
The impact of herbicides on the interactions
among cotton seedlings, Rhizoctonia

solani, fungicides and biocontrol bacteria

Item Type text; Dissertation-Reproduction (electronic)

Authors Heydari, Asghar, 1955-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:47:42

Link to Item http://hdl.handle.net/10150/282570

http://hdl.handle.net/10150/282570


INFORMATION TO USERS 

This manuscript has been reproduced from the microfilm master. UMI 

films the text directly fi'om the original or copy submitted. Thus, some 

thesis and dissertation copies are in typewriter &ce, while others may be 

from any type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 

copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely afifect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand comer and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in reduced 

form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any pho^cgiaphs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly to 

order. 

UMI 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Aibor MI 48106-1346 USA 
313/761-4700 800/521-0600 



! 

F 
f I 



THE IMPACT OF HERBICIDES ON THE INTERACTIONS 

AMONG COTTON SEEDLINGS, RHIZOCTONIA SOLANI, 

FUNGICIDES AND BIOCONTROL BACTERIA 

by 

Asghar Heydari 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PLANT PATHOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9 9 7  



UMI Nximber: 9817345 

UMI Microform 9817345 
Copyright 1998, by UMI Company. All rights reserved. 

This micrororm edition is protected against unauthorized 
copying under Title 17, United States Code. 

UMI 
300 North Zeeb Road 
Ann Arbor, MI 48103 



THE UNIVERSITY OF ARIZONA i 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

read the dissertation prepared by Asghar Heydari 

The impact of herbicides on the interactions among cotton seedlings, 
entitled 

Rhizoctonia 50/077/, fungicides and biocontrol bacteria 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Dr. I. J. Misaghi 

Dr. M. R. Nelson 

Ur. M. A. McLIure 
— 

Dr. M. W. Olsen 
U' 

Dr. R. L. Gilbertson 
A 

a/" / /? 1 
19 

Date 

Date 

// 7 
Date 

Final approval and acceptance of this dissertation is contingent upon 
the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

Dissertation Director 

Vv 
Date 



3 

STATEMENT BY AUTHOR 

This dissertation has been suDmitted in partial fulfillment of requirements for an 
advance degree at the University of Arizona and is deposited in the University Library to be 
made available to borrowers under rules of Library. 

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgment of source is made. Requests for permission for 
extended quotations from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when in his 
or her judgement the proposed use of the materials is in the interests of scholarship. In all 
other instances, however, permission must be obtained from the author. 

SIGNED: 



ACKNOWLEDGMENTS 

4 

I wish to express my sincere appreciation and gratitude to Dr. I. J. Misaghi my major 

advisor for his guidance and support in all aspects of my research and for his valuable 

evaluations of this manuscript. I would also like to thank Drs. M. R. Nelson, M. A. McCIure, 

R. L. Gilbertson, M. W. Olsen and M. E. Stanghellini, my Ph. D. committee members for 

their valuable advises and for reviewing this manuscript. 

Special thanks are given to my wife, Lida and to my children, Bita and Sina for their 

love, encouragements, sacrifices and for their great patience and for allowing me to spend a 

great deal of time on my work that would have otherwise been spent with them. I would also 

like to thank my parents and my brothers and sisters for their support. 

I would also like to thank Dr. W. B. McCloskey of the Department of Plant Sciences 

for providing herbicides and Dr. Lee Clark, and Mr. Eddie Carpenter from Safford 

Agricultural Experiments Station for their advises and cooperation in field treatments. 

Special thanks to Agricultural Research, Education and Extension Organization 

(AREEO) of Iran and to the International Center for Agricultural Research in Dry Area 

(ICARDA) for their financial support during my Ph. D. studies. 

I would also like to thank the University of Arizona and The Department of Plant 

Pathology for providing the facilities to complete my research. Thanks are also extended to 

all faculty, staff and graduate students in the Department of Plant Pathology. 



In memory of my beloved father in law Mr. Saeedi whose greatest wish was 

my success and regretfully did not live long enough to see this work. May 

his spirit lives in peace for ever. 

I dedicate this work to my country, Iran and to my fellow Iranians. 



TABLE OF CONTENTS 

6 

Page 
LIST OF TABLES 8 

LIST OF ILLUSTRATIONS 10 

ABSTRACT II 

CHAPTERS 

1. INTRODUCTION AND LITERATURE REVIEW 13 

2. THE IMPACT OF HERBICIDES ON THE INCIDENCE AND 
DEVELOPMENT OF RHIZOCTONIA SOLANI-mDUCED 
COTTON SEEDLING DAMPING-OFF 20 

MATERIALS AND METHODS 21 
Herbicides used 21 
Pre-emergence damping-ofif microcosm experiment 21 
Post emergence damping-ofF microcosm experiment 22 
Field experiments 23 
Statistical analysis 24 

RESULTS 25 

DISCUSSION 39 

3. BIOCONTROL ACTIVITY OF BURKHOLDERIA CEPACIA IN 
HERBICIDE-TREATED SOILS 42 

MATERIALS AND METHODS 43 
Herbicides used 43 
Microcosm experiments 43 
Field experiments 44 
Statistical analysis 47 

RESULTS 48 

DISCUSSION 66 



7 

Page 
4. EFHCACY OF FUNGICIDES AGAINST RHIZOCTONIA SOLANI 

IN HERBICIDE-TREATED SOILS 70 

MATERIALS AND METHODS 71 
Herbicides used 71 
Field experiments 71 
Statistical analysis 73 

RESULTS 74 

DISCUSSION 81 

5. MECHANISM OF HERBICIDE-MEDIATED CHANGES IN 
DAMPING-OFF INCIDENCE AND BIOCONTROL 

ACTrVTTY OF BURKHOLDERIA CEPACIA 84 

MATERIALS AND METHODS 85 
Herbicides used 85 
EflFect of herbicides on seedlings physical characteristics 85 
Effect of herbicides on susceptibility of cotton seedlings 86 
EflFect of herbicides on the growth of R. solani 87 
Effect of herbicides on populations of D1 in the microcosm 87 
Effect of herbicides on populations of D1 in the field 89 
Effect if herbicides on antibiotic activity of isolate D1 90 
Effect of herbicides on damping-off-ofF incidence in pasteurized 

and non-pasteurized soil 91 
Effect of herbicides on total populations of cotton 

root colonizing bacteria 91 
Statistical analysis 92 

RESULTS 93 

DISCUSSION 103 

REFERENCES 105 



8 

LIST OF TABLES 

Table Page 

2. L Cotton stand in soils treated with herbicides and infested with Rhizoctonia 
solcmi in pre-emergence damping-ofF microcosm experiment 27 

2. 2. Cotton stand in soils treated with herbicides and infested with Rhizoctonia 
solani in post emergence damping-off microcosm experiment 28 

2. 3. Cotton stand in soils treated with herbicides and infested with Rhizoctonia 
solani in SafFord field experiment 29 

2. 4. Cotton stand in soils treated with herbicides and infested with Rhizoctonia 
solani in SafFord field experiment 30 

3. L Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and drenched with D1 in pre-emergence damping-ofF experiment.. 50 

3. 2. Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and drenched with D1 in post emergence damping-off experiment.. 52 

3. 3. Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and inoculated with biocontrol bacteria in Safford experiment.... 54 

3. 4. Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and inoculated with biocontrol bacteria in Tucson experiment.... 57 

3. 5. Herbicide-mediated changes in biocontrol activity of biocontrol 
bacteria in SafFord field experiment 60 

3. 6. Herbicide-mediated changes in biocontrol activity of biocontrol 
bacteria in Safford field experiment 62 



9 

Table Page 

4. 1. Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and sown with fiingicide-treated seeds in SafFord field experiment.. 75 

4. 2. Pre-emergence and post emergence loss of cotton seedlings in soils 
treated with herbicides, infested with Rhizoctonia solani and 
sowed with fiingicide-treated seeds in Saflford 77 

4. 3. Cotton stand in soils treated with herbicides, infested with Rhizoctonia 
solani and sown with fungicide-treated seeds in Safford field experiment.. 79 

5. 1. Cotton stand in seedlings pre-exposed to herbicides, transplanted to 
non-herbicide-treated soils infested with Rhizoctonia solani 96 

5. 2. Growth inhibition of Rhizoctonia solani by Burkholderia cepacia 
(isolate Dl) in the presence and absence of test herbicides 97 

5. 3. Population sizes of Burkholderia cepacia (isolate D1) in cotton seedlings 
rhizosphere grown in soils treated with test herbicides in the microcosm .. 98 

5. 4. Population sizes of Burkholderia cepacia (isolate D1) in cotton seedlings 
rhizosphere grown in soils treated with test herbicides in Safford 99 

5. 5. Population sizes of Burkholderia cepacia (isolate Dl) in cotton seedlings 
rhizosphere grown in soils treated with test herbicides in Tucson 100 

5. 6. Cotton seedling stand grown in pasteurized or non-pasteurized soil, 
infested with Rhizoctonia solani, and treated with test herbicides 101 

5. 7. Total populations of cotton seedlings root colonizing bacteria grown 
in soils treated with test herbicides in the microcosm experiment ... 102 



10 

LIST OF ILLUSTRATIONS 

Figure Page 

2. 1. Herbicide-mediated changes in cotton seedling stand in pre-emergence 
damping-oflf microcosm experiment 31 

2. 2. Herbicide-mediated changes in cotton seedling stand in post emergence 
damping-oflf microcosm experiment 32 

2. 3. Herbicide-mediated changes in cotton seedling stand in the Saflford 
field experiment 33 

2. 4. Herbicide-mediated changes in cotton seedling stand in the Tucson 
field experiment 34 

2. 5. Disease development curves (change in stand over time) in 
pre-emergence damping-ofF microcosm experiment 35 

2. 6. Disease development curves (change in mortality over time) in 
post emergence damping-off microcosm experiment 36 

2. 7. Disease development curves (change in stand over time) in 
the SafFord field experiment 37 

2. 8. Disease development curves (change in stand over time) in 
the Tucson field experiment 38 

3. 1. Herbicide-mediated changes in biocontrol activity of Burkholderia 
cepacia (isolate D1) in pre-emergence damping-oflf experiment 64 

3. 2. Herbicide-mediated changes in biocontrol activity of Burkholderia 
cepacia (isolate D1) in post emergence damping-oflf experiment 65 



II 

ABSTRACT 

The impact of three pre-plant herbicides, pendimethalin, prometryn and trifluralin on 

the incidence and the development of Rhizoctonia solani-mducod cotton seedling damping-

off^ on biocontrol activity of Burkholderia cepacia against R. solani, and on the efficacy of 

commonly used fungicides (metalaxyl, triadimenol, thiram) against R. jo/aw-induced cotton 

seedling damping-ofF was investigated in the microcosm and in the field. In the microcosm 

experiments, pendimethalin, prometryn and trifluralin were applied to the soil at 2.4, 3.6 and 

1.8 ^ig a.i. g"' soil, respectively (equivalent to the respective recommended field 

concentrations of 0.9, 1.3 and 0.7 kg a.i. ha"'). In the microcosm experiments application of 

prometryn, to the soil caused a significant (P <0.05) increase in pre-emergence damping-off 

incidence. Post emergence damping-ofF increased significantly {P <0.05) in the presence of 

pendimethalin and prometryn. Biocontrol activity of B. cepacia (isolate D1) in controlling 

cotton seedling damping-ofF was significantly {P <0.05) reduced by pendimethalin and 

prometryn in the microcosm experiments. In a field experiment conducted in SafFord, 

Arizona, pre-plant application of pendimethalin or prometryn caused significant {P <0.05) 

increases in disease incidence. In another field experiment in Tucson, Arizona, significant {P 

<0.05) increase in disease incidence was observed in plots treated with prometryn. In both 

microcosm and field experiments, application of herbicides affected disease development as 

judged by the slope of disease progress curves. Biocontrol activity of an indigenous isolate 

(D1) of B. cepacia also was reduced significantly by pendimethalin and prometryn in both 

field experiments. Commercially available isolate (Deny®) of B. cepacia as a soil drench and 
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as a seed treatment failed to protect cotton seedlings against R. solani -induced damping-off 

in both field experiments. The eflBcacy of commonly used fungicides (metalaxyl, triadimenol, 

thiram) against R. solani in the field was not significantly affected by herbicides in two field 

experiments at final assessment time. Pendimethalin and prometryn mediated changes in 

cotton seedling damping-oflf incidence and biocontrol activity of B. cepacia seem to be due 

to the changes in cotton seedlings susceptibility and changes in populations and structure of 

antagonistic bacteria in the plant rhizosphere. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

Plant diseases are mostly being controlled by the use of chemicals (fungicides, 

nematicides, bactericides, etc.), and in some cases by cultural practices. Chemical approaches 

to manage plant diseases have in recent years been a subject of public concern because of 

harmfiil effect of chemicals on the envirormient, effect on non-target organisms and possible 

carcinogenicity of some chemicals. Other problems include appearance of new races of 

pathogens resistant to chemicals and gradual elimination and phasing out of some pesticides 

and reluctance of some chemical companies to develop and test new chemicals due to the 

problems in registration process and coast. The need for development of non-chemical 

alternatives is clearly obvious. 

