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~ WHERE DO WE STAND TODAY?
Stanley Heathmanl
PRESIDENTIAL ADDRESS

Where do we stand today? As members of the Western Society of Weed
Science, I believe we stand on solid ground.  The financial picture for
our society is excellent. A two year operational budget has been saved
and set aside. Attendance at the annual meetings of WSWS has shown a
steady increase for the past 10 years. From all appearances WSHWS is ful-
filling its role as viewed by its membership.

Perhaps all of us who belong and attend these meetings bring with us
our own concepts of what WSWS means to us. Under our Constitution and By-
Laws, Article II-Objectives, there are six sections specifically dealing
with the purposes of WSWS. You can find these articles and the entire
Constitution in. the 1983 Proceedings, 36:212-219. I suggest to you that
you read them. I strongly believe that you will find your interest in
WSWS will be reflected in these objectives.

The strength and vigor of the WSWS is dependent upon meeting the
needs of the membership. Each year you elect a group of officers to see
to it that WSWS continues to function as it should. While these
activities and functions are well prescribed and described in the Consti-
tution and By-Laws, as well as the Operating Guide for Officers and
Chairmen of WSWS, your officers also need your direct input. Because this
is a dynamic society we live in, undergoing almost constant change, we
must also constantly review what we are doing so that the activities of
WSWS truly reflects the current and future needs. If you have any
concerns regarding our Society, do not hesitate to contact anyone on your
Executive Committee during our meeting here in Phoenix. Let us know your
concerns.

More specifically, each year the new President of our Society
appoints a Member=-At-Large. His principal function is to represent the
viewpoint of all factions of the Society. This past year Dean Swan has
served us well as Member-at-Large. During the coming year the new
president Harvey Tripple, will have a Member-At-Large to appoint. If you
have any concerns during the coming year and if you are not sure of the
appropriate person or committee to contact, talk to the Member-At-Large.

How do we stand in this nation in regard to agriculture? Agriculture
appears to be in serious trouble economically. The ability of many
farmers to survive the high debt load they have acquired in recent years
is in doubt. Federal programs are designed to aid agriculture in the past
have to be reviewed in the light of the current crisis. This nation can
i11 afford to see a large percentage of its agriculture base impaired
because of the insolvency of its producers. It is not within the scope of
this speaker to suggest solutions to this problem. However, I do not
think I need remind you that when agriculture is in such a crisis, ics
impact will be felt throughout weed science.

Ipjant Science Dept., University of Arizona, Tucson, AZ.



Underfinanced farmers are often tempted to cut corners in their weed
control programs. I believe we can look forward, among other things, to
the using of Tlower than efficacious rates of herbicides and/or the
elimination of prophylactic treatments, which will result in failed weed
.control programs. While many growers can and should look for ways to
reduce weed control costs, there are better ways of reducing costs than
these.

Cultural practices such as crop rotation, planting under a dry mulch
and the well managed use of mechanical cultivation are the cornerstone of
efficient weed control. But where herbicides are concerned, I believe we
still have a long way to go in regard to their efficient application.
While new and more effective herbicides are still an obvious need, we
cannot count on their quick introduction into the market place to help
save the day. A disproportionate amount of the resources needed for new
developments in weed science are now being spent in defending the
registration of some of our most valuable established pesticides. It is
now extremely difficult, if not impossible, to achieve any new registra-
tions for herbicides already on the market.

This would suggest to me that within the coming months, those of us
who work with production agriculture, will be concentrating more on
improved application technigues including: better adjustment and
maintenance of equipment, precise and timely application scheduling,
selection of the most appropriate available herbicide for the weed problem
and better integration of the weed program into the other cultural
practices. It should also be pointed out that as new technology is
adopted by growers such as new varieties, different methods of irrigation,
new nematicides or fungicides and different planting dates, old weed
control programs may need to be revised. Less emphasis will be placed
upon new product testing and development.

