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FOREWORD
The nonagricultural lands of the world are being called upon today to satisfy tremendous
demands from society at all levels ·Of economic development. Until recently, costs of management of many of these lands were too high to warrant appreciable management investment for
the relatively low yields. Society is beginning to realize, however, that the long-term interests
of communities, states and nations are served by careful husbandry of these resources, and
efforts are being made throughout the world to improve management practices.
Vegetation management on nonagricultural land involves a multitude of species, vast areas,
and pitifully small human and dollar resources available for implementation of practices.
Herbicides have shown themselves to be economical and versatile at controlling undesirable
vegetation, hence an invaluable tool for management.
Early herbicide work was necessarily
concerned with discovery of specific effectiveness of various compounds on problem species.
As sophistication of herbicide techniques improved, it became obvious that application of some
materials had substantial ecological impact on flora and fauna, and that this impact could serve
or defeat the objectives of the users. The early reports of herbicide action that led to speculation that a panacea for vegetation ills was at hand were accompanied by reports of misuse,
failure to accomplish objectives and various undesirable side effects. Experience gained in this
early work has shown that herbicidal and ecological considerations must be regarded together
for development of intelligent vegetation management programs.
Unfortunately, there are few
scientists and practitioners who are ecologists, biochemists and soil scientists at the same time.
The purpose of this symposium is to offer scientists, practitioners and administrators
a comprehensive picture of herbicide science according to the best information available in 1967, and
to do so in a form that will lend itself to continued building and teaching.

In furtherance of the above objective, many of the world's foremost scientists, and teachers
of vegetation science and herbicide technology are represented on this program.
Their contributions, together with those of supporting agencies and industry and the individuals that have
handled local arrangements are gratefully acknowledged.
Michael Newton
Assistant Professor
Oregon State University
School of Forestry
September 7, 1967
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VEGETATION MANAGEMENT AND THE WELFARE OF SOCIETY
A. S. Cr~fts, Professor

Emeritus,

Botany Department,

University of California,

Davis

This audience pretty well recognizes and understands the population explosion and the
world food shortage.
It is obvious that as a World Society we are in trouble. How do we
tackle the. problems involved?
BASIC NEEDS
The primary need of World Society is certainly education. And in order to have and
utilize education we must have literacy.
These two needs go hand in hand.
Having eliminated illiteracy and gained education what is the next step? I would say we
need technology to provide food and shelter and to improve living standards in every way. To
gain technological advancement we need research and this in turn ties in with education. In
education we need not only the three Rs plus some history; we need new information on how
to live in our modern world.
And finally from education and research we need to gain conviction that conditions can
be improved, and this conviction should find expression in action.

PROBLEMS
Our most pressing problem is going to be population and while strides are being made
in population control, these are far from adequate to meet the requirements.
Medicine and
pharmacy are providing methods and devices, and education will show the need, yet religion,
tradition, folklore, and customs present deterrants that must be overcome.
Food shortage is the next great problem. Two-thirds of the world's people live in
countries with nutritionally inadequate national average diets. Here chemistry and agricultural science are providing the needed technology to give solutions. Increased yields
through variety improvement, use of fertilizers,
application of pesticides and introduction
of new cultural methods will go a long way toward alleviating food shortages.
Storage, processing and distribution are also important.
Many of the critical conditions in India are said
to result from storage losses and inadequate distribution of the food that is produced.
President Johnson set up a 100-man panel a year ago to make an exhaustive study of the
world food situation. They have now issued a report that concludes: "A solution to the
world food problem during the next 20 years is biologically, technologically and economically
possible. Politically, however, one cannot but be pessimistic about mankind doing the necessary things to keep famine, pestilence and war from sweeping the world. This does not,
however, relieve the United States and the rest of the world in adopting major programs to
meet the challenge."
To the American people this report says directly: "The public must be convinced that
efforts merit investment of their taxes; they must have confidence in the programs and the
arm of government responsible for their administration; the programs may require between
4 and 5 billion dollars a year and must be put on a long-range basis."
The panel predicts that overall world food requirements will rise by SOpercent in the
next 20 years, and in the developing nations, they will double by 1985. One difficulty is that
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agricultural development is not a glamorous program.
While 4 to 5 billion dollars per year
seems big it is a mere fraction of the cost of the Vietnam war or the space program.
A good many economists and agricultural experts predict that by applying modern technology we can double or triple present levels of food production. These estimates are based
on current acreage.
What about the literally millions of acres being withdrawn for highways,
airfields, and the urban sprawl. Eventually we are going to have to conserve good agricultural land for crop production. I hope we don't wait until it is too late to do something about
this. We have community, county, state, and national planning boards working day and
night to make things come out right. But from my observations most of their plans involve
selling real estate, not conserving agricultural land.
A third impending problem is water shortage.
With advancement in technology and improvement in living standards, industrial and domestic water needs increase greatly. Meanwhile increases in irrigation to meet food requirements utilize water. Within the lifetime of
many in this audience there may be severe competition among these three basic water require ments. Desalination will help but I doubt if it will provide a complete solution. A fourth great
problem is the pollution of air and water by our expanding industries and our urbanized population. Research can help, and regulation may delay the crisis. But if population continues to
grow at present rates, pollution crises there eventually will be.
Finally, there is _nowand will continue to be a housing shortage.
At the present time in
Britain, one of the most advanced of our Western nations, 3 million families, involving 10
million individual people, live in slums. One million, or one-sixth of all British children
are being brought up in squalor.
To come closer to home, anyone who has traveled in New York, ·Boston, Cleveland,
Chicago, San Francisco, Los Angeles or any other large American city realizes that we have
slums and squalor right here in the most affluent nation in the world.
Thus, if we will but be realistic we must face up to the facts that besides poJXIlation
control we need now, and will need much more in the future, food from every available acre,
water from watersheds around the world, fresh, unpolluted air, and materials including
wood to provide additional housing.
At this point I would like to stress the tremendous complexity of the problems we face.
Progress will of necessity be catenary, that is, step-by-step,
and interrelated.
And hanging
over it all like a pall is what, for lack of a better term, I call technology lag. This is the
time span between the conception of an improvement, the time required for research, the
development of technique, and the extension of the technique to the field of need.
Liebig propounded the mineral theory of plant nutrition in 1840 and Lawes and Gilbert
demonstrated the benefits of nitrogenous fertilizers by 1847. Yet today if you will visit
agricultural experiment stations around the world you will find literally thousands of plot
trials aimed at more efficient use of fertilizers.
After 120 years we have not worked out
all of the details of fertilizer use on crops. In fact I hear that only now, in the middle of
the 20th century, we are beginning to use fertilizers in forestry and are finding tltat trees,
like other crop plants, can use them efficiently and economically.
This summer Dean James Meyer in addressing the agricultural graduates at Davis cited
a case of the technology lag in medicine.
Rickets, a common disease of children in Europe,
was found, as early as 1827, to respond to use of cod liver oil. A French physician, Jules
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Guerin, published an experiment with puppies in 1838, relating the relation of sunlight and a
fat-containing diet to ricketic symptoms. And Armand Trousseau, a famous French professor
of clinical medicine, proved beyond doubt that cod liver oil and exposure to sunshine would
cure rickets. He described his results in 1862 in a two-volume book that was published in
Paris, London, Madrid, Leipzig and New York. Meanwhile; Pasteur had made his famous
discoveries and proposed his germ theory of disease, and by 1900 Trousseau's work was
completely forgotten, most medical authorities believing that rickets was a chronic infectious
disease.
It remained for Mellanby, Chick and others to start again and repeat the work of
Guerin and Trousseau after 80 years to finally solve for all time the cause and cure of
rickets.
In the summary of the volume The World Food Bud~
1970 it states: "There is a vast
reservoir of knowledge in the developed countries which, if properly adapted to the specific
conditions of the deficit countries, could go a long way towards increasing the output of
food. But the problem is the gap separating the existing body of known technology from its
application. Improved technology has been applied in only a small part of the world, but this
does not mean that it cannot take place in other parts of the world. " I am including Table 1
made up from the above publication to provide a brief view of some of the deficiencies.
It must be obvious to many of you that I am a rank amateur at this kind of analysis. My
main objective is to set the stage for the reports and discussion that are to follow, and my
point is that none of these problems is simple. To get down to the subject of this symposium,
"Herbicides and vegetation management in forests, ranges, and noncrop lands," it seems
obvious as a starting premise that we are going to have to develop more land for crop production and that we will have to increase efficiency on those acres already in use. I have
used food as an example of a major human requirement.
Certainly the need for fiber for
clothing and for building materials to provide better housing are equally important. And this
brings us to forests and rangelands.
Furthermore,
all of the problems do not lie in the
future. If what I read in the press is correct, at the present time over one-half of the
world's population is underfed, underclothed and poorly housed. These are current problems
and they grow in intensity day by day. And in most underdeveloped countries they do not
consist entirely of insufficiencies; lack of facilities for rapid distribution is often responsible
for famine in local regions. And this introduces railroads, highways, airfields, and transportation equipment. These utilize thousands of acres of noncrop land. Obviously the welfare
of society depends upon enlightened practices of vegetation management and the sooner these
are put into use the more rapidly will many of the world's problems be solved.
Intelligent land use then becomes a prime factor in the continued improvement in living
conditions. If one travels abroad he is soon impressed with the strong correlation between
land use efficiency and the socioeconomic status of peoples. Goat and camel grazing in
mideastern countries contrasts with citrus production along the Mediterranean coast of
Israel, or cotton growing on the Nile delta in Egypt. The animal economy of the bushlands
of Kenya is a pitiful situation compared with coffee growing in the higher regions. Yet
educated Lebanese farmers have converted former goat pastures to productive apple orchards.
And Israeli foresters have established productive woodlands on what at first sight would be
considered wasteland. By modern range improvement methods millions of acres of brushland
are being converted to perennial grass and clover pastures capable of supporting profitable
livestock industry.
While some of these improvement methods have been carried into
practice over large acreages, many are still in the experimental and demonstration stages.
The possible extension of such practices may eventually cover many millions of acres and
result in very substantial increases in production of food and fiber.
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Table 1. World Statistics

Population
1,000

on Population,
People
100
Acres

Income and Food Consumption 1

Income
Per
Capita

Food
Consump.
Per Capita

Calorie
Consump.
Per Capita

$109.2

3, 190•

179,900

16

$2,342

Canada

17,900

12

1,482

104. 0

3, 100•

Oceania

12, 700

1

1,256

117. 2

3, 260•

93.2

3,060•

United States

North Europe

211,283

88

1,093

South Europe

96,967

70

445

67. 1

2,720•

Japan

93,200

527

395

51. 2

2,360 Std3

River Plate

22,753

6

365

97.2

3,200•

South Africa

17,619

4

360

57.4

2,670•

Mexico

34,934

15

281

43. 7

2,580*

South America

51,549

25

263

49.4

2,260

Central America 2

32,328

61

227

47. 5

2,240

Brazil

70,551

23

211

55.5

2,710•

West Asia

79,391

16

193

42.4

2,350

North Africa

84,813

19

112

35.4

2,210

East Africa

48,563

10

86

40.9

2,390*

Other E. Asia

246,238

154

82

35.8

2,150

W. Central Africa

108,808

17

81

31. 3

2, 460*

Communist Asia

712,907

100

69

23.5

1,790

India

431,700

100

69

29.8

2,060

1
From the world food budget:
2

1970, Foreign Agric. Econ. Rept. No. 19.

1nc1udes the Caribbean area.

3Japan is considered to have the minimum daily requirement.
(*) are above this level.

4

Those marked with asterisk

Vegetation Management

Where do the responsibilities
lie for discovery, development and application of improved
land management practices?
I think of four groups that are closely involved: 1) government
in the form of departments of agriculture and the agricultural experiment stations,
2) educational institutions such as land grant colleges and privately owned universities and institutes,
3) industry, mainly heavy chemical and agricultural chemical companies, agricultural
machinery concerns, etc., and 4) landowners who buy chemicals, fertilizers,
seeds and
equipment, and carry out the actual procedures.
The government occupies a unique position in that, in addition to administering educational
institutions engaged in land management research,
it also owns vast areas of land, much of
which is of marginal value in our present economy. If one compares it with much of the
Middle East however, he appreciates that some of it can be used in crop production.
This is
a vast responsibility that has scarcely been faced.
Also involved in land management may be private agricultural advising agencies, airplane
operators who apply pesticides, fertilizers and seed, farm machinery sales organizations
who sell and service spray equipment, seeding equipment, etc. And last but not at all least
are the federal and state agencies who register pesticides for use, establish tolerances,
and
police the use of all materials that are potentially hazardous to man and animals.
All of
these are involved in the introduction of improved management practices and all must share
in the responsibility for a sane and ordered establishment of such practices.
Each group in
turn has its unique role to play. Industry has synthesized and developed most of our agricultural chemicals.
Educational institutions, through research and teaching, establish and
disseminate the general principles of land management practices, while the experiment
stations and the agricultural extension service have worked out most of the practical applications. And the landowners have provided innumerable areas where tests and demonstrations
are carried out. And finally, individually or working with contract agencies, applicators,
etc. , landowners have treated the millions of acres on which these improved methods have
been used, And we always must remember--they
pay the bills. By this cooperative coordinated effort farmers, livestock growers and foresters have made·more technological progress
in the last 50 years than any comparable group in the history of the world.
VEGETATION MANAGEMENT PRACTICES
I note from the program that the various practices I have been talking about are to be
described and discussed in detail. Again, to set the stage I would like simply to list a number
of these and point out some of their interrelations.
Forests

Crafts

Practice

Objective

Tree thinning

Spacing

Tree planting

Establishment

Tree elimination

Conversion to plow land or range

Tree weeding

Supression

Tree chemical processing

Harvest

of undesirable

species

5

Forest pest control

Eliminate insects, diseases,
rodents and predators

Forest fertilization

Improved nutrition

Road building

Access and fire protection

Firebreak

building

Fire protection

Prescribed

burning

Fire protection,

Selective logging

reproduction

Harvest and tree farm establishment

In modem forestry various combinations of these practices are utilized in tree farming,
for managing watersheds and in the developing of campsites for recreation.
And over and
above all of these, of course, is the economical production and utilization of lumber.
Rangelands
Practice

Objective

Fertilization

Improvement

Seeding

Improvement

Weed control

Improvement

Insect and rodent control

hnprovement

Tree thinning

Conversion

Brush burning

Conversion

Brush control

Improvement

Dam construction

Water storage

Fencing

Grazing management

Grazing management

Improvement

Road building

Access

Firebrealc building

Fire protection

Again several or many of these practices may be combined to accomplish a single objective.
For example, in California we do controlled burning as a primary practice in conversion of
brush to grazing land. But this is not sufficient. Usually seed of adapted forage species are
sown into the ash; weeds, brush seedlings and resprouting stumps are sprayed during the year
following the burn to prevent reestablishment of the unwanted plants. And within a year or two
fertilizer application may be used to stimulate growth of the more desirable species; for
example phosphorus or sulfur for clovers and nitrogen for grasses.
6
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A new range improvement practice has recently been developed to enable the establishment of perennial grass species on ranges infested with annual grasses and weeds. Perennial
grass seedlings are weak and they cannot ordinarily compete with these annual species.
Now,
the herbicide paraquat is sprayed in strips in early winter after seeds of annual species have
germinated and grown for a few weeks. In these sprayed strips perennial grass seed is sown
using a special heavy drill. The perennial grass seedlings, unhampered by close competition,
grow large enough the first year to become established.
Noncrop Lands
Practice

Objective

Herbicide spray

Weed control on grassed areas

Soil sterilization

Weed control and fire prevention-.roadsides, firebreaks and in dustrial areas

Brush spray

Woody plant control on power and
telephone rights-of-way

Defoliation

Opening up combat areas on war
fronts. Starvation of the enemy.
MULTIPLE USAGE

We hear today of multipurpose usage of land areas.
I saw a good example in the George
Washington forest near Nazareth in Israel.
Here the aleppo pine planting was spaced so that
a fair stand of grass grew beneath the trees.
The foresters explained that this forest was
planned with a triple purpose in view; production of wood, provision for grazing, and recreation for the people. There were trails and campsites for vacationers.
There were fenced
areas for controlled grazing. And the trees, though hardly of lumber quality, provided paper
stock for food containers.
This was on land that had been goat pasture for over 400 years.
I will not dwell further on the diverse uses to which our forests and ranges may be put.
Many of you know better than I the tremendous value of these areas.
I would like to conclude
by pointing out that modem society needs something beyond the affluent homes, the smooth
highways, the powerful cars and the luxurious theaters and restaurants which so many in this
country enjoy. Man has a spiritual side to his makeup, and if this is allowed to wither
society will decline. This can happen to our Western culture as it has to so many cultures in
the past.
Turning again to Israel as an example, the Hebrews have Jerusalem and Tel Aviv and
Haifa in which to have urban pleasures.
They have the Negev and the Dead Sea area for
wilderness.
And they have managed forests for the soothing qualities of growing things. The
Psalmist David sang "I will lift up mine eyes unto the hills, from whence cometh my help."
Let us hope and pray and work that these hills of America will not become the wasted land of
goat pasture, the scarred and devastated shambles of outmoded logging operations nor the
shelltorn debris of modern warfare.
The welfare of society requires these hills as David
needed his. I thank you.
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VEGETATION MANAGEMENT -- A SYSTEM OF OPERATION
Michael Newton
Assistant

Professor,

School of Forestry,

Oregon State University,

Corvallis

Unwanted vegetation provides a host of problems that require solution by land managers
at all levels of administration.
Basically, all lands except barren deserts are capable of
growing enough plant life to require management.
The modern field of weed science has
developed to a degree that permits us to kill almost any vegetation that we deem undesirable.
For the first time in history, we are faced with the dilemma of what to kill, how much to
kill, and when to kill it. Moreover, since it is now within our power to eliminate unwanted
plants, what effect will the gaps thus created have on floristic composition thereafter?
What will be the ecological effect of removing only certain components of a community?
What long-term effect will changing community structure have on some of the economic con:siderations that traditionally have been considered unrelated to plants? When these questions are answered, how can we use this information in the best interests of humanity?
Answers to these questions involve almost every basic concept of plant, animal, and human
ecology, considered in a complex framework of economic and social responsibility.
This
paper outlines some ecological approaches and economic considerations that can be used in
the deliberate management of vegetation for the general support of land use objectives, and
establishes the role of herbicides for the attainment of these goals.
PROBLEM ANALYSIS
Of primary importance in vegetation management is the determination of desirable and
undesirable characteristics
of plant communities concerned.
Features of a given species
may be desirable in some circumstances,
but undesirable in other situations.
A rating of
desirability must be tied to the specific use of the land.
Classification of noxious plants as undesirable is a small part of long-term management
planning. Plant communities have all the features of their component species, added to which
are interactions between species that change with community development.
A very important part of analyzing problems of vegetation is anticipating how the community will respond
to elimination of problem species.
Stimulation, inhibition of growth or change of composi tion may influence the kind and severity of problems associated with a particular vegetation
type. The fate of plants killed by treatment and changes of animal habitats may also be
important considerations in response of communities to manipulation.
Managers must be
aware that there is seldom an ecological vacuum. Vegetation will develop unless the habitat
is completely poisoned, and community composition will come to a developmental equilibrium. Problems should always be analyzed with the objective of reaching a relatively stable
community composition that is most favorable for the use to which the land is put.
Much information may be obtained from areas treated in the past. Floristic response
to manipulation tends to be more environmental than biochemical as herbicide residues become inactive.
Old treatment areas serve best as indicators of long-term changes in
community structure in response to elimination of specific components.
Change of herbicide practices may provide improved selectivity, but habits of species will probably be
unchanged regardless of the herbicide that left them in a position of dominance.
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Interaction

Between Vegetation and Land Use

The above points have been discussed with the aim of tying manipulation practices to
objectives for land use. Also important is whether practices and methods can be adapted to
existing techniques for managing vegetation more efficiently than adoption of new vegetation
control technology. Many ways of handling undesirable vegetation prevail because of
traditional approaches.
Many problems may be avoided through innovation and willingness
to apply new techniques of management in combination with herbicide control.
Examples of
this approach might be the use of very large planting stock with minimal brush control for
reclamation of brushfields iri forestry; operation of grazing leases on power line rights of
way to stabilize herbaceous cover, and many others.
Some alleged problems really aren't
problems at all, and drastic solutions may often be substituted with some imaginative
adm ini strati on.
APPROACHES TO TREATING
Undesirable vegetation is traditionally regarded in terms of resistance to standard
herbicide treatments.
At times this approach is necessary; usually, it is unnecessary and
expensive, and may indeed be the least desirable, or nearly so, of options available to the
manager.
There are five possible means of solving the problem of undesirable vegetation:
1) eradicate it, 2) utilize or sell it, 3) suppress it with more desirable species, 4) change
land-use management so that the problem is avoided or becomes less serious, or 5) sell
the land and move to another location (hardly worth considering except under unusual circumstances).
The second, third, and fourth alternatives are almost universally neglected,
yet any or all may offer relief from problems, particularly if used in conjunction with a
comprehensive herbicide program.
E radi cation
Total elimination of a weed species by chemical or physical means was a common
objective of vegetation managers during the early days of herbicides.
This is an entirely
destructive approach that tends to be very costly. Repeated treatments are necessary to
maintain results.
Desirable vegetation may develop slowly and haphazardly if no plans for
replacement parallel those for eradication.
This system requires maximum amounts of
herbicides, and has the highest potential hazard for contamination of air, water, and
croplands.
Utilization
Almost everything
deliberate destruction
tion. Many industries
description, and have
great expense. Some
materials,
often with

that grows has some potential value. A course of eradication by
provides no revenue except that saved on other phases of the operahave been faced with the problem of unwanted residues of some
been forced to devise systems for disposal or recovery, often at
enlightened industrial firms have sought to develop markets for waste
sufficient success to pay for recovery or even show a profit.

Range managers have already begun to utilize undesirable weeds. By a system of intensive grazing during a period when weeds are palatable, it has been shown that weight gains
can be made at the expense of weeds. Perhaps pulpwood research will support field chipping
of unwanted brush from roadsides.
Grazing, undesirable in most forests, may prove a
blessing on rights-of-way.
Society will soon require full utilization of every renewable resource available.
Where plant life is viewed as a problem, unwanted vegetation can and
should be viewed as a potential resource.
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Favoring Desirable

Species

Soil and water resources of any specific locality will support a finite amount of vegetative growth, with minor fluctuations because of differences between species.
It has been
shown repeatedly that species with desirable characteristics
may be favored at the expense
of undesirable species.
The attractiveness
of this approach is obvious, and this concept
will be discussed in depth in 11everal later presentations.
Changing Management System
Imagination and ecological insight are required to fit changes in management objectives
or practices to existing vegetation conditions.
Rewards from adaptation may be great.
Many management policies have developed out of tradition.
Flexibility may exist, but within
rather narrow limits.
An example of flexibility that has proved feasible is the use of large
planting stock to dominate brush in forest plantations.
Two-year-old seedlings, used
traditionally for all types of forest planting, are almost totally unsuited for planting in heavy
brush, hence many planted forest acres have remained unproductive.
Extra- large seedlings not only have survived well with minimum brush control, rut also have shown promise
of reducing rotation length by several years.
Nursery facilities for such large transplants
are different from those required for small seedlings, but there is evidence that such practice may justify a major rearrangement
of effort. Another example is the use of transmission
rights-of-way for contract-managed
crops, such as Christmas trees.
Regardless of the approach, whether utilization, eradication,
or other alternatives are
chosen, if it is not necessary to devegetate completely, it is almost always desirable to
adopt treatments that will promote the stabilization of a desirable or neutral cover at the
expense of the problem species.
TREA1MENT EVALUATION
Criteria for success with treatments to manipulate vegetation need careful consideration.
Rating of success is normally based on degree of kill, or a comparable scoring system.
All
too frequently is overlooked the degree of success in eliminating the properties of the vegetation that make it undesirable.
Inordinate sums have been spent to eradicate species of no
consequence, simply because of their reputations for being resistant to herbicides, and their
poor kill ratings.
The economic measure of success is measured in dollars return per dollar spent.
Vegetation control in the woods should be judged according to growth and quaHty of trees in
response to treatment.
Results on the range can be measured in weight gains of stock as
the function of treatment.
Power companies, railroads and highway departments should
evaluate the total maintenance picture.
Total cost of operation needs to be balanced against
total return.
Unfortunately, economic models have not yet been adapted to interpret
directly an uncertain response by treated vegetation in terms of economic return a given
number of years hence. Prediction of long-term development is necessary for projection of
present values of results.
Examination of old treatments is the only means known for establishing reliably the basis for response predictions.
Historical evaluations should be made
with maximum ecological sophistication to provide the most dependable background for longterm decisions.
PROJECTION OF RESULTS -- DEVELOPMENT OF OPERATION SYSTEMS
Adoption of a vegetation management system requires major emphasis on these facets
of land administration:
1) Operational procedures at all levels should be oriented toward
10
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enhancement of overall long-term management objectives with a broad ecological approach,
rather than a single-minded adherence to a policy of eradication.
Partial fulfillment of
objectives will be the rule rather than exception as programs are developed for managing
vegetation.
As experience is accumulated, it will be possible to control plants and procedurei; for ultimate use so that an equilibrium of minimum maintenance is reached.
2) Entirely new requirements for herbicides and control systems may evolve from widespread
adoption of the above approach.
Accidental adaptation of agricultural technology will scarcely
meet needs implicit in a refined program of operation.
It is in everyone's interest for the
chemical industry to develop programs specifically oriented toward solving problems of
long-term management in nonagricultural areas.
The demand for such programs must
ultimately come from the potential consumers, and responsibility for field development
rests with government, chemical companies and land managers alike. 3) Development of
management systems is not restricted to vegetation manipulation.
Public relations are important in management of private and public property, particularly of large ownership.
Public use is difficult to restrict,
and legal implications of public liability are not to be re-.
garded lightly. People must be informed of their own responsibilities
in supporting practices
that are in their best interests.
Much as the hazards of environmental contamination must
be evaluated and minimized by users of herbicides, risk of use must be weighed against risks
and costs incurred by nonuse. The complete perspective must be presented to the people in
an acceptable form.
Initiative and imagination in the practice of vegetation management need know no limits.
Nonagricultural land accounts for most of the world's land area. Improper management has
caused irreparable destruction of soil and water resources on millions of square miles. Because society appears unwilling to take immediate and drastic steps to limit population, and
because nations are unwilling to place emphasis on agreement among themselves,
land
managers will probably have to do their own development work.
The presentations that follow will be aimed at providing the background and inspiration
necessary for development of systems of operation involving vegetation management.
Sophistication and intensity of management will ultimate)y depend on the ecological wisdom and
ingenuity behind the programs.
The basis exists for a renaissance in nonagricultural
land
management; the best efforts at all stages of hert ·.cide development will be needed to bring
this about.

Newton
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Without herbicides vegetation management would be a most difficult art indeed. These
tools permit destruction or selective suppression of undesirable species in order that desirable ones may be encouraged.
The most effective use with the least attendant danger of
polluting the environment depends on a knowledge of the properties and chemistry of these
compounds.
Recommendations having to do with the when, where, and how to use herbicides
have been developed with these properties in mind.
Several families of chemicals are available today for vegetation management use. Much
has been written on their biological and chemical properties.
At various times they have
been classified either as to how they are used, their mode of action, or their chemical relationships.
The latter method of classification affords the most logical pattern for a discussion
of their properties.
We will, therefore, consider three general categories of herbicides,
namely, inorganic chemicals, the metallo-organic
chemicals, and the organic chemicals.
Within each of these categories one finds groups or families of compounds.