Biological control (the reduction of the amount of inoculum or disease producing 

activity of a pathogen accomplished by or through one or more organism other than man) has 

been considered a viable method to chemical control (Cook and Baker, 1983). Biological 

control is environmentally safe and in some cases is the only option available for protecting 

plants against diseases (Cook and Baker, 1983; Deacon and Berry, 1993; Schroth and 

Hancock, 1981; Weller, 1988). Many biocontrol agents perform consistently and efficiently 

under laboratory conditions but fail to do so in the field ( Cook and Baker, 1983; Deacon and 

Berry, 1993; Schroth and Hancock, 1981; Weller, 1988). This is perhaps because 

envirormiental conditions in the laboratory are often artificially selected to be conducive to 

the development and functioning of biocontrol agents (Cook and Bal<er, 1983). 
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Environmental conditions in the field, on the other hand are too complex and can affect 

activities and performance of microbial biocontrol agents as well as disease incidence and 

disease development (Cook and Baker, 1983). Moreover, bacteria, fiingi and nematodes are 

highly sensitive to changes in environmental faaors (Enfors and Molin, 1980; Forlani et al. 

1995; Kim and Misaghi, 1996; Macauley and Griffin, 1969; Misaghi et al. 1992). These 

observations are the basis for the generally accepted view that a better understanding of the 

role of the envirormient on biocontrol microorganism is the prerequisite for transferring plant 

disease biocontrol strategies fi-om laboratory to the field (Cook and Baker, 1983; Deacon and 

Berry, 1993; Loper et al. 1984; Weller, 1988). Environmental factors that can potentially 

affect plant disease incidence, development and biocontrol performance of microbial 

biocontrol agents in the field include soO moisture, soil temperature, soil pH, soil texture, soil 

organic content, soil atmospheric composition and the presence of agricultural chemicals in 

the soil such as herbicides (Agrios, 1988; Heyadri, etal. 1997; Kim and Misaghi, 1996). 

There has been a great deal of increase in the use of herbicides in the world during 

past thirty years (Altman and Campbell, 1977; Altman and Rovira, 1989; Utkhede, 1982 ). 

Although herbicides are being used to control weeds, their applications may also affect soil 

microorganisms including beneficial and harmful ones. 

In the course of their development, herbicides are routinely screened for the absence 

of phytotoxicity to crops. However, little attention is given to the possibility that they may 

also be toxic to plant-associated beneficial microorganisms such as those that are known to 

protect crops against diseases (Weller, 1988). Some herbicides have been shown to cause 
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changes in populations of bacteria in the soil (Atlas, et al. 1978; Moorman and Dowler, 

1991), and in the rhizosphere (Forlani, et al. 1995; Mudd, et al. 1985). Results of our 

previous study showed that populations of some plant disease suppressing bacteria in the 

cotton rhizosphere was significantly reduced after application of pendimethalin, prometryn 

and trifluralin (Heydari, et al. 1997). 

Herbicides are known to affect the incidence and severity of plant diseases (Altman 

and Campbell, 1977; Altman and Rovira, 1989; El-Khadem and Papavizas, 1984; El-Khadem, 

et al. 1984; El-Khadem et al. 1979; Miller, et al. 1979; Moustafa-Mahmoud, et al. 1993; 

Neubauer and Avizohar-Hershenson, 1973; Pinckard and Standifer, 1966; Rodriguez-Kabana 

and Curl, 1980; Rovira and McDonald, 1986; Wilcox, 1996). The cereal cyst disease caused 

by Heterodera avenae (Altman and Rovira, 1989), take-all of wheat caused by 

Gaeumannomyces graminis var tritici (Rovira and McDonald, 1986) and sugar beet 

damping-off caused by Rhizoctonia solani (AJtman and Campbell, 1977) increased after 

application of trifluralin, chlorsulftiron and cycolate, respectively. Application of trifluralin 

and dinitramine to the field soil also increased cotton seedling damping-oflf caused by R. 

solani (El-Khadem et al. 1984; Neubauer and Avizohar-Hershenson, 1973; Pinckard and 

Standifer, 1966). 

In contrast the incidence of cotton seedling disease caused by Fusarium oxysporum 

vasinfectum decreased after application of trifluralin, dinitramine, fluometuron, diuron, 

dalapon and prometryn to the field soil, while the incidence of R. 5o/a/7/-induced cotton 

seedling damping-ofF was not significantly affected by these herbicides (El-Khadem, et al. 
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1984). Application ofEPTC and linuron also decreased the incidence of post emergence but 

not pre-emergence cotton seedling damping-ofF (El-Khadem and Papavizas, 1984). 

Herbicides can also induce resistance in some plants. Starratt and Lazarovits (Starratt 

and Lazarovits, 1996) showed that the application of dinitroaniline herbicides induced high 

levels of resistance to Fusarium oxysporum f. sp, fycopersici in tomato seedlings. Herbicides 

also may cause changes in crop plants which may influence the outcome of plant-pathogen 

interactions (Altman and Campbell, 1977; Heitefuss, 1972; Heitefiiss, 1970; Paul and 

Schonbeck, 1976). 

Herbicides may also affect biocontrol activity of some antagonistic microorganisms. 

In a previous study Elshanshoury, et al showed that antagonistic activity of two species of 

Streptomyces against tomato wilt disease caused by Pseudomonas solanacearum in vitro and 

in vivo was enhanced by herbicides, pendimethalin and metribuzin (Elshanshoury et al., 1996). 

Fungicide eflScacy in the field may also be affected by the presence of other pesticides 

including herbicides (El-khadem and Papavizas, 1984; Hans and Dodan, 1982; Moustafa-

Mahmoud and Sumner, 1992; Yousse^ et al. 1987). Application of fluchlovalin and alachlor 

to the soil altered the effectiveness of fungicides in controlling the cowpea damping-off 

disease (Hans and Dodan, 1982). Application of nurflurazon, pendimethalin, fluometuron, 

prometryn, fomesafen and oxyfluorfen to the field soil significantly reduced the efficacy of 

fimgicides, tolclofos-methyl, pencycuron, carboxin, flutonalit, metalaxyl and chloroneb against 

cotton seedling diseases (Moustafa-Mahmoud and Sumner, 1992). In contrast the antifungal 

activity of fungicides, captan and mounsrin was shown to be increased in the presence of 
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herbicides, paraquat and simazine (Awadalla and EI-Refaie, 1994). To predict the activity of 

a fungicide against a target pathogen, it is important to determine the nature of its interaction 

with other pesticides including herbicides. 

The mechanism of herbicide-mediated changes in the disease incidence and biocontrol 

activity if biocontrol bacteria is not well known. The phenomenon could be due to the effect 

of herbicide on plant, on pathogen, on antagonistic bacteria, and/or on the interactions among 

these entities. Herbicide-mediated changes in plant may occur both at the physical and 

biochemical levels (Altman and Campbell, 1977). Herbicides have been reported to cause 

alteration in growth, lignin containing substances, B-glucoside (Paul and Schonbeck, 1976), 

wax layer on leaves (Heitefliss, 1970; Heitefliss, 1972) and in the release of glucose from 

roots (Altman and Campbell, 1977; Wyse et al. 1976). These effects may in turn increase 

the susceptibility of plants to diseases. 

The direct effect of herbicides on pathogen has also been demonstrated (Altman and 

Campbell, 1977; Black etai, 1996; El-khadem and Papavizas, 1984; Neubau and Avizohar-

Hershenson, 1973). The effect could be stimulatory or inhibitory. For example in R. solani-

sugar beet combination, cycolate may have interfered with the growth of fungus and at the 

same time may have enhanced root exudates (Altman and Campbell, 1977). 

Herbicide-mediated alteration in the outcome of plant-pathogen interaction may also 

be due to the effect of herbicides on naturally occurring microbial antagonists of pathogens 

(Elshanshoury, et al. 1996; Heydari, et al. 1997; Katan and Eshel, 1973). Herbicides, 

pendimethalin, prometry, and trifluralin have been shown to decrease the populations of some 
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biocontrol bacteria (Heydari, et ai 1997). 

Cotton {Gossypium hirsutum) is an important and widely grown cash crop all over 

the world. It is used as a source of fiber, cooking oil, and cotton seed meal (feed for milk 

cows). Cotton plants are vulnerable to a number of plant diseases including a few seedling 

disorders, particularly those caused by pathogenic fiingi. However, bacteria, nematodes, and 

viruses also are sometimes involved. 

Cotton seedling damping-off caused by Rhizoctonia sokmi is a very important disease 

of cotton often resulting a substantial loss (Brown and McCarter, 1976; Borum and Sinclair, 

1968). Cotton seedlings attacked by fungus may be killed prior to emergence, resulting in 

pre-emergence damping-ofif. The fungus may also destroy seedling roots after emergence 

causing post emergence damping-ofif. Symptoms of post emergence damping-ofF include 

presence of a sunken lesion as a consequence of cortical decay, leading into girdling of the 

hypocotyl and collapsing of seedlings. Older plants are not usually susceptible to R. solani-

induced damping-ofif. Seedlings slightly damaged by fungus may survive. However, such 

plants may not grow as vigorously as healthy plants (Atkinson, 1982; Fulton, et al. 1965; 

Watkins, 1981). 
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The objectives of this study were to determine; 

1. The impact of three widely used herbicides, pendimethalin, prometryn and trifluralin on 

the incidence and development of Rhizoctonia jo/a/iz-induced cotton seedling damping-

oflf. 

2. The biocontrol activity of Burkholderia cepacia against R. 5o/an/-induced cotton seedling 

damping-ofifin soils treated with pendimethalin, prometryn and trifluralin. 

3. The efficacy of commonly used fimgicides (metalaxyl, triadimenol, thiram) in controlling 

R. 5o/aw/-induced cotton seedling damping-ofifin soils treated with pendimethalin. 

prometryn and trifluralin. 

4. Mechanism of herbicide-mediated changes in damping-oflF incidence and biocontrol 

performance of biocontrol bacteria 
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CHAPTER 2 

THE IMPACT OF HERBICIDES ON THE INCIDENCE AND DEVELOPMENT OF 

RHIZOCTONIA SOLANI-INDVCED COTTON SEEDLING DAMPING-OFF 

Environmental factors play important roles in the incidence and development of plant 

diseases. Soil factors that can potentially affect the incidence and the development of 

soilbome plant diseases include moisture, temperature, t©cture, pH, atmospheric composition, 

organic matter content and the presence of agricultun?'. chemicals such as herbicides in the soil 

(Agrios, 1988; Altman and Campbell, 1977; Kim and Misaghi, 19961). 

Herbicides are known to affect the incidence and severity of plant diseases such as 

cereal cyst disease, take-all of wheat, cotton seedling damping-oflf and sugar beet damping-off 

(Altman and Campbell, 1977; Altman and Rovira, 1989; El-Khadem and Papavizas, 1984; 

Miller et al. 1979; Moustafa-Mahmoud et al. 1993; Neubauer and Avizohar-Hershenson, 

1973; Pinckard and Standifer, 1996; Rovira and Mcdonald, 1986). 

The objective of this study was to investigate the impact of three widely used pre-

plant herbicides, pendimethalin, prometryn, and trifluralin on the incidence and the 

development of R. solani- induced cotton seedling damping-off in the microcosm and in the 

field. 
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MATERIALS AND METHODS 

Herbicides used 

Three herbicides, pendimethalin (prowl) [A^-(l-ethylpropyl)-3,4-dimethyI-2,6-

dinitrobenzenamine], prometryn (caparol) [//,JV-bis(l-methylethyl)-6-{methylthio)-l,3,5-

triazine-2,4-diamine] and trifluralin (treflan) [2,6-dinitro-A^,A'^dipropyl-4-(trifIuoromethyl)-

benzenamine], were tested in this study. These herbicides are currently registered for use as 

pre-emergence herbicides on many crops including cotton. Pendimethalin, prometryn and 

trifluralin were tested at the rate of, 2.4, 3.6 and 1.8 ^g a.i. g'^ soil, respectively (equivalent 

to the recommended field concentrations of 0.9, 1.3 and 0.7 kg a.i. ha"', respectively). 

Effect of herbicides on the incidence and the development of pre-emergence cotton 

seedling damping-off in the microcosm. 

Field soil (IS. 1% clay, 33.0% silt and 51.9% sand) was obtained from the University 

of Arizona Campus Agricultural Center in Tucson. Pendimethalin, prometryn and trifluralin 

were uniformly incorporated into the soil at the rate of 2.4, 3.6 and 1.8 ng a.i. g"' soil, 

respectively. Each 300- ml pot was filled with 280 g of soil. An isolate of R. solani 

(Anastomosis Group 4) fi^om cotton in Arizona was grown on potato-dextrose agar (PDA) 

for six days at 27 "C. A plug (1.13 cm") fi'om the culture was sliced into 1-mm^ sections and 

was incorporated into the top two cm of the soil in each pot. Ten (non-tiingicide-treated) 

cotton seeds, cv Dehapine 5415, were sown in each pot and pots were placed in 9-cm-

diameter saucers in a controlled environmental chamber with a diurnal cycle of 12 h at 30-32 
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°C in the light (372 |iE m*~ s"') and 12 h at 25-27 'C in the dark. Pots were arranged in a 

completely randomized design and were watered from the top with 40 ml of distilled water. 