Perhaps the most important question to this audience in regard to our
position in the world is "Where do we stand in the nation's eyes regarding
the use of pesticides?" I believe we could all agree it is somewhere
between bad and disastrous. It has been well documented that the general
public is convinced that the use of pesticides is a direct threatto their
health. The center of our problems is that the general public perceives
pesticides used by anyone other than themselves, as having limited
benefits accompanied by great risks. Who needs them!

We have an aroused populace who are very anxious about their exposure
to pesticides and all other man-made chemicals. They are made anxious by
constant exposure to horror stories in the press. The carcinogen of the
month has been replaced by the carcinogen of the day. This level of
hysteria is difficult to maintain. Currently a few scientists and
scientific writers have been stimulated enough to critically analyze the
facts and have tried to shed some light upon this almost mass hysteria.
But the damage has already been done. Our representatives at all levels,
city, county, state and national are being pressured to do something more
about this perceived problem. They are being pressured by well financed
and organized environmental groups who have a powerful image. Edith Efon
in her book "The Apocalyptics" describes it as a "moral cartoon". The
cartoon is this "the essential problem in regulatory science is a conflict
between good and evil between regulators who seek selflessly to protect
our lives and businessmen who seek selfishly to ki1l us all." How did we
get into this distorted image? Partly because we let it happen. Yes, I



know, many of us have tried to speak up but never as a united group. But
even when we do speak up and try to present the facts, or scientific
evidence, we have found it has not been enough. We will never have
sufficient facts to satisfy those who are convinced we are seeking
selfishly to kill them all. Image can be everything. The person who
attempts to defend a little poison, even if it is 1 part per billion,
wears the black hat and those who will not accept any poison, sit on the
high ground wearing the white hat.

We are wearing this uncomfortable black hat, mashed rather firmly on
our heads because the press has put it there. When people look for
information they most often turn on TV. The news media by its very
nature, is limited to presenting news highlights not information in depth.
So all we see on the tube is a vague outline of a problem. The
sensational part of the story is more easily told than the tedious and
often mundane facts which explain the event. TV is at its best in
creating heat but often fails to shed enough light on the subject so that
the public can make informed judgements on complex problems.

Unfortunately the other media forms are not always more effective
than TV in presenting all of the facts. But even worse, I am not at all
sure the general public really wants to know or would even bother to read
the facts even if they were easily available.

The inherent negative image produced by the press for man-made
chemicals is not unique to this area. It is perhaps a natural result from
reporting the '"news worthy" events to the public. People do seem to be
most interested in watching, reading or listening about floods, famines
and pestilence rather than the day to day success of people at work. The
fact that American farmers represent less than 1% of the world's farmers,
yet produce 46% of the world's corn and 17% of the world's wheat does not
make headlines. Instead more frightening stories about 2,4,5-T, EDP and
DDT make top news stories day after day. There is hope that some of this
may change. Executive Vice President Louis D. Boccardi of The Associated
Press commented recently on the negative tone of the press and I quote:
"When a reader complains about too much bad news, do we dismiss the
thought as a dreamer longing for a world that is not? Or should we not
re-examine standards which, on some days, seem to foreclose from our
audience any suggestion that anything, anywhere is being done right by
anybody."

OQur world is becoming increasingly dependent upon technology for its
survival. World populations of tomorrow will not be properly fed, clothed
or housed using old technology. We must make decisions regarding the safe
and effective development of new technology. Some of this technology has
and will raise serious questions regarding its acceptability in our lives.
Biotechnology such as genetic engineering could be drowned in a sea of red
tape before it ever gets off the ground. The American people have to make
wise and courageous decisions regarding technology if we are to continue
to prosper. The presc must bear some responsibility in helping us all to
make well informed and logical decisions. I quote from Mr. Boccardi of
The Associated Press again. He was not calling for "cowardice, for doing
only what the readers will love us for," but for a courageous look "at the
new place of the media in the society and the obligations that place
imposes on us."

As a citizen we are all asked to make decisions regarding the safety
and benefits of technology that is out of our field of specializations.



