in the soil profile. 

A mode1 was produced in the fonn of a tillage index. It can be used to predict 

the depth of weed seedling recruiûnent based on tillage levels. Using Table 5.1, each 

field operation can be rated and the sum of each event can be totaled to give a tillage 

index for that field. The tillage index can be used to predict the depth of weed seedling 

recruitment. 
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The next step is to develop models to predict the timing of weed seedling 

recniitrnent. The efficiency of herbicide application can be improved by timing 

applications to when they provided the best weed control. The number of herbicide 

applications could be reduced by irnproving the timing of application to kill weeds before 

they become cornpetitive and eliminating the need for a second or third application. 
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Appendix 4.1.1. Analysis of variance of wild oat recruitment depth as affected by 
sampling year. 
Source of Df SS Mean Square F Value 
Variance 
Year 1 0.323 0.323 0.18ns 
Error 124 21 8.88 1.77 - 
Total 125 219.21 
ns - not significant 

Appendix 4.1.2. Analysis of variance of volunteer wheat recruitrnent depth as affected 
by sampling year. 
Source of Df SS Mean Square F Value 
Variance 
Year 1 4.79 4.79 2.0611s 
Error 91 21 1.66 2.33 
Total 92 216.45 
ns - significant 

Appendix 4.1.3. Analysis of variance of green foxtail recruitment depth as afTected by 
sampling year. 
Source of Df SS Mean Square F Value 
Variance 
Year I 7.90 7.90 7.28** 

( Error 72 78.1 O 1.10 
1 Total 73 86.00 
** significant at the 1 % level 

Appendix 4.1.4. Analysis of variance of wild oats recruitment depth as aflected by tillage 
and sarnpling t h e .  
Source of Df SS Mean Square F Value 
Variance 
Time 1 15.5 1 15.51 16.55** 
Tillage 1 73 .O4 73 .O4 77.9 1 ** 
Time*Tillage 1 1.28 1.28 1.3 7ns 
Error 122 114.37 
Total 125 206.14 

-- - 

* * significant at the 1% level 
ns - not significant 



Appendix 4.1 S. Analysis of variance of volunteer wheat recruitment depth as af5ected by 
tillage and sampling tirne. 

1 source of Df SS Mean Square F Value 
Variance 
Time 1 27.1 1 27.1 1 31-71'" 
Tillage 1 68.78 68.78 80.46"" 
Time*TilIage 1 0.86 0.86 1.Olns 
Error 89 205-06 

) Total 92 208.87 1 
** significant at the 1 % level 
ns - not significant 

Appendix 4.1.6. Analysis of variance of green foxtail recmitment depth as affected by 
tillage and sampling year 
Source of Df SS Mean Square F Value 
Variance 
Year 1 7.60 7.58 . 11 -22'" 
Tillage 1 30.54 30.54 45.22* * 
YeaPTillage 1 0.05 0.05 0.07ns 
Error 70 47.30 
Total 73 86.00 
* * significant at the 1 % level 
ns - not significant 

Appendix 4.1.7. Analysis of variance of wild buckwheat recruitment depth as af5ected by 
tillage and sampling, time. 
Source of Df SS Mean Square F Value 
Variance 
Time 1 10.70 10.70 22.41 ** 
Tillage 1 21.39 2 1.39 44-79" * 
Time*Tillage 1 0.84 0.84 1.75ns 
Error 72 34.39 
To ta1 75 69.24 
** significant at the 1% leveI 
ns - not significant 



Appendk 4.1.8. Analysis of variance of barnyard grass recruitment depth as afXected by 
tillage 

1 source of Df SS Mean Square F Value 
Variance 
TiIlage 1 5.22 5.22 5.86" 
Error 9 8 .O2 0.89 
Total 10 13 .24 j 

* significant at the 5% level 



Appendix 4.2. Mean temperature and precipitation for May and June 1997, and 
April, May and June in 1998 at Carman, Manitoba 

May 1997 June 1997 April 1998 
Temperature Precipitation Temperature Precipitation Temperature Precipitation 