This amount of water was sufiBcient to wet the entire soil column in the pot without any 

drainage. Pots were subsequently watered by adding about 50 ml of distilled water into each 

saucer as needed. This method of watering prevented leaching of ±e herbicides from the soil. 

The incidence of cotton seedling damping-off" was assessed by counting the number of 

emerged plants in each pot (plant stand) one, two and three weeks after sowing. There were 

eight treatments in each experiment (R solani only, R. solani plus pendimethalin, R. solani 

plus prometryn, K solani plus trifluralin, pendimethalin only, prometryn only, trifluralin only, 

none), each with five replicates. One pot with ten seedlings constituted one experimental unit. 

The experiment was performed twice. 

Effect of herbicides on the incidence and the development of post emergence cotton 

seedling damping-off in the microcosm. 

The protocol of this experiment was similar to that described above except that 

seedlings in each pot were thinned to five, eight days after sowing and prior to infesting the 

soil with K solani, using procedures described earlier. The incidence and the development 

of post emergence damping-off were assessed by counting the number of dead or dying 

seedlings in each pot one, two and three weeks after infestation. There were eight treatments 

in each experiment as described above each with five replicates. One pot with five seedlings 

constituted one experimental unit. The experiment was performed twice. 
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Field experiments. 

Two field experiments, with plots arranged in a randomized block design, were 

established and managed according to the procedures followed by cotton growers in Safford 

and Tucson, Arizona in April 1996. The soil at the Safford and Tucson experimental sites 

were loam soils containing 14% clay, 36% silt, 50% sand and 15.1% clay, 33.0% silt, and 

51.9% sand, respeaively. There were four treatments each with four replicates in each 

experiment. Each replicate plot was a 10-m long section of a bed. Beds were 100 cm apart. 

Pendimethalin, prometryn or trifluralin was sprayed in a 60-cm band on the top of each plot 

at the recommended field concentration of 0.9, 1.3 and 0.7 kg a.i. ha"', respectively, using 

a CO,-pressurized back pack sprayer. Herbicides were incorporated into the top 5 to 7 cm 

of soil with a rotomulcher shortly after application. Plots were infested with R. solani 

according to the following procedures; One kg of barley seeds were wetted with 500 ml of 

water and autoclaved at 15 psi for 60 min. Seeds were inoculated with R. solani and 

incubated at 25 °C for three weeks. Seeds were air dried for 24 h and ground with a mill 

through a 3-mm sieve and were stored in a paper bag at 25-27 °C in the laboratory. Eight g 

of the fungal inoculum were mixed with 200 g of the field soil and sprinkled into the furrow 

of each iO-m-long replicate plot shortly before sowing. Four hundred non-fimgicide-treated 

cotton seeds (cv Deltapine 5415) were sowed in each plot. The number of sown seeds in 

each plot was higher than those of farmers. These was done to avoid a very poor stand due 

to heavy damping-off as a result of high inoculum density. The field was irrigated the 

following day. The incidence and the development of R. ^o/a«/-induced cotton seedling 
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damping-ofF were assessed by counting the number of emerged seedlings (stand count) in 

each plot 15, 25 and 50 days after planting. 

Statistical analysis. 

For each herbicide and each assessment time, the variances in two controlled 

environmental chamber experiments were tested for homogeneity. Since the variances were 

homogeneous and there was no interaction between experiments and treatments, values from 

the two experiments were pooled. The data for the stand count in pre-emergence inoculation 

experiments and for mortality in post emergence inoculation experiments in the controlled 

environmental chambers were tested by analysis of variances and means were compared by 

Duncan multiple range test, using COSTAT(Cohort Software, Berkeley, CA). Data from 

each field experiment were analyzed separately using analysis of variances, means comparison 

as described above. Slopes of disease progress curves (change in stand or mortality over 

time) was determined by regression analysis using COSTAT. Slopes of disease progress 

curves for different treatments in each experiment were compared using procedures described 

by Campbell and Madden. 
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Typical R. 5o/aw/-induced damping-off symptoms were observed on all sampled, non-

emerged and emerged seedlings in both controlled environmental chamber and field 

experiments. Radicles, roots and lower stems of all sampled seedlings yielded R. solani on 

PDA. Other cotton seedling pathogens were not recovered. 

In both controlled environmental chamber and field experiments, the cotton seedling 

damping-ofF incidence was affected by two of three test herbicides (Table 2.1- 2.4). In 

controlled environmental chambers experiment where plants were inoculated before 

emergence (pre-emergence damping-oflf experiment), the stand count in the soil treated with 

prometryn was significantly {P <0.05) lower by 21.4, 36.2 and 66.7% relative to the control 

1, 2 and 3 weeks after sowing, respectively (Table 2.1 and Fig. 2. I). The stand count in soils 

treated with pendimethalin and trifluralin was not significantly (P > 0.05) different fi^om that 

in the control. In controlled environmental chamber experiments where plants were 

inoculated after emergence (post emergence damping-oflf experiment), mortality (the number 

of dead or dying plants) in soils treated with pendimethalin and prometryn increased 

significantly (P <0.05) by 64.3, 58.7, 56.6% and by 64.3, 60.0, 50.0%, relative to the control 

1, 2 and 3 weeks after infestation, respectively (Table 2.2 and Fig. 2.2). Trifluralin did not 

have a significant (P >0.05) effect on the mortality. Treatments without R. solani averaged 

90% seed germination and stand establishment, regardless of the presence or absence of the 

three test herbicides in controlled environmental chamber experiments. 
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In field experiments, the stand count in plots treated with pendimethalin and 

prometryn in the Safford field experiment was significantly {P <0.05) reduced by 29.6, 38.9, 

46.7% and 27.2, 30.2, 39.1%, relative to the control, 15, 25 and 50 days after sowing, 

respectively (Table 2.3 and Fig.2.3). The change in the stand count in plots treated with 

trifluralin in the Safford experiment was not significant {P >0.05). The stand counts in plots 

treated with prometryn in the Tucson field experiment was significantly (P <0.05) reduced 

by 40.6, 49.5 and 54.4% relative to the control, 15, 25 and 50 days after sowing, respectively 

(Table 2.4 and Fig. 2.4). Pendimethalin and trifluralin did not cause significant changes in the 

stand count in the Tucson field experiment. 

Disease development was also affected by test herbicides in both controlled 

environmental and field experiments as judged by the slopes of disease development curves 

(Table 2.1- 2.4 and Fig. 2.5- 2.8). In controlled environmental chamber experiments for 

plants inoculated before emergence, only prometryn and for those inoculated after emergence, 

only prometryn and pendimethalin affected disease development significantly (Table 2.1 and 

2.2). In the Safford field experiment, disease development was not affected by any herbicide 

(Table 2.3). In the Tucson field experiment only pendimethalin and trifluralin but not 

prometryn affected disease development (Table 2.4) 



27 

Table 2. 1. Stand count (the number of emerged seedlings) in soils treated with each test 

herbicide and infested with Rhizoctonia solani at planting time in the microcosm. 

Weeks after sowing 

Treatment 1 2 3 Slope* 

R. solani oxAy 8.9(1.2) a 7.2(1.4) ab 6.0(1.2) ab -1.35 

R. solani + 8.4(1.4) a 6.3(2.2) b 5.0(2.2) b -1.52 
pendimethalin 

R. solanî  7.0(1.4) b 4.6(1.7) c 2.0(1.2) c -2.5* 
prometryn 

R.solani+ 9.4(0.8) a 8.2(1.2) a 7.0(2.0) a -1.31 
trifluralin 

Slopes of disease development curves (change in plant stand over rime). Slopes marked 

with asterisks are statistically different from that of the control (JR. solani only) according to 

the procedures described by Campbell and Madden. 

Stand is represented as mean (the average number of emerged seedlings in one pot or one 

replicate sown with ten seeds). Each mean is an average of ten values obtained in two 

experiments each with five replicates. Means followed by the same letter in each column are 

not significantly different according to the Duncan multiple range test (P > 0.05). 

Figures in parentheses are standard deviation. 
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Tsble 2. 2. Mortality (the number of dead or dying seedlings) due to Rhizoctonia solani-

induced post emergence damping-ofif in the presence of each test herbicide in soil infested 

with R. solarti after plant emergence in the microcosm. 

Weeks after inoculation 

Treatment 12 3 Slope" 

R. solani otHiy 0.5(0.7) b 1.2(0.8) b 2.0(0.8) b 0.75 

R-solani-  ̂ 1.4(0.5) a 2.9(0.9) a 4.6(0.5) a 1.60* 
pendimethalin 

Rsolani^ 1.5(0.5) a 3.0(1.2) a 4.0(0.8) a 1.30* 
prometryn 

R.solcmi+ 0.8(0.6) b 1.4(0.5) b 3.0(0.7) b 0.83 
trifluralin 

"Slopes of disease development curves (change in mortality over time). Slopes marked 

with asterisks are statistically different from that of the control {R. solani only) according to 

the procedures described by Campbell and Madden. 

Mortality is represented as mean (the average number of dead or dying seedlings in one pot). 

Each mean is an average of ten values obtained in two experiments each with five replicates. 

Means followed by the same letter in each column are not significantly different according to 

the Duncan multiple range test (P > 0.05). 

Figures in parentheses are standard deviation. 
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Table 2.3. Plant stand for soils treated with each test herbicide and infested with 

Rhizoctonia solani inoculum for the SafFord field experiment. 

Days after sowing 

Treatment 15 25 50 Slope* 

R. solani 166(14) a 126(12) a 105(12) a -30.55 

R. solanî  117(19) b 77(19) b 56(11) b -30.25 
pendimethalin 

R. solanî  121(18) b 88(16) b 64(15) b -28.25 
prometryn 

R.5olam+ 163(16) a 132(13) a 112(8) a -27.85 
trifluralin 

Slopes of disease development curves (change in plant stand over time). Slopes marked 

with asterisks are statistically different fi-om that of the control {R. solani only) according to 

the procedures described by Campbell and Madden. 

Stand is represented as mean (the average number of emerged seedlings in plot or one 

replicate sown with 400 seeds). Each mean is an average of four values. 

Means followed by the same letter in each column are not significantly different according to 

the Duncan multiple range test (P > 0.05). 

Figures in parentheses are standard deviation. 
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Table 2. 4. Plant stand for soils treated with each test herbicide and infested with 

Rhizoctonia solani inoculum for the Tucson field experiment. 

Days after sowing 

Treatment 15 25 50 Slope* 

R. solani 101(13) a 87(11) a 79(18) a -10.75 

H solani + 91(56) a 75(43) ah 55(12) ab 
pendimethalin 

-18.13* 

R. solani ~ 
prometryn 

60(28)b 44(21) b 36(15)b •12.15 

R. solani-  ̂
trifluralin 

104(24)a 97(21)a 70(11)a -28.95* 

Slopes of disease development curves (change in plant stand over time). Slopes marked 

with asterisks are statistically different from that of the control {R. solani only) according to 

the procedures described by Campbell and Madden. 

Stand is represented as mean (the average number of emerged seedlings in one plot or one 

replicate sown with 400 seeds). Each mean is an average of four values. 

Means followed by the same letter in each column are not significantly different according to 

the Duncan multiple range test {P > 0.05). 

Figures in parentheses are standard deviation. 
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Fig. 2.1. Herbicide-mediated changes (relative to the 
control, no herbicide) in cotton seedling stand in pre-
emergence damping-off microcosm experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 



32 

0 
Oi 
c 
(0 

O 

100 

80 

60 

40 

= 20 
Co 

-20 

-40 

-60 

-80 

-100 

•Pendimethalin 

EUPrometryn 

•Trifluralin 

tijy 

2 3 1 2 3 1 

week after sowing 

2 3 

Fig. 2. 2. Herbicide-mediated changes (relative to the 
control, no herbicide) in cotton seedling mortality in 
post emergence damping-off microcosm experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 
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Fig. 2.3. Herbicide-mediated changes (relative to the 
control, no herbicide) in cotton seedling stand in Safford 
field experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 
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Fig. 2. 4. Herbicide-mediated changes (relative to the 
control, no herbicide) in cotton seedling stand in Tucson 
field experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 
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Fig. 2. 5. Disease development curves (change in stand 
overtime) for different treatments in pre-emergence 
damping-off microcosm experiment. 
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Fig. 2. 7. Disease development curves (change in 
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Results of this study demonstrated that pendimethalin and prometrya, that are 

currently being used on cotton, may cause significant {P <0.05) increases in the incidence of 

K solcmi -induced cotton seedling damping-off in the field. These findings are in agreement 

with the results of previous studies on the effect of herbicides on the incidence and severity 

of some plant diseases including cotton seedling diseases (Altman and Campbell, 1977; 

Altman and Rovira, 1989; El-Khadem and Papavizs, 1984; El-Khadem, et al. 1979; Miller et 

ai, 1979; Neubauer and Avizohar-Hershenson, 1973; Pinckard and Standifer, 1966). 