For example, as weed scientists most of us feel comfortable making

decisions regarding the safety, hazards and benefits in weed science. How

comfortable do we feel when deciding if the use of atomic energy or

genetic engineering is for the public benefit or not? We do need help

from the press in learning the facts. How can we make honest judgements if
we are only informed about the problems. The press does have an

obligation to inform us as well as scare us on prime time.

Finally, I turn to our relationships with the EPA and other regqula-
tory agencies at all levels of government. How do we stand with these
agencies? Too often, on the outside looking in. Back in the 1970s when
the EPA was first formed and when each state became involved somewhat in
the regulation of pesticides, I felt that it might be impossible to
co-exist with this agency and still maintain any real technological
progress. The EPA seems to be full of lawyers with a cause, busily
erecting barriers against dragons. True, there are a lot of lawyers in
this country that need work. In Japan, I am told, there are fewer than
15,000 lawyers 1in the whole country. American universities graduate
35,000 new ones every year. The EPA was created during a time when the
Congress was convinced that there was an imminent threat to our
environment. The EPA's mission was to protect that environment.
Inevitiably the EPA has become highly politicized constantly under
pressure from all sides. Over the years it has failed to please almost
everyone.,

Despite the fact that the EPA is still unable to regulate the
herbicide industry as I think it should, I am afraid I have come to the
conclusion that the EPA and other regulatory bodies may be our Tlast and
best hope. What makes me say this was in some measure brought about by a
speaker on the Education and Regulatory session last year in Spokane. A
member of the National Audubon Society, Pam Crocker-Davis talked about
"The Pesticide Controversy - A Citizen's Perspective." In her talk she
gave us a tip and I quote. "Please do not base your arguments on
pesticide safety on the fact it has been tested and registered with the
EPA. It won't go down - and the conversation will end right there." In
other words, she is totally convinced that the EPA registration process is
a sham. She assumes anyone not opposed to pesticides is at Teast mis-
informed and at worst a liar. We, who devote our life to the study of
weed control do not understand what we are doing.

Besides getting your blood pressure dangerously high, I want you to
reflect on the implications of that remark. While Pam Crocker-Davis may
not be your typical Jane Q. Citizen, she no doubt represents the thinking
of some people in the environmental movement. They seem to be saying that
they are completely unprotected from the ravages of pesticides. They will
not accept or believe anything said or done by those in the scientific
community who attempt to rationally discuss the use of pesticides. Do you
feel that black hat being pushed down further on your head?

The only thing that would apparently satisfy them would appear to be
the abolition of all uses of pesticides or a regulatory body that they
would trust. I do not believe that we can afford the abolition of
herbicides nor do I believe that this will happen short of a holocaust.
What this does suggest is that we must have regulatory bodies that are
perceived to be working in the public interest. Without a credible
regulatory agency between industry and the environmentalists, weed science
will continue to lose ground.



The loss of credibility of some control agencies at both the national
and local levels is making our situation less tenable. The politicaliza-
tion of the EPA has weakened its ability to gain the trust of our society.
Our industry must have outside review for credibility. We must be willing
to work with and support a strong vigorous, and fair EPA. It is our best
hope. MWithout the image of credibility at the national level, we will see
hundreds of EPA's at local, county and state levels and this will spell
chaos.

I am not advocating total surrender to the EPA or environmental fears.
I do not believe that the proper use of herbicides has or will result in
significant damage to our environment. The increasing life span and
excellent health of our population speaks for itself. HWe must continue to
vigorously defend the essentiality of weed science inour modern day world.
We must continue to do what we do best, generate accurate and unbiased data
for the purposes of furthering weed science.

It does no good, however, if only those of us in this room are con-
vinced of the purity of our profession. I do not believe that we can win
the public over through the press. There are problems both real and
imagined in the use of herbicides that should be addressed. Should we not
be able and willing to sit down with bona fide groups and reason together.
I know we have tried this before, but I do believe reason can and must
prevail. Confrontation is a losing game, particularly when you are out-
numbered. Sure, we can win them all over when we all face starvation, but
that would be a hollow victory indeed.

