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ABSTRACT 
 

The introduction of glyphosate resistance into Australian cotton systems will have an effect on 

conventional weed management practices, the weed species present and the risk of glyphosate 

resistance evolving in weed species.  Therefore, it is important that the effects of these 

management practices, particularly a potential reduction in Integrated Weed Management (IWM) 

practices, be examined to determine their impact on weed population dynamics and resistance 

selection. 

 

The study began in 2003 with a survey of 40 growers in four major cotton growing regions in 

Australia to gain an understanding of how adoption of glyphosate resistance had influenced the 

weed spectrum, weed management practices and herbicide use after three years of glyphosate-

resistant cotton being available.  The 10 most common weeds reported on cotton fields were the 

same in glyphosate-resistant and conventional fields.  In this survey, herbicide use patterns were 

altered by the adoption of glyphosate-resistant cotton with up to six times more glyphosate being 

applied and with 21% fewer growers applying pre-emergence herbicides in glyphosate-resistant 

cotton fields.  Other weed control practices, such as the use of post-emergence herbicides, inter-

row cultivation and hand hoeing, were only reduced marginally. 

 

A systems experiment was conducted to determine differences in the population dynamics of 

Echinochloa crus-galli (barnyardgrass) and Urochloa panicoides (liverseed grass) under a range 

of weed management regimes in a glyphosate-resistant cotton system.  These treatments ranged 

from a full IWM system to a system based soley on the use of glyphosate.  The experiment 

investigated the effect of the treatments on the soil seed bank, weed germination patterns and 

weed numbers in the field.  All applied treatments resulted in commercially acceptable control of 

the two grass weeds.  However, the treatments containing soil-applied residual herbicides proved 

to be more effective over the period of the experiment.  The treatment with a reduced residual 

herbicide program supplemented with glyphosate had a level of control similar to the full IWM 

treatments with less input, providing a more economical option.  The effectiveness of these 

treatments in the long-term was examined in a simulation model to determine the likelihood of 

glyphosate resistance evolving using barnyardgrass and liverseed grass as model weeds. 

 xii



 

Seed production and above-ground biomass of barnyardgrass and liverseed grass in competition 

with cotton were measured.  In all experiments, seed production and biomass plant-1 decreased as 

weed density increased while seed production and biomass m-1 tended to increase.  Seed 

production m-1 reached 40,000 and 60,000 for barnyardgrass and liverseed grass, respectively.  In 

2004-05, weeds were also planted 6 weeks and 12 weeks after the cotton was planted.  Biomass 

and seed production of the two weeds planted 6 weeks after cotton were significantly reduced 

with seed production declining to 12,000 and 2,500 seeds m-1 row for barnyardgrass and 

liverseed grass, respectively.  Weeds planted 12 weeks after cotton planting failed to emerge.  

This experiment highlighted the importance of early season weed control and effective 

management of weeds that are able to produce high seed numbers. 

 

A glyphosate dose-mortality experiment was conducted in the field to determine levels of control 

of barnyardgrass and liverseed grass.  Glyphosate provided effective control of both species with 

over 85% control when the rate applied was greater than 690 g ae ha-1.  Dose-mortality curves for 

both species were obtained for use in the glyphosate resistance model. 

 

Data from the experimental work were combined to develop a glyphosate resistance model.  

Outputs from this model suggest that if glyphosate were used as the only form of weed control, 

resistance in weeds is likely to eventuate after 12 to 17 years, depending on the characteristics of 

the weed species, initial resistance gene frequencies and any associated fitness penalties.  If 

glyphosate was used in conjunction with one other weed control method, resistance was delayed 

but not prevented.  The simulations suggested that when a combination of weed control options 

was employed in addition to glyphosate, resistance would not evolve over the 30-year period of 

the simulation.  These simulations underline the importance of an integrated strategy in weed 

management to prevent glyphosate resistance evolving from the use of glyphosate-resistant 

cotton.  Current management conditions of growing glyphosate-resistant (Roundup Ready®) 

cotton should therefore prevent glyphosate resistance evolution. 

 xiii



Declaration of Originality 
 
 

This work contains no material which has been accepted for the award of any other degree or 
diploma in any university or other tertiary institution and, to the best of my knowledge and belief 
contains no material previously published or written by any other person, except where due 
reference has been made in the text. 
 
I give consent to this copy of my thesis, when deposited in the University Library, being made 
available in all forms of media, now or hereafter known. 
 
 
Jeff Werth 
 
 
_____________ 
 

 xiv



 

Acknowledgments 
 
There are a number of people whose time and effort have assisted me with the completion of this 
thesis.  I would like to thank Ian Taylor for his guidance and direction for me to take a change of 
career and undertake this study, and for his role as a mentor and supervisor. 
 
I am grateful to have had supervisors who were available and willing to provide support and 
guidance.  Thanks to Chris Preston for his role as principle supervisor.  Although he is very busy, 
he was always quick to respond on matters that needed attention.  I also thank him for his 
assistance with university matters that were difficult for me as a remote student.  I also thank 
Grant Roberts for his role as a supervisor and mentor on a regular basis and for his availability 
and willingness to provide input and direction.  Thank you also to Jeanine Baker with her help on 
the modelling parts of the thesis and for being so quick to get chapters back to me. 
 
I also wish to thank a number of people at the Australian Cotton Research Institute (ACRI) for 
their assistance.  Thank you to Lewis Wilson for undertaking the role of replacement supervisor 
when Grant relocated.  I also wish to thank Graham Charles whose insights into weed issues in 
the cotton industry have been appreciated. 
 
Thank you also to those who helped me with some of the day-to-day operations.  Thank you to 
Graham Skelton for his assistance in soil coring and hand-picking and ginning cotton, and Grant 
Mycin for his help soil coring.  Thank you also to Clare Felton-Taylor and Darren Hodgsen for 
their assistance with a number of tedious tasks.  A big thank you also to the farm staff at ACRI 
for the operations they carried out and the use of equipment. 
 
I also thank the CRC’s for Australian Weed Management, and the Cotton Catchment 
Communities CRC for their funding support. 
 
Last, but not least, I thank my beautiful wife Dyahn for her unconditional support and her 
willingness to relocate to Narrabri and leave friends, family, house and job in order for me to 
undertake this study.  Her love and support has given me the confidence to complete this thesis. 
 

 

 

 xv


	TITLE PAGE: Weed Resistance Risk Management in Glyphosate-Resistant Cotton
	TABLE OF CONTENTS
	TABLE OF TABLES
	TABLE OF FIGURES
	TABLE OF PLATES
	ABSTRACT
	Declaration of Originality
	Acknowledgments