The mechanism of herbicide-mediated change in damping-off incidence, reported here, 

is not known. The phenomenon could be due to the effect of herbicides on plant (Lewis and 

Papavizas, 1979; Neubauer and Avizohar-Hershenson, 1973; Pinckard and Standifer, 1966), 

on pathogen (El-Khadem and Papavizas, 1984; Katan and Eshel, 1973), on antagonistic 

microorganisms (El-Khadem and Papavizas, 1984 ) and/or on the interactions among these 

entities. Herbicide-mediated changes in the plant may occur both at the physical and 

biochemical levels (Altman and Campbell, 1977). Herbicides have been reported to cause 

alterations in growth, lignin containing substances, P-glucosides (Paul and Schonbeck, 1976) 

wax layers on leaves (Heitefuss, 1972) and in the release of nutrients fi-om roots (Altman and 

Campbell, 1077; Wyse et ai, 1976). Herbicides may also alter plant resistance to pathogens 

(Starratt and Lazarovits, 1996 ). 
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The direct effect of herbicides on pathogens has also been demonstrated (Altman and 

Campbell, 1977; El-Khadem et al., 1984). Herbicides are reported to encourage or 

discourage the pathogenic activity of R. solani (El-Khadem et ai. 1984). The effect could be 

stimulatory or inhibitor^'. For example, in R. jo/aw/-sugar beet combination, cycolate may 

interfere with the growth of the fungus and at the same time may enhance root exudates. In 

such cases, the impact of the herbicide on the disease is determined by the balance of 

stimulatory and inhibitory effects (Altman and Campbell, 1977). In our study, the growth 

of R. solani in vitro was not significantly affected by any of three test herbicides. 

Herbicide-mediated alterations in the outcome of plant-pathogen interactions may also 

be due to the effect of herbicides on naturally occurring microbial antagonists of pathogens 

(Katan and Eshel, 1973). Herbicides tested in this study caused a shift in bacterial 

communities in cotton rhizosphere including some biocontrol-active bacteria (Heydari, et al., 

1997). 

The effect of trifluralin and prometiyn on cotton seedling damping-off has been 

variable. For example prometryn which increased cotton seedling damping-off in this study 

did not change the incidence of this disease in a previous study (El-Khadem et ai, 1984). 

Moreover, trifluralin that has been reported to increase cotton seedling damping-off (El-

Khadem etai, 1979; Moustafa-Mahmoud etai, 1993; Pinckard and Standifer, 1966) did not 

affect the disease in our study and in a previous study (El-Khadem et ai, 1984). Differential 

responses may be due to the differences in soil moistuie, soil temperature, herbicide 

concentration, R. solani races, cotton varieties, the composition of rhizosphere micro flora 
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and the rate of herbicide inactivation. The development of tolerzmce to herbicides by 

pathogens as a result of long-term herbicide use also can not be over ruled. 

Results of the present study provide additional evidence that a pesticide which is being 

used against a specific pest may encourage the activity of another pest and argue in favor of 

integrated pest management (IPM) strategies for managing pest problems. However, the 

selection of an ideal pesticide (one which is not harmful to the crop and to non-target 

beneficial organisms) is diflBcult because of the number and diversity of pests involved in any 

crop in a region. For example, in addition to insects and weeds, cotton seedlings are damaged 

by a number of soilbome pathogens besides R. solani. Although R. 5o/a«/-induced cotton 

seedling damping-ofF was shown in this study to increase in the presence of pendimethalin 

and prometryn, it is not known how other soilbome cotton diseases respond to these 

herbicides. The development of IPM requires a knowledge of the impact of a selected 

pesticide not only on its intended target but also on plants as well as on beneficial and harmful 

microorganisms and insects. 
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CHAPTER 3 

BIOCONTROL ACTIVITY OF BURKHOLDERIA CEPACIA AGAINST 

RHIZOCTONIA 50L/4A7 IN HERBICIDE-TREATED SOILS 

Many biocontrol agents perform consistently and efficiently under laboratory 

conditions but fail to do so in the field (Cook and Baker, 1983; Deacon and Berry, 1993; 

Elad and Misaghi, 1985; Schroth and Hancock, 1981; Weller, 1988). This is perhaps because 

environmental conditions in the laboratory are often artificially selected to be conducive to 

the development and functioning of biocontrol agents (Cook and Baker, 1983). 

Environmental conditions in the field on the other hand, are often complex for the optimal 

activity of biocontrol agents (Cook and Baker, 1983; Weller, 1988). One of the 

environmental factors that may potentially afifect biocontrol performance of microorganisms 

in the field is the presence of herbicides. 

Herbicide-mediated changes in bacterial populations in the soil (Atlas et al., 1978; 

Moorman and Dowler, 1991) and in the rhizosphere (Greaves and Sargent, 1986; Mudd et 

al., 1985) have been reported. We have also shown significant changes in rhizosphere 

populations of a few biocontrol-active bacteria (Heydari et al , 1997). 

The impact of herbicides on biocontrol activity of bacteria in the field has not been 

studied. The objective of this study was to investigate the impact of three widely used 

herbicides, pendimethalin, prometryn, and trifluralin on biocontrol activity of Burkholderia 

cepacia against Rhizoctonia jo/a/;/-induced cotton seedling damping-off 
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MATERIALS AND METHODS 

Herbicides used 

Three herbicides, pendimethalin [A'-(l-ethylpropyl)-3,4-dimethyi-2,6-

dinitrobenzenamine], prometryn [A'',A'-bis(l-methyiethyl)-6-(methylthio)-l,3,5-triazine-2,4-

diamine], and trifluralin [2,6-dinitro-A';A'-dipropyl-4-(trifluoromethyl)-benzenamine] were 

tested in this study. These herbicides are currently registered for use as pre-plant herbicides 

on many crops including cotton. Pendimethalin, prometryn and trifluralin were tested at the 

rate of 2.4, 3.6 and 1.8 fig a.i. g"' soil, respectively (equivalent to the recommended field 

concentrations of 0.9, 1.3 and 0.7 kg a.i. ha"', respectively). 

Microcosm experiments 

The impact of herbicides on biocontrol activity of B. cepacia (isolate DI) as a soil 

drench against pre- and post emergence damping-off caused by R. solani (Anastomosis Group 

4, isolated fi"om cotton plants in Arizona) was tested in the microcosm experiment. For pre-

emergence experiment, herbicides pendimethalin, prometryn, and trifluralin were uniformly 

incorporated into the non-pasteurized field soil (15.1% clay, 33.0% silt and 51.9% sand) at 

the rate of 2.4, 3.6 and 1.8 ng a.i. g"', respectively. A mycelium plug (1.13 cm") fi^om a 6-

day-old potato dextrose agar (PDA) culture was sliced into about 1-mm sections and 

incorporated into the top two cm of 280 g of non-pasteurized field soil in each 300-ml pot. 

Fourteen mL of isolate D1 suspension (2x10' cfii mL'), equivalent to it) cfli'^ soil , 

prepared fi-om two-day-old King Medium B (KMB) culture were added to each pot shortly 
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after sowing ten cotton seeds cv Deltapine 5415. Pots, each in a 9-cm-diameter saucer, were 

placed randomly in a controlled growth chamber with a diurnal cycle of 12 h at 30-32°C in 

the light (372 m"' s ') and 12 h at 25-27°C in the dark and watered from the top with 40 

ml of distilled water. The amount of water was suflRcient to wet the entire soil column 

without any drainage. Pots were subsequently watered by adding about 50 ml of distiUed 

water to cach saucer as needed. This method of watering prevented leaching of the herbicides 

from the soil. There were five treatments in each experiment: R solani only, R. solani + Dl, 

K solani + Dl + pendimethalin, R. solani + Dl + prometryn and R. solani + Dl + trifluralin. 

Each experiment with five replicates (pots) was performed twice. The number of emerged 

healthy seedlings in each treatment was determined one, two and three weeks after sowing. 

The protocol for the post emergence damping-ofif microcosm experiment was similar 

to that described earlier except that eight days after sowing seedlings in each pot was thinned 

to five prior to infesting soil with the R. solani inoculum. The number of healthy seedlings 

in each treatment was determined one, two and three weeks after inoculation. There were 

five treatments in each experiment as described earlier each with five replicates (pots). Each 

experiment was performed twice. 

Field experiments 

Two field experiments with plots arranged in a randomized complete block 

experimental design were conducted at Safford and Tucson, Arizona in April 1996. The soil 

at the Saftbrd and Tucson sites were loam soils containing 14% clay, 36% silt, 50% sand, and 
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15.1% clay, 33.0% silt and 51.9% sand, respectively. Each experiment consisted of four 

blocks, one for each replicate. The fungal inoculum for field experiments were prepared by 

wetting one kg of barley seeds with 500 mL of water, sterilizing at 15 psi for 60 min, infesting 

with R. solani, and incubating at 25°C for three weeks. The inoculum was air dried for 24 

h, ground dirough a 3-nim sieve, and stored in paper bags at 25-27°C in the laboratory until 

use. Eight g of the fungal inoculum were mixed with ca 200 g of field soil and the mixture 

was sprinkled by hand into each planting fiirrow at 0.8 g fungal inoculum per linear m shortly 

before sowing. 

The following biocontrol products were tested: 

1. DI soil drench- An aqueous suspension (10* cfii mL' ) of an isolate of B. cepacia, 

recovered fi-om cotton plants in Arizona was, prepared fi'om 2-day-old King's Medium B 

(KMB) agar cultures 2-4 hours before application to the field. The suspension was sprayed 

into the planting furrow at 30.6 mL per linear m shortly afler sowing. The suspension 

penetrated into the soil ca 7.0 mm. 

2. Detiy® seed treatment- A peat moss-based formulation (CCT Corp., Carlsbad, CA) of an 

isolate of B. cepacia. The formulation was stored at 5°C prior to use and was mixed with 

cottonseeds (3.1 g per kg of seeds) according to the manufacture's recommendation shortly 

before application. 

3. Detry® soil drench- Fifteen mL of a liquid formulation of 5. cepacia, stored at 5 °C before 

use, was mixed with 1985 mL of water and the suspension was sprayed into the planting 

furrow at 153 ml per linear m shortly after sowing, as recommended by the manufacture. 
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Each of the four blocks at Safford and Tucson field experiments contained 13 

randomly positioned lO-m long plots (planting beds), one for the non-treated control and 12 

for the following treatments: D1 soil drench; D1 soil drench + pendimethalin; D1 soil drench 

+ prometryn; D1 soil drench + trifluralin; Deny® seed treatment; Deny® seed treatment + 

pendimethalin; Deny® seed treatment + prometryn; Deny® seed treatment + trifluralin; 

Deny® soil drench; Deny® soil drench + pendimethalin; Deny® soil drench + prometryn; 

Deny® soil drench + trifluralin. Pendimethalin, prometryn or trifluralin was sprayed in a 60-

cm band on the top of each plot at the recommended field concentration of 0.9, 1.3 and 0.7 

kg a.i. ha"', respectively using a COj-pressurized back pack sprayer. Herbicides were 

incorporated into the top 5 to 7 cm of the soil with a rotomultcher shortly after application. 

An eight-cm wide, 3-cm deep furrow at the crest of each 10-m-long planting bed was cut for 

the placement of 400 seeds of cotton cv Deltapine 5415, biological control products and K 

solani inoculum at the rate specified earlier. Stand were determined 15, 25 and 50 days after 

sowing. Two weeks after sowing, about 10 percent of wilted seedlings in each plot were 

gently removed from the soil, brought to the laboratory, and tested for the presence of R. 

solani to verify that post-emergence damping-ofF was primarily due to R. solani infection. 

Seedlings were visually examined for R. solani-mdwcod symptoms, tissues fi-om the advancing 

edge of root and lower stem lesions were placed on PDA, and culture plates were examined 

for the presence of the fiingus two days after incubation at 27''C. 
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Statistical analysis 

For each herbicide at each assessment time, the variances in two microcosm 

experiments were tested for homogeneity. Since the variances were homogeneous, values 

from the two experiments were pooled. The data for the number of emerged healthy 

seedlings in pre-emergence and post emergence damping-off microcosm experiments were 

tested separately by analysis of variance and means were compared by Duncan multiple range 

test, using COSTAT (Cohort Software, Berkeley, CA). Data from each field experiment 

were analyzed separately using analysis of variance and means comparison as described 

above. 



RESULTS 
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Microcosm experiments 

In the pre-emergence damping-ofF microcosm experiment, the D1 soil drench 

increased the number of emerged seedlings significantly {P < 0.05), relative to the control (not 

treated with Dl) only in non-herbicide treated soils and in soils treated with trifluralin and not 

in soils treated with pendimethalin and prometryn 3 weeks after sowing (Table 3.1). In the 

post emergence damping-oflf microcosm experiment, the Dl soil drench increased the number 

of non-infected (survived) seedlings significantly {P < 0.05), relative to the control, in non-

herbicide treated soils and in soils treated with trifluralin and not in soils treated with 

pendimethalin and prometryn, 2 and 3 weeks after sowing (Table 3.2). Herbicide-mediated 

changes in biocontrol activity of D1 in the microcosm experiments are shown in Fig. 3.1 and 

Fig. 3.2. 

Field experiments 

Typical R. jo/owz-induced damping-off symptoms were observed on all sampled 

seedlings (10% of wilted seedlings). Roots and/or lower stem of all sampled seedlings 

yielded R. solani when plated on PDA. Other cotton seedling pathogens were not recovered. 