It would appear that there is hope that with maturation and with more
professional management the environmental movement will move toward a more
rational and businesslike approach in addressing issues. We cannot
co-exjst as no-holds-barred adversaries and expect any real progress. We
must reason together, that's where we should stand.




ALLELOPATHY: AN IMPORTANT MECHANISM OF PLANT INTERFERENCE

Alan R. Putnam*

Abstract. Allelopathy produces marked impacts in a variety of agricultural
and natural ecosystems including influences on plant succession, patterning
of plants, inhibition of nitrogen fixation and nitrification, and chemical

inhibitors of seed germination and decay. The major challenges to weed

scientists are to minimize the negative impacts of allelopathy on crop
growth and yield, and wherever possible to exploit allelopathic mechanisms
as additional pest control or crop growth regulation strategies. Secondary
plant products, microbial products, or their synthetic analogs may provide
the next generation of pesticides and growth regulants. Joint efforts of
weed scientists, chemists, microbiologists, ecologists, and perhaps others,
will be required to achieve maximum progress in this endeavor. Research on
allelopathy offers unlimited opportunities to contribute both practical
solutions to agricultural problems and fundamental knowledge regarding the
chemistry and biology of interspecies relationships.

The term allelopathy was first used by Molisch in 1937 (20). Now the
term generally refers to the detrimental effects of higher plants of one
species (the donor) on the germination, growth, or development of plants of
another species (the recipient). Allelopathy can be separated from other
mechanisms of plant interference (allelopathy, allelomediation) in that
the detrimental effect is exerted through release of chemical inhibitors
(allelochemicals) by the donor species. Microbes associated with the
higher plants may also play a role in production or release of the
inhibitors (14).

Allelopathy is included in a higher-level order of chemical ecology.
Whittaker and Feeny (34) have classified allelochemicals on the basis of
whether the adaptive advantage goes to the donor or recipient. Allomones,
which give adaptive advantage to the producer, include repellants, escape
substances, suppressants, venoms, inductants, counteractants, and
attractants. Allelopathic chemicals may be classified as suppressants.
Some inhibitors from plants also induce intraspecific effects
(autotoxicity).

Impacts on Agriculture

Impacts on agriculture were apparently recognized by Democritus and
Theophrastus in the fifth and third century BC respectively, by deCandolle
in 1832, and certainly more recently by many ecologists and agronomists
(27, 28). Allelopathy has been related to problems with weed:crop inter-
ference (2), with phytotoxicity in stubble mulch farming (19), with certain
types of crop rotations (7), and with orchard replanting (4) or forest
regeneration (13). In some alleged allelopathic interactions, it is not
proven whether reduced crop growth is a direct result of plant toxins, or
whether the toxins may precondition the crop plant to invasions by plant
pathogens. Rice (28) indicated that allelopathy may contribute to the weed
seed Tlongevity problem through at 1least two mechanisms. Chemical
inhibitors in the seed may prevent seed decay induced by microbes or that
the inhibitors function to keep seed dormant, but viable for many years.

lPesticide Research Center, Michigan State Univ., East Lansing, MI.



There 1is considerable evidence that allelopathy may contribute to
patterning of vegetation in natural ecosystems (3). Distinct zones of
inhibition are present under and adjacent to a variety of woody species,
and often toxins from their litter are implicated (8). One might speculate
that aggressive perennial weed species that quickly gain dominance may do
so by allelopathic mechanisms.

Release of Allelopathic Chemicals

Chemicals with allelopathic potential are present in virtually all
plant tissues, including leaves, stems, roots, rhizomes, flowers, fruits,
and seeds. Whether these compounds are released from the plantto the en-
vironment 1in quantities sufficient to elicit a response, remains the
critical question in field studies of allelopathy. Allelochemics may be
released from plant tissues in a variety of ways, including volatilization,
root exudation, leaching, and decomposition of the plant residues.