("Cl (mm) (OC) (mm) (OC) (mm> 
4.1 O 24 17.6 5.5 O 
5.5 O 21.4 O 6 O 
5 -2 O 22.2 O 6 .O O 
10.6 O 19.7 O 7.3 O 
8.8 0.2 17.4 O 6.3 2.4 
7.7 O 18 O 3.5 13.6 
10.3 1 I 18.3 O 3.5 O 
5.2 2.8 20.1 O 4.9 O 
9.1 O 22.2 O 6.5 O 
16.2 1.8 22.3 O 9.2 O 
6.6 0.4 20.7 O 8.6 O 
3 .O 0.8 19.7 O 10.6 18 
5.2 1.8 15.5 O 6.6 5.6 
0-8 O 17 2 2.3 O 
3 -3 O 15.7 0.2 1.5 O 
9.7 O 16.1 O 4.4 O 
6.6 4.2 13 10.8 4.7 O 
4.8 O 13.2 O 4.2 O 
5.3 O 16 11.4 5.6 O 
4.6 O 17.5 3 -6 6.3 O 
7.7 O 1 7.4 O 8.9 O 
12.9 O 17.7 O 12.5 O 
11.1 O 21.1 9 13.8 O 
10.6 O 18.9 0.2 10.1 O 
10.5 O 15.8 4.2 13.6 O 
11.7 O 20.1 O 12.2 O 
12.4 O 22.3 O 12.3 O 
14.7 O 18.3 O 15.1 O 
15 O 18.3 O 17.1 O 
19 O 16.8 O 17.2 O 
20.3 1 

Mean Total Mean Total Mean Total 
Temperature Precipitation Temperature Precipitation Temperature Precipitation 

9.00 24.00 18.56 59.00 8.23 39.60 



Appendk 4.2 (continued) 

May 1998 June 1998 
Temperature Precipitation Temperature Precipitation 

(mm) 
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12-92 38.20 1 5 .O4 94.60 



Appendix 5.1. Matrix of field data from 1997 and 1998. 
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Appendix 5.2.1. Effect of soil type on wild oat recruitment depth at the 
xe-seeding and pre-spray sampling pen 
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Appendix 5.2.2. Effect of soil type on wild oat recruitment depth at the 
re seeding and pre-spray sampling penods in conventional tillage. ,Pi -- - 
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Appendix 5.2.3. EEect of soil type on volunteer wheat recruitment depth 
at the pre-seeding and pre-spray samplh ; periods in zero tillage. 
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Appendix 5.2.4. Effect of soil type on volunteer wheat recruitment depth 
and pre-spray sampling periods in conventional tillage. -- 
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'soi1 t m e  on meen foxtail recruitment depth 
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Appendix 5.2.6. Effect of soi1 type on green foxtail recruitment depth 
at the 1998 sampling period in zero and conventional tillage fields. 
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Appendix 5.2.7. Effect of soil type on wild buckwheat recruitment depth 
the re-seedin and re-s~ra sarn lin 

i 
:riods in zero tillage. -- 
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AppendDc 5.3.1. Effect of number of years in zero tillage on wild oat 
seedling mean recruitment depth. 
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Appendix 5.3.2. Effect of number of years in zero tillage on volunteer wheat 
mean seedling recniitment depth. 
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Appendix 5.3.3. Effect of number of years in zero tillage on green foxtail mean 
seedling recniitment depth. 
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Appendix 5.3.4. Effect of number of years in zero tillage on wild buckwheat 

mean seedling recmitment depth. 
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Appendix 5 -3 S. Effect of number of years in zero 
tillage on barnyard grass mean recruitment depth 
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APPENDIX 6.1 

Development of a methodology to determine the effect of tülage on weed seedling 

recruitment depth for species with no morphologicaï marker. 

Introduction. 

Seeds in the seed bank are affected by many different factors, including light, 

moisture, gaseous environment, temperature and tillage, the later of which c m  also 

influence al1 of the previous factors mentioned (Buhler et al., 1997; Tayloaon, 1987; 

Pons, 1991; Wesson and Wareing, 1968a). Tillage affects the density of the weed 

seedbank, species composition and the location and distribution of seeds in the seed bank 

(Buhler et al, 1997). Tillage also affects the presence of microsites within the soi1 profile. 