Results of both field experiments agreed with those of microcosm experiments. In the 

Safford and Tucson experiments, the Dl soil drench increased cotton stand significantly {P 

< 0.05), compared to the control (not treated with Dl), 25 and 50 days after sowing only in 
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non-herbicide treated plots, in plots treated with trifluralin, and not in plots treated with 

pendimethalin and prometryn (Table 3.3 and 3 .4). The number of emerged seedlings in plots 

treated with Deny® soil drench and Deny® seed treatment was not significantly different (P 

> 0.05) fi-om the control in herbicide-treated and non-treated plots at SafFord (Table 3 .3). At 

Tucson Deny® soil drench also increased cotton stand significantly {P < 0.05), relative to the 

control (not treated with Deny® soil drench) only in non-herbicide treated plots, 15 and 25 

days after sowing (Table 3.4). However the stand was not significantly different (P > 0.05) 

from the control in herbicide-treated and non-treated plots 50 days after sowing. Deny® 

seed treatment was ineflBcient in the presence and absence of test herbicides (Table 3 .4). 

Herbicide-mediated changes in biocontrol activity of biocontrol agents in the field experiments 

are shown in Table 3.5 and Table 3.6. 
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Table 3. 1. Stand count (the number of emerged seedlings) in soils treated with each test 

herbicide, inoculated with Rhizoctonia solani and/or drenched with Burkholderia cepacia 

(isolate Dl) 1, 2 and 3 weeks after inoculation in pre- emergence damping-ofif experiment in 

the microcosm. 

T'mie (week after sowing) 
Treatment 

I 2 3 

jo/ow/alone 5.4(1.8) c 4.5(1.9) b 3.0(1.8) b 

R. solani+ D\ 9.0(1.2) a 8.4(1.5) a 8.0(1.9) a 

R. solani+ D\+ 7.2(2.2) abc 5.3(1.9) b 3.5(1.8) b 

pendimethalin 

R. solani+ D\+ 6.7(2.5) be 5.3(2.6) b 4.4(2.5) b 

prometryn 

R. solani+ m+ 6.5(1.6) be 6.0(1.8) b 6.0(2.3) a 

trifluralin 
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Each figure represents the average number of emerged seedlings in one pot (one replicate) 

sowed with ten seeds. Each figure is average of ten values obtained in two experiments each 

with ten replicates. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

> 0.05) according to the Duncan multiple range test. 
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Table 3. 2. Stand count (the number of emerged seedlings) in soils treated with each test 

herbicide, inoculated with Rhizoctonia solani and/or drenched with Burkholderia cepacia 

(isolate Dl) 1, 2 and 3 weeks after inoculation in post emergence damping-ofFexperiment in 

the microcosm 

Time (week after inoculation) 
Treatment 

1 2 3 

/?. 5o/aw/alone 3.8(1.0) abc 2.9(1.1) b 1.7(0.9) b 

R. solani "rm 4.6(0.7) a 4.2(0.6) a 4.2(0.7) a 

R. solani+ 3.5(1.0) be 2.4(0.8) b 1.6(1.2) b 

pendimethalin 

R. solani 3.1(1.0) c 2.1(0.6) b 1.3(0.9) b 

prometryn 

R. solani + Dl + 4.2(0.9) ab 3.8(0.9) a 3.6(0.8) a 

trifluralin 
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Each figure represents the average number of emerged seedlings in one pot (one replicate) 

sowed with ten seeds. Each figure is average of ten values obtained in two experiments each 

with ten replicates. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

> 0.05) according to the Duncan multiple range test. 
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Table 3. 3. Stand count (the number of emerged seedlings) in soils treated with each test 

herbicide, inoculated with Rhizoctonia solani and/or biocontrol bacterium, Burkholderia 

cepacia (D1 as a soil drench, Deny® as a soil drench. Deny® as a seed treatment) 15, 25 and 

50 days after sowing in Safford field experiment. 

Time (days after sowing) 
Treatment 

15 25 50 

/?. 50/07?/alone 166(15) bed 126(12) c 105(12) cd 

R. solani+ m 217(23) a 193(19) a 184(15) a 

R. solani-^DX 153(53) cd 121(50) c 98(40) cd 
+ pendimethalin 

R. solani + D1 
+ prometryn 

163(13) bed 127(15)c 85(26)d 

R. solani + D1 
+ trifluralin 

202(23) ab 186(20)a 161(23) ab 
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R. solani + Deny® 
(as a soil drench) 

170(22) bed 142(14) be 133(15) be 

R. solani + Deny® 
(as a soil drench) 
+ pendimethalin 

192(41) abc 154(9) be 116(28) cd 

R. solani + Deny® 
(as a soil drench) 
+ prometryn 

190(30)abed 141(19) be 128(18) bed 

R. solani + Deny® 
(as a soil drench) 
+ trifluralin 

158(19)bed 135(23) be 125(22) bed 

R. solani + Deny® 
(as a seed treatment) 

187(15)abed 139(19) be 122(25) bed 

R. solani + Deny® 
(as a seed treatment) 
+ pendimethalin 

144(23)d 136(28) be 105(31) cd 

R. solani + Deny® 
(as a seed treatment) 
+ prometryn 

172(25) bed 145(24) be 117(27) cd 

R. solani + Deny® 
(as a seed treatment) 
+ trifluralin 

148(13) cd 113(40) c 104(40) cd 
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Each figure represents the average number of emerged seedlings in one plot (one replicate) 

sowed with 400 seeds. Each figure is average of four values obtained in one experiment with 

four replicates. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

> 0.05) according to the Duncan multiple range test. 
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Table 3. 4. Stand count (the number of emerged seedlings) in soils treated with each test 

herbicide, inoculated with Rhizoctonia solani and/or biocontrol bacterium, Burkholderia 

cepacia (D1 as a soil drench, Deny® as a soil drench, Den>i§/ as a seed treatment) 15, 25 and 

50 days after sowing in Tucson field experiment. 

Time (days after sowing) 
Treatment 

15 25 50 

R. solani dXont 101(13) cd 87(11) bed 79(18) cde 

R. solani+ 171(29) ab 164(29) a 158(25) a 

R. solani+ U\ 117(33) bed 107(32) bed 102(32) cd 
pendimethalin 

R. solani + D1 
+ prometryn 

168(51) ab 121(25)abc 110(31) c 

R. solani + D1 
+ trifluralin 

180(17) ab 157(19)a 151(21) ab 



R. solani + Deny® 
(as a soil drench) 

R. solani + Deny® 
(as a soil drench) 
+ pendimethalin 

R. solani + Deny® 
(as a soil drench) 
+ prometryn 

R. solani + Deny® 
(as a soil drench) 
+ trifluralin 

R. solani + Deny® 
(as a seed treatment) 

R. solani + Deny® 
(as a seed treatment) 
+ pendimethalin 

R. solani + Deny® 
(as a seed treatment) 
+ prometryn 

R. solani + Deny® 
(as a seed treatment) 
+ trifluralin 

201(63)a 160(34)a 115(39) be 

149(26) abc 123(25) abc 107(14) c 

145(48) abc 111(58) bed 101(51) cd 

142(51) abc 131(47) ab 110(37) c 

130(56) bed 103(42) bed 87(22) cde 

76(29) d 69(26) d 65(24) de 

148(78) abc 80(21) cd 74(20) cde 

120(26) bed 109(16) bed 60(23) e 
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Each figure represents the average number of emerged seedlings in one plot (one replicate) 

sowed with 400 seeds. Each figure is average of four values obtained in one experiment with 

four replicates. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

> 0.05) according to the Duncan multiple range test. 
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Table 3. 5. Percent change in biocontrol activity of Burkholderia cepacia (isolate D1 as a 

soil drench. Deny® as a soil drench. Deny® as a seed treatment) in soils treated with each test 

herbicide and inoculated -wixh Rhizoctonia solani, relative to control (no herbicide) 15, 25 and 

50 days after sowing in Saflford field experiments. 

Biocontrol agent Herbicide 
Time (days after sowing) 

15 25 50 

D1 pendimethalin 

(as a soil drench) prometryn 

trifluralin 

-29* 

-25* 

-7 

-37* 

-34* 

-4 

-47* 

-54* 

-12 

Deny® pendimethalin 

(as a soil drench) prometryn 

trifluralin 

-13 

-12 

-7 

-1-8 

- 1  

-5 

•13 

-4 

-6 

Deny® (as a pendimethalin 

seed treatment) prometryn 

trifluralin 

-23 

-8 

-21 

-2 

+A 

-19 

•14 

-4 

•15 
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Changes in biocontrol activity were calculated from the data in table 3 and 4 as percent 

change in the stand count. 

Each figure is an average of four values obtained in one experiment with four replicates. 

Values marked with asterisks are significantly {P < 0.05) different from the control (no 

herbicide) according to Duncan multiple range test. 
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Table 3. 6. Percent change in biocontrol activity of Burkholderia cepacia (isolate DI as a 

soil drench. Deny® as a soil drench. Deny® as a seed treatment) in soils treated with each test 

herbicide and moculaXed vnth Rhizoctonia solani, relative to control (no herbicide) 15, 25 and 

50 days after sowing in Tucson field experiments. 

Biocontrol agent Herbicide 

15 

Time (days after sowing) 

25 50 

D1 pendimethalin 

(as a soil drench) prometryn 

trifluralin 

-32 

-2 

+5 

-35* 

-26 

-4 

-36* 

-30* 

-4 

Deny® pendimethalin 

(as a soil drench) prometryn 

trifluralin 

-26 

-28 

-29 

-23 

-31* 

-18 

-7 

•12 

-4 

Deny® (as a pendimethalin 

seed treatment) prometryn 

trifluralin 

-42* 

+ 14 

-8 

-33 

-22 

+6 

-25 

-15 

-31 
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Changes in biocontrol activity were calculated from the data in table 3 and 4 as percent 

change in the stand count. 

Each figure is an average of four values obtained in one experiment with four replicates. 

Values marked with asterisks are significantly {P < 0.05) different from the control (no 

herbicide) according to Duncan multiple range test. 
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Fig. 3.1. Herbicide-mediated changes (relative to the 
control, no herbicide) in biocontrol activity of Burk^iolderla 
cepacia (D1) in pre-emergence biocontrol microcosm 
experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 
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Fig. 3. 2. Herbicide-mediated changes (relative to the 
control, no herbicide) in biocontrol activity of Burkhoideria 
cepacia (D1) in post emergence biocontrol microcosm 
experiment. 
Values marked with asterisks are significant (P <0.05) 
according to Duncan multiple range test. 
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The overall results of the study show that pendimethalin, and prometryn that are 

currently used as pre-plant herbicides in cotton fields in the US may curtail biocontrol activity 

of the D1 soil drench and Deny® soil drench. Biocontrol activity here is defined as the 

ability ofDl and Deny® to increase cotton stand relative to the control (not treated with D1 

or Deny®). The growth of bacteria and fiingi (Foriani et al., 1995; Moorman and Dowler, 1991; 

Nema-Kosa and Cseriiati, 1995) and the incidence of soU-bome plant diseases (Altman and 

Campbell, 1977; Altman and Rovira, 1989; Campbell and Altman, 1977; Rovira and McDonald, 

1986) are known to be altered by herbicides. Herbicides have also been reported to enhance 

biocontrol activity of S. corchorusii and S. mutabilis in greenhouse tests (Elshanshoury et al., 

1996). However, this, to our knowledge, is the first report of the impact of herbicides on the 

biocontrol activity of bacteria under field conditions. 

The increase in cotton stand mediated by the D1 soil drench and Deny® soil drench 

is most likely due to the ability of these products to reduce damping-off incidence caused by 

R. solani because, 1) R. solani inoculum was incorporated into the soil in the microcosm and 

in the field, 2) cotton seedling diseases in Arizona are mainly caused by R. solani and 

Thielaviopsis basicola (Hine and Silvertooth, personal communications), 2) R. solani was the 

only pathogen recovered fi"om all sampled infected seedlings, and 4) typical R. 5o/aw/-induced 

damping-oflf symptoms were observed on all sampled seedlings. 
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Microbial biocontrol agents have been developed for a number of pathogens including R. 

solani (Hagedom et al^ 1993; Howell, 1982). However, many of them perform consistently and 

efficiently under laboratory conditions but fail to do so in the field. While the reasons for the 

feihire is not clear, it may be due to the presence of unfavorable soil environmental factors in the 

field. It is tempting to implicate herbicide toxicity as one such unfavorable factor, based on the 

results of the present study. However, the involvement of herbicides can only be established after 

their impact on biocontrol agents is demonstrated in a few other plant-pathogen combinations. 

It is important to note that most herbicides do not accumulate in the soils and are degraded shortly 

after application (Altman and Campbell, 1977; Kruger et al, 1991). We have previously alluded 

to the possibility that the oxygen and carbon dioxide concentrations also may cause stress for some 

microbial biocontrol agents in some field soils (Kim and Misaghi, 1996). 