Reports on volatile toxins originate primarily from studies on plants
found 1in more arid regions of the world. Among the genera shown to
release volatiles are Artemisia, Eucatyptus, and Salvia (28). When
identified, the compounds were found to be mainly mono- and sesquiterpenes.
Work of Muller and associates (21) has indicated that these compounds may
be adsorbed as vapor by surrounding plants, be absorbed from condensate in
dew, or they may reach the soil and be taken up by plant roots.

Numerous compounds are also released by plant roots (29). The
compounds are actively exuded or leaked, and may also arise from dead cells
sloughing off the roots. Much of the evidence for root-mediated
allelopathy has come from studies where nutrient solutions cycled by the
root systems of one plant are added to media containing the indicator
species. Recent research by Tang and Young (32) successfully utilized an
adsorptive column (XAD-4) to selectively trap organic, hydrophobic root
exudates while allowing nutrient ions and other hydrophilic compounds to
pass through. They identified 16 compounds exuded from the roots of
Bigalta limporgrass (Hemarthia altissima) representing a variety of
benzoic, cinnamic, and phenolic acids.

Allelochemicals may be leached from the aerial portions of plants by
rainwater or by fog-drip (33). Among compounds shown to be leached from
plants are organic acids, sugars, amino acids, pectic substances,
gibberellic acids, terpenoids, alkaloids, and phenolic compounds. Colton
and Einhellig (5) suggested that leaf leachates of velvetleaf (Abutilon
theophrasti Medic) are inhibitory to soybean (Glycine max (L.) Merr.]. We
have recently discovered specialized trichomes on the stems and petioles of
velvetleaf plants which exude toxic chemicals.

After death of the plant, chemicals may be released directly by
leaching of their residues. A variety of compounds may impose their
toxicities either additively or synergistically. Microbes in the
rhizosphere can produce toxic compounds by enzymatic degradation of
conjugates or polymers present in the plant tissue. Examples of this
phenomenon are the action by microbes on the cyanogenic glycosides of
Johnsongrass (Sorghum halepense (L.) Pers), and Prunus species to produce
toxic HCN, and the corresponding benzaldehydes (6).

The toxicity arising from plant residues provides challenging problems
and opportunities for agronomists and weed scientists. Where stubble-mulch
farming has been practiced in the plain states for soil and water




conservation, toxins from the stubble have proven toxic to certain
rotational crops (19). Since there is a movement toward conservation
tillage (including no-tillage) practices which preserve surface plant
residues, these can influence crop emergence, growth, and productivity, and
have similar influence on weed emergence and growth. Our recent work
indicates that management of selected crop residues e.g., rye, wheat and
sorghum, can greatly reduce weed germination and growth (25).

Families of Allelochemicals

Inhibitors from plants and their associated microbes represent a
myriad of chemical compounds from the extremely simple gases and aliphatic
compounds to complex multi-ringed aromatic compounds.

The groups of compounds implicated in allelopathy have been divided
into chemical classes by recent reviewers (24, 28). They can be
arbitrarily classed as (A) toxic gases, (B) organic acids and aldehydes,
(C) aromatic acids, (D) simple unsaturated lactones, (E) coumarins, (F)
gquinones, (G) flavonoids, (H) tannins, (I) alkaloids, (J) terpenoids and
steroids and (K) miscellaneous and unknowns. Although many of these
compounds are secondary products of plant metabolism, several are also
degradation products which occur in the presence of microbial enzymes.

Swain (31) recently reported that over 10,000 Tow-molecular weight
secondary products have already been isolated from higher plants and fungi.
In addition, he proposed that the total number might approximate 400,000
chemicals. Some of these chemicals or their analogs could provide
important new sources of agricultural chemicals for the future. There is
considerable interest within industry on at least two approaches involving
allelochemics for weed control. One involves the production of crops
(perhaps through genetic engineering) which can ejther themselves suppress
associated weeds or provide a source of chemicals. Another approach is to
produce natural herbicides through batch culture with microorganisms. Two
phosphonated amino acid herbicides have already been discovered using this
approach.

Priorities for Allelopathy Research

Although allelopathic interactions have been observed for centuries,
the science of allelopathy is 1in its infancy. Much needs to be
accomplished, and it will require joint efforts of scientists from several
disciplines. Although by no means a complete 1ist, the following areas
need intensive study.