INORGANICHERBICIDES
Historically

the inorganic herbicides

were developed first.

Arsenicals
Inorganic arsenicals have been known for many years as biological poisons. By the late
19th century various compounds of arsenic were being used as insecticides.
Subsequently,
the inorganic arsenicals were found to be effective herbicides.
Early studies showed the
trivalent form of arsenic to be the most effective for destroying plants.
Arsenic trioxide, a relatively insoluble form of arsenic, may be used for soil sterilization. Relatively high application.rates,
400 to 800 pounds per acre, are required because of
the binding power of forest soil. Residues of arsenic remain in the soil for many years, although weed control may be effective for only a year.
The acid arsenicals such as sodium arsenite are more useful and effective as weed
killers because of their ability to be translocated in the plant. Arsenicals are comparatively
nonspecific inhibitors for those enzymes containing sulfur. Protein precipitation within the
cell is a consequence of higher concentrations.
Ammonium Sulphamate
Another of the inorganic herbicides of interest in vegetation management is ammonium
sulphamate.
It is a highly water soluble compound of low mammalian toxicity that has long
been used for pest control. Just how plants are killed by it is not known. Its ability to
translocate to some extent in plants has been often demonstrated.
It has been used in a
variety of treatments ranging from foliar application to frill treatment to cut stump treatment
and occasionally as an application to soil.
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Borates
The inorganic borates have also been widely used as herbicides either alone or in com bination with other materials.
The inorganic borates most commonly used are:
1. Sodium Tetraborate

(Na 2 B40 7) 5 and 10
hydrate and anhydrous forms

2. Sodium Metaborate

(Na2 B20 4 ) 4 and 8 hydrate forms

3. Amorphous Sodium
Borate of approximate
composition
Effectiveness of the borates depends to a great extent on the amount of boron or boron
oxide present.
The basic mechanism of toxicity to plants is still in question. Boron apparently
accumulates in the reproductive structure of plants and the formation of large immobile molecules has been postulated.
Borates are mainly absorbed by roots of plants and are translocated to growing portions
thereof.
They have a relatively low order of acute toxicity to animals but prolonged exposure
results in symptomatic toxicity. Borates for the most part are used in nonselective long-term
weed control situations and are often used in combination with other herbicides such as 2, 4-D,
TBA, substituted ureas, triazines, and sodium chlorate.
In this latter combination, the sodium
borates are particularly valuable in suppressing the fire hazard from the strong oxidant sodium
chlorate.
Sodium Chlorate
Sodium chlorate is an effective, nonselective weed control herbicide.
Its use has been
primarily that of a soil sterilant with rates as high as 200 to 1,000 pounds per acre for
sterilant use. Toxicity in the soil is lost by leaching and its reaction with inorganic matter
and nitrates.
Sodium chlorate is also highly active as a foliar spray. The considerable foliar action can
be enhanced even more by making the normally basic solution more acid. Care must be
exercised to prevent making the solution too acid, as a chloric acid form is a much more
dangerous oxidizing agent than sodium chlorate alone. As mentioned previously, borates are
frequently used in combination with chlorate to suppress the fire hazard.
METALLO-ORGANIC HERBICIDES
A variety of organometallic compounds are known to the chemist such as the tetraethyl
lead, various tin and germanium compounds, in addition to the organic arsenicals.
It is the
organic arsenicals,
however, that have found extensive use as herbicides.
Arsenicals
There are two principle groups of the organic arsenicals that are being investigated:
namely, the derivatives of arsonic and arsinic acids. Cacodylic acid and its derivatives are
the principal representatives
of the arsinic acid group and the methane arsonic acids, such as
MSMA, are the principal representatives
of the arsonic acid group.

Freed
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Both methane arsonic acid and cacodylic acid are relatively strong acids capable of
decomposing carbonates.
Methane arsonic acid is a relatively strong acid having two
ionizable acid groups capable of forming both a monosodium salt and a disodium salt.
Cacodylic acid on the other hand is a monobasic acid forming only the monosodium salt.
Cacodylic acid tends to be amphoteric, that is acting as both an acid and a base.
example, a cacodylic acid can form a salt with hydrogen chloride gas.

For

Interestingly enough, both acids contain arsenic in the fully oxidized or pentavalent
state. This is in contrast to· the inorganic arsenicals where the most phytotoxic form of
arsenic is the trivalent state. It is not possible to oxidize the arsenic of cacodylic acid
and MSMA. therefore; only the carbon and hydrogen in the compound can be oxidized. The
end product of the oxidation is orthoarsenic acid.
Both methane arsonic acid and cacodylic acid, and their derivative salts, are quite
soluble in water. The solubility ranges from 20 to approximately 60 percent by weight in
water.
The organic arsenicals are primarily postemergent contact herbicides.
They have little
or no activity when applied as preemergence herbicides because of the rapid sorption by soil.
These chemicals are usually most effective at temperatures above 75° or 80° and when the
plants are in state of rapid growth. The methane arsonates tend to be more selective in
their action than the cacodylic acids. Cacodylic acid tends to defoliate plants so that generally they do not show translocation except at rates below those causing the defoliation.
In forestry, the sodium cacodylic appears to be useful as an injection treatment in trees.
In this instance, the chemical translocates rapidly upward causing defoliation and death of
the tree in a short while.
In a contrast to the inorganic arsenicals, the organic arsenicals have a high order of
phytotoxicity.
Consequently, the rate of organic arsenical use is much less than that of the
inorganic material.
This, of course, is highly desirable since it results in the introduction
of a much lesser amount of arsenic into the environment.
ORGANIC HERBICIDES
Organic chemicals as herbicides came into use appreciably later than the inorganic
chemicals, but they offer a nearly inexhaustable potential supply of new products.
Petroleum Oils
The petroleum hydrocarbons or oils were among the first organic compounds found to
have ability to kill vegetation on contact. Investigation has shown oils to be highly effective
as selective herbicides in some instances as well as for total vegetation control. In addition
to being useful as herbicides in themselves, oils have proven valuable in formulation of
chemicals and as additives to promote penetration and activity of other herbicides.
The oils are made up of complex mixtures of hydrocarbons with minor amounts of
nitrogen and sulphur containing compounds. The mixture, that is oil, consists of representatives of the alkane series of hydrocarbons, unsaturated chain compounds, alicyclic
chemicals, and aromatic hydrocarbons.
Numerous representatives
of each class may be
present in any given sample of oil. The constituent molecules may range from very small
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ones to those of appreciable molecular weight. The various grades of petroleum products
such as gasoline, kerosene, diesel oil, and fuel oil in the simplest sense are prepared by
distillation which, in effect, sizes out the molecules by boiling off first the most volatile
faction followed successively by those of increasing molecular weight and lower volatility.
Toxicity of oils to plant increases with increasing molecular weight and unsaturation,
as well as aromaticity.
The selective weed oils for the most part are composed of the lower
boiling factions with relatively low proportions of unsaturation and aromaticity.
Conversely,
general contact weed oils (nonselective) are made of higher boiling fractions and have a
greater degree of unsaturated and aromatic compounds.
The oils may produce their phytotoxic effects by prevention of gas exchange between
leaves and air in the case of some factions or in other instances, they penetrate the tissue
and disrupt cellular organization.
A.ryloxy Alkanoic Acids
The aryloxy acids have long enjoyed extensive use in vegetation management on forest
and rangeland.
The activity of these compounds was discovered in the early 1940s. 2, 4-D,
a representative
of this group, was one of the earliest of the modern day organic herbicides
introduced.
It is still extensively used together with numerous related compounds.
Aryloxy acids are prepared by reacting an appropriate phenol with a chlorinated aliphatic
acid or lactone. By this means, it is possible to prepare an extensive family of compounds,
but only those derived from acetic acid, propionic acid, or butyric acid have proven to be of
value. Examples of these compounds are to be found in the table in the back of the paper.
The phenoxy acids, by and large, are weak acids that form salts with ammonium, sodium,
potassium, calcium, magnesium, and iron. The latter three salts, because of physical
properties,
are not effective as herbicides.
Also, being acids, the phenoxy materials may
be formulated as esters of which there are a great number.
These compounds are systemic in their action, that is they are absorbed and translocated
by the plant. They bring about very complex responses in the plant as a result of interfering
with the normal physiological processes.
Despite -extensive work on the subject, the mechanism of action of these compounds has not been fully elucidated.
It may be demonstrated
that the phenoxy acids have subtle effects on the enzyme activity of plants, change the
physiological behavior, and influence morphogenesis.
It appears probable that a number of
these effects may be occurring at the level of the expression of genetic information.
There is a wide range in species selectivity among the phenoxy acids. By and large the
trichloro derivatives tend to be more effective on brushy plants than the dichloro derivatives.
Thus, 2, 4, 5-T and 2, 4, 5-TP are probably effective on a wider range of brushy plants than
the corresponding dichloro acids. In a like manner, the phenoxybutyrics,
while important in
agronomic and horticultural use, have proven somewhat less valuable for use on brushy
species.
A point of interest concerning the phenoxyacetic acids is the ready metabolism by many
plants and animals.
Also, the substances are readily broken down in the environment both
by microorganisms
and photochemical reactions.
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Benzoic Acids
A number of benzoic acids have come to be employed as herbicides.
They have not found
extensive application in vegetation management on forest and rangeland, in part, perhaps,
because of their persistence and mobility. Another contributing factor is their lack of
selectivity.

The benzoic acids vary in nuclear substitution from the 2, 3, 6 trichloro benzoic acid,
or TBA, through the methoxydichlorobenzoic
acid to aminodichlorobenzoic
acid or amiben.
The benzoic acids generally are relatively strong acids. They readily form salts not
only in the test tube, but in the plant and soil as well. The salts for the most part tend to
be water soluble, certainly more so than the salts of the phenoxyacetic acids.
Because they are less readily absorbed by soil, the benzoic acids leach freely with water.
Moreover, because of their chemical properties,
they tend to translocate freely, and a
number of them are exuded by the roots of plants following a foliar application.
Picloram- Picolinic Acid Derivative
A new class of aromatic acid was introduced as a herbicide with picloram or tordon.
This is a derivative of pyridine.
Picloram has proven to be a highly effective systemic
herbicide.
It has a wide range of effectiveness and for this reason often lacks the selectivity
required.

The compound is a relatively strong acid with low water solubility and long persistence.
It does not appear to be strongly absorbed by soil, and hence is found to leach somewhat
more readily than the phenoxy acids. For some reason it is not readily susceptible to
microbiological attack, and hence persists for considerable periods of time in soil.
Triazine

Herbicides

The triazines are another large group of herbicides with a number of biologically active
members.
The various substitutions on the triazine nucleus, as may be seen in the table,
yields compounds of widely different chemical and biological properties.
Accordingly, this
class of compounds affords a wide spectrum of selectivities and biological activities.
The triazines may be classified in part by their substitutions on the number two position.
Thus we find simazine as a representative
of the group termed chlorotriazines,
prometone
representing the methoxytriazines,
and prometryne representing a group known as thiomethyl
or methylmercaptotriazines.
These three different substituents on the two position impart
substantially different biological and chemical properties.
These differences become very
apparent in the herbicidal use of the triazines.
The triazines have found greatest use for control of herbaceous vegetation, particularly
grasses and certain of the broadleaf weeds. They have proven useful in conifer plantings for
reducing competition by herbaceous plants.
The selectivity of triazines appears to depend on part on the ability of the tolerant plant
to metabolize or otherwise inactivate great amounts of triazine when taken up. By contrast
the sensitive plants seem unable to do so. Another important factor in selectivity, of course,
is the amount of triazine reaching the plant, that is the placement of the chemical.
Thus it is
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possible to control a shallow-rooted

weed in the presence

of a deep-rooted

plant.

Substituted Uracils
Substituted uracils are a group of herbicidal chemicals introduced in 1962. The two
representative
herbicides in common use of this class of chemicals are bromacil and turbicil.
The uracils are odorless crystalline solids with relatively high melting points. They have
solubilities in water in the order of 800 ppm and greater.
Toxicity is low to animals, the
LD 50 being in the order of 5000 milligrams per kilogram of body weight.
The uracils are soil active herbicides effective against a wide range of grasses and
broadleaf weeds. Application of the herbicide is usually made to the soil surface preferably
just before or during the period of active growth of the weeds.
The uracils are known to be potent and specific inhibitors
is ascribed their mode of action.

of photosynthesis.

To this fact

Substituted Ureas
The substituted urea herbicides
pounds. These herbicides find use
well as soil sterilization for control
of chemicals, show a large number
urea herbicides in commercial use

comprise an important and widely used class of com as selective preemergent treatment for annual weeds as
of weeds and certain woody species.
Ureas, as a class
of members having biological activity.
The number of
gives evidence to this fact.

The biologically active herbicides for the most part are asymmetrically
substituted.
That is, if one considers urea as the parent molecule there will be one type of substitution
on one of the nitrogen atoms and an alkyl substitution on the other. The urea herbicides are
roughly classified into two groups, namely, the trisubstituted ureas and the disubstituted
ureas.
By far the greater number of useful herbicides are found among the trisubstituted
ureas.
These include fenuron, monuron, diuron, neburon, linuron, and others whose structure may be found in the table.
The ureas for the most part are soil active herbicides, but are quite strongly bound to the
soil. The strength of binding of these compounds as with any others is dependent upon the
chemical properties of the parent compound. Fenuron, for example, is much less strongly
bound by soil than diuron which differs only in having two chlorine atoms substituted on the
phenol ring. Persistence in the soil is also related to the organic structure of the molecule.
The urea herbicides are somewhat poorly absorbed by the aerial portions of the plant.
Formulation with special materials such as. surface active agents may improve foliar absorption. The principal plant organ for absorption though,appears to be the root.
The important event in the mode of action of the urea herbicides appears to be that of
inhibition of photosynthesis.
These compounds are highly active in inhibiting the Hill reaction at concentrations as low as 10-7 molar.
Amitrole
Amitrole, or amino triazole is a singular representative
of its class of organic chemicals.
While other derivatives of this type of organic chemical are possible this one, amino triazole,
appears to be the most effective.
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Amino triazole is a crystalline solid with a high solubility in water. It is effective as a
foliar spray being absorbed and translocated by the plant. The substance is fairly readily
deactivated by soil being both sorbed by the soil and broken down by microorganisms.
Amino triazole is effective on a limited number of brushy species, but is particularly
useful nonetheless.
Additives such as ammonium thiocyanate and surfactant greatly enhance
the effectiveness of this compound.
There are a number of other types of herbicides that are in wide use in the agronomic
and horticultural fields. That we have not discussed them here does not mean that they are
not important, but rather that their use for vegetation management on forest or rangeland is
limited.
HOW CHEMISTRY DICTATES USE
Up to this point, our consideration has been primarily that of the nature of substances
used as herbicides without considering the more general question of how the chemistry of
these compounds dictates the way they shall be used. That the properties of the compounds
and the general chemistry of their nature is important to their use is becoming ever more
apparent.
As we attempt to solve ever more complex problems of vegetation management
by means of herbicides, the more dependent we are on precise knowledge of the chemistry
of the compounds to achieve the desired results.
Thus the study of this aspect of the use of
herbicides becomes an enterprise ever more critical to success in application.
Absorption and Translocation
Among the generalized questions we should like to ask conc~ming the chemistry of compounds is how this relates to absorption and translocation in plants, or how it relates to
behavior in environment in terms of effective control or the probability of contaminating the
environment.
The relationship between chemistry of the compound and its ability to be absorbed and
translocated by the plant has long engaged the interest of investigators.
It was felt that if
these relationships were understood, it would be possible to devise more effective compounds
as well as make better use of those that were available.
One of the early observations relating the chemistry of compounds to absorption was made by W. Robbins et al. (1952). They
noted that the compounds most readily absorbed by leaves were those which were preferentially soluble in oily substances.
The herbicides that appeared to be most effectively taken
up by the roots were the ionic compounds or those having a preferential water solubility.
This holds true even for those compounds of very low water solubility.
Advantage is taken of this observation in using oil as a solvent and carrier for foliar
application of herbicides.
The oil not only assists in the penetration of the leaf tissue but also
maintains the herbicide in a liquid state from which it is more readily absorbed than in the
crystalline state.
One may note also how this relationship holds in frill and injection treatments of woody
stems.
Here the water soluble compounds tend to be more effective than the oil soluble compounds. The explanation for this is that the treatment is being made to an essentially aqueous
phase that is interrupted by a solid matrix.
However, even the solid matrix which is the
cellulose of the tree is hydrophyllic in nature.
Thus the water soluble compounds have a
chemistry that is more compatible with this system than the oil soluble compounds which
would tend to accumulate at the solid surfaces.
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At a different level of consideration, one finds the molecular structure, and hence properties are important to the translocation phenomenon. Norris and Freed (1966) found substantial
differences in the absorption and translocation characteristics,
not only of different formulations of phenoxy acids, but also in the variation of molecular structure between the dichloro
and trichloro substituted acids as well as among the acetic, propionic, and butyric acid side
chains.
In considering

foliar absorption, one must recognize that the chemical must overcome a
barrier in passing from the outside to the inside of the leaf. If we consider this barrier as a
hill over which the chemical must go, we immediately recognize that the height of the hill is
different for different types of chemicals.
The reason for this lies in the properties of the
chemical itself. In a study of the absorption of phenoxyacetic acids, benzoic acid, and
picloram, it was found that the height of this barrier could be explained in terms of the acid
strength of compound and the tendency of the compound to crystallize.
Further, it was
possible to show that the height of the barrier could be substantially reduced by such additives
as surfactants. 1 Substantial progress is being made in understanding this particular problem
which should be of considerable help in making more effective use of chemicals.
Environmental

Contamination

Turning next to the behavior of chemicals in the environment as a factor in both effectiveness and persistence,
we once again find that the property of the compound is of great
importance.
The most important interaction of a chemical in the environment is that of
absorption on surfaces, be it the surface of a leaf, or forest litter, or soil. This particular
phenomenon regulates, in some measure at least, the biological activity of the compounds by
determining how much is available, the rate at which the chemical will leach with water, the
rate of breakdown, and of course the rate of loss by volatility.
We know, of course, that
absorption takes place much more readily on surfaces of organic matter followed by clay,
salt, and finally sand. However, with series of compounds, we discover that certain characteristics of the chemical itself governs the extent and strength to which the sorption reaction
occurs. Thus the chemist is able to demonstrate a close correlation between a few selected
chemical parameters such as the heat of solution and the strength with which most organic
chemicals will be bound.

It is readily apparent that if a compound is extensively and tightly bound by a solid surface,
there will be less of the compound remaining free in the system.
Where the binding becomes
very extensive, the amount of available chemical may be so reduced as to not be present in
sufficient concentrations to be biologically active. This could reduce the effectiveness of a
treatment or limit the rate at which the chemical may be broken down by microorganisms.
Once in the soil, which probably receives upwards of 75 percent of the chemical applied
regardless of whether the target is the foliage or the soil, a variety of things may happen to
the chemical.
If water is received at the soil surface and percolates through the profile of
the soil, the chemical may be leached. In some instances leaching may be desirable, in
others it probably is not. Where extensive leaching occurs the chemical may reach the
ground water and travel with it to contaminate aquifers or streams and ponds. The rate at
which the chemical will be moved through the soil profile by water is directly related to the
properties of the chemical.
As we mentioned, the strength of sorption is directly related to
solubility and other properties of the chemical.
These same properties determine how rapidly

1
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and to what extent the chemical may be leached. This process is independent of the concentration of chemical at the surface of the soil, though the higher the concentration the more
chemical will be found moving through the soil profile.
Once in the soil, the chemical is subject both to microbiological and chemical attack, resulting in its destruction.
The susceptibility of a given compound to destruction again can be
shown to be related to the properties of the compound. Thus, knowing the organic chemistry
of the material applied, one can identify the chemical bonds or groupings that are most
likely to be attacked.
By knowing the energetics of these reactions, one can predict the persistence of the compound under attack. Each compound or group of compounds has a
characteristic
energy requirement before undergoing breakdown that is useful in making such
predictions.
This aspect of chemical behavior is now receiving intensive study in a number
of laboratories.
Certain chemicals, by virtue of their properties,
tend to form a gas or volatilize more
readily than others.
This is of importance both in escape of the chemical from soil surfaces
as well as from leaf surfaces.
Generally a highly volatile compound is a poor foliar herbicide.
An example of this is the herbicide TCA (trichloroa~etic acid). This compound is highly
effective against certain plants as the acid, but proved to be lacking in herbicidal activity as
a salt. When it was tried as a simple alkyl ester the results were even more disappointing.
It was determined that the lack of effectiveness was· due to the escape of the ester of TCA by
volatilization before it had an opportunity to be absorbed.
Subsequent studies with less
volatile esters proved to be more encouraging.
The tendency of a compound to volatilize or evaporate is characterized by the vapor
pressure of the compound and the amount of energy required to convert it from liquid to vapor.
Fortunately, however, the admixture of nonvolatile compounds with a volatile one can reduce
the rate of escape by restricting the number of molecules of the volatile chemical at the exposed surface.
Use is made of this chemical phenomenon in formulation of pesticidal
chemicals.
We could go on much longer describing the chemistry and behavior of herbicides and the
opportunity that such an understanding affords in more effective use. Time limitation pre-.
eludes further documentation of this however. What isr most important ls to recognize the
need for this understanding in the intelligent use of these valuable vegetation management tools.
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A COMPILATION
OFHERBICIDES
AND
THEIRPROPERTIES

Chemical
Name

Common Name
#WSA ~SI

M.W.
Structural Formula

INORGANICS

1.

Arsenous
oxide

.Arsenic
trioxide

197 .2
As2 o
3

2.

Sodilllll ••ta
Arsenite

Sodiua Araenite

3.

Ortho-araenic
acid B•ihydrate

arsenic

4.

Sodium
chlorate

5.

Sodi-

acid

106.4
1'aCl03

tetraborate

Borax
-2
• 8B 0

2

2Ni
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'ff m

Bl

Solubility
Sol-.ent G/100.l

0

c

Comments

0

oral LD50 rats
138 mg/Kg
6B solution
-7.5 Kcal/mole

water

1.2

2.

water
alcohol

v.•.
•l.s.

oral LD50 variou•
animals 10-50 mg/1.g

3.

cold
water

14

intravenous LD50
rabbits 8 mg/lCg
AB solution
-0.4 kal/mole

4. 248
decamp

water

81

742

water

1.

5.

•ubl

■ethanol

1.3'1

oral LD50 rat
12 g/Kg
dermal LD50 20 g/1.g
LD50 man 15-25g
LD5g child 1 yr old 2g
611 solution
-5.6 Kcal/mole

0

O. l M solution
pH 9.25
oral LD50 male rat
5.6 g/1.g
~ solution
-25.8 Kcal/mole

4. 7l

20

11.2'1
18.6'1
0.6'1

40

acetone
glycerol
(93 .5'1) 52.6'1
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Chemical
Name

Common Name
#WSA
~SI

M.W.
Structural Formula

URACILS
6.

3-sec-butyl•S-bromo

261.l

bromacil#*

6-■ethyluracil

B

p

N\

CB3u

•CB(CB3)CB2CB3

Br
AMITROLI

7.

3-aaino
1,2 ,4-triazole

aaitrolef
ATA

84.1

ORGANOMETALt.lCS

8.

Dimethylarainic
acid

cacoclylic
acid

138.0

O

ll

CB3·i••OB
CB3

9.

24

Methylarainic
acid

140.0

Chemistry of Herbicides

VP mmHg

Solubility
Solvent
G/100 ml

0

c

C0111Dent1

6.

158-159

water
815 pp■
benzene,
methanol,
acetone,
acetonitrile
••

25

oral LD50 ••l•
rat 5.2 g/ltg

7.

153-154

28
water
water
53
ethanol
26
acetone
al.a.
pyrrolidone v.1.
ether
inaol.

23
53

oral LD50 rat
25 g/ltg

water
(Ca salt

25

ora 1 LD5o rat
800 mg/ltg

25

oral LD rat
50
1.3 g/Kg

8.

9.

200

106

Freed

190

in water)

7S

water
(Ca salt
in water)

28

,s

pk 11.0

100 ppm

25

Common Name
#WSA *BSI

Chemical
Name

10.

Ammonium
sulfamate

~

Structural

Formula

114.1

AMS

. o-l•IIB2

MH4

11.

Sodium
meta borate

Sodium
lzl-borate

131.6

88

Na2 B 0
2 4

H

0

I

uo-;-oa

(-)
• 2 ~ • 4 H20

0
H

PltENOXYALXAHOIC
ACIDS
12.

4-Chlorophenoxy
acetic acid

4-CPA #*

Cl·
13.

14.

2,4-D #*

2,4-Dichloro-

phenoxyacetic

O

186.6

•O•Ci½•COOH
221.1

acid

dl 2-(2,4-dichlorophenoxy) propionic

dichlorprop *
acid
2,4-DP#

235.1
CH3

Cl•Q·JIICOOR

26

Cl
Chemistry of Herbicides
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MP

10.

132

VP -

Bg

Solvent

G/lOOml

0

c

water

57'1

0

water

21'1

20

Coaments
oral LD50 rat•
3.9 g/Kg

0.073 M solution
pR 11.2

oral w 50 Male rat
3.2 g/Kg
~H solution
-23.8 kal/mole

12.

159-160

water

797

13.

140.5

water

620pp■

CCl4
ether
acetone
ethanol

0.1
27
85
130

water

18020
350 ppm

14.

118

Freed

25

25

oral LD5o 850 mg/Kg
UV absorption
maxima at 195,
227, 279, 289 mu
AH solution
3.5 Kcal/mole
pk 3.10
ora 1 LDij mice
375 mg/
UV absorption
maxima at 201,
230, 283, 291 au
pk 3.31
~H sohation
6.1 Kcal/mole
pk 3 .28

27

Ch•ical
Name
15.

4- (2,4-Dichlorophenoxy)
butyric acid

Coamon Name
#WSA "'BSI
2,4-DI #*

249.l

Cl•O

16.

2-Methyl-4-chlorophenoxy
acetic acid

M.W.
Structural Formula

·0-(CB2)]•COOB

'Cl
200.5

K:PA #*
MCP

Cl• O-O-CH2•COOB

-ca 3
17.

dl 2•(2-methyl
4-chlorophenoxy)
propionic acid

Mecoprop *
K:PP
2·-K:PP

214.7

c1-Q-o.!.!is
CH3

18.

4-(2-methyl
4-chlorophenoxy)
butyric acid

K:PB

19.

2,4,5-Trichlorophenoxy acetic acid

2 ,4,5-T

28

#*

228.6

#*

255.5

Chemistry of Herbicides

MP

15.

119120

VP mmHg

SolubilitI
Solvent G/l0Oml oc
water
ethanol
chloroform

benzene
hexane

pk 5.0

53ppm

••
••
si.s.

16.

119

water

17.

94.5

water
620pp■
water
895ppm
acetones.
ethanols.
ether

825

••

18.

100

water

44-48ppm

19.

158

water

25 lppm

Freed

C011111ent•

25

20
25

UV absorption ■axima
at 199,229,279 ■u pk 3.4
AH aolutiou 8.2 Kcal/mole
oral

LD50

700-150mg/Kg
maxima

UV absorption

at 287

mu

pk 3.38

pk 4.86

oral LD50 dog1 100 mg/~
pk 3.17
~ aolution
8.4 Kcal/mole

29

Chemical
Name
20.