Seeds inside soil aggregates are exposed to high moisture concentrations and low oxygen 

tensions that inhibits germination and promotes dormancy (Paraja et al., 1 985; Pareja and 

Staniforth, 1985). Pareja and Staniforth (1985) also indicated that a fine seed bed created 

by tillage provides better weed seed-soi1 contact and, therefore, a better chance for seed 

germination, when compared to seedbeds that are left coarse. Soil structure creates a 

heterogeneity of soi1 enviconments that, in tum, creates a variety of micorsites for weed 

seeds (Pareja and Staniforth, 1 985). 

increased organic matter in zero tillage fields can also influence the weed 

seedbank via increased activity of suil bome organisms. Increased activity of soil bome 

organisms can either break or promote dormancy (Cavers, 1994). Derksen et al. (1998) 

found that differences in weed densities did not exist in the weed seedbank or in the 

residual weed community, but densities did differ in the seedling cornmunities under 
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different tillage systems. This resuit may indicate that seedling recruitment is delayed in 

zero tillage. The environments present in zero and conventional tillage fields may differ 

en& to affect the depth and amount of weed seeding recruitment. 

Determinhg fiom where in the soi1 profile weeds are successfÙlly recruited could 

improve management by opGmizing different types of weed control methods. Many 

different environmental and physical factors affect the depth o f  seedling recniitment. 

Specific environmental factors that are unique to each tillage system are hard to duplicate 

in plot and lab experiments. Measuring the weed seedbank is very labour intensive and 

does not provide the best measure of future weed seedling populations (Baskin and 

Baskin, 1985; Cardina et al., 1996; Taylorson, 1987). Measuring the depth of recruitment 

of most broadleaf weed seedlings is not possible because an indicator of the point of 

germination is not present. A methodology was developed to determine the effect of 

tillage system on the depth of recruitment of those weeds that do not poses a 

morphological marker. 

The objectives of this study were: 

To determine a methodology that could determine the effects of tillage on the depth of 

those broadleaf weed seedlings that do not have a morphological marker or an 

indicator of the point of germination. 

To develop a controlled system that mirnicked field conditions in which we could 

more intensively investigate the effect of tillage on depth of recmitment of al1 weed 

species. 



Materials and Methods 

Soil core sampling. In the fall of 1998, after harvest and before the first snowfall, soil 

cores were taken fiom zero and conventional tillage fields. The fields were located in the 

Homewood, MB area (N49'3 0.264" WO97'49.17 1 "). Both the zero and the conventional 

tillage fields were on a clay loam soil. Since the zero tillage field had been under zero 

tillage for 23 years changes due to zero tillage had taken place. The conventional tillage 

field had been tilled once in the spring with a light duty field cuitivator with 12" shovels 

and had been tilled once in the fall before sampling with a deep tiller with 8" shovels. 

Soil cores were taken with 4" acetate liners to three depths; 2-3.8 and 7.6 cm. Each core 

was pushed into the soil manually to reduce the arnount of compaction of soil in the core. 

The soil around the core was removed and a flat piece of metal was pushed under the core 

to help maintain the integrity of the soil core Figure 6.1.1). The bottom of the core was 

capped with plastic lids so that the cores could be transported. Soil cores were distwbed 

as Little as possible to maintain the soil structure within the cores as close as possible to 

field situations. The same procedure for core collection was followed in both the 

conventional and zero tillage except for the 2 cm depth cores. In the conventional tillage 

field the soil was shoveled into the core because the soil was so dry and loose that it had 

no structure. A total of 288 soil cores were taken, 1 14 in each field. 



Appendix 6.1.1. Removal of a soil core from a field using a Bat piece of metal to 
maintain soi1 integrity. 

Appendix 6.1.2. Soil cores placed on top of pots that contained weed seeds and a base 
layer of soiYsand mixture. 
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Soi1 core preparation. The soil cores were saturated with water and placed in the fieezer 

for a minimum of three weeks before planting. M e r  the soil cores had been fiozen, half 

(144 cores) were removed fiorn the freezer and placed in a growth cabinet for two to three 

weeks. During this time any seedlings that emerged fkom the cores were removed, this 

was done to reduce the nahiral weed seed population in the soil cores. The day before 

planting the 2 and 3.8 cm soi1 cores were fiozen to help maintain core integrity during 

planting. 

Experimental set-up. The experiment was run at two temperatures, low ( 12OC day/7OC 

night) and a warm (20°C day/ 12Onight). For each weed species there were six 

conventional tillage and six zero tillage cores used for each depth. A blank run was 

planted to account for an). viable natural weed seeds present in the soi1 core. 

Planting. The recruitrnent ability of three weed species, green foxtail (Setaria viridis L. 