Improved Methods for Assay and Characterization. Techniques used to

characterize natural products evolve rapidly as more sophisticated instru-
mentation 1is developed. Plant physiologists and chemists should work
closely together on this aspect, because good bioassays are essential at
each step. There is no standard technique that will work effectively for
every compound. Briefly, isolation of a compound involves extraction or
collection 1in an appropriate solvent or adsorbant. Commonly used
extraction solvents for plants are water or aqueous methanol in which
either dried or live plant parts are soaked. After extracting the material
for varying lengths of time, the exuded material is filtered or centrifuged
before bioassay. Soil extraction is more difficult, since certain "harsh"
methods may produce artifacts.
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Chemical separations may first be accomplished by partitioning on the
basis of polarity into a series of solvents from non-polar hexane to vary
polar compounds like methanol. Compounds may also be separated by molec-
ular size, charge, or adsorptive characteristics, etc. Various chroma-
tography methods are utilized, including columns, thin Tayer WTILE]) 5
gas-liquid (GLC), high performance liquid (HPLC), and more recently, direct
countercurrent (DCC) chromatography. HPLC and DCC has proven particularly
useful for separations of water soluble compounds from relatively crude
plant extracts. Although at one time the major effort toward compound
identification involved chemical tests to detect specific functional
groups, characterization is now usually accomplished using a series of
spectroscopic analyses. Initially, ultraviolet spectroscopy (UV) is useful
in this regard to detect specific functional groups. More recently,
infrared (IR) spectroscopy and nuclear magnetic resonance (NMR) have helped
immensely in determining natural products structure by indicating the
functional groups and relative positions of atoms. Mass spectrometry is a
relatively recent addition to the analytical arsenal that provides
additional clues as to molecular size and composition. It can quickly
provide confirmation of complex organic molecular structures. Tandem Mass
Spectrometry (MS/MS) or GC-MS are recent developments which also allow
analyses of mixtures of compounds. Effective studies of allelopathy must
now involve natural products chemists who can quickly provide structure
elucidation using their powerful instrumentation.

Factors Affecting Allelochemical Production or Release. This area of

research should prove fruitful for the plant physiologists and biochemists
who are interested in regulation of plant metabolism. Studies to date have
been limited to only a few compounds.

Plants appear to vary in their production of allelopathic chemicals
depending upon the environment in which they are grown and in particular,
in response to stresses that they encounter. One particular difficulty
faced by researchers is that greenhouse-grown plants may produce Timi ted
quantities of inhibitors. Ultraviolet (UV) 1light is absent in closed
greenhouse, and several investigations have shown that UV Tight greatly
enhances the production of allelopathic chemicals (28). For example, when
greenhouse 1light was supplemented by UV, sunflower (Helianthus annuas L.)
produced much more scopolin and chlorogenic acids (16).

Nutrient deficiencies may also influence the production of allelo-
chemics. The compounds studies in great detail have been the phenolic
compounds and scopolin-related chemicals. Deficiencies of boron, calcium,
magnesium, nitrogen, phosphorus, potassium, and sulfur have all been
reported to enhance the concentration of chlorogenic acids and scopolin in
a variety of plants (28). In other species, chlorogenic acids have
decreased in plants that are deficient in magnesium or potassium.

The type and age of plant tissues are extremely important since
compounds are not uniformly distributed in the plant. Between species,
there are great differences in ability to produce allelochemics. Within
species, differences may exist in the amount of toxin produced by different
genotypes. For example, various oat lines show differences in their
ability to exude scopoletin and related compounds (10). Some cucumber
(Cucumis sativus L.) accessions were found to greatly inhibit weed
germination, while others had no effect, or even stimulated growth (26).
The implications of all these findings are that we may either select or
breed plant types that are more allelopathic, or perhaps enhance inhibitor
production by exerting the proper stresses on the plants.



































































































































































































































































































































































































































































































































































































































