The mechanism involved in the observed herbicides's interference with the biocontrol 

activity of D1 soil drench and Deny® soil drench is not known. The phenomenon may be due 

to the effect of herbicides on cotton plant, on B. cepacia, on R. solani, and/or on the 

interactions among these entities. Herbicides are reported to cause changes in plants 

including root exudation (Altman and Rovira, 1989). These changes may in turn alter microbial 

community structures in the rhizosphere in ways which may encourage or discourage the 

development of the introduced biocontrol agents and/or their competitors. Exposure of cotton 

seedlings to the test herbicides at concentrations used in this study did not produce any visible 

change in the seedlings. 
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The observed effect of the test herbicides may be on the biocontrol bacterium. In a 

previous study (Heydari et al, 1997), pendimethalin and prometryn caused signiJBcant (p < 0.05) 

reduction in the rhizosphere population of D1 in the field. The population decline may in turn 

reduce biocontrol activity of D1 because bacterial growth in the rhizosphere and biocontrol activity 

seem to be directly correlated (Bull et al., 1991; Cook and Baker, 1983; Filippi et al, 1987; 

Misaghi etal., 1992; Schroth and Hancock, 1981; Weller, 1988). The observed effect may also 

be due to a herbicide-mediated increase in cotton seedling damping-oflF incidence and/or 

severity. The herbicide-mediated increase in a number of diseases including R. solani-'mduced 

damping-off has been reported (Altman and Campbell, 1977; Altman and Rovira, 1989; 

Campbell and Altman, 1977; Rovira and McDonald, 1986). Finally, herbicides may affect 

chemical interactions between pathogens and biocontrol agents (Elad and Misaghi, 1985; 

Lewis and Lumsden, 1995) that regulate biocontrol activity. 

The results of this study may have practical application. The differential toxicity of 

herbicides to bacteria, as shown in this and other studies (Foriani et al., 1995; Nema-Kosa and 

Cserhati, 1995) may allow sdection of isolates whose biocontrol activity is not adversely affected 

by the presence of a selected herbicide. It may also be possible to genetically construct bacterial 

isolates with increased tolerance to herbicides. 

The sensitivity of some microorganisms, including bioccntrol-active B. cepacia to 

herbicides (Foriani et al., 1995; Heydari and Misaghi, 1997; Moorman and Dowler, 1991) and 

herbicide's ability to increase the incidence of some diseases (Altman and Campbell, 1977; 

Altman and Rovira, 1989; Campbell and Altman, 1977; Elshanshoury et a'L, 1996; Rovira and 
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McDonald, 1986) provide additional support in favor of the concept of Integrated Pest 

Management (IPM). The development of a sound IPM strategy for a given region, requires 

information on the impact of pesticides on the intended and non-intended targets . 

Application of IPM strategy also requires major changes in agricultural development policy 

and institutions (Matteson, 1996). 

This study will hopefiilly spur other investigations on the impact of chemical, biological 

and environmental stress on biocontrol microorganisms. The knowledge derived from these 

studies would facilitate the development of technologies for optimizing microbial biocontrol 

activity. 

For the time being, among the three commonly used pre-plant herbicides, 

pendimethalin, prometryn and trifluralin and biological products for controlling cotton 

seedling diseases, a combination of trifluralin and the D1 soil drench seems to be a better 

choice for controlling weeds and damping-off in cotton fields in Arizona and probably in other 

cotton growing regions. 
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CHAPTER 4 

EFFICACY OF FUNGICIDES AGAINST RHIZOCTONIA SOLANI IN 

HERBICIDE-TREATED SOILS 

Seed treatment with protectant and systemic fungicides is the most common method 

of reducing cotton seedling damping-oflf (Brown and McCarter, 1976; Minton, 1986; Sumner, 

1987) Fungicide efficacy in controlling cowpea damping-off, and cotton seedling diseases 

in the field have been shown to be affected by the presence of other pesticides including 

herbicides (El-Khadem and Papavizas, 1984; Hans and Dodan, 1982; Moustafa-Mahmoud 

and Sumner, 1992; Youssef e/a/., 1987) 

To predict the activity of a fungicide against a target pathogen, it is important to 

determine the nature of its interaction with other pesticides including herbicides. The objective 

of this study was to investigate the impact of herbicides, pendimethalin, prometryn and 

trifluralin that are commonly used on cotton, on the eflBcacy of fungicides, metalaxyl, 

triadimenol, and thiram for controlling R. Jo/an/-induced cotton seedling pre- and post 

emergence damping-ofF in the field. 
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Herbicides used 

Three herbicides, pendimethalin [A'^(l-ethylpropyl)-3,4-dimethyl-2,6-

dinitrobenzenamine], prometryn [A^.-/V-bis(l-methyiethyl)-6-(methyithio)-I,3,5-triazine-2,4-

diamine], and trifluralin [2,6-dinitro-A'',A'-dipropyl-4-(trifluoromethyl)-benzenamine] were 

tested in this study. These herbicides are currently registered for use as pre-emergence 

herbicides on many crops including cotton. Pendimethalin, prometryn and trifluralin were 

tested at the recommended field concentrations of 0.9, 1.3 and 0.7 Kg a.i. ha"' respectively). 

Field experiments 

Two field experiments with plots arranged in a randomized complete block 

experimental design were conducted at SafFord and Tucson, Arizona in April 1996. The soil 

at the Saflford and Tucson sites were loam soils containing 14% clay, 36% silt, 50% sand, and 

15.1% clay, 33.0% silt and 51.9% sand, respectively. Each experiment consisted of four 

blocks, one for each replicate. The fungal inoculum was prepared by wetting one Kg of 

barley seeds with 500 ml of water, autoclaving at 15 psi for 60 min, infesting with R. solani 

anastomosis group (AG-4), and incubating at 25°C for three weeks. The inoculum was air 

dried for 24 h, ground through a 3-mm sieve, and stored in paper bags at 25-27°C in the 

laboratory until use. Eight g of the fungal inoculum were mixed with ca 200 g of field soil 

and the mixture was sprinkled by hand into planting fiirrow at 0.8 g fijngal inoculum per linear 
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m shortly before sowing. 

Each of the four blocks at the SafFord and Tucson field experiments contained five 

randomly positioned 10-m-long plots (planting beds), each for one of the following 

treatments: Control (no fungicide, no herbicide); fungicides; fungicides + pendimethalin; 

flmgicides + prometryn; fungicides + trifluralin. Pendimethalin, prometryn or trifluralin was 

sprayed in a 60-cm band on the top of each plot at the recomm.ended field concentration of 

0.9, 1.3 and 0.7 Kg a.i. ha"', respectively using a COj-pressurized back pack sprayer. 

Herbicides were incorporated into the top 5 to 7 cm of the soil with a rotomultcher shortly 

after application. An eight-cm wide, 3-cm deep furrow at the crest of each 10-m-long plot 

was cut for the placement of R. solcoii inoculum, and 400 seeds of cotton cv Deltapine 5415 

treated or not treated with a mixture of three fungicides, metalaxyl, triadimenol, and thiram 

by Gustafson Inc. (Dallas, TX). Cotton stand were determined 15, 25 and 50 days after 

sowing. Fifteen days after sowing, about 10 percent of infected radicles and wilted seedlings 

in each plot were gendy removed fi-om the soil, brought to the laboratory, and tested for the 

presence of R. solani ascertain that pre-and post-emergence damping-oflf was primarily due 

to R. solani infection. Seedlings were visually examined for R. Jo/i7w/-induced symptoms, 

tissues from the advancing edge of root and lower stem lesions were placed on PDA, and 

culture plates were examined for the presence of the fungus two days after incubation at 

27°C. 

Damping-off caused by R. solani and other fungal pathogens occurs during the pre-

emergence and post emergence periods. To determine if the herbicide-mediated loss of 
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fungicidal activity had occurs during the pre-emergence or post emergence phase, percent 

seedling loss was calculated during these two phases. Per cent loss for the pre-emergence, 

for the post emergence after 25 days and for the post emergence after 50 days was calculated 

by formula a, b and c, respectively; a) I - (Sl/T x V) x 100, b) 1- (S2/S1) x 100, c) 

1- (S3/SI) X 100, where SI is the stand 15 days after sowing, S2 is the stand 25 days after 

sowing, S3 is the stand 50 days after sowing, T is the number of sowed seeds in each plot 

(400) and V is the viability rate of seeds (80%). 

Statistical analysis 

For each herbicide and each assessment time, the data for the stand count for different 

treatments in each field experiment was tested by analysis of variance and means were 

compared by Ehmcan muhiple range test, using COST AT (Cohort Software, Berkeley, CA). 

Data for pre- and post emergence loss for different treatments at the Safford field trial were 

analyzed as described above using COSTAT. 
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Typical R solani-mduced damping-ofif symptoms were observed on all sampled, non-

emerged and emerged seedlings. Radicles, roots and/or lower stems of all sampled seedlings 

yielded R. solani on PDA. Other cotton seedling pathogens, including Thielaviopsis basicola 

which is the second most prevalent cotton seedling pathogen in Arizona (Hine and 

Silvertooth, personal communications) were not recovered. 

In both field experiments, seed treatment with fungicides caused a significant {P < 

0.05) increase in the number of emerged seedlings (cotton stand), relative to the control (not 

treated with the fungicide),Table 4.1 and 4.3. 

In the SafFord experiment, the ability of fungicides to increase cotton stand was lost 

in the presence of pendimethalin and prometryn, 15 and 25 days after sowing. However, 

herbicide-mediated suppression of fungicide activity disappeared 50 days after sowing. 

Trifluralin had no effect on the activity of fungicides in the Safford experiment. Suppression 

of fungicidal activity, mediated by pendimethalin and prometryn, occurred only during the 

per-emergence damping-ofif phase and not during the post emergence phase (Table 4.2). In 

the Tucson experiment, none of the test herbicides interfered with the ability of the fungicides 

to promote cotton stand (Table 4.3). 
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Table 4. I. Stand count (the number of emerged seedlings) in plots treated or not treated 

with fungicides and herbicides 15, 25 and 50 days after sowing at the SafFord field 

experiment. 

days after sowing 
Treatment 

15 25 50 

Control (no fungicide, 129(15) b 116(12) b 105(12) b 

no herbicide) 

Fungicides 220(31) a 195(26) a 182(19) a 

Fungicides + 161(17) b 150(13) b 141(1 l)ab 

pendimethalin 

Fungicides + 158(22) b 146(18) b 132(10) ab 

prometryn 

Fungicides + 

trifluralin 

215(39) a 196(27) a 176(20) a 
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Soils in all plots were infested with Rhizoctonia solani. Herbicides were applied to the soil 

and fungicides were placed on seeds. 

Each figure, representing the number of emerged seedlings in one plot sowed with 400 seeds, 

is an average of four values (from four replicates) obtained in one experiment. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

>0.05) according to the Duncan multiple range test. 
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Percent pre- and post emergence loss of cotton seedlings in the SafFord field 

Treatment Pre-emergence Post emergence loss 
loss 

days after sowing 

25 5^ 

Control (no fungicides, 60 a 10 a 19 a 

no herbicides) 

Fungicides 31b 11 a 17a 

Fungicides + 50 a 7 a 13 a 

pendimethaiin 

Fungicides + 51a 8 a 16a 

prometryn 

Fungicides + 33 b 9a 18a 

trifluralin 
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Percent loss for the pre-emergence, for the post emergence after 25 days and for the post 

emergence after 50 days was calculated by formula a, b and c, respectively ; a ) 1- (S1/T 

xV)xlOO, b) 1-(S2/S1) X 100, c) 1-(S3/S1) x 100, where S1 is the stand 15 days 

after sowing, S2 is the stand 25 days after sowing, S3 is the stand 50 days after sowing, T 

is the number of sowed seeds in each plot (400) and V is the viability rate of seeds (80%). 

Each figure is an average of four values. 

In each vertical column, figures followed by the same letter are not significantly different {P 

>0.05) according to the Duncan multiple range test. 
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Table 4.3. Stand count (the number of emerged seedlings) in plots treated or not treated with 

fungicides and herbicides 15, 25 and 50 days after sowing at the Tucson field experiment. 

days after sowing 
Treatment 

15 25 50 

Control (no fungicides, 121(23) b 87(20) b 79(18) b 

no herbicides) 

Fungicides 192(32) a 166(25) a 156(20) a 

Fungicides + 198(48) a 165(30) a 154(23) a 

pendimethalin 

Fungicides + 187(26) a 150(21) a 136(18) a 

prometryn 

Fungicides + 207(39) a 160(28) a 145(17) a 

trifluralin 
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Soils in all plots were infested with Rhizoctonia solani. Herbicides were applied to the soil 

and fungicides were placed on seeds. 

Each figure, representing the number of emerged seedlings in one plot sowed with 400 seeds, 

is an average of four values (fi-om four replicates) obtained in one experiment. 

Figures in parentheses are standard deviation. 

Figures followed by the same letter in each vertical column are not significantly different {P 

> 0.05) according to the Duncan multiple range test. 
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The increase in the stand caused by fimgicides is most likely due to the ability of these 

products to reduce the incidence of pre- and post emergence cotton seedling damping-ofF 

caused by R. solani because, 1) R solani inoculum was incorporated into the soil in the field, 

2) cotton seedling diseases in Arizona are mainly caused by R. solani and Thielaviopsis 

basicola (Hine and Silvertooth personal communications), 3) ^ solani was the only 

pathogen recovered from radicles, roots and lower stems of all sampled infected seedlings, 

and 4) typical R. 5o/a«/-induced damping-off symptoms were observed on all sampled non-

emerged infected seedlings and on emerged wilted seedlings. 

Herbicide-mediated suppression of fungicidal aaivity occurred during the pre-

emergence phase and not during the post emergence phase perhaps because herbicides 

concentrations are high two to three weeks after application (during the pre-emergence 

phase) before dinimishing gradually due to inactivation. 