CODIDOD

#WSA

Silvex #
2,4,5-TPA
Fenoprop*
2,4,5-TP

dl 2- (2 ,4,5 Trtchlorophenoxy)
propionic acid

M.W.
Structural Formula

Name
*BSl

269.6

0

Cl
Cl-

c~

-0-~-COOB

'Cl
21.

283.6

2 ,4,5-TB#*

4- (2 ,4,5Trichlorophenoxy)
butyric acid

Cl
\

3-cooe

Cl-o-O-(CB2)
Cl
PlCOLIRIC ACID

22.

3,5,6-trichloro
4-aminopicolinic

Picloram*

241.5

acid
Cl

\
c1-Q-cooe
~

Cl

UREAS

23.

MN-dimethylN'-phenyl •c•a

fenuron#

164.2

R

0

0-U.l'½

-

30

't:a3
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-

MP

20.

VP mmHg

181

Solubility
Solvent G/l0Oml

22.

114115

233

6. lxlo· 7
(35°C)
l.07xlo· 6
(450c)

130

w 50

rat ■

benzene
methanol
acetone

water

42pp■

pk 4. 78

water
benzene

450ppm 25
200ppm 25

oral

ether
aceton-

0.12

25

nitrile

0.16

25

pk 2. 94
.611Solution
1.6 Kcal/mole

acetone

0.5
1.0
2.0

25
25
25

water

0.4

25

isopropanol
ethanol

23.

Comments

140ppm 25
0.095
0.47
13.4
18.0

water

CC1
4

21.

§
oral

650

w 50 rat
8.2g/Kg-rabbit

2g/Kg

Oral LD50 rat
3.9 g/Kg-rabbit 1.5 g/Kg
UV ab10rption maxima at

240 mu

Freed

■g/Kg

pk 3.1

31

Chemical
Name
24.

Coamon Name
#WSA "'BSI

M.W.
Structurallormula
232.3

1-(2-methylcyclohexyl)3-phenyl urea

ouJ_v82
~2

CB3 8i
25.

26.

198.7

N'-(4-chlorophenyl)
N,N-dimethyl urea

Monuron#*

B'-(4-Chlorophenyl)

Monolinuron#*

214. 7

Buturon+*

236.7

N-methoxy-N-■ethyl

CM1J

urea

27.

32

N'-(4-Cholorphenyl)
N-isobutynlN-mathyl urea

Chemistry of Herbicides

MP

24.

133138

VP m Hg

Solubility
Solvent G/l0Oml

0

c

water
18ppm
ethanol
dichloromethane,
dimethylacetamide,
dimethylformamide 10

25

16lppm

25

Comments
oral LD50 male
rat approx 5 g/ltg

>

25.

170.5171.5

water

oral LD50

■ale

rat

3.51/ltg

UV absorption
maxima at 245

mu

26.

27.

Freed

33

28.

19.

Chemical
Name

CommonName
#WSA "'BSI

N' -•(4-Chlorophenoxy)-phenylN,R-di■ethyl urea

chlorox-

B'-(4-chlorophenyl)-0,R,R-

tri■eturonf*

212.7

metobrauronf*

259

tri■etbyliao

30.

M.W.
Structural Formula
290. 7

uron

urea

3-(4-brcaophenyl)
-l-■ethyl-1-■ethoay

urea

31.

1-(3-trifluoroaethylphenyl)
-3,3-di■ethyl

34

213.2

urea

Chemistryof Herbicides

VP m Hg

Solubility
Solvent G/lOOml
water
acetone

28.

3.7ppm
a.

0

c

CODllllents

20

oral LD50 male rat
3.7g/Kg
mouse l.Og/~g
dog lOg/K.g

20

oral LD5o rat
3 g/Kg

29.

30.

95.596

water 320ppm
acetone,
ethanol,
chloroform••

:n.

163164.5

water
60-70ppm 25
ethanol,
acetonitrile
acetone,
chloroform ••
ether,
hexane
sl.a.

Freed
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Ch•ical
Name
32.

H'-(3,4-dichlorophenyl)
R,N-diaethyl urea

33.

N'-(3,4-dichlorophenyl)
N-methoxy-N- methyl urea

34.

3-5.

N'-(3,4-dichlorophenyl)
R-butyl-R-aethyl •rea

Coaaon Name
#WSA ~SI

M.W.
Structural Formula

diuron

233.l

ltauronf*

249.1

nebsron

275.2

3-(■-trifluoro

232.2

methylphenyl)-1,1dimethyl urea

0

ytt

,CH3
-N-C-N

'en3

/

cr3

36
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'ff m Bg

32.

158159

3. lx,10-6
(50oC)

Solubility
Solvent G/100.l
water

43pp■

Comments

oC
25

oral LD rat
3.4 g/Kg50
UV

absorption

maxima at 250 mu

33.

93-94

water

acetone,
ethanol,
benzene,
toluene

75pp■

25

oral LD male
rat 1.5 50g/lC.g
UV absorption
maxima at 250 au

••

34.

101.5103

water

4.8pp■

24

oral LD50 male
rat
11 g/lC.g

35.

163164.5

water

90ppm

25

oral LD50 male rat
8.9 g/ltg
female rat 7.9 g/~
male mice 0.9 g/lC.g
female mice 2.4 g/lC.g
dog 10 g/Kg

Freed
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Chemical
Name
36.

1,3-bis(2 ,2 ,2-trichloro1-hydroxyethyl)

M.W.
Structural
Formula

Common Name
#WSA

'i'BSI

354.9

DCU

,,,,.,

urea

OH O

OH

Cl3C-9-N-C-N-9-cc 13
H

37.

38.

Cycluron#*

B'cyclooctyl-R,Bdime thy 1 urea

OMU

222.3

3-(hexahydro-4,7-methanoindan
-5-yl)-1,1-di■ethyl

H

urea
H 0

I 11 .,,,CH3

-R-f-N

38

'cu 3

Chemistryof Herbicides
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MP

36.

191
decomp

37.

138

38.

171.2

Freed

VP m Bg

Solubility
Solvent G/lOOml

0

water
acetone
methanol
benzene

20
20
20
20

150ppm
9.8
109
4.2

c

lSOppa 25
polar organic
solvents
•
nonpolar organic
solvents
inaol

water

Comments

intraparateneal
LD50 mouse 0.3g/Kg

LD50 rat

l.Sg/Kg

oral I.D50 Wistar
rat 1476 mg/Kg
Sprager Dawley rat
6830 ag/Kg
dogs 3700 mg/Kg
dermal LD
to
5
rabbits
23 g/Kg

39

Chemical
Name

Common Name
#WSA "'BSI

M.W.
Structural Formula

BENZOICANDPHENYLACEnc
ACIDS
39.

2-methoxy3,6-dichlorobenzoic
acid

Dicamba #*

221.0

40.

2,3,6-Trichlorobenzoic acid

2,3,6-'l'BA

225.5
Cl

OCOOB
c1'
41.

40

2,5-dichloro3-amiaobeuoic
acid

Aaidbenf

c\
206.0

Chloraabea*

Chemistryof Herbicides

VP mmHg

39.

114

3.78xlo- 3
(100° C)

Solubilit?
Solvent G/l0Oml

water

ethanol

4-0.

118

water

C0111Dents

7900ppm 25
aol.

7200ppa

25

oral w
rat
50
1.04 g/q
UV absorption maxima
at 275 mu
pk 1. 94
AB Solution
Kcal/mole

oral LD50 .7-1.Sg/~

pk 2.6

AR Solution
1.6 kal/mole

41.

204

7xl0- 3
(100° C)

water

630ppa

CC1
4

insol.

benzene 0.02
chloroform
0.09
ether
7.01
e:tbanol 17 .28
methanol 22.26

Freed

oral LD 3.5 to
50
5.6 g/Kg
UY absorption
maxima at 297, 238 mu

41

Chemical
Name

COIIIDOD

#WSA

Name
"'BSI

M.W.
Structural Formula

TRIAZINES
42.

43.

2-Chloro4,6-diethylamino-•triazine

Siuzinef*

207 .7

2-chloro4-ethylamino6-iaopropylnino-•triazine

Atrazine#*

215.7

44.

2-chloropropazine#*
4,6-diiaopropylamino-striazine

229. 7

4,.

2-chloro4,6-bisdiethylamino-s
triazine

257.8

42

Chlorazine#*

MP

42.

225227
(subl)

43.

44.

173175

212-

45.

Freed

VP DUI Hg

Solubilit?
Solvent G/l0Oml °C
water
water
water
n-pentane
ether
methanol
chloroform
water
water
water
n-pent•
ane
ether
methanol
chloroform

0
5ppm 20
84ppm 85
2ppm

3ppm 25
300ppm 25
400ppm 20

Commenu
oral LD~omouse,
rat, ra bit,
chicken, pigeon
5.0 g/Kg
pk 1.65
AH solution
9.0 It cal/mole

900ppm 20
0
70ppm 27
320ppm 85
22ppm

360ppm 27
l.2ppm 27
l.8ppm 27
5.2

oral LD50 mouse
1.75 g/lCg
rat 2 to 4 g/Kg
rabbit 600-750 mg/Kg
hen 2.2 g/Kg
pk 1.68
AB solution
6.1 lC cal/mole

27

water

8.6ppm 20

water

lOppm

oral LD50 mouse,
rat 5.0 g/Kg

43

Chemical
Kame

Common Name
#WSA 1\'1S1

M.W.
Structural Formula

46.

2-chloro4-diethylamiao6-ethylamino-•triazine

trietazinef*

229.7

47.

2-chloro-

ipazinef*

243.7

4-diethyla■ino6-iaopropyla■ino-•-

Cl-r
•=I

triazine

., N (CBiCB3)
2

HR-CB(CB )
3 2

48.

2-methoxy4,6-diethylamino-•triazine

aimetinef
aiaeton*

197.2

49.

2-■ethylthio-

Aaetryne#*

227.3

4-ethylnino6-iaopropylamino-•triazine

44
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MP

46.

VP

1111 Bg

Solubility
Solvent
G/l0Oml ~
water

Comments

20ppm

47.

48.

89.592

water

0.32

49.

8486

water

185ppa

Freed

20

oral LD50 rat 1.4 1/~
0.95 g/~g

ll0'1188

45

Chem.cal
Bame

C011111on
Bame
#WSA "'BSI

M.W.
Structural Fonaula

so.

2-methylthio4,6-diisopropylamiao-•triazine

pr•etryne#*

241.4

51.

2-aethoxy4-ethylaaino6-isopropylamiao-•triazine

Atratone#
Atraton*

211.3

prometone#
prcaeton*

225.9

52~ 2-methoxy4,6-diisopropylaaino-•triazine

46

Chemistry of Herbicides

.1!?
50.

118120

SL

52.

91-

Ba

VP mm

Solubility
Solvent G/l0Oml

0

water
48ppa
most organic
solvents
s.

20

water

22

0.18

water
750pp■
benzene
33
chloroform,
metllanol,
acetone 100

20
20

c

Comments
oral LD50 mouse,
rat 3.75 g/Kg
pheasant 1.0 g/Kg

eral

LDsorat

2.2 g/Kg
mouse 1.05 g/Kg

distillable
under
reduced pressure
pk 4.3

Freed
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UPTAKE AND MOVEMENT OF HE RBICIDES IN PLANTS
H. M. Hull
Plant Physiologist, Crops Research Division, Agricultural
U.S. Department of Agriculture,
Tucson, Arizona

Research

Service,

ls a knowledge of the exact pathway by which a herbicide enters a leaf helpful for properly formulating a highly effective and selective herbicide? The two basic mechanisms of
uptake into leaf mesophyll (cuticular and stomata!) have been discussed in detail by Crafts
and Yamaguchi (1964). The importance of a surfactant in the herbicidal formulation and of
the stomata being open, if they are present, has also been stressed.
In reviewing pathways
of initial foliar penetration, Currier and Dybing (1959) reiterate the above routes of entry
and also point out the roles played by hydathodes and trichomes or hairs.
The latter, in
reality, represent an increased epidermal (or cuticular) absorbing surface.
As a route of
entry per se, leaf hairs are not often given a great deal of consideration.
In the case of
velvet mesquite (Pros~s
juliflora [Swartz JDC. var. velutina [Woot.J Sarg. ), however,
we have observed that absorption of fluorescent dyes (and presumably of certain other
organic substances including herbicides) occurs predominantly through epidermal hairs.
The relative importance of hairs as a route of entry, as compared to the other pathways,
appears to depend upon plant species.
Also, within a single species (at least in mesquite),
the relative magnitude of this route of entry is highly dependent upon leaf age and development. Some of the reasons for such dependency have previously been described (Hull,
1964). As one answer to the opening question, stomata! penetration is highly dependent upon
the presence of a surfactant -- particularly the penetration of water soluble herbicides.
Penetration via trichomes,
on the other hand, appears to be considerably less influenced by
such adjuvants -- again, depending upon the degree of leaf development.
This brief paper can not present a detailed discussion of the finer aspects of absorption.
The subject has recently been reviewed by Franke (1967). Movement via aqueous and
lipoidal rcutes, and the types of herbicides moving predominantly in the symplast (interconnected living protoplasm), as compared to the apoplast (cell wall and xylem), has been
extensively discussed by Foy (1964) and the above-mentioned California workers.
Leonard
(1963) describes four categories into which herbicides can be divided on the basis of their
translocation characteristics:
1) those that do not translocate,
2) those that translocate
only in the symplast, 3) those that translocate either in the symplast or the apoplast, and
4) those that translocate only in the apoplast.
He warns, however, that such classification
is not absolute; apoplastic movement in particular varies with plant species, site of application, concentration of herbicide and degree of tissue injury.
For effective foliar treatment of woody plants and trees, the importance of waiting until
the foliage is mature and in a condition of exporting food has been stressed by Crafts (1964).
Our work with spraying at frequent intervals accompanied by carbohydrate analyses of
root and trunk tissue of velvet mesquite has demonstrated this to be very true in the case of
this plant.
Active root growth at time of treatment has also been found to affect herbicide translocation and resultant killing of plants.
Root growth is of course dependent upon ample soil
moisture.
Good correlation of plants killed with soil moisture or rainfall has been demonstrated with the honey mesquite (Prosopis juliflora [Swartz] DC. var. glandulosa ['.Torr.]
Cockerell) of Texas and New Mexico. In the case of velvet mesquite in Arizona, no
relationship between soil moisture and plants killed has been demonstrated,
even with the

Hull
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rather extensive data on hand (Tschirley)l.
Good control of mesquite in New Mexico has been
achieved by Norris, Valentine and Gerard (1963) by application of an aqueous suspension of
monuron around the base of each plant. They consider that such treatment might be preferable to 2, 4, 5-T in years when winter and spring rainfall is too low for the achievement of
sufficient soil moisture to obtain good kill with the phenoxy herbicide.
Application costs were
also less than with 2, 4, 5-T applied by ground equipment, at stand densities of 8-15 plants or
less.
The effect of time of day of treatment on herbicidal response of woody plants has not
received a great deal of attention.
Schmutz (1963) observed that although the susceptibility
of creosotebush (Larrea tridentata[ DC.] Coville) to 2, 4, 5-T was correlated with rainfall,
the effect of time of day was not consistent.
On the other hand, the recent studies of Wood
14
and Gosnell (1966) on translocation of
c-labeled paraquat in several species of South African
Cyperus demonstrated a considerably greater basipetal translocation of the foliar-applied
compound when 24 hours of darkness followed treatment than when treatments were applied at
6 a. m. , 1 a. m. or 2 p. m.
Another African study (Sundaram, 1965) has demonstrated some interesting differences
in translocation patterns of 14c-labeled 2, 4, 5-T in susceptible (Piptadeniastrum
africanum
[ Hook. f.] Brenan and Celtis mildbraedii Engl. ) as compared to tolerant (Xylopia quintasii
Pierre ex Bngl. & Diels and Ricinodendron heudelotii [Baill. J Pierre ex Heckel) trees.
Translocation in the susceptible trees, following band application to the trunk, showed a consistent
pattern of absorption and retention in the phloem, along with marked downward movement
therein.
In resistant trees, considerable upward transport of the herbicide (or its metabolite)
occurred in the transpiration
stream, where it was carried into the upper portion of the
trunk and the distal branches.
The distribution pattern which occurred in the susceptible
trees, primarily the binding and accumulation of 2, 4, 5-T in the phloem, has been described
by Crafts and Yamaguchi (1964). Such binding, however, would not seem to be a requisite of
a highly active compound, since other herbicides (e.g., picloram) are even more readily
translocated and less actively bound in the phloem.
That unequal herbicidal uptake and distribution can occur even within a single genus has
recently been demonstrated by Freeman, White, and Bukovac (1966). Simazine is generally
considered safe at 2 to 3 lb ai/ A around both red (Pinus resinosa Ait. ) and white <f..strobus
L.) pine seedlings which have been transplanted at least a year. Of the two species, white
pine is somewhat more tolerant of simazine.
The above workers observed that total uptake
of the 14C-labeled herbicide, as measured in the seedlings 40 days following soil application, was similar in both species.
However, in red pine the 14c was fairly evenly distributed
among roots, stem and needles, whereas the white pine retained it principally in the nonphotosynthetic organs.
When the soil was inoculated with a mycorrhiza prior to simazine
14
treatment,
much less
c was taken up by the white pine seedlings -- in spite of the fact
that the mycorrhizae had not developed beyond the initial stages.
Such soil inoculation did
not alter apparent uptake of 14c by the red pine. These findings are in agreement with the
previously mentioned concept that maximum toxicity is generally correlated with minimized
movement of the toxicant throughout the plant. They also suggest that soil mycorrhizae
afford additional protection in white pine plantings.
The chemical nature of the herbicidal formulation itself should perhaps be considered
at this point. For example, the studies of Norris and Freed (1966) with bigleaf maple (Acer
macrophyllum Pursh) have clearly demonstrated the effect of side chain structure and degree
1
Unpublished data.
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of ring chlorination on the absorption and translocation of several Jitenoxyalkyl acid herbicides.
Following foliar treatment of seedlings with 14c-labeled 2, 4-D or 2, 4, 5-T as the acid,
triethanolamine
salt or 2-ethylhexyl ester formulations,
it was observed that absorption increased with decreasing polarity of the molecule.
Although the ester formulations were less
mobile in the seedlings than other formulations, their greater absorption resulted in enhanced
accumulation in the roots. This latter effect, which probably occurs in most woody plants -certainly in our work with mesquite, apparently outweighs in importance the greater mobility
of the water-soluble formulations.
Partial hydrolysis of the esters, both within and on the
surface of the leaves, must of course be considered in these overall effects.
Relative differences with respect to absorption and translocation of the triethylamine
salts of 14c-labeled 2, 4-D and 2, 4, 5-T in several broad-leaved trees have also been demonstrated by Pallas (1963). The 2, 4-D was always absorbed and translocated to a greater
extent than 2, 4, 5-T. Red maple (Acer rubrum L. ) was most resistant to both herbicides,
whereas sweetgum (Liquidambar styraciflua L.) and tuliptree (Liriodendron tulipifera L.)
were resistant primarily to 2, 4-D. White ash (Fraxinus americana L. ), on the other hand was
most resistant to 2, 4, 5-T. The unabsorbed amount of 2, 4, 5-T remaining on the leaves of
this seedling (which could be washed off by alcohol) was highest of all species investigated,
ranging from 84 to 94 percent of the amount applied. The latter effect may well help account
for at least part of this tree's resistance to 2, 4, 5-T.
Differences in response of woody plants to the various formulations of 2, 4-D and
2, 4, 5-T esters which are available appear for the most part to be slight and nonsignificant.
There may be some exceptions, however. Thus, Schmutz (1963) observed that creosotebush
is generally more susceptible to the low volatile esters of 2, 4, 5-T than to the pentyl ester.
For control of mesquite with very low volume application of these heavier esters of 2, 4, 5-T,
we have recently been investigating the use of an all -oil carrier system for the herbicide
(Hull and Shellhorn, 1967). This includes the use of either diesel oil or nontoxic oil in combination with basically oil-soluble surfactants,
having a hydrophile-lipophile
balance (HLB)
within the range of 1. 8 to 8. 6. Herbicidal action was enhanced by certain carr:ier mixtures -notably diesel oil in combination with a surfactant of 8. 6 HLB value. Although increased
killing of plants over that available with higher volume coverage of the conventional emulsion
carrier has not been demonstrated,
the possibility exists of obtaining an equivalent degree of
control in spite of cutting volume as much as 50 percent.
This would significantly reduce the
cost of aerial application, and might make such application feasible for large areas that
might otherwise give only a borderline response to aerial spray, economically speaking.
Our preliminary aerial sprays with picloram on velvet mesquite have been disappointing.
However, greenhouse trials in which 11 different ratios of 2, 4, 5-T to picloram were used
(10 percent intervals), with total herbicidal concentration held constant, have demonstrated
a very markedly increased action when only 10 percent or more picloram was added to the
2, 4, 5-T -- in comparison to 100 percent 2, 4, 5-T. Robison (1967) has also reported killing
significantly more honey mesquites in Texas from aerial sprays of 2, 4, 5-T/picloram
mixtures as compared to a total equivalent rate of either herbicide alone.
A considerable amount of recent research has been concerned with herbicidal adjuvants - particularly surface active agents. Since the number of really effective herbicides available
for certain classes of plants is quite limited in some cases, the possibility of broadening this
activity through careful and diligent selection of surfactants becomes a possibility.
Surfactants have been shown to enhance the effect of specific herbicides on certain plants, whereas
their effect on other plants may be nonsignificant or even antagonistic toward the action of the
herbicide.
Much of the pioneering work involving the complex interactions existing among
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surfactant type and concentration, plant species, and herbicidal formulation, has been
carried out by Jansen (1964). He has shown, for example, that the action of dalapon, 2, 4-D,
and DNBP on maize and soybean is enhanced by the ethylene oxide ether type of nonionic
surfactant, the enhancement being proportional to surfactant concentrations up to 1 percent.
At high surfactant concentrations,
relative toxicity of each herbicide on the two plant species
was associated with variations in the hydrophile-hydrophobe
structure of the surfactant
molecule.
The possibility of adapting the final formulation to specific weed-crop situations
of course becomes immediately evident. Smith et al. (1966), working with a homologous
series of the same class of surfactants,
investigated their ability to enhance the phytocidal
activity of dalapon, amitrole, and paraquat against maize. Toxicity was shown to be markedly
influenced by variations in the hydrophilic (ethylene oxide) portion of the molecule, whereas
variations in the hydrophobic (alkylphenol) portion gave lesser effects.
The positive effects of surfactants are often more evident when they are used in combination with relatively low herbicidal concentrations,
as noted by Ghillini (1959) in his study
on the interaction of 2, 4-D - - surfactant concentrations and relative toxicity to wheat. We
have observed the same relationship in greenhouse studies on mesquite.
There appears to
be an additional correlation between optimum surfactant concentration and leaf development.
For example, we find in the case of hand sprays o~ 2, 4, 5-T on field mesquite that additional
surfactant over that already present in the comme:i;-cial concentrate does not increase number
of plants killed in the case of early spring applications.
However, late summer applications
(when the plant is actually less sensitive) are markedly benefited by additional surfactant,
the benefit being proportional to concentrations as high as 2 percent or more. Additional
surfactant apparently makes the herbicide more able to cope with the thicker cuticle which
has developed by late summer.
An interesting corollary may be seen in the work of Webster
(1962) on sheep laurel (Kalmia angustifolia L. ). He found that when 14c-labeled 2, 4-D was
applied with varying amounts of Tween 20 surfactant to detached leaves, the rate of herbicidal
entry into mature leaves was positively correlated with surfactant concentration whereas
entry rate into young leaves was negatively correlated.
Research in recent years has demonstrated an increased effectiveness,
for the most
part with phenoxy herbicides, with prior or simultaneous application of various ammonium
salts.
For example, Al'tergot and Kisilev (1963) reported that 2, 4-D with the addition of
ammonium sulfate, ammonium phosphate, or ammonium nitrate was more toxic than 2, 4-D
alone on perennial sowthistle (Sonchus arvensis L. ) and knotweed (Polygonum aviculare L. );
Shcheglov (1962) reported similar results on spirge (Euphorbia sp.) and sowthistle, as did
Likholat (1964) on various weeds in maize. In evaluating several herbicidal formulations on
creosotebush,
Schmutz (1963) found that the action of 2, 4, 5-T was enhanced by a preliminary
spraying of ammonium phosphate 10 to 14 days prior to application of the herbicide.
Earlier
or later application of the ammonium salt was without effect.
Ammonium thiocyanate also has been reported to increase the activity of some herbicides
under certain conditions.
In the case of l4c-amitrole,
Donnalleyand Ries (1964) demonstrated
that in quackgrass (Agropyron repens (L. ) Beauv. ) this salt did not alter the amount of 14c
absorbed but greatly increased the amount translocated.
Increased translocation of
14c-2, 4, 5-T in winged elm (_Ulmus alata Michx.) seedlings was observed by Basler et al.
(1967) when the plants were first sprayed with ammonium thiocyanate, which was then
allowed to dry before application of the 2, 4, 5-T to a cotyledon.
When field honey mesquite
was treated with a mixture of 2, 4, 5-T plus ammonium thiocyanate, Robison (1965) demonstrated an increased defoliation and reduction in height of subsequent basal sprouts but no
increase in mortality -- as compared to 2, 4, 5-T without the adjuvant.
We have observed in
greenhouse-grown
velvet mesquite seedlings a slightly enhanced herbicidal activity when low
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rates of ammonium thiocyanate were incorporated with a 2, 4, 5-T ester applied topically to
two basal leaves. Greatest enhancement occurred with the lowest rate of thiocyanate used,
equivalent to only 1/80 lb/ A. The increase, however, was of just borderline significance.
A greater effect was demonstrated when the greenhouse plants were sprayed rather than
treated on the basal leaves. The enhanced activity resulting from thiocyanate could not be
demonstrated on seedlings raised in the growth chamber.
Evaluation of this adjuvant on field
mesquite is currently underway.
One final consideration of an important item -- an item that can readily be adjusted by
the applicator - - is that of droplet size. For the most part, droplet size has been considered
in relation to spray drift. However, there is increasing evidence that some degree of relationship exists between droplet size and herbicidal effectiveness.
Indeed, some data suggest,
as in the case of surfactants, that a certain degree of selectivity can be achieved (or more
properly, regulated) through adjustment of droplet size. The extensive investigation of
Bengtsson (1961) has added much to our knowledge of foliar wettability.
The phenomenon w~s
studied by measuring droplet contact angles, which generally ranged from 60-160° on the
numerous species investigated.
Leaves of hard-to-wet plants (contact angle about 160°)
showed respective retention ratios of 3:2:1 when sprayed with small (92µ), medium (205µ),
and large (560µ) droplets, respectively.
With contact angles of abrut 70°, droplet size had
little effect on retention.
Also, it had little effect on retention at spray volumes of 160 to
600 liters per hectare, or at liquid surface tensions within the range of 35 to 70 dynes per
cm 2 . In some plant species, the herbicidal effect of MCPA was considerably greater with
small than it was with large droplet size; whereas in other species, droplet size had almost
no effect on toxicity. These differences were primarily associated with wettability, the effect
of droplet size being greatest at low volume applications and in species whose leaves were
hardest to wet. The possibility thus exists of increasing herbicidal selectivity of specific
weeds in different crops simply~
adjusting droplet size.
The relationship of droplet spacing to droplet spacing to droplet
gated by Behrens (1957) in honey mesquite and cotton (Gossypium sp.
to be of major importance in determining the herbicidal effectiveness
spacing of 72 droplets per square inch was considered the maximum
maintain a high level of effectiveness on these species.
It is hoped that future research on some of the aspects
adjuvants and droplet size) will further increase the utility
herbicides.
Possibilities exist for improvement in degree
with lower herbicidal rates -- thus resulting in decreased
A final possibility lies in increased selectivity for specific

size has been investi). Spacing was found
of 2, 4, ~-T. An average
distance which would

described (particularly those of
of our present and future
of control or for equivalent control
residues in soil and in crop plants.
crop-weed situations.
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1HE PHYSIOLOGICAL AND BIOCHEMICAL BASES OF SELECTIVE HERBICIDE ACTION 1
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Selectivity in terms of herbicide action implies that all plants do not respond the same to
all herbicides.
This is true, and in fact the use of herbicides in agriculture and forestry is
dependent on it. Just as the farmer controls mustard in his wheat with 2, 4-D, the forester
depends on selective herbicide action when he removes alder from a Douglas-fir plantation.
These examples serve to illustrate one type of selective herbicide action. In this case different plant species respond differently to a given chemical.
There is another aspect of selective herbicide action which is frequently overlooked.
This
concerns the response of a single plant species to different chemicals.
The forester is
concerned with this type of selectivity when he specifies a 2, 4-D - 2, 4, 5-T mixture for one
brush field and amitrole-T for another.
The third and most perplexing type of selective herbicide action is best illustrated by a
question which is frequently asked by the man in the field, but seldom answered by the man
making the recommendations.
"Why didn't we get good control of species X1 We used the
same chemical and rates of application in a nearby area with good results.
Was the chemical
full strength?"
Because they will be referred
marized below.

to several times these three types of selectivity

Type 1. Different species respond differently
Type 2. One species responds

differently

are sum-

to one herbicide.

to different herbicides.

