ANTIFUNGAL
COMPOUNDS

VOLUME 2

Interactions in Biological
and Ecological Systems

Edited by

MALCOLM R. SIEGEL HUGH D. SISLER



ANTIFUNGAL
COMPOUNDS

VOLUME 2

Interactions in Biological
and Ecological Systems

Edited by

MALCOLM R. SIEGEL HUGH D. SISLER

Department of Plant Pathology Department of Botany
University of Kentucky University of Maryland
Lexington, Kentucky College Park, Maryland

Senior Edifor of Volume 2: HUGH D. SISLER

MARCEL DEKKER, INC.  New York and Basel



Library of Congress Cataloging in Publication Data (Revised)
Main entry under title:
Antifungal compounds.

Includes bibliographical references and indexes.
CONTENTS: v. 1. Discovery development, and
uses. v. 2. Interactions in 76-46827 biological

and ecological systems.

1. Fungicides. I. Siegel, Malcolm R.
II. Sisler, Hugh Delane, 1922-
SB951.3.A57 628.9 76-46827

ISBN 0-8247-6558-3

COPYRIGHT © 1977 by MARCEL DEKKER, INC. ALL RIGHTS RESERVED,

Neither this book nor any part may be reproduced or transmitted in any
form or by any means, electronic or mechanical, including photocopying,
microfilming, and recording, or by any information storage and retrieval
system, without permission in writing from the publisher.

MARCEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016

Current printing (last digit):
10 987654321

PRINTED IN THE UNITED STATES OF AMERICA

e,



PREFACE

The need for fungicides is created by fungal activities detrimental to the
welfare of mankind, As the bases for such destructive activities are iden-
tified, compounds are sought to control the fungi involved. Fungi had been
identified as the basis of many problems a half century or more ago, but at
that time very few fungicides had been found to control them. A great num-
ber of compounds have since been discovered, new methods of application
have been developed, and new concepts on modes of action have evolved. At
no time in the past has interest in fungicides been greater than during the -
current period of transition from the protective to the systemic fungicide.

A number of years have elapsed since a comprehensive coverage of fun-
gicides appeared in two volumes edited by D. C. Torgeson (Fungicides: An
Advanced Treatise, 1967). Since then, there have been marked advances in
the development of systemic compounds, and a rising awareness of the toxi-
cological hazards and the environmental impact of fungicides has evolved.
With the advent of more selective fungicides, fungal resistance has emerged
as a major problem. In this rapidly changing field, it is the purpose of this
book and its companion volume to summarize and evaluate recent develop-
ments, to integrate these with significant developments of the past, ‘and to
attempt some projections into the future. We believe the various contribu-
tors to the volumes have achieved a reasonable measure of success for
these goals.

The overall organization of the two books follows a biological—biochem-
ical—ecological approach rather than one based on chemical class. However, °
individual authors have utilized the latter approach where it was most appro-
priate for their particular contribution.

The first of the two volumes focuses on the discovery, development,
and use of fungicides and the problems associated therewith in plant pathol-
ogy, medicine, wood preservation, and industry. This volume considers
fungicides according to their effects and their fate as they interact with
biological, biochemical, and ecological systems.
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iv PREFACE

We are grateful to the many authors whose efforts have made these vol-
_umes possible. We wish to thank Carolyn Siegel, Patricia Sisler, Libbie
Jones, Debby Owen, and Jeanne Kelleher for generous assistance in the
preparation of the manuscripts, '

Malcolm R. Siegel
Hugh D. Sisler
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SOIL-FUNGICIDE INTERACTIONS

. Donald D, Kaufman
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I. INTRODUCTION

Organic pesticides occur in detectable amounts in many parts of the environ-
ment. An understanding of the fate and behavior of biologically active sub-
stances in the total environment is a necessity for the chemicals to be used
safely, and for new products to be developed which will not produce adverse
effects. Fungicides are an important part of our chemical arsenal for
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controlling agricultural pests. Although they were among the earliest ag-
ricultural chemicals developed for use, they currently rank third in total
sales. Common and chemical names of fungicides are listed in Table 1.

Fungicides enter into the soil from a variety of treatments. Excess
solution from spray applications to the aerial parts of plants may drip from
leaves on to the soil surface or may reach the soil surface directly. In
preplanting, plant, or other treatments, fungicides can be applied directly
to the soil either in solution, as dusts, or in granular formations, The ul-
timate behavior of a given pesticide in soil depends primarily on the physical,
chemical, and biological properties bf both the soil and chemical. Sorption,
diffusion, volatilization, leaching, runoff, microbial and chemical degrada-
tion, photodegradation, and plant uptake are all significant processes af-
fecting fungicide behavior in soil. The interactions of these various param-
eters determine the effectiveness of the chemical applied to soil and its
residual life in soil. .

According to. Munnecke [1], much of the early research on soil fungicides
was empirical. A transition from empirical to experimental research began
about 1950 [1, 2] when research on chemical disinfestation was initiated.
Despite the view of McNew [3] who believed that research on fungicides in
general had the disadvantage of scientists working in a "vacuum, " it is
interesting to note the significant contributions of research on fungicides in
soils to our overall understanding of the behavior of all pesticides in soil.
As a disciple of plant pathology and soil microbiology who has worked on the
soil microbiology of pesticides (primarily herbicides and insecticides), the
author cannot help but be impressed with the contribution of early soil fun-

. gicide and fumigant research to our understanding of the behavior of all
pesticides in soil. The preponderance of soil fungicide behavior studies,
however, have dealt with the basic problems of efficacy. Since the publica-
tion of Rachel Carson's Silent Spring [4] increased awareness of our environ-
ment dictates that we not only understand the behavior (efficacy) of chemicals
released into the environment, but that we also aim for a total concept of

the ultimate fate of the chemical. The development and enactment of the
U.S. Environmental Protection Agencies Guidelines for Pesticide Registra-
tion now requires extensive investigations of the fate and behavior of all
chemicals ultimately scheduled for release into the environment. The
prominence of herbicide and insecticide development at that critical point in
time has resulted in a vast amount of scientific effort being put into under-
standing both the environmental fate and behavior of those chemicals in soil.
With few exceptions, very little attention by comparison has been devoted to
fungicide research, While much of the information necessary for continued
registration of fungicides must have been developed, very little has appeared
in the literature. . :

Several reviews have been published on the environmental behavior of
fungicides [5-17]. The very excellent review by Goring [5], which discusses
the physical aspects of soil in relation to the action of soil fungicides,
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