The mechanism of herbicide-mediated suppression of fungicidal activity, reported here 

is not known. The phenomenon could be due to chemical interactions between herbicides and 

fungicides resulting in a reduction or the loss of fungicidal activity. The herbicide-mediated 

suppression of fungicidal activity may also be due to the effect of herbicides on cotton plant, 

on damping-ofif pathogens, on antagonistic bacteria, and/or on the interactions among these 

entities culminating in changes in the outcome of plant-pathogen interactions and the ability 

of fungicides to suppress the disease. We have shown that R. solani- induced cotton seedling 
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damping off in the field is increased in soils treated with pendimethalin and prometryn 

(Chapter 2). Herbicide-mediated changes in plant may occur both at the physical and 

biochemical levels (Altman and Campbell, 1977; Altman and Rovira, 1989; Hans and Dodan, 

1982; Youssef et al., 1987). Herbicides have been reported to alter plant growth, 

concentration of lignin containing substances and b-glucosides and the release of glucose fi"om 

roots (Altman and Campbell, 1977). These changes may alter the outcome of plant-pathogen 

interactions. 

The direct effect of heibicides on pathogens has also been demonstrated (Altman and 

Campbell, 1977; Katan and Eshel, 1973; Utkhede, 1982). The effect could be stimulatory or 

inhibitory. For example, in R. 5o/aw/-£ugar beet combination, cycolate interfered with the 

growth of the fungus (Altman and Campbell, 1977). In our study, the growth of R. solarti 

in vitro was not significantly affected by any of three test herbicides. 

Herbicide-mediated suppression of fungicidal activity may also be due to the effect of 

herbicides on naturally occurring microbial antagonists of pathogens reducing their ability to 

combat pathogens. The sensitivity of soil microorganisms to herbicides has been 

demonstrated ( Altman and Rovira, 1989; Atlas et ai, 1978; Heydari et al., 1997). We have 

shown that herbicides tested in this study cause a significant decrease in the populations of 

biocontrol bacteria in the cotton rhizosphere (Heydari, et al , 1997). Finally the possibility 

of other herbicide-mediated changes such as alterations of the microclimate as a consequence 

of removal of weeds can not be overlooked. 
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Results of the this study emphasize the need to examine the potential interaction 

among herbicides, fungicides and perhaps other pesticides before selecting chemicals to 

combat weeds, pathogens and insects in a given field and argue strongly in favor of 

application of Integrated Pest Management strategies for managing pest problems. 

The fact that herbicide-mediated suppression of fungicidal activity occurred in the 

Safford trial and not in the Tucson trial shows that the herbicide-fungicide interaction may 

be influenced by certain unknown soil factors. Identification of these factors may help us 

to understand the nature of the herbicide-fungicide interaction and to find ways to reduce 

the undesirable consequences of these interactions. 
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CHAPTER 5 

MECHANISM OF HERBICIDE-MEDIATED CHANGES IN DAMPING-OFF 

INCIDENCE AND BIOCONTROL ACTIVITY OF BURKIJOLDERIA 

CEPACIA 

Herbicides which are being widely used to control weeds in the field have been 

shown to affect the incidence and severity of plant diseases (Altman and Campbell, 1977; 

Altman and Rovira, 1989; Black et ai, 1989, Leach et al, 1991; El-khadem and 

Papavizas, 1984; Rovira and McDonald, 1986; Moustafa-Mahmoud etal., 1993; Miller 

et ai, 1979). Herbicides are also known to alter biocontrol activity of some 

microorganisms including bacteria (Elshanshoury et al., 1996 ). 

The mechanism of herbicide-mediated changes in the disease incidence and in 

biocontrol activity is not well known. The phenomenon could be due to the effect of 

herbicides on plant, on pathogen, on antagonistic bacteria, and/or on the interactions 

among these entities. 

The objective of this study was to investigate the mechanism of pendimethalin and 

promertryn mediated changes in the R. 5o/flw/-induced cotton seedling damping-off 

incidence and biocontrol activity of Burkholderia cepacia (isolate D1) against R. solani 

which was discussed in chapter 2 and 3. 
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Herbicides used 

Two herbicides, pendimethalin [A'-(l-ethylpropyl)-3,4-dimethyI-2,6-

dinitrobenzenamine], and prometryn [MA'^bis(l-methylethyI)-6-(methyIthio)-l,3,5-

triazine-2,4-diamine] were tested in this study. These herbicides are currently registered 

for use as pre-emergence herbicides on many crops including cotton and were shown to 

cause significant changes in cotton seedling damping-off incidence and biocontrol activity 

of B. cepacia (chapter 2 and 3). Pendimethalin and prometryn were tested at the rate of 

2.4 and 3.6 ng a.i. g"' soil, respectively (equivalent to the recommended field 

concentrations of 0.9, and 1.3 Kg a.i. ha'\ respectively). 

Effect of herbicides on seedlings phvsical characteristics 

Field soil (15.1% clay, 33.0% silt and 51.9% sand) was obtained fi^om the 

University of Arizona Campus Agricultural Center in Tucson. Herbicides, pendimethalin, 

and prometryn were uniformly incorporated into the soil at the rate of 2.4 and 3 .6 |ig a.i. 

g"' soil, respectively by thoroughly incorporating an appropriate amount of a herbicide 

suspension into a non-pasteurized soil. Each 300- ml pot was filled with 280 g of soil. 

Ten cottonseeds cv Deltapine 5415 were sowed in each pot and pots were placed each 

in a 9-cm-diameter saucer in a controlled growth chamber with a diurnal cycle of 12 h at 

30-32°C in the light (372 ^E m'^s"') and 12 h at 25-27°C in the dark. Pots were arranged 
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in a completely randomized design and were watered from the top with 40 ml of distilled 

water. This amount of water was sufficient to wet the entire soil column in the pot 

without any drainage. Pots were subsequently watered by adding about 50 ml of distilled 

water into the each saucer as needed. This method of watering prevented leaching of the 

herbicides from the soil. Two weeks after sowing three seedlings were randomly removed 

from each pot, adhering soil particles were removed from the roots by shaking, and 

weight and height of three seedlings removed from each pot were determined. For 

determination of root densities, roots of three seedlings from each pot were cut below the 

crown after removing the adhering soil particles. Roots were placed in a measuring 

cylinder filled with water and root volume was determined by measuring the amount of 

displaced water. The average root density of three seedlings was determined by dividing 

seedlings weight by root volume. There were three treatments in each experiment 

(control, pendimethalin, prometryn) each with five replicates. One pot with ten seedlings 

constituted one replicate. Each experiment was performed twice. 

Effect of herbicides on susceptibility of cotton seedlings to Rhizoctonia 5o/aw/-induced 

damping-off 

The protocol of this experiment was similar to that described above, except that 

ten days after sowing cotton seeds in soil treated or not treated with pendimethalin or 

prometryn five healthy seedlings were randomly removed from each pot, their roots were 

washed under running tap water to remove all adhering soil particles and seedlings were 
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then transplanted into pots containing 280 g of non-herbicides treated soil infested with 

R. solani (AG-4), by incorporating five days old fiingal mycelium into the top 2-cm soil 

in each pot. Pots were incubated under the same conditions described above. The 

incidence of R. 5o/aw/-induced damping-oflf was determined in different treatment by 

counting the number of dying or dead seedlings in each pot, 1, 2, and 3 weeks after 

transplanting. There were three treatments each with five replicates as described above. 

Each experiment was performed twice. 

In vitro effect of pendimethalin and prometryn on the growth of R. solani 

Potato dextrose agar (PDA) medium was amended with herbicides by adding 2.4 

PPM (part per million) of pendimethalin and 3.6 PPM of prometryn to the liquid medium. 

One mycelium plug (1.14 cm") fi^om a five- day old R. solani culture was placed in the 

center of each PDA petri plate with or without the test herbicides and plates were 

incubates at 25"C. Fungal colony diameter was determined 24 and 48 h after incubation. 

There were three treatments {R. solani only, R. solani + pendimethalin, R. solani + 

prometryn) in each experiment each with five replicates. Each experiment was performed 

twice. 

Effect of herbicides on populations of the biocontrol bacterium (Biirkholderia 

cepacia^ in tl;e Microcosm experiment 

The procedures for application of herbicides to the soil and sowing seeds were 
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similar to that described above except that soil was pasteurized for 1 h at 115° C and 15 

psi to destroy soil-bome pathogens. Pasteurization was necessary because most Arizona 

agricultural soils contain soil borne pathogens, particularly root knot nematodes and 

Pythium spp at high inoculum levels that often interfere with experiments. 

The biocontrol bacterium {B. cepacia, isolate Dl) was introduced into the 

rhizosphere by placing it on cotton seeds (cv Deltapine 5415). Two mL of an aqueous 

suspension containing 10* colony forming units (cfii) mL"' of each test rif-nal-resistant 

bacterium from a 24-h-old KB culture, were mixed with two mL of a 2% aqueous 

suspension of methyl cellulose. One hundred seeds were evenly coated by rolling them 

in the mixture for 5 min and coated seeds were dried at 25° C for approximately 12 h. 

The number of bacteria on each seed was approximately 2xl0®cfu shortly after drying. 

Seedlings were thinned to three per pot, five days after sowing. Population sizes 

of the bacterium in seedlings rhizosphere in each pot were determined I, 2, 3 and 4 weeks 

after sowing according to the following procedures: Seedlings were gently removed 

from the soil and were shaken to remove loosely adhering soil particles. A sterile razor 

blade was used to cut 1-cm-long root segments, 1 cm below the crown . Root segments 

from the three seedlings were placed into a sterilized test tube containing 10 mL of sterile 

water. The tubes were agitated for 1 h on a reciprocal shaker and 100 nL aliquots of 

various dilutions of the suspensions were evenly spread on petri plates containing KB 

medium supplemented with 100 ng mL"' rif and nal. Colonies were counted 48 h after 

incubation at 27° C . 
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A completely randomized experimental design with five replicates was used for 

each isolate. In each experiment, there were 15 pots, each with three seedlings that were 

treated with pendimethalin or prometryn at the rates of 2.4 and 3.6 \ig a.i. g"' dry soil, 

respectively. The experiment was performed twice. 

Effect of herbicides on populations of biocontrol bacterium (Burkholderia cepacia) in 

the field experiment 

Two field experiments, with plots arranged in a randomized complete blocks 

experimental design, were conduaed in SaflFord and Tucson , Arizona in April 1996. The 

soil at the Safiford and Tucson study sites were loam soils containing 14% clay, 36% silt, 

50% sand, and 15.1% clay, 33.0% silt, 51.9% sand, respectively. There were 12 plots 

in each experiment (two test herbicides and one check with four replicates). Each plot 

was lO-m long by 1-m wide (one cotton bed) with one seed row. One of the two 

herbicides (pendimethalin or prometryn) was sprayed in a 60-cm band on the top of each 

plot at the recommended field concentration (0.9 and 1.3 kg a.i. ha"', respectively), using 

a COi-pressurized back pack sprayer. Herbicides were incorporated into the top 5 to 7 

cm of soil with a rotomulcher shortly after application. The beds were again shaped and 

sowed by placing 400 cotton seeds (cv Deltapine 5415) into a 8-cm wide, 3-cm deep 

fijrrow on the top of each plot. Isolate D1 was applied to the soil by spraying 2 L of an 

aqueous bacterial suspension (10* cfia mL'*), prepared fi-om 2-day-old KB cultures, 2 to 

4 hours earlier, into the open furrow on the top of each plot. The number of bacteria 
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applied was approximately 2x10^ cfii per of soil. The field was irrigated the day 

after planting. 

Bacterial population sizes in the rhizosphere were determined 15, 25, and 50 days 

after planting by the following procedures; Thirty seedlings were randomly removed fi-om 

each plot after loosening the soil with a trowel. Roots were shaken to remove loosely 

adhering soil particles and were cut below the crown. The entire root systems of the 

seedlings were placed in plastic bags (ten roots in each bag) and were carried to the 

laboratory inside a cool ice chest. Fifty mL of sterile water was added to each plastic bag 

and the contents were agitated for 1 h using a reciprocal shaker. One hundred-|iL 

aliquots of various dilutions of the suspensions were plated on KB medium supplemented 

with 100 ^g mL"' of both nal and rif. Colonies were counted after incubation at 27° C 

for 48 h. 

Effect of herbicides on the antibiotic activity of Burkholderia cepacia (isolate Dl) 

against R. solani 

King Medium B (KB) was amended with the test herbicides by adding 2.4 PPM 

of pendimethalin and 3.6 PPM of prometryn to the liquid medium after sterilization. The 

bacterium (isolate Dl) was streaked in the center of KB culture plates with or without 

herbicides and plates were incubated for three days at 25° C. Plates were then inoculated 

with R. solani (AG-4) by placing two 0.5 cm-diameter mycelium plugs fi'om a 3-day-old 

culture of the fungus, two cm above and two cm below the line of bacterial growth. 
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Plates were then incubated at 25 *C for 48 h and fungal colony diameters in each plate 

were measured 24 and 48 h after incubation. Percent inhibition of the fungal growth was 

calculated in different treatment by comparing colony diameters to those of control (no 

bacteria, no herbicide). There was four treatments in each experiment (R. solcmi alone, 

R. solani + DI, ^ solani + D1 + pendimethalin, R. solani + 01+ prometryn). Each 

experiment was performed twice. 