Type 3. Plants of one species but in different areas respond differently
herbicide.

to one

It is the purpose of this paper to examine the various factors which are responsible for
selective herbicide action. We will look at cases where different species show different
responses with a given herbicide (type 1 selectivity).
We will also look at cases where a
given plant species responds differently to various herbicides (type 2 selectivity).
In each
instance the primary concern will be with the various factors which determine the selectivity.
Finally we will look at the problem of variable control in the field and try to gain some insight into the possible causes of this variation (type 3). Without intensive laboratory investigations it is not possible to determine the major causes of selectivity in a giv.en instance.
Consequently, it is not the aim of this paper to prepare the reader to make such determinations in the field, but rather to give a greater understanding of and appreciation for the complexities of selective herbicide action.
In order to effectively
place.

control an organism

with a chemical agent, three things must take

1
A portion of the research reported here was supported by Research Grant WP 00477 from
the Federal Water Pollution Control Administration,
Department of the Interior.
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1. The chemical must be taken up.
2.

The chemical must move to the site of action, that is the place in the organism
where the chemical exerts its toxic effect.

3. The chemical must arrive
which is toxic.

at the site of action in sufficient quantity and in a form

In most cases dealing with woody plants, effective control means not only top kill, but at
least partial control of resprouting from the roots. Thus, effective chemical brush control
requires that the herbicide be absorbed by the plant, translocated to the lower stem and roots
and arrive there in sufficient quantity and in a toxic form to accomplish these objectives.
We have separated the determination of toxic action into three processes--uptake,
movement and detoxification.
The extent to which each process is carried out may be determined
by several factors.
For instance, the amount of chemical taken up or absorbed is influenced
not only by such obvious things as the formulation and the rate of application, but also by such
things .as.the orientation of the intercepting surface, the amount of wax and cutin on the leaf
and other factors.
These factors are influenced by the stage of development of the plant, its
vigor and previous history (.Rberg, 1964).
Movement of the chemical from the site of uptake to the site of action is called translocation. Translocation is influenced by chemical factors such as the properties of the herbicide
as well as by several biological factors such as the si;age of development of the plant, plant
vigor, water stresses,
plant metabolism and the like (Crafts, 1961).
The extent of toxic action which occurs in the lower stem and routs depends in some
measure on what has occurred during the absorption and translocation stages.
That is to say:
1. No more herbicide

can be absorbed than is deposited.

2. No more herbicide

can be translocated

3. No more herbicide
there.

is available

than has been absorbed.

at the site of action than has been translocated

At the site of action other factors such as the ease with which the plant is able to convert the
herbicide from a toxic to a nontoxic form becomes of primary importance in determining selectivity.
These factors of herbicide uptake, movement and detoxification can now be related to the
determination of selective herbicide action. Earlier it was stated that selectivity implies that
all plants do not respond the same to all herbicides.
This can be restated in more detail in
terms of the uptake, movement and action of chemicals.
Selectivity results when the toxic
effect is greater in one instance than in another.
This general statement of the principle of
selective herbicide action applies to each of the three types of selectivity mentioned above.
As a hypothetical example of the first type of selectivity, 2, 4-D is more effective on alder
than on Douglas-fir because more 2, 4-D reaches the site of action in an active form in the
alder than in the fir. Thus, the forester can selectively remove alder from fir.
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In the second type of selectivity, 2, 4, 5-T may be more effective than 2, 4-D on vine maple
because more 2, 4, 5-T reaches the site of action in an active form. Thus, the forester selects
2, 4, 5-T for the control of vine maple rather than 2, 4-D.
In the third type of selectivity, more 2, 4, 5-T may reach the site of action in vine maple
growing on one area than it does on a second area. Perhaps the plants on the second area have
been under water stress.
Thus, the same degree of control is not achieved on both areas for
reasons which may not be immediately apparent to the observer on the ground.

The three preceeding examples have one thing in common. In each case selectivity resulted from the fact that more chemical was present at the site of action in an active form in
one instance than in another.
This is the basis of selectivity.
There has been considerable research into the factors which ultimately result in more
chemical in an active form at the site of action in one instance than in another.
The previous
paper by Hull dealt extensively with the uptake and movement of herbicides in plants. Let us
now consider the uptake and movement of herbicides as determinants of selectivity.
It should
be emphasized at this point that it is relatively rare when selectivity can be completely
attributed to a single factor such as absorption or translocation.
In nearly all instances,
selectivity results as a consequence of the combined influences of all three factors working
together.
This point will become clear as the discussion proceeds.
Absorption contributes to
than in another.
Many studies
of herbicide absorbed.
A few
types of selectivity mentioned

selectivity whenever more herbicide is absorbed in one case
of herbicide behavior in plants show differences in the amount
examples will serve to illustrate the point for the first two
above.

Spray retention is an important factor in determining how much herbicide is available
for absorption.
A sample of data from Blackman et al. (1958) in Table 1 clearly illustrates
the differences in the retention of spray which can occur among various species at the same
stage of growth. Fang (1958) showed peas (Pisum sativum, var. Alaska) absorb 2, 4-D only
during the first 24 hours of exposure while tomatoes (Lyc~rsion
esculentum, var. Bonnie
Best) absorb greater quantities of herbicide over a 7-day period.
Table 1. Spray Retention by Different Species 1

Species
Brassica

alba

Retention in ml/gram
dry weight of shoot

2.5

Sunflower

2.0

Linseed

1.1

Pea

0.4

Barley

0.3

1oata from Blackman et al. 1958.
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These studies suggest there are inherent differences in the absorbing surfaces of different species.
Electron micrographs clearly show differences in the nature of leaf surfaces
of different species (Holly, 1964).
Absorption can also be shown to play a role in determining the second type of selectivity.
Slife et al. (1962) found 2, 4-D to be more readily absorbed than 2, 4, 5-T in wild cucumber
@9'os angulatus L.) and the cultivated cucumber (Cucumis sativus L. ). Dybing and Currier
(1961) found 2, 4-D more readily absorbed than 2, 4, 5-T in Zebrina pendula Schnizl.
Some investigators believe translocation plays a more important role in determining
selectivity than absorption.
It must be recognized, however, that one cannot separate translocation from absorption when considering the total plant response.
There are more subtle
effects however, than.the fact that no more herbicide can be translocated than is absorbed.
Greenham (1962) reports an increasing inhibition of the translocation of 2, 4-D to the roots of
skeleton weed (Chondrilla jucea L.) as the concentration of herbicide increases from
3. 4 x 10-3 to 10 x 10-3 molar in foliage applications.
In studies with bean plants (Phaseolus
vulgaris) it was found that herbicide translocation was proportional to the amount of herbicide
applied, but only up to a point. Beyond that point it was felt that toxic action of the herbicide
was reducing the effectiveness of the energy requiring transport system (Linder et al., 1949).
Crafts (1961) has indicated that for effective translocation the herbicide must move in quantities which do not prevent the normal functioning of sieve cells.
It is possible in certain laboratory studies to determine absorption and translocation as
separate entities.
In these studies a comparison of the translocation of different herbicides
in a given species or a given herbicide in different species can be made.
Considering the first type of selectivity, Leonard et al. (1966) found variation in the
translocation of 2, 4, 5-T and amitrole in red maple (Acer rubrum L.) and white ash (Fraxinus
americana L. ). Data in Table 2 shows the percent of the total herbicide recovered which was
found in different portions of the plant. When the plants were treated with either an ester or
an amine formulation of 2, 4, 5-T the herbicide was more mobile in the white ash while
amitrole was more mobile in red maple.
Table 2. Distribution of C 14 in Red Maple and White Ash 30 Days
after Treatment with 2, 4, 5-T-1-cl4
or Amitrole 5-c14 1
Percentage
Treated Leaves

Treatment
2, 4, 5-T amine 2
2, 4, 5-T ester3
Amitrole

99.8
99.3
82.0

of Total Activity Recovered from the:
Leaves
UEper Stem
Lower Stem
Red Maple
0.2
0. 7
3.0

Roots

0
0
4.0

0
0
6.0

0
0
5.0

0.2
0.3
0.3

0,5
0.4
1. 4

0.4
0.3
4.0

White Ash
2, 4, 5-T amine
2, 4, 5-T ester
Amitrole

97.9
97.4
91. 0

1.0
1. 6
3.3

1
Data from Leonard et al. (1966)
2 Triethylamine

3aitoxyethanol
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The role of translocation in the second type of selectivity is illustrated by data from
Slife et al., (1962). They found 2, 4, 5-T considerably more mobile than 2, 4-D in wild
cucumber which is significant because it is resistant to 2, 4-D but susceptible to 2, 4, 5-T.
Leonard and Yeates (1959) reported 2, 4, 5-T was less mobile than 2, 4-D in gorse (Ulex
europeaus L. ) and scotchbroom (Cytisus scoparius L. ).
-Differences in the mobility of one herbicide in different species or of different herbicides
in one species can result in different amounts of herbicide reaching the site of action. As
indicated earlier selective herbicide action depends at least in part on more herbicide reaching the site of action in one instance than in another.
Thus far, the uptake and movement of herbicide to the site of action have been considered.
Studies have been cited where absorption and translocation might be important factors in
determining selectivity either among species treated with a given chemical (type 1 selectivity)
or among chemicals applied to a given species (type 2 selectivity).
However, seldom is
either absorption or translocation the sole determinant of selectivity.
Absorption and translocation usually operate together with herbicide detoxification to produce a selective response.
Once a herbicide is absorbed by the plant it is susceptible to detoxification (degradation).
In most instances degradation of the herbicide results in a loss of biological activity. The
more herbicide metabolized by the plant, the less herbicide available to exert a toxic action.
There are several instances for both types of selectivity where herbicide degradation can be
shown to be the predominant determinant of selectivity.
The work of Luckwill and Lloyd-Jones
(1960a) offers an excellent example of type 1 selectivity determined by herbicide degradation.
Black currant (Ribes nigrum L. ), which is susceptible to 2, 4-D, decarboxylated 2 percent of
applied herbicide while red currant (Ribes sativum Syme), which is resistant, decarboxylated
50 percent of the applied herbicide in the same period. Red currant also extensively decarboxylated 2, 4, 5-T, 4-CPA and MCPA. 2-CPA was not decarboxylated but was altered to a
water soluble form which was not active in growth regulator tests.
Leaves from 2, 4-D resistant Cox apple decarboxylated 57 percent of the applied herbicide
in 96 hours while the susceptible Bramley strains decarboxylated only 2 percent in the same
period. Comparatively high rates of decarboxylation were reported for all lines having Cox
parentage.
Similar results were found for resistant and susceptible lines of strawberries
(Luckwill and Lloyd-Jones, 1960b). As an example of type 2 selectivity, Leafe (1962) reported the basis for the selective control of Galium aparine by MCPP over MCPA. He reported
little or no difference in the absorption or translocation characteristics
of these herbicides in
G. a_parine. Ten days after treatment, nearly all the MCPPwas recovered unaltered while
little of the MCPAwas found. Negi et al. (1964) studied the metabolism of atrazine in susceptible and resistant plants. The results in Table 3 show a striking correlation between the
amount of atrazine present in shoots of plants 10 days after application and species susceptibility.
Thus far we have examined several aspects of selective herbicide action. Examples of
differential herbicide absorption, translocation and detoxification have been given for the first
two types of selectivity.
Now it would be of value to reinforce these concepts by examining
experiments which show the dependence of selectivity on the interplay between the three major
factors of herbicide uptake, movement and detoxification in the plant.
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Table 3. Amount of Atrazine in Shoots of 8 Plant Species 10 Days after
Preemergence Application of Herbicide. 1
Concentration
Species
Resistant
Johnsongrass
grain sorghum
com

of Atrazine

(PPMdry wt. )

19
8

10

Intermediate
cotton
peanuts

222
97

Susceptible
oats
soybeans
beans

376
322
227

1
oata from Negi et al. (1964).

Let's pose two questions.
First, why is it difficult to control bigleaf maple (Acer
macrophyllum Pursh) with phenoxy herbicides applied from the air? Secondly, why is 2, 4, 5-T
more effective on this species than 2, 4-D? By examining research designed to answer these
two questions, the interaction of absorption, translocation and degradation in determining
selectivity will become more apparent.
In studies by Norris and Freed (1960a, b), bigleaf maple seedlings about 18 inches tall
and 3-4 years old were treated with herbicidal doses of c14 labeled phenoxy herbicides.
The
herbicides were applied as their respective 2-ethylhexyl esters (isooctyl ester) in a water
emulsion with surfactant to nearly mature leaves, Seventy-two hours later the treated leaves
were washed with alcohol and the plant sectioned into treated leaves, new growth ( includes
all leaves and current season stem growth), stem, and roots. The amount of radioactivity
in each plant part was determined.
The results are seen in Table 4 where absorption data
are expressed as a percentage of the applied activity not recovered in leaf washings.
The
translocation data are expressed as a percentage of the absorbed activity which was recovered from a particular plant part. Expression of the translocation data in this manner
permits ready comparison of the ease with which herbicides are translocated in the plant
despite small differences in the amounts of herbicide absorbed.
Because 2, 4-D is more readily absorbed than 2, 4, 5-T, more 2, 4-D is available for
transport from the treated leaves to the lower stem and roots. Notice, however, that there
is little difference in the relative mobility of these two compounds from the treated leaves.
Next examine the mobility of the absorbed herbicide into the roots. It is apparent that despite
nearly equal translocatability
from treated leaves, 2, 4, 5-T is 2 1/2 times more mobile to
the roots than 2, 4-D. When converted to micrograms of herbicide in the roots it is clear
that the greater absorption of 2, 4-D is more than offset by the greater mobility of 2, 4, 5-T.
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Table 4. Distribution of c14 in Bigleaf Maple 72 Hours after Treatment with
2-Ethylhexyl Ester Formulations of 2, 4-D-1-C14 or 2, 4, 5-T-1-c14.

Treatment

Absorption
(Percent)

Trans location
(Percent of absorbed activity recovered from the:)
Treated Leaves
New Growth
Stem
Roots

Herbicide in Roots
(µga.e.)

2,4-D

20.8

95.4

2.6

1.4

o. 5

2.3

2, 4, 5-T

16. 5

95.9

2. 1

0.6

1. 3

4.3

1
Data from Norris and Freed (1966a).

Table 5. Decarboxylation and Recovery of c14 Carboxyl Labeled Herbicides
from Detached Bigleaf Maple Foliage 72 Hours after Treatment. 1

Treatment

Absorption
(Percent)

Decarboxylation
{Percent of absorbed activity)

Recovery
( Percent of absorbed activity recovered
as unaltered herbicide)

2,4-D

92

0.5

95. 0

2, 4, 5-T

82

0.6

93.3

2, 4-DP

78

0.6

87.2

2, 4, 5-TP

61

0.5

84. 1

1
Data from Norris and Freed (1966b)

The differences in behavior of 2, 4-D and 2, 4, 5-T observed thus far are not sufficient
to account for their field behavior.
What is apparent, however, is the reason why aerial
control of bigleaf maple is difficult. While absorption of the applied chemical is far from
complete it is probably adequate. However, very limited transport from foliage to roots
nearly precludes effective control. In other words, insufficient amount of herbicide is
arriving at the site of action to obtain the desired effect. A simple calculation shows that
only 0. 2 percent of the applied dose of 2, 4, 5-T reaches the roots. The extremely low
efficiency of herbicide action in woody plants, and the tremendous opportunities for improvement are apparent.
In a few earlier papers decarboxylation was shown to be an important means of detoxification. Basler (1964) reported that decarboxylation was not extensive in several woody species.
Decarboxylation is not the only course of degradation for the phenoxy herbicides however.
Table 5 shows the results of an experiment to determine the amount of decarboxylation and
the recovery of intact herbicide from detached leaves of bigleaf maple treated with four different phenoxy herbicides.
It is apparent decarboxylation is not an important mechanism
of detoxification ,in bigleaf maple and that extensive degradation of the herbicide did not occur.
Nearly all of the herbicide in the leaf is available for transport in an active form to the important sites of action in the lower stem and roots.
Norris and Freed (1966b) determined the amount of herbicide in different plant parts of
intact seedlings treated one week earlier with herbicidal quantities of c14 labeled 2, 4-D or
2, 4, 5-T 2-ethylhexyl esters.
The results in Table 6 show important differences in the
stability of 2, 4-D and 2, 4, 5-T in this species.
Except in the treated leaves where differences
are small, 2, 4, 5-T is more stable than 2, 4-D. The greatest and most important difference
is found in the roots where 2, 4, 5-T is twice as stable as 2, 4-D.

Table 6.

Recovery of cl4 Herbicide from Intact Bigleaf
Maple Plants 7 Days after Treatment. 1
Recovery
(Percent of total recovered activity found in:)
Treated Leaves

Treatment
2,4-D-l-C

14

2, 4, S-T-1-c

14

New Growth

Stem

Roots

94. 1

82.5

62. 2

44. 7

93.7

96.3

67. 1

85.4

1

Data from Norris and Freed (1966b)

From Tables 4 and 6 it is clear why 2, 4, 5-T is more effective than 2, 4-D on bigleaf
maple. The absorption and translocation study (Table 4) shows about twice as much 2, 4, 5-T
as 2, 4-D in the roots if one assumes all the cl4 found there resided in unaltered herbicide
molecules.
However, the data in Table 6 shows that 2, 4, 5-T is more than twice as stable as
2, 4-D in the roots. Differential absorption, translocation and degradation result in considerably more 2, 4, 5-T than 2, 4-D in the target tissue.
These examples show clearly how the
factors of uptake, movement and detoxification operate together to produce selective herbicide
action.
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One additional factor needs to be considered in this scheme of selectivity.
Two herbicides which exert their toxic effects through different modes of action may not be equally
effective in destroying a given target tissue. As a hypothetical example, if twice as much
2, 4, 5-T is present in the roots compared with amitrole after a given period, but amitrole is
twice as toxic to root tissue, their apparent effectiveness will be the same.
For many herbicides
a simple equation:
EFF.

in most woody species this scheme of selectivity

may be reduced to

= INT. x ABS. x TRANS. x STAB. x TOX.

where
EFF.

= the ultimate

aerially

effectiveness of one herbicide
applied to a particular species

in terms of another when

INT.

= amount of herbicide

ABS.

= percent

TRANS.

= percent of the absorbed material
by 100

STAB.

= percent of the material in the roots in an active form after a given period
of time divided by 100

TOX.

= toxicity to root tissue as a percent

absorption

intercepted

by the foliage

divided by 100

which the comparison

which translocates

to the roots divided

of the toxicity of another compound to
will be made divided by 100

The effectiveness formula is not intended as a practical tool for either the investigator
or the field man. It is used here only to illustrate the principle of the dependence of selective herbicide action on the interaction between the factors of herbicide uptake, movement
and detoxification.
As a hypothetical case, consider the use of this equation in determining the probable control of plant species
X with 2, 4-D and amitrole applied in equal concentrations as aerial
sprays.
The leaves of both plants intercept 100 mg of herbicide.
The absorption of 2, 4-D is
35 percent compared to 28 percent for the amitrole.
Of the material absorbed, 12 percent of
the 2, 4-D is translocated to the roots compared to 36 percent for the amitrole.
After a given
period of time, 58 percent of the 2, 4-D transported to the roots remains unaltered compared
to 38 percent for the amitrole, however, 2, 4-D is only 30 percent as effective as amitrole
in destroying root tissue of this species.
The equation for 2, 4-D, then, is as follows:
EFF.

= 100 x 0. 35 x 0.

12 x 0. 58 x 0. 30

The equation for amitrole
EFF.

amitrole

equivalents

is as follows:

= 100 x 0. 28 x 0. 36 x 0. 38 x 1. 0 = 3. 84 mg amitrole

In terms of amitrole,
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=0. 73 mg

equivalents

then, 2, 4-D is only 19 percent as effective as amitrole

in controlling
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plant species X.
The third type of selectivity concerns variation in field results with a given chemical on a
given species at different times and places. It is usually not possible to determine the exact
reason with any degree of certainty for a given case. Some insight into this problem can be
gained, however, by remembering that in the broadest sense field variation is a type of selective herbicide action. Thus the factors which determine the selectivity of 2, 4-D and 2, 4, 5-T
on bigleaf maple should be operative here as well.
Consider the effectiveness equation above where a comparison between the effectiveness
of 2, 4-D and amitrole on species X was made. This same equation can be used equally well
in comparing the results between two areas treated with the same chemical to control the
same species.
Any factor, event or condition which alters the magnitude of one or more of
the values in the effectiveness equation will alter herbicide effectiveness and result in a variation in herbicidal response.
There is usually no direct answer to questions of why variation in herbicide effectiveness
occurs in the field. One can see that the final expression of herbicidal selectivity is the end
product of many complex variables which may operate together or in opposition to one another.
Whether one is talking about why one herbicide is better than another on vine maple, or why
2, 4, 5-T is more effective on one species than another, or why variation with a given herbicide on a given species occurs in the field, herbicide uptake, movement and detoxification
are still the determining factors.
Selective toxicity in heroicides is the result of the combined
effects of these three variables.
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THE FORMULATION AND APPLICATION OF HERBICIDES

J.

H. Kirch

Six years have passed since many of us met at this university to discuss herbicides and
their use in forestry.
Using herbicides in forest management was then a most timely and
important topic to us all. In the six years since that symposium, our interests have
broadened considerably.
We still need to know more about using herbicides in forest management, but we now recognize a need to know and understand more of their use for managing
vegetation on rangelands, on rights-of-way,
and in other noncropland situations.
Particularly,
we need to know more of the interrelationship
of herbicide programs and the end JXIrpose of
vegetation management.
For example, if the JX.lrpose is to eradicate one species in favor of
establishing another, the program will be quite different than if partial control of one species
is to allow another to establish itself. Conversely, if an inappropriate program is followed,
the result may not be what is desired.
When one stops to consider that in the United States the selective control of just woody
plants by chemical or mechanical means can be beneficial on nearly 489,000,000 acres of
commercial forest land (USDA ,1958), on nearly 240,000,000 acres of rangeland (K'lingman,
1962) and on undetern;iined millions of acres of railroad, highway, utility, pipeline, and
ditchbank rights-of-way,
the enormous scope and importance of understanding chemical
vegetation management is obvious.
Six years ago the author had the pleasure of discussing with this group the formulation
and effectiveness of herbicides on woody plants. Today the discussion is to include both
formulation and application of herbicides.
These two topics are very interdependent.
The
best formulations can be ruined in the field by poor application, and the performance of the
worst formulations can be improved by good application.
The author is not a formulating chemist or an applicator.
The
are based on observations made in the field. It is hoped that these
those of other speakers will contribute to a better understanding of
vegetation management, especially with regard to the relationships
application.

thoughts expressed here
thoughts in context with
the use of herbicides in
between formulation and

The two main objectives of formulating are to }Xlt the herbicide in the best possible form·
for its intended end use, and to improve the herbicide's performance by increasing its
penetration, translocation or accumulation within the plant to be controlled.
Most of the
chemicals available today for vegetation control are formulated as esters, emulsifiable acids,
water- or oil-soluble amines, or wettable powders (Kirch,1961).
There are many variations
of these basic formulations such as granules, glomules, pellets, pastes, invert emulsions,
and thickened sprays, but the parent chemical is generally formulated first as an ester,
emulsifiable acid, amine or wettable powder.
Esters are made by combining the parent chemicals with an alcohol.
duced by a chemical reaction of the alcohol and the acid. It is an entirely
a mixture.
Most esters, like the basic
oil-soluble by various means.
nents that will make it possible
emulsifiers.
They produce the
killer is added to water.
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The ester is pronew compound, not

acids, are not soluble in water. They can, however, be made
Dissolving the ester herbicide in oil and then adding compoto mix this ester/oil combination and water are known as
white milky appearance when a properly formulated brush-
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Esters may be referred to as either high volatile or low volatile, depending on the alcohol
from which they are made. High volatile esters are those made from alcohols that have a
comparatively high degree of biological volatility, such as methyl, butyl, ethyl, pentyl and
isopropyl alcohols.
Esters are generally named for the alcohol from which they are made. Thus the above
alcohols would produce the methyl, butyl, ethyl, pentyl and isopropyl esters of the parent acid.
Examples of esters having relatively low biological volatility are butoxyethanol, propylene
glycol butyl ester and isooctyl (Allen, 1950).
Because of the danger of damaging desirable plants with the vapors of high volatile esters,
most of the ester herbicides used today are of the low volatile type. No ester should be introduced in the field unless it is thoroughly checked for biological volatility.
Considerable
effort has been made to develop reliable techniques for measuring this volatility (McLane,
1963).
Volatility, however, is not the only criterion used in selecting an ester for a herbicide
formulation.
Field performance of the ester on the species to be controlled must be good.
Al.so, it must lend itself to commercial production.
Some very active low volatile esters
have had to be abandoned because of formulation difficulties.
Field performance and cost are fundamental to selecting the best ester to use, but making
a good weed or brushkiller also demands good formulation.
Differences in the reported performance of various esters are more likely due to formulation quality than to differences
inherent in the esters themselves.
The formulating chemist must consider carefully the way his ester formulation
applied in the field. If he knows it will be applied with low volumes (3 to 5 gallons)
or mist blower equipment, to vegetation with a heavy leaf cutin layer, his selection
emulsifiers and penetrants is different than if he knows the formula will be sprayed
of 300 to 400 gallons an acre from ground equipment. Often a blend of emulsifiers,
emulsification properties and one for aiding penetration, is desirable.

is to be
by aerial
of
in volumes
one for

There is a large market today, particularly in the control of woody plants, where
nonemulsifiable ester brushkillers for use in oil only are desired primarily as basal sprays
or as dormant sprays to stems in the absence of foilage. Al.though he may omit the emulsifier
from such a formulation, the chemist must now concentrate on the best penetrating agents to
help his formulation through impervious bark. There are many penetrating agents available
today and their proper selection requires painstaking field evaluation on many species of brush.
Considerable work has been done by Jansen (1961) and others in a search for surfactants
and wetting agents to improve the penetration of herbicide foliage sprays.
These additives
appear to improve the kill on herbaceous vegetation, but on woody vegetation their effects
have not equalled the benefits and economy of adding 5 to 10 percent fuel or diesel oil to the
final spray mix in the field.
In the woody plant field, where foliage applications are to be made, the main problem involved with oil is selecting the proper amount of oil to saturate the cuticle without severely
damaging the living cells in the plant foliage. This is true of the oil in the formulation itself,
and of additional oil that might be added as a carrier in the field. Oil's phytotoxicity can be
very important when conifer selectivity is an objective in brush control. Confiers generally
are damaged less than deciduous species by nonphytotoxic oils (Rediske,1959).
However,
some control of the hardwood brush may be sacrificed by using nonphytotoxic oils in the
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formulation or adding them in the field. Formulating chemists should always be consulted
before nonphytotoxic oils are added in the field. The particular ester being used may not be
soluble in that oil and a poor field mix may result.
Generally speaking, when foilage is succulent early in the season additional oil is not
needed in the field. However, if drought occurs as the season advances, adding small amounts
of oil is beneficial.
It is important to adapt the application technique whenever oil is added to sprays in the
field, particularly where high volume sprays are being applied to woody plants on rights-of-way
With stem foliage sprays application to the foliage is normally emphasized, but when oil is
added the emphasis should be on the stems and bases of the plants, with only light application
to about four-fifths of the foliage. This technique of spraying the lower four-fifths of the plant
is known as the modified basal spray and is a highly effective means of controlling species
resistant to normal stem foliage spraying.
The reason for this is that the added oil is
physically carrying chemical through the bark of stems and root collar from the outside,
whereas ~t must be translocated to these points internally from foliage application.
Research (Crafts ,1960, and Moore et al.,1960) has indicated that
in penetration, may not function in the translocation and accumulation
plants. The esters may be hydrolyzed upon entering the plant foliage
remain in the leaf while the parent acid moves downward in the plant

esters, although important
of certain herbicides in
and the alcohol portion
phloem.