Beauv.), wild buckwheat (Polygonum convolvulus L.) and redroot pigweed (Arnaranthus 

retrojlms L.) was tested at different soi1 depths in zero and conventional soil cores 

under two temperatures. A base soil mixture of two parts soil and one part sand was heat 

s t e m  sterilized to remove any weed seeds present. The base soil was put in a 5" 

diameter pot over a thin layer of peat and saturated with water (Figure 6.1.2). A layer of 

40 seeds from each weed species was placed on top of the soiVsand mixture. The soil 

core was pushed f i d y  on top of the soiVsand mixture with the seeds to ensure good 

seed-soi1 contact. The core set-up was then placed in poly lined trays in the growth 
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chamber. The soi1 cores were watered from the bottom by filling the trays with water. 

This ensured a constant supply of water to the seeds. 

Weed couats. Cores were counted every three to four days. Newly recruited seedlings 

were counted and removed. Green foxtail seedlings were considered successfully 

recruited at the three leaf stage and wild buckwheat and redroot pigweed seedlings were 

considered successfully recruited at the one tme leaf stage. 

Results and Discussion 

Mean weed seedling recruitment was higher at the warmer temperature in both 

tillage systems (Table 7.1 and 7.2). This indicates that weed seedling recruitrnent is 

affected by temperature. This was expected for green foxtail and redroot pigweed since 

they are both C4 species, which do better as the temperature increases. 

Table 7.1. Mean weed seedling recruitment depth at low temperature (12OC dayI7OC 
night). 

Zero Tillage Conventional Tillage 
Soi1 core depth (cm) 2 3 -8 7.6 2 3.8 7.6 
Redroot pigweed 3.8 O O 8.2 0.7 O 
Wild buckwheat O O 0.2 O .2 O O 
Green foxtail 12.8 13 7.7 13 14.7 8.7 

> 

Table 7.2. Mean weed seedling recruitment depth at warm temperature (20°C day/l2OC 
night). 

Zero Tillage Conventional Tillage 
P 

Soi1 core depth (cm) 2 3.8 7.6 2 3.8 7.6 
Redroot pigweed 8.8 3.2 O 16.5 6.7 O 
Wild buckwheat 0.7 0.8 0.2 2.5 1.8 O 
Green foxtail 15.7 f 9 8 -7 18.7 16.5 5.5 

> 
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The response to temperature was reflected in the field survey results, where the majority 

of green foxtail seedlings were found at the pre-spray sampling period, when the 

temperatures were warmer. As well, the greatest percentages of recruitment occurred at 

shallow rather than deep depths for green foxtail seedlings in the field. These results 

were confimied in this study (Table 7.1 and 7.2). Wild buckwheat shouId have recmited 

more successfully in the cooler temperatures than it did, but the seed was donnant. Total 

recruitment for al1 weed species decreased as seedling depth increased. Most weeds have 

higher germination percentages closer to the soil surface (Dawson and Bruns, 1962; de la 

Cruz, 1974 and Vanden Born, 1971). Less recruitment was observed in zero tillage soil 

cores (Table 1 and 2). The reasons for this were unclear, but it does suggest that either a 

soil impedance factor or environmental conditions associated with zero tillage inhibited 

weed seedling recruitment. More testing is needed to determine what factors are affecting 

weed seedling recruitment under zero tillage systems. The methodology used in the study 

was successfd in pointing out differences between the two tillage systems in total 

recruitment amounts at each level tested. It did not explain why those differences were 

occurring and, therefore, more study is needed. Results fiom this study can be used to 

study the differences between zero and conventional tillage fields under a controlled 

system. 

Conclusions. 

The results fiom this study suggests seedling recruitment for green foxtail, redroot 

pigweed and wild buckwheat is af3ected by tillage system. The results for green foxtail 
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and wild buckwheat resembled the results fiom the field; therefore, the methodology may 

be an effective means of examining the effects of conventional and zero tillage 

environments on weed seedling recruitment. The core experiments may be a useful 

precursor and compliment to field experiments. More experimentation is needed to 

determine the exact effects of each tillage system on weed seedling recruitment and what 

specific factors reduced recmitment in the zero tillage soi1 cores. When it is known what 

factors are affecthg weed seedling recruitment in each tillage system, improved weed 

control could be developed by manipulating or enhancing the environments that reduced 

weed seedling recruitment in both zero and conventional tillage fields. 