Effect of herbicides on the incidence of R. solani-mdnced cotton seedling damping-off 

in pasteurized and non-pasteurized soils 

This experiment was conducted to determine if herbicide-mediated changes in R. 

solani-mduced cotton seedling damping off differ in pasteurized and non-pasteurized soil. 

Herbicides were applied to the pasteurized and non-pasteurized field soil infested with 

R. solani as described earlier. Ten cotton seeds (cv Deltapine 5415) were sowed in each 

pot and pots were placed in growth chamber as described earlier. The incidence of R. 

solani-mduced cotton seedling damping-off was determined by counting the number of 

emerged seedlings (stand) in each pot three weeks after sowing. There were four 

treatments for pasteurized and four for non-pastcurized soil with the following 

combiriations: control (no treatment); R solcmi only; R solani + pendimethalin; R. solani 

+ prometryn; Each experiment with five replicates was performed twice. 
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Effect of herbicides on to*al populations of cotton root colonizing bacteria 

The protocol of this experiment was similar to that described earlier (effect of 

herbicides on D1 population), except that the total bacterial population were recovered 

from the roots of cotton seedlings by spreading the washing from the roots on King 

Medium B(KMB) agar and counting the bacterial colonies 48 h after incubation. 

Statistical analysis 

For each test variances in two experiments were compared for homogeneity. 

Since variances were homogenous data from two experiments were pooled. For each 

experiment data were analyzed by analysis of variances (ANOVA) and means were 

compared by Duncan multiple range test using COST AT (Cohort software, Berkeley, CA 

). Data from the field experiments were analyzed separately as described above. 
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Effect of pendimethalin and prometrvn on physical characteristics 

of cotton seedlings 

Although the height, biomass and root densities of cotton seedlings grown in soils 

treated with pendimethalin or prometryn were generally lower than those of control 

(untreated soil) the differences were not statistically significant {P > 0.05), indicating that 

physical characteristics of cotton seedlings were not affected by test herbicides. 

Effect of herbicides on the susceptibility of cotton seedlings to R. 5o/aw/-induced 

cotton seedling damping-off 

Cotton seedlings mortality (the number of dead or dying plants) in seedlings 

grown in soils treated with prometryn, prior to transplanting to non-herbicide-treated, R. 

solani infested soil was significantly (P < 0.05) higher than those of control (not pre-

treated with herbicides), 1, 2 and 3 weeks after transplanting (Table 5.1). Howeyer, 

mortality in seedlings pre exposed to pendimethalin prior to exposure to R. solani was not 

significantly (P > 0.05) different fi-om the control (Table 5.1). 

Effect of pendimethalin and prometryn on R. solani growth in vitro 

The growth of R. solani grown in the presence of pendimethalin or prometryn 

were not significantly (f > 0.05) different from that of control (no herbicide). 
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Effect of herbicides on populations of biocontrol bacterium Burkholderia cepacia 

(isolate D1) 

The ability of all two test herbicides to reduce the D1 population in the 

rhizosphere declined with time over a four-wk period of monitoring (Table 5 .2). The 

population of the bacterium recovered from roots in the herbicide-treated soils were 

significantly (P <0.05) lower than those recovered from controls after 1 and 2 weeks but 

were equivalent to the controls 3 and 4 weeks after sowing (Table 5.2) 

Results of the field experiments were similar to those of the microcosm 

experiments (Table 5.3). In the Safford field experiment, pendimethalin and prometryn 

caused significant (P <0.05) decrease in the DI population in the rhizosphere 15 and 25 

days after sowing (Table 5.3). 

In the Tucson experiment, pendimethalin and prometryn caused significant (P < 

0.05) decrease in the Dl population in the rhizosphere 15 and 25, but not 50 days after 

sowing (Table 5.4). 

Effect of herbicides on the antibiotic activity of Burkholderia cepacia (isolate D1) 

Percent inhibition of the fungal growth by Dl was significantly lower {P < 0.05) 

in plates containing prometryn (relative to that of control, no herbicide) 24 and 48 h after 

incubation (Table 5.5). However, no significant differences {P > 0.05) was observed in 

percent inhibition of flingal growth in plates containing pendimethalin and in those 

without herbicide (control). 
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Effect of herbicides on R. solcmi-induced damping-ofF incidence in pasteurized and 

non pasteurized soil 

The number of emerged seedlings (stand) in plant grown in non-pasteurized soil was 

significantly (P < 0.05) lower in the presence of pendimethaiin and prometryn, relative to 

control (no herbicide) three weeks after sowing. Cotton seedlings stand was not 

significantly affected (P > 0.05) by pendimethaiin or prometryn in pasteurized soil (Table 

5.6). 

Effect of herbicides on total populations of cotton root colonizing bacteria 

Application of pendimethaiin and prometryn to the soil significantly {P < 0.05) 

reduced total populations of cotton root colonizing bacteria by 58.2 and 44.9% 

respectively, relative to those of control (untreated soils) (Table 5 .7). 
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Table 5.1. Mortality (the number of dead or dying plants) m seedlings pre-treated with 

pendimethalin or prometiyn prior to transplanting into non-herbicide-treated soil, infested 

with Rhizoctonia solani I, 2 and 3 weeks after transplanting. 

Pre-treatment Weeks after transplanting 

Control (no herbicide) 1.2(0.5) a 1.8(0.7) a 2.5(0.9) a 

Pendimethalin 1.5(0.7) a 2.0(1.0) a 2.8(1.0) a 

Prometryn 2.5(1.0) b 3.6(1.2) b 4.2(1.4) b 

Mortality is presented an average number of dead or dying seedlings in one pot containing 

five seedlings, 1, 2, and 3 weeks after sowing. Each value is average of ten numbers 

obtained in two experiments each with five replicates. Values followed by the same letters 

are not significantly different {P > 0.05) according to Duncan multiple range 

test. 

Figures in parentheses are standard deviation. 
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Table 5.2. Population sizes (x 10® cfu g ' root) of Burkholderia cepacia (isolate Dl) in 

the rhizosphere of cotton seedlings grown in soils treated or not treated with 

pendimethalin or prometryn 1, 2, 3 and 4 weeks after sowing in the microcosm 

experiment. 

Treatment Time (weeks after sowing) 

i 2 3 4 

Control (no 9.7(3.5) a 8.6(3.8) a 7.9(4.2) a 6.4(4.5) a 
herbicide) 

Pendimethalin 2 9(1.3) b 2.9(1.5) b 4.9(2.1) a 6.0(2.3) a 

Prometryn 3.6(1.6) b 3.4(1.7) b 5.3(2.0) a 5.5(2.3) a 

Each figure is an average of ten values obtained in two experiments each with five 

replicates. Figures followed by the same letters are not significantly different according 

to Duncan muhiple range test. 

Figures in parentheses are standard deviation. 
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Table 5.3. Population sizes (x 10® cfii g"' root) of Burkholderia cepacia (isolate DI) in 

the rhizosphere of cotton seedlings grown in soils treated or not treated with 

pendimethalin or prometryn, 15,25 and 50 days after sowing in Saflford field experiment. 

Treatment Time (days after sowing) 

15 25 50 

Control (no herbicide) 5.3(2.5) a 3.0(2.2) a 2.2(1.9)a 

Pendimethalin 2.6(1.8) b 1.4(1.3) b 1.7(1.5) a 

Prometryn 2.4(1.l)b 1.8(0.9) b 1.8(0.8) a 

Each figure is an average of four values obtained in one experiment with four replicates. 

Figures followed by the same letter are not significantly different {P > 0.05) according to 

Duncan multiple range test. 

Figures in parentheses are standard deviation. 
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Table 5.4. Population sizes (x 10® cfli g"' root) of Burkholderia cepacia (isolate Dl) in 

the rhizosphere of cotton seedlings grown in soils treated or not treated with 

pendimethalin or prometryn, 15,25 and 50 days after sowing in Tucson field experiments. 

Treatment Time (days after sowing) 

15 25 50 

Control (no herbicide) 7.2(4.2) a 2.8(2.0) a 1.0(0.8) a 

Pendimethalin 3.0(0.9) b 1.3(0.8) b 0.8(0.5) a 

Prometryn 2.0(1.5) b 1.1(0.9) b 0.7(0.9) a 

Each figure is an average of four values obtained in one experiment with four replicates. 

Figures followed by the same letter are not significantly different {P > 0.05) according to 

Duncan multiple range test. 

Figures in parentheses are standard deviation. 
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Table 5. 5. Effect of pendimethalin and prometryn on antibiotic activity of biocontrol 

bacterium Burkholderia cepacia (isolate Dl) against Rhizoctonia solani, 24 and 48 h 

after inoculation. 

Treatment % fungal growth inhibition after incubation 

24 h 48 h 

Control (isolate Dl alone) 56.4 a 78.2 a 

Isolate Dl + pendimethalin 49.7 a 67.1 a 

Isolate D1 + prometryn 25.6 b 36.2 b 

Each figure is an average of ten values obtained in two experiments each with five 

replicates. 

Figures followed by the same letter are not significantly different {P > 0.05) according to 

Duncan muhiple range test. 
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Table 5. 6. Stand count (number of emerged seedlings ) grown in pasteurized and non-

pasteurized soils, infested with Rhizoctonia solani and treated or not treated with 

pendimethalin or prometryn, three weeks after sowing in microcosm experiment. 

Treatment Pasteurized soil Non-pasteurized soil 

Control (JL solani only) 5.1 (2.3) a 6.6(3.1) a 

R. solani + pendimethalin 4.0(1.9) a 3.8(1.6) b 

R. solani + prometryn 4.6(1.6) a 3.3(1.4) b 

Each figure is an average of ten values obtained in two experiments each with five 

replicates. 

Figures followed by the same letter are not significantly different (P > 0.05) according to 

Duncan multiple range test. 

Figures in parentheses are standard deviation. 
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Table 5. 7. Total populations (10' cfii g"' root) of cotton root colonizing bacteria isolated 

from the roots of two- wk old cotton seedlings grown in soils treated or not treated with 

pendimethalin or prometryn in the microcosm. 

Treatment Populations % reduction in population" 

Control (no herbicide) 9.8(5.4) a 

Pendimethalin 4.1(3.2) b 58.2 

Prometryn 5.4(3.0) b 44.9 

* Percent change in total populations of cotton root colonizing bacteria, relative to the 

control (no herbicide). 

Each figure is an average of 10 values obtained in two experiments each with five 

replicates. In each vertical column figures followed by the same letters are not 

significantly different {P > 0.05) according to Duncan multiple range test. 

Figures in parentheses are standard deviation. 
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Since the presence of herbicides in the soil can potentially affect both plants 

(Campbell and Altman, 1977; El-Khadem and Papavizas, 1984) and microorganisms 

(Forlani etal., 1995; Heydari etal., 1997), the observed decline in the biocontrol activity 

of isolate D1 may be due to a direct effect of herbicides on the plants, pathogens, 

biocontrol bacteria, and/or on the interactions among these entities. Judging from the 

results of this study, herbicide-mediated decline in biocontrol activity seems to be due to 

the sensitivity of biocontrol bacterium (Dl) which is known to suppress Rhizoctonia 

solani-mdnced cotton seedling damping-ofif both in the microcosm and in the field (Zaki 

et al.,). We reported earlier (Heydari el ai, 1997) that the population of Dl in cotton 

rhizosphere is significantly reduced by pendimethalin and prometryn. We have also 

shown that antimicrobial activity of Dl, directed at R. solani, is also reduced in the 

presence of prometryn. 

The observed herbicide-mediated decline in biocontrol activity of Dl may also be 

due to changes in growth and/or activity of indigenous rhizosphere-associated 

microorganisms. We found that pendimethalin and prometryn caused significant 

decrease in the incidence of the disease in non-pasteurized soils and not in pasteurized 

soils where potential microbial competitors have been eliminated by pasteurization. We 

have shown here that populations of cotton root associated bacteria are significantly 

reduced in soils treated with these two herbicides. Changes in the community structure 
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of rhizosphere-associated microorganisms can potentiallj' affect the development and 

activity of the introduced biocontrol agents by altering the intensity of competition for 

nutrients and for desirable niches. 

The observed effects does not seem to be due to the sensitivity of R. solani to test 

herbicides. The growth of the test isolate of R. solani in vitro was not affected by 

herbicides at concentration used in this study. 

The observed herbicide-mediated decline in biocontrol activity of D1 may also be 

due to some undetectable physiological changes in cotton seedlings. While no physical 

changes were observed in cotton seedlings exposed to the test herbicides, seedling 

susceptibility to R. solani increased in seedlings pre-exposed to prometryn. However, 

unlike prometryn, pendimethalin did not cause any significant change in susceptibility of 

cotton seedlings to R. solani-mdnced damping-off and this could be due to the differences 

in chemical structures or concentrations of these two herbicides 

It is important to note that, as pointed out by Altman (Altman and Campbell, 

1977), no single factor can be responsible for the observed effect of herbicides disease 

expression. Therefore, the detected herbicide-mediated change may be due to combined 

effect of herbicides on the plant, pathogen, biccontroi agents and/or interactioas among 

these entities. 
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