Attempting to make practical use of this fact, water- soluble amine formulations were
prepared by dissolving chemicals such as 2, 4-D and 2, 4, 5-T in a solution of amine and water.
However, although high-volume ground applications have been successful, aerial applications
of these amines in low volumes have often given erratic results (Kirch,1959, Peevy and Burns,
1959). This could be due to the imperviousness
of the cuticle to water-soluble sprays at the
time of treatment, or it could be due to rapid evaporation in high temperatures.
The penetration of amine sprays can also be affected by water hardness.
Unless an amine
formulation is properly sequestered for use in hard water, a white precipitate, usually an
insoluble salt of the parent acid, will be formed. This precipitate plugs spray nozzles and is
very difficult for foliage to absorb.
Adding penetrants to water-soluble amines has helped improve the penetration of amine
foliage sprays.
However, it has not always improved the percentage of kill. Another
approach has led to the development of oil -soluble amines.
Here the amine of the herbicide is in an oil phase which is emulsified in water. It is
theorized that in the oil phase the amine will overcome the cuticle barrier and then move in
the water phase of the plant once the cuticle is passed.
Whether there is a ready return to
the water phase has not yet been proven. Generally speaking, when applied at high enough.
volumes the oil -soluble amines equal the low volatile esters in performance and are moderately
superior to waterborne amines, particularly late in the season during dry weather Oeffers,
1960). Judging from field results to date, compared to low volatile esters the main advantage
oil-soluble amines offer is decreased volatility.
Another advantage is the opportunity to use
a nonvolatile material in all types of carrier.
This is not possible with nonvolatile
water-soluble amines, which cannot be used in oil for basal or dormant spraying.
A formulation somewhat similar to that of the oil-soluble amines is the emulsifiable acid
concentrate.
Here the parent acid is solubilized in a special formulating system and then
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emulsified to go into water. These formulations are sometimes referred to as free acid
formulations.
They are relatively low in volatility and have performed very well as Crafts
(1953), Starr (1960), and other (Hamner et al., 1948) have found. Although somewhat more
expensive, these formulas more than offset their cost by increased kill of certain hard-to-kill
perennial weeds and woody plants. Additional evidence of emulsifiable acid formula effectiveness can be seen in the increased use in Texas and California of 2, 4- D in that form for weed
control.
Wettable powders made by suspending or partially solubilizing herbicide acids in water
are also used widely, primarily in the soil sterilant group of compounds. This is largely due
to the fact that wettable powders of the herbicides used for brush control are not as effective
as the ester, amine and emulsifiable acid forms when applied as foliage sprays.
The introduction of low volatile esters (Allen,1950), amines, emulsifiable acids, and
wettable powders has greatly reduced the danger of volatility injury. A second similar but
unrelated problem, drift, has been studied by formulating chemists and engineers for many
years. As a result of these studies, the low drift invert emulsion formulas (Kirch,1959,
Kirch and Esposito,1967) and later, thickened and particulated sprays, were developed. Today these formulas, especially the invert emulsion,s, are widely used for applying herbicides
to utility, pipeline, railroad, and highway rights-of-way where control of drift is essential.
It is important to understand how inverted or thickened sprays differ from conventional
water or oil-water sprays.
Spray solutions are inverted or thickened to produce a larger
droplet that will remain in the air a shorter period of time and thus be affected less by wind
and temperature.
The larger the droplet the fewer there are per gallon of spray and the less
coverage will be obtained on the foliage. For example, there are approximately 3 billion
700 million 125-micron size spheres per gallon, but only fourteen thousand 8000-micron
spheres per gallon (Allen,1962).

If you are applying 4 gallons volume per acre and your droplet size is 1000 microns, you
can expect a coverage of 4. 6 droplets per square inch. Cutting the droplet size to 200 microns
will increase the coverage to 570 droplets per square inch. The former coverage might be
adequate to control a large-leafed species such as oak, but it would not be optimum for smallleafed species such as mesquite, as Fisher et al. (1950) have pointed out. The larger the
droplet flown the higher the volume needed for coverage.
Thus programs involving the
application of inverted, particulated or thickened sprays require two or three times more
volume than conventional sprays to insure good kills. The added cost is more than offset by
the greater safety.
There is much yet to be learned about the formulation and application of herbicides in
vegetation management programs.
Progress has been made in controlling volatility and drift
by introduction of low-volatile esters, amines and invert emulsions.
Weed scientists have
learned much about the absorption, translocation and accumulation of herbicides.
Formulating
chemists have used this knowledge to make more effective formulations.
Vegetation managers
are contributing greatly in the practical use of these formulations in the field. This is the kind
of cooperation that must be fostered if we are to continue to make progress in manipulating the
vegetation around us to man's advantage.
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DISCOVERY AND DEVELOPMENT OF NEW HERBICIDES
C. T. Lichy
Dow Chemical Company, Midland, Michigan
In summarizing this subject, it is necessary first to classify four major stages of
research and development which precede the sale of a new pr oduct. A description will then
be given of the type of work _onperformance and safety that is done at each stage.
0

Stage 1 is exploratory

research.

Stage 2 involves the quantitative
candidate pesticide in the laboratory

measurement of activity and preliminary
and the field.

Stage 3 is detailed and comprehensive
methods of production.

research

on performance,

evaluation of a

limitations,

Stage 4 is the confirmation and extension of practical applications which results
recommendation of a new pesticide by state and federal research agencies.
All stages in sequence lead to a product with a registration
effective and safe usage.
STAGE !--EXPLORATORY

safety, and

in the

and a label which describes

RESEARCH

The objective of Stage 1 is the discovery of potentially useful activity.
Biochemical
reasoning, organic chemical reasoning and systematic exploration are the methods which
lead to this discovery.
This ultimately involves an examination in the laboratory of approximately 4, 150 chemical compounds yearly with 50 different living species in order to determine
possible utility. Insects, fungi, bacteria, nematodes, rodents, weeds, and many other test
organisms are the target of this original effort. Each chemical is examined not only for its
killing power but also for the stimulating or growth-modifying effects.
In working with
insects, observations are made upon attractant properties,
repellent properties,
and reproductive inhibition.
The observations and test data are carefully recorded to enable scanning,
study, and later review by means of high speed data processing equipment. New and inter- ·
esting activity is discovered in Stage 1, sometimes predicted by plan and design and sometimes
not predicted.
The discovery, however, is always an exciting event.
At Stage 1 we are concerned with safety by assuring good handling precaution with all
materials.
It may be of interest to you to know that among the people doing this research
during the past 28 years there have been no lost-time injuries attributable to chemical exposure and during this time over 60,000 chemical compounds have been handled and tested.
Discovery of new and interesting activity is the beginning of a fascinating chain of events
but many obstacles to commercial development lie ahead. During the last 10 years an average
of 4, 150 compounds were tested each year and of these 27 demonstrated a level of performance
sufficient to justify continuation and promotion to Stage 2. It might interest you to know that
Stage 1 research also includes tests on algae, daphnia, fish, and srui.ils - -each of which gives
a clue to values or limitations of chemical agents on aquatic and food-chain organisms.
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STAGE 2--PRELIMINARY

EVALUATION

A candidate compound of continuing interest is formally promoted to Stage 2 by the
laboratory director.
Now the objective is to measure the activity and to discover the limitations early and to eliminate marginal or poor candidates before excessive time and effort
and money have been expended.
Stage 2 experiments are conducted in the laboratory, in the greenhouse, in growth
chambers, at the field stations and under conditions which subject a new candidate to extremes
of temperature,
light intensity, moisture, acidity, alkalinity, leaching, and weathering in
which the rate of degradation and disappearance is observed and analyzed.
All of these Stage 2 tests are applied to determine value and limitations.
The potential
limitation of safety is also placed in sharp focus. In order to determine safety we must first
measure the toxicity of the candidate compound. Using laboratory animals we investigate the
effect on the eyes, the effect on the skin, the effect of swallowing, the effect of single doses,
multiple doses--all in experiments designed to tell us the level of toxicity by various modes
of exposure.
From these tests we learn whether toxicity is liable to be a limitation under the
conditions of use.
In addition to testing safety as it relates

to man, we conduct preliminary tests on coturnix
quail and chickens to help evaluate safety in birds. These are avian species which can be well
managed in the laboratory, and the testing with coturnix quail is a sensitive and valuable indicator of toxicity to wild birds. Aquatic species are also checked: trout, yellow perch, blue
gills, lake emerald shiners, goldfish, snails, daphnia and algae are examined to determine
the maximum tolerated concentration in water. These give an indication of hazard to fish
and to food-chain organisms on which the fish feed. Tests on fish have been conducted at Dow
for 16 years.
Effects on possible food-chain organisms (a more complicated subject) have
been investigated during the past three years as part of our own research program.
STAGE 3--PERFORMANCE

AND PRODUCTION TESTS

With data on performance,
limitations,
safety, and a comparison with existing agricultural practices in hand, the next step is to decide whether or not the candidate is worthy of
the race and has at least a 50:50 chance of commercial success.
Stage 3 is costly--around
one-half million dollars per candidate compound.
Up to this time the chemist has prepared the pesticide samples in the laboratory in
relatively small quantities (2-25 pounds). Now it is necessary to use a pilot plant and to refine a manufacturing process.
Furthermore,
additional samples must be supplied for field
experiments.
Work with larger quantities means more exposure of personnel to the chemical.
In order to assess the hazards involved, we examine the toxicological data gathered in Stage 2.
This guides safe handling practices in the pilot plant and guides safe handling practices of our
field research personnel.
Performance testing at Stage 3 assumes a new dimension.
Under control of Dow personnel
and under conditions where residue-contaminated
produce is destroyed, we start field experi ments which test a candidate compound. Normal and extreme environmental conditions are
chosen and experiments are applied in different parts of the country. Field tests are run on
Dow farmland in Midland, Michigan; Greenville, Mississippi; and Davis, California.
These
locations were chosen to give a selection of crops, climates, and agricultural management
conditions on which to test our ideas and products.
Each facility is equipped with supplemental
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irrigation in order to study the effects of leaching and persistence.
Growth chambers in our
laboratories are used to study more closely the effects of temperature;
light intensity, and
photoperiod.
Experiments are run with equipment which equals or approximates that of an
ultimate customer.
Comparisons are made with the best available competitive products or
practices.
Results are analyzed and converted into dollar and cent values from the standpoint
of the user.
Concurrent with the process development and field performance studies mentioned above,
we also initiate comprehensive safety testing.
This includes an investigation of toxicity,
metabolism and residues.
Heretofore, toxicity studies have been of short duration (up to 90 days in time) but at
Stage 3 the following studies are initiated on the candidate:
1. More refined tests on skin, eye and inhalation toxicity.

2.

Chronic (continuous) feeding tests of two years duration in rats and dogs.

3. Chronic feeding studies in chickens and quail.
4.

Reproduction

studies in rats and quail, if applicable.

5. Tests in other farm animals.

6. Tests on fish and aquatic organisms,
In order to avoid delay of data necessary
started early in Stage 3.

if applicable.
for a timely registration,

these tests must be

During the extensive

field work, practical applications are made with typical equipment.
for example, methods must be found to effect proper placement with
minimum drift to adjoining areas.
As a major supplier of 2, 4-D, we have learned firsthand
about the hazards of drift to adjacent sensitive crops and have worked diligently on methods to
reduce the drift hazard.
Effective techniques have been control of droplet size, avoidance of
windy conditions during application, use of granular materials,
choice of timing to minimize
hazards.
In the use of herbicides,

Stage 3 is the point at which we study the fate of the chemical applied and develop answers
to the following questions.
Is the pesticide stable or does it degrade? If stable, does it leach
in soil or wash off in surface water? If it leaches, how fast? Where does it go and in what
concentration?
Does it concentrate in living organisms or does it dilute progressively in
water? Is it decomposed by hydrolysis, oxidation, ultraviolet light, or by microorganisms
in the woil? Each pesticide has differing properties and must be studied individually.
Generalizations
can be very misleading, and experiments must be designed to give specific
answers.
Traces of an applied chemical which appear in the harvested crop are the pesticide resi dues potentially to be consumed by man. A careful scrutiny of the residue problem is
conducted in Stage 3. First is the chemical identification of the residue.
It may be the
unchanged pesticide or a derivative changed through the environment or through biochemical
processes in a plant or animal.
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A study of the changes which a pesticide undergoes can be very complex. In this important
phase of Stage 3 work, we rely heavily on radioactive tracers whereby an experimental pesticide is applied in special experiments designed to simulate actual practice but to avoid radiation exposure of our people. Once applied to a plant or animal, a "tagged" radioactive
pesticide is allowed to go through the same time sequence and conditions as expected in nature.
After the crop containing the suspected residue is harvested, the edible materials are carefully analyzed by a host of modern biochemical techniques in order to identify precisely what
the residue is. If the residue differs in structure from the applied pesticide, it is then
necessary to examine the toxicological problem and to determine what additional studies are
necessary with the metabolic derivative.
After a residue has been identified, an assay method is perfected so that minute traces of
residue can be measured in raw agricultural commodities or in foodstuffs.
This type of method
development requires our best talents because levels of sensitivity for detection must be very
low (0. 01 to 0. 1 ppm). This is like finding the needle in a haystack. It is important and necessary to determine accurately how much residue actually exists when a pesticide is applied
according to instructions so that the potential hazard of consumption of this food can be properly
determined.
Analytical method development and collection of samples for actual analysis of
residue is conducted in Stage 3.
Consideration of hazard to fish and wildlife is also assessed during Stage 3. In developing performance data, the conditions of use are established and the probable exposure of fish
and wildlife can then be better predicted.
The hazard, if any, will be highly dependent on
conditions, timing, and methods of application.
If bird exposure, directly or indirectly, is
expected, then close observations are made in treated areas and additional laboratory tests
are run to determine toxicity on acute and chronic exposure.
In addition, a determination is
made of the effect on reproduction in quail (two to three generations), and in chickens as test
species.
Experiments are conducted on a variety of fresh-water fish to determine the
effect of short- and long-term exposures in water. Tests of a more detailed nature involve
cooperation with the U. S. Fish and Wildlife Service, the U. S. Public Health Service, and
certain state conservation departments.

At the end of Stage 3, we have data on the following:
Production methods and cost of manufacture
Metabolism and possible residues
Performance and preliminary directions for use
Economics and potential value to the user
Safety to fish and wildlife
Safety to man in the production plant
Safety to the pesticide applicator
Safety to the ultimate consumer if a residue exists
The project is three or four years old at this time.
STAGE 4- -PRACTICAL APPLICATIONS
Promotion of a candidate to Stage 4 means that the Dow Chemical Company wants to make
and sell the product. During Stage 3 we must have demonstrated that the pesticide is safe,
effective and profitable for our customer and for us. If we are satisfied that the probability
for success is good, the candidate is formally promoted to Stage 4. The candidate is then
sampled to qualified investigators in the state experiment stations, the Agricultural Research
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Service of the USDA, the Fish and Wildlife Service, and the U. S. Public Health Service. A
technical bulletin is provided which describes the candidate product, its values and limitations.
Continued research is encouraged.
We are supplying not an unknown entity but a new chemical
tool that has proven value.
At this point, we enlist the aid and cooperation of qualified investigators throughout the
country to examine, to test, to criticize, and to extend observations.
This assistance is
essential to ultimate recommendations
for use and appropriate labeling. It requires from
one to three years to complete Stage 4 investigations of toxicology, metabolism, residues and
field performance.
The accumulated data form the basis for an application for registration
and a petition for a tolerance.
Once a tolerance has been granted by the Food and Drug
Administration and the label has been approved by the United States Department of Agriculture,
the new product is officially released for sale for the registered usages according to label
instruction.
Sales and promotion programs are designed to emphasize proper and safe usage.
At the time when we
spent five to seven years
ment. New products are
people. This represents
of work experience.

receive
in time
backed
a total

our first income from a new product, we have generally
and two to three million dollars on research and developup by a staff of 81 bachelors,
14 masters and 44 doctoral
of 700 man-years of academic training and 1, 100 man-years

Our biochemical laboratory, founded in 1933, has 34 years of experience in research on
toxicology and safety. We are constantly investigating new techniques and ways to improve
our research.
We are proud of our small contribution to a system of agricultural producti vity which provides a standard of living and a storehouse of national strength which is unparalleled in history.
A graphic portrayal of the sequence of events and chronology is provided to
more dramatically the type of work that is going on at any given time during the
from test tube to label. Two years of exploratory research procede the product
illustrated.
Those events dealing with safety or performance are shown with an

illustrate
five years
planning
asterisk.

STAGE 1 and 2
EARLY LABORATORY PHASES
12 to 24 Months of Work
Test Tube Synthesis
Laboratory
Comparison

Screening
to Competitive

Standards

Synthesis of Related Compounds
*Initial Compound Toxicology Studies
*Initial Toxicity to Wildlife Studies
Organization
Preliminary
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of Patent Plan
Local Field Trials
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STAGE 2
IN PREPARATION FOR PRODUCT PLANNING

Months to First Sales

59

58

Review Performance

57

vs Standards

Review Patent Situation
*Confirm Compound Structure
Estimate

and Purity

Potential Markets

Estimate Economics
Consumer cost:

Return ratio

*Complete Acute Toxicology Studies
*Complete 90-120 Dietary Feeding Tests
*Preliminary

Hazard Estimates

*Review Preliminary

Wildlife Toxicity and Reproductive

56

55

Studies

54

*Initiate Metabolite Studies
From compound radioisotopes
*
Complete Preliminary Formulation
Start stability tests

Studies

Initiate "In Company" Field Experimentation
Estimate

Date of First

Consumer Use

STAGE 3

53

52

51

Initiate Compound Analytical Studies
Quality control
Complete Domestic Patent Filing
Consider foreign filing
*Continue Metabolism Studies
*
For 2-year feeding decision
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Instigate Process Research
*Plan 2-Year Dietary Feeding Toxicity Tests
50

49

48

Confirm Compound Purity
*Initiate 2-Year Dietary Feeding Toxicity Tests
*
Dogs and rats
*
Compound and/or important metabolites
Instigate Economic Evaluation
Plan Pilot Plant Operations
Request Trademark

and/or Common Names

*Obtain Symptomology and Treatment
*
For doctors' review
*
For label recommendations

47

46

Complete "In Company" Performance
At least one major market

45

Data

*Consider Potential Crop Application Hazards
*
Drift
Persistence in soil
Leaching to ground waters
*

•

*Consider Potential Hazards to Wildlife
Compose Provisional Label

44

43

42

Build and Operate Pilot Plant
Complete Foreign Filing
Present Initial Scientific Publication
Introduce to Public Agency Researchers
*
Educate researchers--safety
precautions
Prepare technical bulletins
Refine Consumer Cost:
78

Return Ratio
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*Determine Handling Hazards
*
In manufacture
*
In field application
Brief Other Company Departments

41

40

39

*Develop Analytical Method for Crops
*
Compound and/or metabolites
Expand Formulation Stability Studies
Consider toxicology of "inactive"
*Initiate 3-Generation
*
Japanese quail
*
Rodent species

ingredients

Reproduction Studies

38

38

36

34

33

Prepare Public Information Plan
*Study Toxicology of Formulations
Initiate Packaging Studies
Refine Potential Market Estimates
Determine

Possible Foreign Markets

Complete Process

Research

35

*Determine:
*
Accumulation and degradation
*
In soil and water
*
Hazards of stream and lake pollution
*
Effect on biological life chains
*
Lower aquatic forms
*
Fish
Birds
Small mammals
Drift hazards to nonsprayed crops
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31

32

*Prepare

1- Year Progress

30

Report on 2- Year Toxicity Tests

Develop Crop Sampling Plan
For residue studies
*Complete Crop Analysis Methods

29

28

27

25

24

Develop Market Research Information
*Initiate Meat and Milk Residue Studies
*Obtain Human Skin Sensitization

Studies

*Complete Inhalation Hazard Studies
Alert Sales Planning

26
*Obtain Experimental Permit
*
With temporary tolerance
*
Including warning statements
Complete Needed Formulation

and Packaging Studies

Obtain Trademarks

23

22

21

Develop Performance Information
For initial consumer program
From public agency researchers
From company researchers
Determine advantages and limitations
Develop Sales Plan
User panel
Market test
Full sales
*Complete Dietary Feeding Toxicity Reports
*Obtain Formulation
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20

19

18

16

15

Write Label
Include:
Trademark labeling
Product specifications
Performance information
Use directions
*
Use precautions
*
Warning statements
Warranty statement

17

*Prepare Petition to USDA/FDA
Include:
Performance information
Proposed use and labeling
Dietary feeding toxicity report
*
*
Wildlife report
Residue report
*
Analytical report
Symptomology and treatment
*
*
Reproduction study report
Toxicology
report
*
14

13

12

Finalize Economic Evaluation
5-year projections
Initiate Engineering

and Site Studies

Complete

Research

Marketing

Obtain "Release to Sales"

11

9

Prepare Product Information
Literature
Public information
Merchandising
*Educate Company Salesmen,

Resellers

and Applicators

Obtain Price Authorization
Review Foreign Marketing
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8

7

6

4

3

1

0

Complete Needed Engineering
For larger plant
Start Plant Construction
Finalize Sales Plans
Review Production Schedules

5

•complete

Federal and State Registration

Print Labels
Schedule Deliveries
•start Merchandising Program
Package Product

2

•send Literature

to Resellers

Ship Product
Sell to First Customer
*Follow Sales Closely
With sales and technical personnel
THEN
PRODUCT IS LAUNCHED!
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RESPONSE OF VEGETATION COMMUNITIES TO MANIPULATION
Michael Newton
Assistant

Professor,

School of Forestry,

Oregon State University,

Corvallis

Vegetation is considered undesirable for.many different reasons.
Depending on the
objectives of the land manager, herbicides may be applied to vegetation in various ways to
solve a host of problems.
Communities with two or more undesirable species are common,
but selective herbicides that suppress only undesirable species are rare.
Plants invade
voids created by elimination of a segment of any vegetation community.
Success of herbicide
treatment depends largely on the length of time necessary for species with undesirable
characteristics
to regain a position of importance.
This paper outlines some basic concepts
concerning ecological response to herbicides,
and illustrates how such concepts apply in
various climates.
NORMAL PLANT SUCCESSION

Plant succession defines the processes of evolving plant communities following disturbance. The first species to colonize sites devoid of vegetation are known as pioneers.
Pioneer species typically grow rapidly and occupy sites quickly. Many pioneer species have
the capacity to fix nitrogen, and to improve conditions through the accumulation of organic
litter.
In this way, suitable habitats for more stable plant communities are created.

An important feature of communities of pioneers is that they are unable to replace them selves in a process of regeneration.
Such communities generally have a short life span, and
voids created by mortality of pioneers are filled by species with more ability to persist, and
to regenerate in their own shade. Plant communities develop ultimately that are able to
succeed themselves to the complete exclusion of pioneer species.
These are known as
"climax" vegetation types. Climax communities often take centuries to develop, and normal
disturbances arising from fire and other calamities tend to maintain a continuous seed source
of pioneer species that perpetuate communities in a so-called subclimax condition.
The course of plant succession is also influenced by soil, climate and availability of
plant species for colonization.
Under natural conditions, the theory is widely held that plant
succession will progress to a given climax for any given climate and soil. The communities
most likely to stabilize under any given natural environment will be dominated by the tallest
species able to reproduce in their own shade. If soil and climate typically support a forest
condition, the climax forest is often accompanied by a 'persistent understory of shrubs that
is capable of reproducing in the shade of dominant species.
MAN-CAUSED SUCCESSION

There are several ways of manipulating the course of plant succession.
Tillage in the
practice of agriculture is perhaps the most common means of setting back succession, and
it is axiomatic that most crops are pioneer species.
Nonagricultural vegetation management
attempts to control succession most commonly by application of broad-spectrum
herbicides,
or by selective weed control practices.
Generally overlooked, but important, is the
practice of introducing species which will become dominant components of vegetation with
some control over subsequent composition of plant communities.
All approaches, except
possibly tillage, may be useful to the vegetation manager.
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Many vegetation types may occur in a relatively small geographical area.
Moreover, no
two communities will respond exactly the same to manipulation.
Nevertheless,
vegetation
may be grouped by general climatic zones so that responses to manipulation may be expected
to follow a general pattern within which variations may be of minor significance.
For this
discussion,
four major climatic zones and the responses of vegetation to normal succession
and artifical manipulation will be described.
INFLUENCE OF CLIMATE ON SUCCESSION
Climatic zones are often defined on the basis of total precipitation,
average temperatures,
length of growing season, and degree-days.
Distribution of precipitation through the year may
be as important as total precipitation.
The effective moisture environment for a plant should
be measured in terms of radiation load and moisture availability in relation to stress.
An
enormous range of conditions exists within each broad climatic zone. Vegetation will be discussed in the broad categories as follows, based on moisture environment:
1) desert
vegetation,
2) savanna--supporting
scattered trees,
3) temperate forest and 4) rain forest.
Desert
Degree of aridity has an important bearing on the amount of total vegetation a site can
support.
Complexity of response that can be expected from manipulation in the desert is
therefore limited.
Desert species may be classified according to their ability: 1) to avoid
drought by completing a life cycle quickly or storing water,
2) to penetrate roots deeply into
zones not occupied by the shortlived species or 3) to tolerate drought.
First stages in
succession after disturbance are characterized
by high percentage of species with a capacity
to complete a life cycle before limited moisture is exhausted.
With increasingly deep percolation of precipitation,
shrubby plant vegetation with deep spreading roots tend to prevail.
Control of vegetation on the very driest sites may mean that the only dominant species is
eradicated for a few years.
Under such circumstances,
the natural pioneer after this disturbance will be the same species as was eradicated some years previously,
i.e., pioneer
and climax are identical.
With sufficient moisture,
and more complete community structure,
selective vegetation control can favor either grass or broad-leaf vegetation.
Broad-leaf
shrubs tend to dominate voids created by grazing or grass control, and may create conditions
which are unfavorable to establishment
of further grasses.
With control of the shrubs, however, the establishment
of grasses may increase almost to the exclusion of shrubs.
Return
of disturbed communities to origtnal composition will occur very slowly because of deficiency
of moisture.
Savanna
Areas that support grass and shrub communities with scattered trees represent moisture
regimes in which trees are able to grow for several months of the year.
Extreme drought
conditions prevail most of the time. In the United States the most common savanna types are
in the Rocky Mountain area where the Juniper-Pinion Forest type with grass and sagebrush
intermingled occurs on very extensive acreages.
Also important are the hardwood sav;rnnas
of California and the eastern edge of the Great Plains prairies.
Savanna stands can be manipulated in several ways, depending upon whether grass, shrub
or tree is the component picked out by treatment.
Of the elements in such communities that
respond to manipulation,
herbaceous vegetation has the capacity for most rapid response-,
followed by shrubs and trees in rapidly descending order.
Conversely,
removal of trees
creates the greatest change in environment to which associated vegetation may respond.
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Savanna types respond more quickly than do desert communities to manipulation.
Substantial stands of grass may occur within one or two years after devegetation, provided no
herbicide residue is restrictive.
Elimination of tree and grass components from such com munities should enhance shrub development enormously.
Grass would ultimately recncroach
in light stands, and the grass-shrub
mixture would probably exclude reinvading trees.
Such
manipulation would probably postpone the redevelopment of tree species for substantially
longer than the elimination of all species or of trees and shrubs together.
Removal of grass
or shrubs alone would likely have very temporary effects.
The duration of shrub and tree absence after eradication will be increased greatly by
introduction of grass species.
In view of the orientation toward the livestock industry of most
manipulations of this type, however, one cannot overlook the importance of livestock in determining the rate of change in plant composition.
Voids created by removing trees and
shrubs will be filled by herbs until deficient moisture or grazing limits density.
Extended
supression of forage species by livestock can aid in the development of sprouting and seedling
shrub species and occasionally trees.
Livestock are also important in influencing succession among grasses on savanna lands.
The ratio of annual to perennial grasses depends on freedom of the perennials to occupy and
maintain a position of dominance.
Concentrating livestock on either component of the herbaceous vegetation may favor the dominance of the other. In just this way many of our weed
problems are intensified.
More will be said about this in the section on responses of rangeland to manipulation.
Temperate

Forests

Temperate forests form the dominant vegetation within a wider range of climatic conditions than any other general type. Within this type occur most of the problems of economic
importance in forestry and power line right-of-way maintenance.
Pioneers within this forest
type include both woody and herbaceous species, with the woody species often reaching a
position of dominance in relatively few years.
The length of time required to form a woody
forest canopy is often related to growing season precipitation.
Trees usually form the dominant cover, but a rather persistent cover of shrubs may develop under some circumstances.
Normally, trees will dominate associated shrubs and slower-growing
trees quite rapidly, but
shrubs may persist for many years when they achieve a position of dominance without the
establishment of trees.
As conditions progress from dry to wet within this zone, it becomes less likely that a
herbaceous stand of vegetation will restrict the development of shrub or tree stands.
With
increasing rainfall, species composition becomes more complex and a wider variety of responses to manipulation can be expected.
Because of complete domination by trees, the
temperate forests are simple, in some respects.
Manipulation of herbaceous or shrub components of mature communities has relatively little impact on the total vegetation, and return
to equilibrium conditions may involve little change. Removal of trees only, however, will
result in a rather rapid release of growth by herbs and shrubs.
Some understory shrubs
have a great capacity to respond to release.
Treatments that favor such species are effective
in restricting redevelopment of trees as well as herbs.
Full occupation of site is necessary
for shrubs to preclude development of trees.
A common example of the latter situation is one
in which conifer overstory species may be removed where an abundant understory of shrubby
species exists.
The redevelopment of shrubs from sprouts following logging may create a
dense canopy of shrubs through which forest species may not emerge for substantial periods,
creating an artificial subclimax type. The same may be done with herbicides.
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Herbaceous species developing after devegetation in the more droughty zones of the tern perate forest region are capable of intensifying the drought conditions to the exclusion of
seedling woody associates.
Incidence of seasons of favorable moisture regime has substantial effect on the probability of occurrence of persistent woody associates.
Reduction of
shrubby components of such forests, with or without manipulation of herbaceous species, will
probably increase greatly the importance of dominant tree species growing in mixture with
the shrubs.
Reduction of shrubs in the absence of trees or tree seed sources, however,
increases density of herbaceous species, which give way to trees and shrubs slowly. If trees
are lacking or if seed source is lacking, trees must be introduced during or before the time
of shrub reduction if trees are eventually to succeed in becoming the dominant cover.
Woody species require substantially
more time for their establishment
and emergence
as dominants in a community than herbaceous species.
The course of succession following
total devegetation on temperate forest sites may differ completely in the presence or absence
of livestock or browsing animals.
Animals browse preferred species, and trample any
species.
While it is not safe to generalize as to the preference of animals for certain classes
of plants, heavy use by animals tends to trample or retard woody species to the advantage of
herbaceous species.
Thus the effect of a broadcast spray that suppresses
shrubs and tree
species can be expected to last much longer in terms of persistence
of the pioneer herbaceous
vegetation if animals are present than if they are absent.
This may not be desirable in reforestation, however, because noncommercial
species may escape animals sooner than valuable
trees.
One of the most common forms of selective vegetation control in temperate forests is that
of thinning, or stand improvement by killing undesirable stems.
This practice differs from
other disturbances
in that the overstory remains intact, although some species may be eliminated from the dominant canopy. In this way the course of succession is changed somewhat
because some species may not be represented
in climax or subclimax forests that develop.
Response to thinning by understory vegetation, and the duration of its existence,
is proportional to the amount of site released.
Under such circumstances
animals will probably have
little to do with the course of subsequent succession,
except insofar as they may restrict
development of coppice.
A short term of succession in the animal population is apt to ensue,
however, because of the increase in attractive forage species that usually accompanies an
opening in the forest canopy. Animals can have little to do with forest succession after this,
however, because dominant members of the overstory are inaccessible,
hence not subject to
manipulation by their feeding activities.
Rain Forest
Rain forests occur typically in areas where long growing seasons and rare drought con ditions prevail.
Growth of all species native to such sites tends to be rapid and rank, and
woody species become dominant very quickly. Herbaceous species may occupy a very brief
role in a successional
sequence in rain forested areas.
On the other hand, shrubs may be a
very important component of the total vegetation complex even in the presence of a dominant
overstory.
Community responses to manipulation resemble those of temperate forests, but
tend to be very rapid.
Individuals of any species may reach very large size.
Rain forest tree species are typically capable of very rapid growth. Shrub species common on these sites also tend to have a very rapid juvenile growth. Expression of dominance
by tree species is a function of their ability to remain dominant through the development of
the shrub-tree
complex.
Total devegetation in a rain forest gives rise to a community in which
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herb, shrub and tree species all develop together.
Tree species invariably arc represented
in the final overstory arising from such a disturbance.
As in temperate forests, removal of
trees without eradicating shrubs, may stimulate a community dominated completely by shrubs.
It is often impossible for tree species to become established and emerge through the shrub
canopy; some shrub communities may approach height of small trees.
On the other hand,
selective control of shrubs in a conifer rain forest is sufficient usually to enhance dominance
of existing trees.
Selective herbicides seldom eradicate the shrubs entirely.
Many of the
rain forest shrubs are capable of persisting under a solid forest canopy for an extended
period, ready to spring into vigorous growth as soon as an opening appears in the forest
canopy.
ALL VEGETATION TYPES
Several general principles may be applied to all vegetation types. The most important is
the concept that disturbances
promote undamaged vegetation to the detriment of damaged
species.
Species thus favored will tend to remain dominant longer than in normal succession.
It is always true that species resistant to herbicides make up a larger and larger component
of communities subjected to repeated applications.
Exotic species resistant to herbicides and
persistent in recurring pioneer vegetation may be used to dominate naturally occurring, undesirable species.
This same principle works both ways, however, and resistant undesirable
species may occur in increasing amounts as one manipulates desirable vegetation to serve
his objectives.
Unplanned increases of undesirable components frequently serve to complicate
further control measures.
Managers of wild lands seldom have information pertaining to herbicide responses to all
classes of vegetation under their supervision.
Broad generalizations
for prediction of responses by unknown communities are hazardous without adequate information.
A reasonable
ecological examination of typical communities will, however, give some insight as to which
components are likely to be pioneers.
Many of these will be of known sensitivity to herbicides.
Very few places are so remote ecologically that no information is available.
Land managers
anticipating extensive use of chemical manipulation should have no difficulty establishing trial
plots to serve as a historical record.
Annual inspection of well-conceived test treatments
should provide insight as to attainment of ecological objectives, and persistence
of effects.
Chemicals may change; but development of vegetation after effects of chemicals are gone is
dependable.
Such community dynamics are predictable if evaluation is not confounded by
preoccupation with chemical methodology.
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EFFECTS OF VEGETATION MANAGEMENT ON WILDLIFE
W. H. Lawrence
Forest

Wildlife Biologist,

Forestry

Research Center,

Centralia,

Washington

The interaction between herbicides and wildlife in the manipulation of vegetation is a point
of concern among some wildlife biologists.
That vegetation patterns can be effectively and
efficiently controlled by herbicides is amply documented.
This, in fact, is the theme of our
conference.
All too often the importance of this three-way action is not fully recognized in
planning intensive herbicide programs.
At the outset, I should make it clear that the concern
is not directed at herbicidal chemicals as such, for when used properly, herbicides as a class
of compounds are safe to use materials (Rudd and Gennely, 1956; George, 1960), but over
the use of these chemicals to modify vegetative cover. Alerting land managers and vegetation
managers to the existence of a habitat-herbicide-wildlife
interaction is the purpose of this paper.
Wildlife exists only in combination with its habitat. Specific vegetative cover types singly
or in combination support specific kinds of wildlife. For example: weedy meadows will support
high numbers of pocket gophers; sage grouse require sage brush; and optimum deer·numbers
are associated with early stages of forest succession.
Such wildlife-habitat relationships are
vital relationships for the animals.
Modifying habitat directly affects carrying capacity, i.e.,
the ability of land to support wildlife populations (Edwards and Fowle, 1955). Change the
carrying capacity and animal numbers will change. Some species are benefited and others
decline.
In this introduction to the topic, "Effects of Vegetation Management on Wildlife," it is not
my intention to give an initial impression that the use of herbicides is bad for wildlife. Quite
the contrary, herbicides 'are an important tool in wildlife management for the maintenance of
suitable habitat. Going back through the literature to get a feel for the attitude of the professional wildlifer on herbicides was an interesting experience.
When herbicides of the growth
regulator variety (2, 4-D and 2, 4, 5-T) made their appearance in the '40s, wildlife managers
were quite taken with the possibility of manipulating the environment for wildlife. They saw
that herbicide treatments provided a way to: l) increase the availability of food by partially
killing and stimulating suckering of important brush species that had grown out of reach
(Krefting, et al., 1956, 1960), 2) maintain openings in dense vegetative cover necessary for
most forest game species (Ammann, 1957; Ruch, 1957; Coutter, 1959), 3) eliminate undesirable
aquatic vegetation in waterfowl management (Steenis, 1960) and 4) maintenance of food patches
established for farm game (Hamilton and Buchholtz, 1953). One enthusiastic manager stated at
an early North American wildlife conference that "there doesn't seem to be anything you can't
do with herbicides."
Then, in the early '50s came the first words of warning from the southern states--herbicides were being used in a forest conversion program resulting in the destruction of important
wildlife habitat (Goodrum and Reid, 1956). The point of concern was that herbicides had provided forest managers with an effective means of rehabilitating forest lands long abandoned to
hardwood "scrub", a preferred wildlife habitat.
With this new technique, upland hardwood were
rapidly being converted to the economically more valuable coniferous forest, a forest cover of
little value to game.
Reluctant as some wildlife biologists may be to the acceptance of an ever intensifying level
of land use (they yearn for the good old days when many spent acres were literally abandoned
to wildlife) it is now "a fact of life" that wildlifers must work within established land-use
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patterns with predetermined vegetation.
Land managers and vegetation managers usually
have economic objectives other than the production of game per se. With the ability to shape
vegetative patterns, tailoring them to certain specifications,
with herbicides alone or in combination with other land management techniques (fire, scarification,
drainage, etc. ) land
managers have the potential to and in fact do control local distribution and abundance of wildlife.
At best, wildlife biologists are managing a floating resource without having control over a basic
factor regulating wildlife numbers--the
distribution and abundance of optimum habitat. As
habitat conditions are altered carrying capacities change and wildlife populations fluctuate.
Change is inherent in vegetative patterns.
Natural changes occurring with the maturation
of a forest is relatively slow. In contrast, the application of herbicides to alter a local vegetation pattern produces an abrupt change and can literally destroy or create a preferred habitat
overnight.
As management intensifies on forest and range lands, herbicides are destined to
play an increasingly important role in the manipulation of vegetation patterns.
Thus, vegetation
management by herbicides is a technique which can be used to increase the carrying capacity of
forest land for wildlife; likewise, herbicides can be used in ways detrimental to wildlife
(Lindzey, 1960).
To expect the land manager to possess
is not realistic.
But, for him to appreciate
the need to consult with a wildlife biologist
habitat is good business I A real challenge
oftimize wildlife production on intensively

detailed knowledge of wildlife habitat relationships
the importance of these relationships and recognize
on the impact of a herbicide program on wildlife
exists for the wildlife biologist to learn how to
managed lands.

This rather generalized introduction provides us with a basic understanding so that we can
review some specific uses of herbicides and their impact on forest wildlife. We will examine
through the use of slides 1 three examples of the wildlife herbicide interaction:
1. maintenance

2.

conversion

3. ecological

of suitable habitat
of an existing vegetation pattern to another vegetative type
control of animal numbers through habitat manipulation.

This third use of herbicides is an intriguing approach that holds considerable
wildlife damage control now that land-use is intensifying.
(The slide presentation
stracted for publication.)

promise in
has been aJj-

HABITAT MAINTENANCE
Although a great variety of wildlife species live within forested areas, when habitat requirements are examined in detail we find that most animals are associated with early stages of
forest succession.
Mature or near-mature
forests are not optimum habitat for those animals
of interest to forest-game managers.
Also, those forest rodents usually associated with wildlife damage problems are most abundant in the open brushy stages of forest development.

1
Appreciation is expressed to the following persons for loan of slides to illustrate this paper:
J. F. Welch, Denver Wildlife Research Center; Robert Fisher, Dow Chemical Company,
Seattle; Dr. J. H. Jenkins, Michigan Department of Conservation,
Lansing; Dr. L. J. Lyons,
U. S. Forest Service, Missoula.
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Initial stages of forest growth are characterized
by a variety of plants that provide food
and cover. As the forest canopy develops intolerant plants, generally the preferred food
species, are shaded out and replaced by less valuable but more tolerant plants. Thus, optimum
habitat conditions are temporary.
The duration of optimum conditions depends upon the forest
type. This relationship of game with early stages of forest successions suggests that herbicides
could play an important role in habitat stabilization.
Such is the case.
For example, in the Lake States early pine logging was followed by a period of uncontrolled
wild fires which ·stopped forest development and created many 1, 000 of square miles of open
brush lands, optimum habitat for whitetail deer and sharp-tailed grouse.
With the advent of
fire control these brush fields began to close over with a mixture of hardwood and conifers.
Sharp-tailed grouse were the most sensitive to this change and peak numbers of this valued game
bird began a steady decline in the late '30s and early '40s.
The Michigan Department of Conservation, concerned over the loss of grouse habitat, initiated
a series of experiments with herbicides (2, 4-D and 2, 4, 5-T) to stabilize grouse habitat. The
early investigative work with Dow Chemical Company and others resulted in an operational
program.
Between 1956 and early 1963 approximately 11,000 acres were treated in upper
Michigan as a sharp-tailed grouse management practice.
The average cost per acre was about
$3. 50. Foliage spray was applied during midsummer. (Ammann, 1963). Michigan's program
represents the most extensive use of herbicides in wildlife habitat management.
Most of this
work has been carried out on public lands as part of multiple-use management.
Whitetails have
also benefited from this program.
In addition to the grouse habitat work investigations have been carried out in the Lake States
with the use of 2, 4, 5-T and D to stimulate hardwood browse (Krefting, et al., 1956 and Jenkins,
1955).
Currently, work is in progress in northern Idaho to rehabilitate big-game winter range
(Mueggler, 1956). Basal sprouting of browse plants that have grown too high to be of much value
can be stimulated by aerially killing crowns with herbicides (2, 4, 5-T). The variable sensitivity
of different brush species to formulation, concentration,
and time of application of treatment
should enable discriminating manipulation of the habitat once these factors are known (Mueggler,
1966).
In the Pacific Northwest the control of hardwood brush by herbicides used in combination
with other land clearing treatments is a well established forest rehahilitation practice.
Incidental
to preparation of the site for Douglas-fir regeneration,
herbicides create a more favorable
habitat for both deer and rabbits.
There is evidence that following rehabilitation of noncornmer..,
cial brush lands an increase in rabbit and animal damage on regeneration may occur. This
possibility must be kept in mind when planning rehabilitation programs.
HABITAT CONVERSION
Outside of brush control on rangeland, the most extensive vegetative conversion employing
herbicides is currently underway in the South. In that region forest land managers are eliminating the economically unimportant upland hardwoods and replacing them with southern pine
species.
The loss of oak mast and other food species found in hardwood types, the conversion
of a desirable wildlife habitat to a less valuable one is cause for concern among wildlife biologists (Goodrum and Reid, 1956). As a result of this forest practice a herbicide committee was
formed in the regional section of the Wildlife society to study the problem and make recommendations. The committee brings together representatives
of industry, the wildlife profession, and
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public land foresters to review the impact of this type of land conversion on wildlife. The
herbicide committee has now published a report (Chamberlain and Goodrich, 1962) containing
recommendations regarding the conversion of hardwoods to conifers.
Guidelines are provided
on the priority of lands to be treated, sequence and pattern of conversion.
Recommendations
are realistic so that forest land managers can continue a conversion program and minimize the
adverse effect of habitat change on wildlife. This is an excellent example of biologists and
forest managers working together on the solution of a mutual problem.
In the South, forest industry has been quick to recognize the importance of maintaining the
wildlife resource on their lands. There are ,of course ,many sites where management will be
directed towards the maintenance of hardwood cover and no conversion to pine will be attempted.
Recognition of such sites is another step in the solution of this problem. Advances in pulp
technology are bringing about changed attitudes regarding scrub hardwoods.
These inferior
species are now being viewed as an important source of wood fiber. This change in attitude
frequently follows attempts to convert vegetation from what was considered to be a worthless
forest type to one of higher value. This happened in the Lake States regarding aspen in the
early '40s and more recently in the Pacific Northwest in the attitude toward red alder.

ECOLOGICAL CONTROL OF ANIMAL POPULATIONS
Traditionally the approach to control of wildlife damage to regenerating forest lands has
been based on the use of chemicals, either as poisons for direct control or repellent treatments
to protect individual seedlings.
If control is to be achieved by this means using compounds
currently at hand, repeat applications must be made until young trees are no longer susceptible
to damage. This approach treats the symptom and not the cause--optimum
habitat conditions
and maximum numbers of animals.
In contrast to the direct approach is the indirect method of
environmental manipulation to reduce wildlife populations.
By altering some necessary factor
in the animal's environment the carrying capacity for that animal can be reduced.
This is an
ecological approach to animal damage control; it treats the cause of the problem rather than
the symptom. ,
If the suitability of habitat could be lessened for a problem species by herbicides this would
increase the protection afforded by repellents and might even increase the efficiency of direct
control measures.
This is largely speculative.
There are tentative results from research
programs that suggest this would be a worthwhile alternative to investigate for forest wildlife
damage control.
The California State Department of Health has carried out a program of nest
site eradication around certain public campgrounds to reduce populations of ground squirrels
and chipmunks. This was done to reduce the contact between these animals that are potential
carriers of tularemia and plague and people using campgrounds.
Reduction in rodent populations were achieved; however, herbicides were not used in this instance
(Murray, personal
communication).
Perhaps the outstanding example of control of animal numbers by environmental manipulations
is a study that was carried out at Grand Mesa, Colorado, investigating the
effects of 2, 4-D on the food supply and abundance of pocket gophers (Keith, et al., 1959).

Aerial spraying of mountain range land with 2, 4-D at the rate of 3 lb. acid equivalent butylester per acre resulted in a 83 percent reduction of forage produced by perennial forbs. Pocket
gopher populations on test plots were reduced 87 percent.
The untreated control areas showed
no significant change in pocket gopher numbers or the forage production during two years of
study, 1956 and 1957.
To utilize an ecological approach to wildlife damage control requires basic information con cerning food preference, habitat requirement.seasonal
activity patterns for the animal as well
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as detailed information on the ecology of the vegetative type in which control would be attempted.
Ecological control of wildlife damage is a challenging opportunity for the research biologist.
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In recent years, many new synthetic compounds, including herbicides, have been dispersed throughout the world in great amounts.
These novel compounds have been introduced
into soil, air, vegetation, and water, where they persist for varying lengths of time and may
interact with life processes.
The many problems arising from widespread dissemination of herbicides and other
pesticides have been studied at some length (Anonymous, 1963, 1965), and there appears to
be justification for increased attention to the effect of chemical pesticides on pn\sent and
future well-being of human beings and all other organisms which share our environment.
Certainly, too much is at stake to consider reaction to the pesticide residue problem merely
a matter of determining which "side" to take in a sometimes controversial matter.
One of the chief concerns over using herbicides in the forest is water pollution. Chemi cals are rarely intentionally applied to forest waters.
However, drift from spraying adjacent
lands for vegetation control, movement of chemicals from the soil surface to watercourses,
or percolation of contaminated water through the soil are all potential sources of herbicide
residues in water systems.
Forest lands, which comprise only one-third of the total area of the United States, receive
about one-half the total precipitation and yield about three-fourths
of the total streamflow
(Storey,1965).
Forest lands annually receive an average of 45 inches of precipitation--more
than twice that falling on other lands; forest lands annually yield about 20 inches of
runoff--almost
seven times that from other lands. Thus, what we do to affect water purity in
the forest has a powerful impact on the nation's water supply.
Greatly intensified forestry practices will be necessary to meet needs of our rapidly
growing nation. The demand for timber products is projected to increase about 80 percent
in the next 35 years (U.S. Forest Service ,1965), a large increase over a short time as
reckoned by tree growth rate. Prospective timber growth and inventories in the United States
appear to meet projected demands for the next two or three decades- -but not in later years
of this century.
Herbicides have become important tools for keeping forest lands in full production.
More
than 100 million acres of commercial forest land are at present etther "nonstocked" or
"poorly stocked" with trees of acceptable quality or species (U.S. Forest Service ,1965).
Much of this area is occupied by brush or other vegetation that prevents restocking with desirable trees.
Mechanical methods of removing unwanted vegetation are for the most part
prohibitively expensive and at best provide only a temporary solution to the problem.
In 1962, weed control chemicals
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were applied to about 71 million acres in the United
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States (Shepard et al., 1966). About 4 percent
acres, was forest and rangeland.

of the total acreage

thus treated,

2. 5 million

Herbicides have become nearly indispensable tools for achieving forest management goals.
Success in balancing the future timber budget of the United States within the next 30 years will
depend greatly on protection and cultural practices that now include the use of chemicals.
But herbicides will remain available for use by foresters only if we demonstrate they can be
used with minimum impact on our environment.
The forest manager has a strong moral
obligation to learn the potential hazards involved in the use of chemicals and to insure that
they are always employed in a responsible manner.
Toward this purpose, we will in this
paper review current knowledge of environmental contamination resulting from the use of
herbicides and petroleum carriers
in forest operations.
HERBICIDE RESIDUES IN FOREST WATER AND SOIL
Field Studies
Herbicides can be used in the forest without seriously contaminating adjacent waters.
In
western Oregon, streamwater
has been studied in connection with brush control projects
ranging in size from 5 to 100 acres (Norris et al., 1965). In March and April 1964, 2, 4-D,
2, 4, 5-T, or a 1: 1 mixture of these low volatile esters in diesel oil were applied by helicopter
at rates of about 2 lb/acre.
Streamwater was sampled before spray was applied and at intervals thereafter through December, 1964. Detectable but very low quantities of herbicide were
found in almost all streams from which samples were taken, ranging from less than 0. 5 parts
per billion (ppb)--the minimum level of quantitative detection--to
about 70 ppb. Herbicide
residues persisted for only a short time, and in most cases the level fell below 0. 5 ppb a
few days after spraying.
Size of the area treated and amount of stream surface exposed in
the treated area were significant factors in determining the amount of residue in streamwater.
The hydrologic nature of the treated area largely determined the length of residue persistence.
Amitrole, a herbicide of weaker persistence than those of the phenoxy group, was studied
in western Oregon for two successive years.
Amitrole is an effective chemical for controlling
hard-to-kill
salmonberry (Rubus spectabilis Pursh. ). In 1965, 12 stream sampling points
were established from immediately below sprayed areas to more than a mile downstream
(Norris et al,1966).
Check samples were taken before the area was helicopter-sprayed
in
July with 2 lb/acre of amitrole-T
in 10 gal of water.
Numerous samples were collected
during the first three days after spraying and at longer intervals for several weeks thereafter.
The level of amitrole in streamwater
at the spray site decreased 100-fold, from 400 ppb in
samples taken 5 minutes after spray was applied, to less than 4 ppb after only 10 hours.
No
amitrole was detected after three days. Measurements
at other sampling stations indicated
that the amount of amitrole in streamwater
decreased rapidly with time after spraying and
distance downstream.
No detectable quantities of the chemical were found in samples collected between 3 and 35 days after treatment.
All samples in the 1965 study were taken from streams included within the boundaries of
treated areas, which may be a major reason why concentrations
of amitrole were generally
higher than those of phenoxy herbicides found in other studies in western Oregon. Virtually
no amitrole was found in samples taken from these same streams one mile below the treated
area, indicating that dilution through downstream movement and absorption of the chemical
on colloids and organic matter had substantially reduced the leV'el of contamination over a
short distance.
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In 1966, stream sampling was again carried out in connection with a respray of the 1965
amitrole study area in western Oregon (Norris et al., 1967). Results of the 1966 study were
strikingly similar to those of the year before.
No evidence of carryover contamination from
the 1965 operation was found. Rapid reduction of amitrole concentration with distance downstream from the initial spray point was again noted, and heavy rains in November and
December, five to six months after spraying, failed to introduce measurable concentrations
of amitrole (less than 1 ppb) into streamwater.

The effect of phenoxy herbicides on aquatic life has been investigated in the Wilson River
watershed in western Oregon, an important spawning system for anadromous fish. The land
mass in this drainage system is an important timber producing area where a considerable
amount of forest vegetation manipulation is done with herbicides.
In 1962, an investigation
of effects of herbicide spraying on streambottom
fauna indicated there was no substantial
impact (Oregon Fish Commission, 1962). However, it was felt that too great a time had
elapsed between spraying and the time the study was conducted to permit a sound evaluation
of the immediate effects of spraying.
In 1963, a total of more than 600 acres was sprayed
with a mixture of 1 lb 2, 4-D and 1 lb 2, 4, 5-T per acre in 9 1/2 gal of diesel oil carrier.
Observations made with live cages containing salmon fry and samplings of streambottom
organisms did not indicate any effect on fish mortality or numbers of streambottom
organisms.
A summary of the investigation by the Research Division, Oregon Fish Commission (Fredd
and Kruse, 1963) states: "It appears unlikely that herbicide pollution of streams as a result
of alder spraying will approach toxic levels. " Research personnel of the Oregon Fish Com mission further stated "there does not appear to be any further need of routine checking of
operations involving 2, 4-D and 2, 4, 5-T. In most cases a knowledge of the dates, occasions,
concentrations,
and type of spray will be sufficient to determine the need for further studies."
In at least two other regions of the United States, studies have led to the conclusion that
careful application of phenoxy herbicides does not introduce harmful amounts of chemical
residues into streamwater.
No trace (level of detection not specified) of a mixture of 2, 4-D
and 2, 4, 5-T herbicides in surface streamwater
was found after chemical removal of woodland-riparian
vegetation on the San Dimas Experimental
Forest in California (Rowe,1963).
In the same area, spraying vegetation with the same combination of chemicals produced
residues in adjacent streams but never more than 0. 09 parts per million (ppm) (Krammes
and Willets ,1964).
In northeastern
United States, no phenolic odor was detected in streamwater
after 2, 4, 5-T
was used to spray tree stumps and foliage of vegetation remaining after clearcutting (Reinhart,
1965). In the same region, phenolic odors associated with herbicide concentrations
of 40 ppb
were detected in water immediately after streamside vegetation was mist-sprayed
with
2, 4, 5-T ester (Sapper et al., 1966). Four hours later, estimated concentration (by odor test)
had decreased to 20 ppb, and over a period of three weeks, only after the first large storm
was any further herbicide odor (10 ppb) detected.
On the basis of this study, it was concluded that phenoxy herbicides can be used to control riparian vegetation on municipal watersheds, if carefully applied, without hazard to water quality.

The chemical form of 2, 4-D affects its tendency to wash off the ground surface during
rainstorms
(Barnett et al, 1967). As much as 27 percent of 2, 4-D in the ester form was washed
from the soil surface in plot tests in which artificial rain was applied to a fallowed sandy loam
soil. In contrast,
only 3 percent of 2, 4-D in the amine form was lost under similar conditions.
Most of the loss with either chemical occurred in the first 30 minutes after rainfall.
The
amine form is more soluble in water than the ester form of 2, 4-D, and thus tends to penetrate
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the soil.
runoff.
Laboratory

TI1e ester

form remains

nearer

the soil surface and thus is more susceptible

to

Studies

A major reason for the apparent lack of long-term water pollution after herbicides are
carefully applied to forest vegetation is the rate at which their residues are degraded in
forest litter.
Both 2, 4-D and 2, 4, 5-T are degraded in forest litter but at different rates;
2, 4-D is metabolized at an increasing rate with time but the rate of degradation of 2, 4, 5-T
shows only a slight increase (Norris,1966).
More than 85 percent of the 2, 4-D applied to
forest litter in laboratory studies was decarboxylated in 300 hours compared to less than
25 percent of the 2, 4, 5-T so applied. Further studies (Norris and Greiner, 1967) show that
2, 4-D is rapidly degraded in forest litter and that the rate of degradation varies with type
of litter and herbicide formulation.
Most rapid degradation of 2, 4-D occurred in litter of
red alder (Alnus rubra Bong.). Pure 2, 4-D acid in water was most readily degraded in
forest litter; the commercial formulation of solubilized 2, 4-D acid was least readily degraded;
and degradation rates of the triethanol amine salt and isooctyl ester of 2, 4-D were intermediate.

Further evidence of the low leaching hazard from herbicide residues is offered by
Winston and Ritty (1961) who introduced phenoxy herbicides and free phenols into an apparatus containing soil from a forest watershed.
No free phenols were detected in leachates by
an analytical method sensitive to 0. 5 ppb.
Aly and Faust (1964) examined some of the physical, chemical, and biological factors
that might affect persistence of esters of 2, 4-D in natural surface waters after repeated
applications to water for aquatic weed control.
They found that sorption of 2, 4-D compounds
from water on various types of clay was very small.
Toe emulsifier or carrier of 2, 4-D
compounds was decomposed biologically in water, and 2, 4- D was broken down biologically
after incubation with lakebottom muds. They concluded also that decomposition of the chemi cal by ultraviolet irradiation from the sun is probably -0t a significant factor in removing
2, 4-D compounds from natural waters.
This last finding conflicts with that of Crosby and
Tutass (1966) who found in laboratory tests that 2, 4-D acid decomposes rapidly in water when
exposed to ultraviolet light, either from an artificial source or from sunlight.
Thus, the role
of sunlight, as an influence on 2, 4-D degradation under natural conditions, remains to be
clarified.
DIESEL OIL RESIDUES IN FOREST WATER AND SOIL

Diesel oil, one of the principal carriers used with forest herbicides,
constitutes from
80 to 90 percent of the spray solution. A number of studies have given particular attention
to possible contamination of soil and water by the diesel oil carrier.
Field Studies
Woelfle (1961) criticized the use of diesel oil as a carrier for herbicides in large-scale
applications to forests in Germany.
He felt that the quantities of oil recommended might lead
to serious pollution of groundwater and pointed out that the use of oil solvents for herbicide
carriers is prohibited in Bavarian State forests.
In reply to Woelfle' s statements,
Fr~hlich
(1961) offered evidence to support his own contention that the quantities of diesel oil that may
reach groundwater are much smaller than stated by Woelfle, and that oil carriers have been
used in agriculture and horticulture on a large scale for many years without adverse effects
on quality of drinking water.

Tarrant and Norris

97

B~ning et al. (1965) measured penetration of cl4-labeled
diesel oil in loam and loamy
sand soils.
Most of the oil applied was retained in the upper few inches of soil--only
applications
at a rate about 24 times that used in aerial spraying penetrated the soil to a
depth of 20 inches.
After two years, most of the cl4 activity occurred in the humic acid
fraction,
and no effect of the oil on soil microorganisms
was observed.
c 14 -labeled diesel oil was applied to soil in the field at rates of 300, 600, and 1,200
gal/acre
(S~ss etal., 1965). In a soil having an organic content of 5. 47%, the maximum depth
of penetration by oil at the 1,200 gal/acre rate was 10 inches.
With the 600 gal/acre treatment, depth of penetration was only eight inches.
Six months after diesel oil had been applied,
none could be found in the soil. After the oil had decomposed,
most of the cl4 label was
found in the humic acid fraction and a lesser amount in the fulvic acid fraction.
Further assurance
of the safety of applying herbicides
in diesel oil carriers
in the com paratively small amounts used operationally
is offered by Thofern (1962) who applied pure
diesel oil at rates of 15-20 gal/acre to a young spruce (Picea spp.) plantation.
Even with
very high rainfall shortly after treatment,
diesel oil was not found in stream water at a mini mum detection level of 1 ppm. Intentional addition of diesel oil to the upper reaches of a
stream at rates of 0. 65 gal/minute produced initial oil concentrations
in water of as much as
1/ 100, but this concentration
was reduced to 1/ 1, 000, 000 over a distance of less than one
mile.
Helicopter spraying with a solution of about 1/2 gal of lindane in about 3 gal/ acre of diesel
oil introduced into streamwater
small quantities of the spray solution, which adhered to
riparian vegetation and dispersed slowly (Kirwald, 1961). Despite heavy rainfall a few hours
after spraying,
no oil was washed into the stream either from the vegetation or the ground
surface.
Fish in ponds on lower reaches of the stream remained unharmed.
In California,
Rowe (1963) found 2-30 ppm of diesel oil in streamwater
after chemical
removal of woodland-riparian
vegetation with a herbicide solution.
In the same area,
Krammes and Willets (1964) found no trace of diesel oil, using analytical methods sensitive
to 1 ppm, after a similar application of herbicidal spray.
From

a review

of research

findings

on herbicide

use in forestry,

Burschel

(1963)

con-

cluded that employing diesel oil as a herbicide carrier
is unobjectionable
so long as prescribed
dosages are observed.
He pointed out that most danger exists from careless
handling of oil
containers and unused oil and recommended
that care be taken when cleaning spray equipment
near streams.
Laboratory

Studies

Schairer (1963) added diesel oil in aqueous dispersion at rates from 5 to 85 gal/acre to
several different soils including compost which simulated the highly organic surface of forest
soil. In comparison to coarse sand, which had the least adsorption capacity of all media used,
compost had a strong adsorption and deodorizing capacity.
A 3-cm layer of compost over
sand deodorized up to 21 gal/ acre of oil in one day. Schairer did, however, express the need
for caution in using diesel oil solutions,
especially near springs, and sta 1 ed that little is J<-.nown
about diesel oil decomposition,
if any, in soil. In reply to Schairer'c
ctdy and resulti
,
comments,
Linden and M~ller (1963) argued, from comparative
tests, •hat Schairer's
experimental methods differed from field conditions and that his olfactory L,, ; to dcter111in~· extent
of deodorization
of diesel oil were not reliable.
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Laboratory experiments by Linden et al. (1963) involved application of diesel oil at rates
in excess of 50, 250, and 500 gal/acre followed by leaching with 100 mm of rainwater.
In
soils with litter and humus kept intact, only 1. 5-2 ppm of diesel oil were found in a sandy
loam at a depth below 2 1/2 inches, and only traces were present at 5 inches. These investi gators concluded that application of diesel oil to the soil surface at rates of more than 50
gal/acre presents no threat to groundwater quality, and except in coarse-textured
soils without a litter and humus layer, up to 250 gal/acre can be used safely. Further laboratory tests
on artificial combinations of moist gravel, sand, and conifer litter treated with diesel oil at
rates of about 30-60 gal/acre indicated that only traces of the oil were present after leaching
(Thofern,1962).
CONCLUSIONS
Despite evidence that most of the contribution to the nation's herbicide residue problem
comes in connection with land uses other than forestry, foresters could contribute to the total
problem, whatever it might be. And, because of the important role of forest lands in providing
most of the nation's water supply, a great responsibility of the forest manager is to safeguard
water IXIrity.
A summary of evidence from research indicates that many herbicides and their carriers,
when used in a responsible manner, can be employed in forest vegetation control with minimum
impact on water quality. Early in this review, we described the economic background leading
to the need and use of herbicides in forest management and took the position that, under the
stress of meeting forest products needs of a rapidly expanding poIXIlation, herbicides and other
chemical tools will become increasingly necessary.
We have not attempted to review reports dealing with adverse effects of forest spraying
on fish and wildlife. Many of these studies dealt with initial effects of spraying, generally
leaving unanswered the question of long-time effects.
Further, most of these studies appeared
during early stages of widespread herbicide use, when the possible dangers of improper formulation and application of chemicals were not as well recognized as they are today.
Certainly, it is now apparent that carelessly applied chemicals can cause significant
damage to water quality and aquatic organisms, and much of today's research in the field of
herbicide use is directed toward developing new chemicals and techniques of use that will overcome past problems.
In this regard, the comment of Freed (1965) regarding a specific problem
of herbicide volatilization and drift onto neighboring areas is pertinent: "If our newly won
knowledge of the importance of chemical and physical properties of pesticides had been avail able when the volatile form of 2, 4-D was first introduced, we could have predicted (and
avoided) this problem."
Along with increased attention to improving chemical brush control practices, the concept
of large-scale brush eradication itself needs reappraisal.
Tarrant (1964) pointed out that
although there is substantial evidence of the soil-improving quality of many species of Alnus,
study of its ecology and its application to silvicultural practice has not kept pace with other
forestry research.
Youngberg (1965) observed that in most situations where brush and weed
plants are being removed to enhance growth of economically more valuable tree species,
little or no thought is being given to.the loss of beneficial effects exerted by many of the plant
species being eradicated.
And Egler (1964) was even more emphatic in his views on this subject: "Foresters
can be remarkably ignorant ...
of long-term reactions from the loss of
nitrogen-fixing 'pest plants' such as alder. Silvics, as an ecological science and as the
foundation of silviculture,
is as undeveloped as classical 'ecology'."
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The foregoing viewpoints perhaps are well taken in the context that we have barely begun
to understand the complexities of the forest ecosystem that is so important to the economic
and esthetic well-being of our nation. But for better or worse, pressures
constantly grow for
increasing the production of forest products to meet the needs of a rapidly expanding population.
Forest land managers use herbicides to kill brush only because chemicals offer the best
means now available to accomplish important goals of forest management.
The only villain in
this picture is ignorance, which everyone shares.
Research on improving kinds of chemicals
and methods of their use and on possibilities
of otherwise controlling vegetation to the betterment of the ecosystem is our only hope of reconciling divergent viewpoint on how forest
brushlands should be managed.
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CHEMICAL BRUSH CONTROL AND HERBICIDE RESIDUES IN THE FOREST ENVIRONMENT 1
L. A. Norris

Assistant in Biochemistry, Department
Oregon State University, Corvallis

of Agricultural

Chemistry,

Herbicides have proven to be valuable tools for vegetation management in forest regeneration, timber management, watershed management and along rights-of-way.
The use of
herbicides will increase with the increasing need for high quality water, timber and other
products which must be produced from decreasing amounts of land. The use of herbicides for
vegetation management on a large scale requires critical examination of resulting environmental contamination.
The continued availability of herbicides for forest management depends on
the ability to show chemical tools can be used with minimum impact on our environment.
In 1963, with the support of the Federal Water Pollution Control Administration,
the Department of Agricultural Chemistry and the School of Forestry at Oregon State University initiated
a 5-year investigation of the environmental contamination which accompanies the application of
herbicides to forest lands. The goals of this program are to provide the land manager with
guidelines for estimating the degree of contamination which might be anticipated for a given
practice and to provide the scientific basis necessary for the formulation of sound forest spray
policies.
This paper reports some of the findings of this research program.
DISTRIBUTION IN THE ENVIRONMENT
To assess the impact of chemical brush control operations on the environment, it is necessary to know what parts 9f the environment will receive the herbicide.
For our purposes, the
forest environment can be viewed as several strata: the air layer, the vegetation layer and the
soil layer. Consider the distribution of an aerially applied chemical to the various portions of
the forest environment as seen in Figure 1.
Air

A certain portion of the spray material is dispersed by the wind as fine droplets.
Additional
amounts of chemical may be lost through volatilization of spray materials falling through the air
or from intercepting surfaces.
Most of the herbicide not lost through drift or volatilization is
intercepted by the vegetation or the forest floor. Additional small amounts fall directly on surface water.
The actual amount of "drift" and volatilization is dependent on a number of physical,
chemical and environmental factors, some of which can be controlled or avoided by the applicator. Among the physical variables are the pressure of application, height and speed of delivery,
nozzle design and the like. Chemical factors include the properties of the carrier and the
herbicide.
Environmental factors include temperature,
relative humidity and wind.
Losses of aerially applied chemicals by drift and volatilization should be avoided. First
there is the obligation to hold environmental contamination to a minimum.
Secondly, the more
chemical which reaches the target the greater the efficiency of the operation.
1

Most of the research reported here was supported by Research Grant WP 00477 from the
Federal Water Pollution Control Administration,
Department of the Interior.
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AERIALLY APPLIED

Figure 1. The distribution

of aerially

CHEMICALS

applied chemicals in the forest.

Recent investigations of the amount of herbicide actually reaching the strata of vegetation
following aerial application show that the loss presumably from drift and volatility can be
appreciable.
In one study atrazine and simazine formulated as 80 percent wettable powders
were applied at 3 1/3 and 1 2/3 pounds actual material per acre respectively.
Application was
by a fixed-wing aircraft to a Christmas tree plantation on relatively level ground near Corvallis,
Oregon. Analysis of interception disks revealed an average rate of interception at ground level
of 3. 75 pounds per acre actual material indicating a 25 percent loss of applied material between
the plane and the ground. 1
In another area amitrole -T at 2 pounds per acre was applied in water by helicopter in a
fairly steep canyon near Hebo, Oregon. Sampling of spray material in the open near the ground
showed an average interception of 1. 2 pounds per acre indicating an apparent loss of 40 percent
of the herbicide. 1
The distribution of 2 pounds per acre 2, 4, 5-T applied as a mixture of low volatile esters
in diesel oil was determined in the coast range near Eddyville, Oregon. Treatment was by
fixed wing aircraft in the early spring. Analysis of interception disks show an approximate 60
percent to 75 percent loss of herbicide. 1
1
Unpublished data -- Newton, M., L. A. Norris and
Oregon State University.
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Forest spraying is usually not done in large contiguous blocks of land, and forest spray
areas are usually fairly remote from centers of population or agricultural areas.
Consequently,
there has been little concern over the potential hazard from drift and volatilization of herbicidal
materials.
Although continuing research is making available low volatile formulations and the
knowledge necessary to reduce drift, the data presented above indicate a potential area of real
concern in the future. Because the use of herbicides will become more intense on forest lands,
considerable research is needed now to determine the magnitude and potential hazard presented
by the drift and volatilization of herbicidal materials from forest spray operations.
Vegetation
Figure 2 shows most of the herbicide which is intercepted by vegetation will eventually enter
the environment of the forest floor. Research with bigleaf maple indicates that the amount of
herbicide actually absorbed into the leaf may be small, ranging from 10 to 30 percent of the
applied dose. Of the material absorbed into the leaf only a small percentage (5 percent or
less) is actually translocated from the absorbing organ to other parts of the plant (Norris and
Freed, 1966). Through the action of rain most of the herbicide not absorbed will be washed
from the surface of the leaf. The remainder of the herbicide on the leaf surface and any herbicide not translocated to other plant parts will also enter the environment of the forest floor due
to leaf fall. It is apparent then that the forest floor is one of the major receptors of spray
materials.
For this reason considerable emphasis is being placed on studies of the behavior of
herbicides in forest floor materials.

Figure 2. The fate of chemicals intercepted by foliage.
Soil
Herbicides in the forest floor may be absorbed on soil colloids and organic matter, degraded by chemical or biological processes,
removed through volatilization or leaching or acted
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on by any combination of these mechanisms.
Absorbed herbicide is not biologically available
but may be released at a later time. Degradation by chemical means in the soil is probably not
an important mechanism of loss for most of the herbicides used for brush control. Volatilization from the soil is probably not extensive.
Leaching and surface flow present a potential
hazard in the possible movement of herbicide to adjacent streams.
Recent research by Barnett
et al. (1967) indicates that considerable movement of some herbicides to streams could occur
if appreciable precipitation occurs shortly after application.
Biological degradation then is the
primary means by which herbicides are actually removed as environmental contaminants.
Numerous studies have shown that some of the phenoxy herbicides are degraded in agricultural soils. Data in Figure 3 shows that both 2, 4-D and 2, 4, 5-T are degraded in red alder
(Alnus ~Bong.)
litter but at different rates (Norris, 1966). It is encouraging to note that
2, 4-D is quite unstable with more than 85 percent of the applied dose degraded in 13 days.
Although 2, 4, 5-T is considerably more stable, it also is subject to microbial degradation.
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Figure 3. Liberation of cl402 from red alder litter
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treated with 2 lb/A

In another study, the degradation of 2, 4-D as a function of formulation was followed in
alder litter.
Figure 4 shows the 2, 4-D in commercial formulations of a solubilized acid and
the isooctyl ester was less readily degraded than a pure grade of 2, 4-D acid. These results
indicate that chemical constituents of formulation can influence the rate of degradation of the
herbicide.
Figure 5 shows the results of a similar experiment where the influence of diesel
oil and DDT on the degradation of 2, 4-D was determined.
While the application of 4 gallons
per acre of diesel oil had no effect, one pound per acre of DDT resulted in a significant
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increase in the degradation of 2, 4-D. As the use of pesticides increases the incidence of
multiple pesticide residues will also increase, and studies of the effect of one chemical on
the behavior of another will assume increasing importance (Norris and Greiner, 1967).
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The point of importance is that herbicides are degraded in forest litter although the rate
of degradation varies with the herbicide and the treatment.
What should be apparent is the
more herbicide lost through degradation the less opportunity there is for contamination of
streams due to leaching or overland flow. Considerable work remains to be done in this area.
Scientists in the Departments of Agricultural Chemistry and Soils at Oregon State University
are developing mathematical models to predict the behavior of herbicides in soil (Lindstrom
et al. , 1967). Experiments are planned which will give more information on the movement
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and persistence of herbicides in forest litter and soils. When completed a better basis will be
available for predicting the magnitude of stream contamination due to movement of chemicals
from forest floor to water course.
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While nearly all herbicide intercepted by vegetation will eventually enter the forest floor,
some remains for a short time at least in material which might be browsed by animals.
In
1966, a preliminary study was made to determine herbicide residues in deer from areas
treated with herbicides for brush control.
Five deer were harvested at intervals from 10 to
44 days from two areas in southern Oregon treated with atrazine for grass control. Analysis
of several organs and types of body tissue showed no accumulation of atrazine to dangerous
levels in tissues of importance for human consumption.
Higher concentrations were found in
certain body organs, however (Norris et al., 1967). Similar results were found in another
study where 2, 4-D and 2, 4, 5-T were applied. 1
1

Unpublished data, Newton, M., L. A. Norris and
Oregon State University, Corvallis, Oregon.
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STREAM CONTAMINATION
Stream contamination is the most important expression of environmental contamination in
the forest because the water is the habitat for many biological communities and because water
represents
a critical commodity to downstream water users for domestic, commercial,
industrial and agricultural
purposes.
Consequently,
studies of stream contamination have
constituted a major portion of the research effort.
The purpose of these monitoring studies is to determine
tions and the length of herbicide persistence
in streams as a
after treatment,
geographical location of the treatment area,
patterns and the distance downstream from the spray units.
nection with regularly scheduled operational spray projects.
Phenoxy Herbicides

the range of herbicide concentrafunction of type of treatment,
time
the chemical used, rainfall
In all cases sampling was in con-

-- Western Oregon

In 1964, eleven sampling stations were located in the lower Alsea River basin of Oregon
and in three additional stations in a small drainage basin near Eddyville, Oregon, in the
Yaquina watershed.
The areas were treated with 2, 4-D, 2, 4, 5-T or a combination of the two
herbicides as low volatile esters applied in diesel oil by helicopter.
Applications were made
in late March and early April. Check samples were taken prior to treatment and samples collected for eight months after treatment.
Herbicides were determined by gas chromatography.
The analytical method permits quantitative determinations
to less than 0. 5 parts per billion
acid equivalent in the water.
Figure 6 shows the lower Alsea Basin and the location of smaller watersheds in which
treatment areas were located.
The location of a downstream sampling point (sampling point 10)
is also indicated.
Figure 7 is an enlargement of the Cascade Creek watershed and shows
sampling points 3, 4 and 5. Streams sampled at points 4 and 5 do not enter
the treated area.
Point 3 samples a small stream from a 5-acre watershed
pletely sprayed.
The results of analyses for herbicide residues in samples
3, 4 and 5 are in Table I.

the locations of
but run adjacent to
which was comcollected at points

The drainage basin at point 3 was characterized
by a large slump and marshy area which·
indicate a high water table. The peak of concentration occurred shortly after application
started, but low concentrations
were found up to 16 weeks later.
At points 4 and 5 however,
quite a different situation prevailed.
Only low levels of herbicide were found, and these persisted for less than one day. Data from points 4 and 5 reflect the small area of the watershed
treated as well as the location of the treatment unit boundaries with respect to the sampled
stream.
Table 2 shows the concentration of herbicide in samples collected at point IO which is
downstream from several treatment units. The runoff from 249 treated acres (0. 3 percent
of the total watershed) passes this point. The importance of downstream movement in reducing
the concentration of contaminants is illustrated here since some upstream points had concentrations of herbicide IO or more times greater.
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The lower Alsea Basin.
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Figure 7.
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Cascade Creek treatment area watershed. 65 acres (2 percent) of a
3450 acre watershed was treated with 2 lb/A 2,4,5-T.
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Table 1. Contamination
Sample Point 31
Hours after
spraying

2

Herbicide

ppb
2,4,5-T

Hours after
spraying
0. 17
1. 33
2.2
3.9
5.4

0
16
7
4
4
4
4
2
1
I

1
Entire watershed

Sample Point 5

Sample Point 4

ppb
2, 4, 5-T

0.05
0. 62
1. 28
2.0
4.0
5.2
9. 8
24. 7
48.2
74.8 2

in the Cascade Creek Unit

feeding sampled stream

I

2
1
I

Hours after
spraying
0.27
1. 40
2.0
3.9

ppb
2, 4, 5-T
Lost
3
3

0

0

was sprayed.

was detected for 16 weeks at sample point 3.

Table 2.

Contamination

Hours after
s:eraying
1. 71

4.4
10. I
14.3
23.6
26.0
28.9
32.3
1
249 acres treated

with 2 lbs/acre

in Five Rivers at Point 101
ppb
2,4-D

ppb
2, 4, 5-T

0
0
3
3
T
T
T
0

0
0
2
2
T
T
0
0

2, 4, 5-T or 1 lb/acre

each 2, 4-D and 2, 4, 5-T.

The results for Cascade Creek were representative
of the data obtained in the lower Alsea
Basin study area.
In most cases the spray units were oriented such that large streams were
not included in the treatment area, although these streams frequently formed one of the unit
boundaries.
Figure 8 shows a treatment area in the Yaquina watershed near Eddyville, Oregon, where
the sampled streams were included within the spray unit. The consequence of this practice
is illustrated by data in Table 3.
Considerably higher concentrations were found at Eddyville than in the Alsea Basin. This
is attributed to the higher rate of application, a larger percentage of the watershed being
treated, and the fact that all of the sampled streams flowed from or through the treated area.
Note, however, that the peak of concentration occurred shortly after application and fell
rapidly.
Norris
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F;gure 8.

Eddyville treatment area watershed. 71 acres (10 percent) of a 710
acre watershed was treated with 2, 4-D at rates ranging from 2.2 to
3.0 lb/A.
Table 3. Contamination

Sample Point 13

Sample Point 12
Hours after
spraying

in the Eddyville Unit

ppb
2, 4-D

Hours after
spraying

Sample Point 14

ppb
2,4-D

Hours after
spraying

ppb
2, 4-D

0.83

33

1. 33

62

1. 38

30

1. 83

13

2.3

71

2.3

44

2.8

13

3. 3

58

3.3

25

53. 5

9

4.3

44

4.3

23

53.6

25

53.6

11
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Sampling in both the Yaquina and Alsea watersheds continued through the summer and into
the fall of 1964. With the exception of point 3 on Cascade Creek, no herbicides were detected
after the last sampling time listed. Extremely heavy rains in the fall and early winter did not
introduce detectable quantities of herbicide into these streams.
This is extremely important
because it points out that the only measurable contamination of streams encountered was in
connection with the actual application of herbicide.
As these and other data will show, contamination from the application can be influenced by placement of spray unit boundaries.
Amitrole

-- Western Oregon

Amitrole is used for the control of a species which grows on the lower slopes and along
creek bottoms. Consequently, treatment areas must be oriented such that streams are frequently included in the spray unit.
A study of the stream contamination resulting from the use of amitrole-T was made in 1965
near Hebo, Oregon. The herbicide was applied by helicopter in June at a rate of 2 pounds
amitrole per acre in a water carrier.
Control samples were collected prior to spraying and
sampling continued for several weeks after treatment.
The analytical method used to determine amitrole is sensitive to one part per billion of amitrole in the water.
Figure 9 shows the orientation of two spray units in a small watershed near Hebo. Notice
the shape of the units and their relation to the stream.
The data from this study area are in
Table 4.
•

1 Mil•
ling point. 1

Figure 9.
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Wildcat Cabin treatment area watershed.
with 2 lb/A amitrole-T.

14 acres treated
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Table 4.

Contamination
ppb
ATA

Hours after spraying

o.17

422
292

0.42
0.67
0.92
1. 33
1. 84

265
141
91
50
35

2.2

12

6. 1
6.9
7.9

8
6

in the Wildcat Cabin Unit.
Hours after spraying
8.9
9.9
10.9
11. 6
21. 5
26. 3
30.3
48.0
71. 5

ppb
ATA
6
4
3
3

20
5
3
2
0

The concentration of herbicide was considerably higher than encountered with the phenoxy
herbicides.
The length of persistence
of chemical at the sampling point was short however,
with a 100-fold decrease in concentration occurring in 10 hours.
These results reflect the
orientation of the spray unit to the stream.

In a nearby area several units were treated in one watershed.
Figure 10 shows the Wildcat
Creek watershed, the location of the spray units and sampling points 2, 3, 4 and 5. Observe
that in each case the spray unit includes a live stream.
Data from points 2, 3 and 4 are in
Table 5. The pattern of contamination was the same as seen in Table 4. A peak of contamination occurred shortly after the start of spraying followed by a fairly rapid decline.
At point 5, which was located about one mile below point 4, only one sample, collected 27
hours after the start of spraying, contained a measurable concentration of amitrole.
The
volume of the stream between points 4 and 5 does not change appreciably,
and yet a 40-fold
decrease in concentration resulted in this short distance.
Dilution and adsorption of the amitrole
on colloids and organic matter along the stream bed are believed to account for these reductions
in concentration.
Additional studies are planned since it is of considerable importance in determining the danger which might exist to downstream water users where fairly high concentrations of herbicide occur near the treatment area.
Phenoxy Herbicides

-- Eastern

Oregon

This examination of contamination has thus far been confined to wet country operations.
Other studies have been carried out on the Malheur National Forest in eastern Oregon where
rainfall of 10 to 15 inches per year prevails.
The treatment areas examined _in eastern Oregon
were generally larger than those in western Oregon, although the distance between units was
greater.
The spray units in eastern Oregon were treated by helicopter with 2, 4-D low volatile
esters in early June.
Figure 11 shows a fairly typical eastern Oregon spray project.
Nearly 600 acres were
treated in one block, and a couple of live streams were included in the treatment area. Sample
point 2 was one mile downstream.
The data from these points are in Table 6.
The concentrations
of herbicide were generally higher than those encountered with phenoxy
herbicides in western Oregon. However, they are in line with those found at the Eddyville
sampling stations (Table 2) where the spray unit also included live streams.
Similar results
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were found with amitrole in western Oregon (Table 5). Despite the relatively high concentration of herbicide the length of persistence was short.

SupU.q
point. 2

Suplinc

poiat. la

<

l Nile

Figure 10. Wildcat Creek treatment area watershed. 70 acres
treated with 2 lb/A amitrole-T.
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Table 5. Contamination
Sample Point 2
Hours after
spraying
0.05
0.39
0. 74
1. 13
1. 43
1. 73
2. 1
3. 3
4.8
5. 8
7. 1
8. 1
9. 5
10. 4
15.3
26. 1
30. 1
46.1
71. 5

in the Wildcat Ridge Unit

Sample Point 3
ppb

ATA
1
30
35
37
17
16
19
21
12
8
5
4
3
2
1
7
4
2
0

Sample Point 4
ppb

Hours after
spraying

ATA

0.05
0.33
o.67
1.07
1. 38
1. 60
2.0
2.8
4.2
5.2
6.9
8.0
10.3
15.2
20.5
26.0
45. 7
69. 4

0
0
9
90
110
40
35
24
14
7
5
5
3
2
25
8
3
0

Hours after
spraying
0. 17
0.52
0.82
1. 20
1. 53
1. 82
2.2
3.4
4.8
5.8
7. 1
8. 1
9.5
10.4
15.3
20. 7
26.1
30.3
71. 0

ppb

ATA
1
T
T
35
20
40
16
12
11

8
6
4
2
2
1
16
5
2
0

1 Kile

Figure 11. West Myrtle treatment area.
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595 acres treated with 2 lb/A 2, 4-D.
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Table 6. Contamination

in the West Myrtle Unit.

Sample Point 1

Sample Point 2

Hours after
spraying

ppb
2,4-D

1. 75
3. 7
4. 7
6. 0
7.0
8.0
9.0
13.9
26. 9
37.9
78.0
80.8
1 week

132
61
85
10
26
75
59
51
3
9
8
1
T

Hours after
spraying

2.00
3. 9
5.0
6.2
7.2
8.2
9.2
14. 1
27.0
38.0
77.8
81. 0
104. 8
1 week

ppb
2, 4-D
T
T
T
2
7
8
13
14
7
6
9
9
3
1

The point that needs to be made is that the magnitude of contamination is not a function of
the herbicide or the geographical location in which it is used. The magnitude of contamination
appears to be closely related to the manner in which the treatment area is layed out with respect
to live streams.
The following data from the Camp Creek spray unit in eastern Oregon illustrates these points clearly.
Figure 12 shows the orientation of the Camp Creek unit to the sampled stream.
This
sampling situation was chosen because it resembles situations frequently encountered in western
Oregon where the spray boundaries were close to but do not include live streams.
Table 7
shows the data from this area.
The results show the concentration of herbicide was low, being of the order of magnitude
found in western Oregon in the Al.sea Basin study. These data further the contention that treat,ment area layout influences the degree of contamination.
Figure 13 shows the Keeney-Clark spray unit in eastern Oregon. This unit is a fairly flat
marshy area which contains several small live streams.
Standing water was noted in several
areas at the time of treatment in June which suggests a high water table. Data in Table 8 shows
the consequence of treating such an area.
Sample point 7 was located a short distance downstream from the treatment area. Very
high concentrations of herbicide were found shortly after application.
The long persistence
of fairly high concentrations of herbicide are characteristic
of what would be expected from
areas of this type. The length of time measurable concentrations flowed from this area was
unknown. This particular situation is probably one of the most dangerous in terms of potential stream contamination.
A very slight rise in the water table could result in the release of
very large quantities of herbicide to the streams which drain this area.
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Figure 12. CampCreek treatment area watershed. 300 acres (23 percent) of a
1300-acre watershed were treated with 2 lb/A 2, 4-0.
Table 7. Contamination
Hours aft;er
spraying

0.05
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in the Camp Creek Unit.
ppb

2, 4-D
T

2.0

25

5. 4

1

8. 7

1

84.5

3

1 week

0
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220 acre• t.Nat.ed

Figure 13. Keeney-Clarkmeadowstreatment area.
2 lb/A 2. 4-0.

220 acres treated with

Sample point 8 was located about eight miles downstream from point 7. Part of the reduction in herbicide concentration between points 7 and 8 is accountable by dilution from feeder
streams.
What is interesting, however, is that the peak of concentration took 190 hours to
reach point 8. By dividing the distance by the time the calculated rate of travel of the herbicide
peak was about 0. 04 miles per hour. It is obvious the rate of travel of the herbicide and the
water were not the same.
In the studies of amitrole contamination the lack of herbicide one mile below the treated
units was attributed in part to adsorption on soil and organic matter along the stream bottom.
It is suggested that the same mechanism operates between points 7 and 8, but the greater quantities of herbicide permit detection far downstream.
The behavior of a herbicide in a flowing
stream might be compared with the behavior of the chemical in a crude chromatographic
column.
Additional experiments to ellucidate this mechanism are planned.
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Table 8. Contamination

in the Keeney-Clark

Sample Point 7

Sample Point 8

Hours after
spraying

ppb
2, 4-D

o.67

840
48
128
106
106
121
176
138
113
91
76
115
95
5
7

2. 5
3. 1
3. 6
4. 1
6. 1
8. 1
9.6
14. 3
37.8
56.4
100. 1
103. 6
289.9
297.0

Determination

Meadows Unit.

Hours after
spraying
9.8
15.3
25.3
29.6
38. 7
57.2
124.8
194.9
224.9

ppb
2, 4-D
T
T
1
1
2
6
10
21
18

of Safety of Use

It is difficult to determine the influence of the herbicides detected in these studies on the
various communities of organisms in the streams.
However, it is desirable to make some
assessment of the importance of this contamination in order to keep the results in proper perspective.
Hughes and Davis (1963) determined the concentration of several formulations of phenoxy
herbicides required to kill 50 percent of a popJlation of bluegill sunfish (Lepomis macrochirus
Rafinesque) in 48 hours. This value is called the median tolerance limit (TLm>· Some selected data from their study is seen in Table 9. The differences among TLm values for the same
formulation of herbicide represent material from different manufacturers.
Bond et al. (1959) reported the TLm values of several herbicides for largemouth bass
(Micropterus salmoides Lacepede), chinook salmon (Oncorhynchus tshawytscha Walbaum) and
coho salmon (Oncorhynchus kisutch Walbaum)fingerlings.
In Table 10 are selected values for
herbicides of possible interest in forestry.
Of greater personal interest is a knowledge of the toxicity of brush control herbicides to
mammals.
Toxicity data are given as the value of the LD 50 , which literally means the size of
a single dose sufficient to kill 50 percent of an exposed population. Table 11 shows the LD
50
values of three herbicides to various test animals.
A column of hypothetical L0 50 values
for a 150 pound man is also given on the assumption a man would respond in 'proportion to his
size the same as the test animals indicated.
Making the assumption that a level 100 times
lower than the LD 5o would not produce any noticeable effect on a man, the last column in
Table 11 shows the amount of water contaminated at 100 ppb it would be necessary to consume
to ingest 1/ 100 of the LD .
50
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Table 9. Median Tolerance

Limit (TLm) of Bluegill Sunfish
to some Phenoxy Herbicide Formulations 1
48 Hour TLm
(ppm acid equivalent)

Formulation

2, 4-D
458

Dimethylamine
Dimethylamine
Dimethylamine
Emulsifiable acid

273

166
8.0

Isooctyl ester
Isooctyl ester
Isooctyl ester
Propylene glycol butyl ether ester
Butoxyethanol ester
Butyl ester
Isopropyl ester

59. 7
36. 0
8.8

2. 1
2. 1
1. 3

0.8

2, 4, 5-T
Dimethylamine
Isooctyl ester
Isooctyl ester
Isooctyl ester
Propylene glycol butyl ether ester
Butoxyethanol ester
1Data from Hughes and Davis,

144
31
26
10.4
17
I. 4

1963.

Table 10. Median Tolerance Limit of Bass and Salmon
to Some Herbicides 1

Herbicide

Largemouth

48 Hour Median Tolerance Limit
(ppm active ingredient)
Bass
Chinook Salmon
not tested

Coho Salmon

Amitrole

not toxic to 1000 ppm

Kuron

not tested

I. 2

not tested

Simazine

not tested

6. 6

not tested

325

1
Data from Bond et al. (1959).
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Table 11. Herbicide Toxicity

Herbicide

LD50
mg/Kg

Species

2, 4-D

375

rat

2, 4, 5-T

100

dog

Amitrole

Assumed w
50
150 lb Man
(mg)

25,000

Gallons of Water
at 100 ppb to
Contain 1/ 100 This Dose

25,500

671

6,800

179

1,700,000

mouse

47,368

It is clear from the calculated values in Table 11 that man can tolerate the concentrations
of herbicide in the water which resulted from the chemical brush control projects monitored
in these studies.
A similar comparison for chronic exposure to low levels is probably not
possible.
Of greater interest would be an expression of biologically safe level of herbicide.
This is
defined as that concentration of herbicide which could be tolerated for extended ~riods of time
by nearly all members of the food chain with little or no apparent damage. On the basis of
the data in Tables 9 and 10 and on the experience of the Ohio River Sanitation Commission,
this level might be conservatively set at 100 parts per billion for the herbicides investigated
in this program. 1
It is clear that the use of herbicides as monitored in western Oregon constitutes little or
no threat to native fish populations or downstream water users.
In eastern Oregon where concentrations have exceeded 1000 parts per billion in a few instances, some short term damage
to fish might result.
In most instances, however, the length of persistence was such that the
hypothetical biologically safe limit was exceeded for only a few days at most.
CONCLUSIONS

The following conclusions
1. Some herbicide

can be drawn on the basis of studies conducted thus far.

will appear in nearly all streams

which flow by or through treated

2.

The maximum concentration is a function of the proportion of the watershed treated,
the amount of live stream included in the unit, the ratio of the surface area of the
stream to its volume, and the degree to which brush overhanging the stream intercepts
spray materials.

3.

The length of persistence

4.

Nearly all of the herbicide found in the stream
spray materials to the surface of the water.

is a function of the hydrologic nature of the area treated.
results

from the direct application

The land manager concerned with the planning and use of herbicides
three most important things learned from these research efforts:

1p
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areas.
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should remember

of

the

C . E . Bond .

Chemical Brush Control and Herbicide Residues

I.

Herbicides

can be used safely in the forest in most instances.

2. Avoid the treatment
3.

of areas which have high water table.

When operating in areas which are particularly sensitive from a biological or public
relations standpoint, stream contamination can be held to an absolute minimum by
recognizing and avoiding those situations which lead to direct application to streams
or surface water.
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ECOLOGICAL CONSIDERATIONS IN BRUSH CONTROL
H. Gratkowski,
Pacific Northwest Forest and Range Experiment
Oregon

Research

Forester

Station, U. S. Forest Service,

Roseburg,

In the 20-year period since 2, 4-D and 2, 4, 5-T first provided us with an effective and
economical way to modify composition of plant communities, herbicides have become one of
our most effective silvicultural tools. Today in addition to 2, 4-D and 2, 4, 5-T, we have a
broad spectrum of herbicides.
With proper care in selection and use of these herbicides,
we can control competing vegetation on forest lands, prepare sites for reforestation,
and increase rates of growth of commercial tree species.
All foresters should learn to use this
tool wisely and well.

An important point, however, that foresters must remember when manipulating plant
species composition on forest lands is that success is dependent upon a knowledge of the
ecology of competing vegetation.
Without such knowledge and a conscious effort to apply it,
we may succeed in eliminating one or more undesirable species of shrubs only to have their
space occupied by even less desirable species.
Or we may remove preferred browse or forage
plants, only to have the animals tum to young conifers as a substitute.
In addition, removal
of some components of the vegetation can result in microclimatic changes that may precipitate
a chain reaction of interrelated effects and make the site even less suitable for regeneration
of conifers than it was initially.

Let's take a look at a few of the many interactions between plants and between plants and
their environment in an effort to see how we affect these relationships when we practice brush
control.
INTERACTIONS IN AN ECOSYSTEM
A forest is a community of trees, shrubs, herbs, mammals, birds, arthropods, mollusks,
fungi, bacteria, and other organisms living together in an abiotic environment of climatic and
edaphic factors.
Together these biotic and abiotic factors form an extremely complex ecological system in which each factor and each individual is conditioned by the others and to some
degree affects others in the system.
Ecologists call this interrelated complex an ecosystem.
When any environmental factors are changed or species are eliminated from a community,
interrelated changes can occur in a chain reaction throughout the ecosystem.
Many of these
changes can be obscure or long-term effects difficult to foresee but with an end result that
may completely negate any short-term benefits we may achieve.
Biological interactions between plant species and between plants and other organisms in
an ecosystem are intricately interrelated in a pattern that has been metaphorically described
as a "web of life. " These interactions may range from mutualism, in which both organisms
are beneficial to and dependent upon each other, to direct competition in which effects of the
interaction are detrimental to both organisms.
Malcolm (1966) has classified potential interactions as follows (the column marked "on" lists the effects of the interaction when it's going
on: the column marked "off" lists the effects when it's not going on; numbers 1 and 2 refer
to the two organisms or populations interacting): 1

1

I

Order changed from that in Malcolm s paper.
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INTERACTION

EFFECTS
Off

On

No. 1 No. 2

No. 1 No. 2

Mutualism

+

+

Unnamed No. 1

+

+

0

Proto-cooperation

+

+

0

Commensalism

+

0

Unnamed No. 2

+

0

Parasitism/predation

+

Unnamed No. 3

+

Neutralism

0

Amensalism

0

Competition

0

0

0

0

0

0

0

0

0

0

0

0

0

0

When foresters use herbicides to control vegetation on forest land, their objective is to
minimize negative effects of the last interaction--competition.
By controlling species that
compete with conifers, we hope to ameliorate site conditions to a degree that will allow
reforestation or improve growth of existing conifers on the site. Unfortunately, as stated
earlier, interrelationships
in an ecosystem are not unilateral or simple. A species competing
with a conifer may also have beneficial interactions with the conifer and with other species on
the site. Whether the net result will be beneficial or detrimental to conifers will depend
upon the types and degrees of interaction as well as the relative abundance of all species involved in these interactions.
When we kill dominant vegetation or modify the composition of a plant community, we
change abiotic factors of the environment as well. Macroclimatic factors such as annual or
seasonal distribution of precipitation,
solar radiation, wind, and other atmospheric conditions, are not readily modified. Microclimatic conditions within a brush community, however, can be modified by changes in structure or composition of vegetation.
Killing all vegetation on the site, or thinning a dense stand by eliminating some of the dominant plants, increases the amount of solar radiation received per unit area at lower levels. In addition, it
also changes the spectral composition of light received by species in the lower levels. Concomitant effects are higher air and soil temperatures,
increased windspeeds and air movement,
decreased relative humidity, and decreased interception of precipitation.
In turn, these can
lead to changes in edaphic factors such as increased soil temperatures
at surface and subsurface levels, increased soil moisture, and increased activity of soil microflora and microfauna leading to more rapid decomposition of organic matter.
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CLIMATE OF THE PACIFIC NORTHWEST
Although macroclimatic
conditions are not amenable to change, they are the base for
microclimatic
conditions when modified by topography, vegetation, soils, and parent materials
exposed on the surface.
The Pacific Northwest has a variety of climatic conditions (Rudd, 1962). A marine climate
is found in a relatively narrow strip along the coast. In this area, summers are cool owing to
the prevailing westerly winds, winters are mild, and extremes in temperature are rare.
Fog
and cloudiness are common, and duration of sunshine is less than 50% of the total number of
hours possible during the year. Almost all precipitation is in the form of rain. Snow is rare
and does not remain long after it falls.
In contrast, the area east of the Cascade Range is characterized by a continental climate
ameliorated by modified marine air from the Pacific Ocean. It is semiarid, has a low annual
precipitation,
dry summers with warm days and cool nights, and cool to cold, relatively snow
free winters.
A third climatic condition is found in the interior valleys and lowlands between the Cascade
and Coast Ranges. Here the climate is predominantly Mediterranean in character,
with cool,
rainy winters and warm, dry summers.
Cut off by the Coast Range from the modifying influence of the ocean, the western lowlands have slightly larger annual temperature ranges,
higher maximum and lower minimum temperatures,
and a greater range of extremes than
the coastal area.
A fourth climatic condition is found at higher elevations in the Cascade Range, where
elevation is the prime factor influencing climate.
Air temperature decreases with increasing
elevation.
Seasonal patterns of precipitation are much like those of the adjacent parts of
western Oregon and Washington, but annual totals are much higher--from
70 to more than
100 inches per year. Snowfall is much heavier than in the rest of the Pacific Northwest.
Along
the crest of the Cascade Range, near timberline, annual snowfall exceeds 500 inches, snow
cover is continuous most of the year, and snow and glaciers are present year round on the
highest peaks.
Each of the four areas has its own distinctive combination of climatic conditions, flora,
and fauna. Although topographic influences on microclimate in each of these areas are similar
in effect, they are different in degree. Microclimatic conditions also vary from area to area
as a result of differences in species composition and effects of vegetation.
SOLAR RADIATION
A prime microclimatic
factor in all areas is solar radiation reaching the earth's surface.
Both intensity and spectral quality of sunlight are modified during passage through earth's
atmosphere,
and this amelioration results in the radiation environment in which we live.
Light Intensity
A flat surface erected perpendicular to the sun's rays on the outer surface of the earth's
atmosphere when the earth is at its mean distance from the sun would receive radiation at a
rate of 2. O cal cm-2 min- 1 (Gates, 1965c). However, this amount of energy, the solar constant, does not reach the surface of the earth. Actinic shortwave ultraviolet rays of sunlight
are absorbed by oxygen and ozone in the earth's atmosphere, and the infrared end of the
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spectrum is attenuated by absorption in water vapor and carbon dioxide of the atmosphere.
Also, a large part of the incoming radiation is reflected back into space from the upper surface
of clouds. Another portion is scattered and diffused in the atmosphere by air molecules,
aerosols, and dust. Although much of this diffuse radiation reaches the earth's surface as
skylight, a portion is also scattered back into space. Despite these losses, a strong radiation
flux reaches the surface of the earth partly as direct solar radiation or sunlight, partly as
scattered radiation or skylight.
Radiation received at sea level on a clear day amounts to
1. 37 cal cm-2 min-1 (Gates, 1963). The radiation load of an environment is very important to
plants and animals, for it represents the flow of energy upon which all life is dependent.
Total daily radiant heat loads and maximum radiation loads per minute vary greatly with
latitude, elevation, and degree of exposure to solar radiation.
Gates (1963) calculated radiation climates for several areas and concluded that alpine tundras in the Rocky Mountains in
Colorado (lat. 400 N. ) possess one of the hottest climates on earth for clear or nearly clear
summer da s. The maximum radiation load in the alpine tundra was calculated to be 1. 83 cal
cm- 2 min- as compared with 1. 23 cal cm-2 min -l in Hamburg, Germany, and in interior
Alaska. Total diurnal radiation loads at these locations varied far less than maximum radiation loads per minute. Potential heat loads were calculated to be 1, 185 cal cm - 2 day- l in the
alpine tundra as compared to 1, 245 cal cm - 2 day- l in Honolulu, Hawaii.

1

As far as adaptation of plants and animals is concerned, the maximum radiation load of
an environment for a short period of time is probably more important than the total amount of
radiant energy received per day, for it is the maximum load that organisms must withstand to
survive.
Plants in the alpine tundra must also be able to withstand great diurnal variation in
environmental temperatures
as a result of exceedingly high rates of insolation during the day
and large heat losses by reradiation into space at night.
Light Quality
Spectral qualities of sunlight are also modified in the atmosphere,
and plants are adapted
to withstand and use that portion of the spectrum that reaches earth's surface.
Absorption of
short wave ultraviolet radiation by ozone in the atmosphere protects organic complexes on
earth from ultraviolet radiation that would cause dissociation by breaking C-O, C-H, O-H,
and other bonds (Gates, 1963). Plants have a high absorptance (> 90 percent) for the remaining short wavelength ultraviolet and for the visible wavelengths from 0. 4 to 0. 7 µ that
are needed for photosynthesis.
· In the near infrared.region
from 0. 7 to 1. 1µ, however,
absorptivity by plants drops abruptly from more than 90 percent to less than 20 percent.
This
is biologically important, for solar radiation reaches its maximum intensity at these wavelengths.
Low absorptivity in this region reduces heat absorbed by the plant and keeps the plant
from overheating in intense direct sunlight.
Beyond 2. 0 µ, absorptivity again rises to 95 percent. However, solar radiation of this and longer wavelengths is limited, and the plant does
not overheat as a result of high absorptivity in this region. Furthermore,
being strong absorbers of longwave infrared light, plants are also strong emitters of radiation at these wavelengths. The Stefan-Boltzman radiation law states that a body radiates heat with an intensity
proportional to the fourth power of its absolute temperature.
As a result of these relationships, plants also reradiate energy efficiently in the form of longwave infrared thermal
radiation.
As plant temperature
increases,
radiation from the plant also increases.
This
mechanism effectively releases excess heat into the environment and keeps the plant cool.

RADIATIONENVIRONMENT
Radiation incident upon plants includes sunlight,
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from plants and other organisms, from the ground, and from the atmosphere.
Radiation
corning directly to the plant from the sun, or reflected to plants from clouds, soil, and other
surfaces, is referred to as sunlight. Skylight is solar radiation scattered by air molecules
and dust in the atmosphere, and foresters sometimes refer to this as diffuse light. Infrared
thermal radiation, on the other hand, is longwave radiation in sunlight, reradiated from water
vapor in the atmosphere,
or emitted from plants, soil, or other organisms which are at a low
ambient temperature.
These objects, heated by absorption of sunlight, skylight, infrared
thermal radiation, or by convection, reradiate longwave infrared radiation at a rate proportional to the fourth power of their absolute temperature.
Infrared thermal radiation emitted
from one plant can be absorbed by other plants when it strikes their surfaces.
Both sunlight
and skylight vary greatly in intensity and spectral quality, depending upon location, climatic
conditions, season, and time of day.
At High Altitudes
Both spectral quality and intensity of sunlight and skylight vary with altitude (Gates, 1965a
and 1965c). Skylight at high elevations in the mountains is particularly rich in ultraviolet
wavelengths.
And intensity of sunlight increases with elevation, the rate of increase being
most rapid in the lower, denser, more dust-filled air layers.
During clear weather on
mountains, with a few scattered cumulus clouds near but not obscuring the sun, total radiation
at the surface sometimes exceeds the solar constant.
Gates reported observing radiation loads
of 2. 1 to 2. 2 cal cm - 2 min- 1 at elevations of 3, 000 rn or more in the Rockies.
Under Overcast

Skies

When the sky is overcast, sunlight is excluded and only skylight is available to plants.
Spectral qualities of this skylight or cloudlight are very different from those in the same area
during clear weather.
The infrared end of the spectrum is abruptly terminated by absorption
in water vapor of the overcast sky, and the ultraviolet end is eliminated by scattering (Gates,
1965c). As a result, cloudlight available to plants has a gray or neutral character resulting
from a reduction in intensity and a more even distribution of light throughout the visible wavelengths. Plants growing in persistently overcast areas are exposed to much less ultraviolet
and infrared radiation than are plants in a sunny habitat. Cloudlight is the only light available
throughout much of the year along the coast in Washington, Oregon, and northern California,
and is also an important part of the radiation environment during the fall-spring period west
of the Cascade Range.
In the Understory
In a forest community, the radiation environment of understory plants is also modified by
the overstory.
Both intensity and spectral quality of light incident upon shaded plants or leaves
in the understory are quite different from that upon plants and leaves in direct sunlight. In
the understory, direct sunlight occurs only as moving spots of light that penetrate openings in
the canopy. As the earth rotates on its axis, these spots of sunlight move across understory
vegetation, falling upon individual leaves only for short periods of time. Most of the time
understory plants live in an environment of dim light relatively rich in near infrared wavelengths from 0. 77 to 0. 92 µ (Gates, 1965c) and greatly reduced in the ultraviolet and visible
wavelengths.
Understory plants also receive infrared thermal radiation from the overstory,
from their neighbors in the understory, from the ground, and from water vapor in the atmosphere.
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At Night
During the night the radiation environment of a plant is almost entirely composed of
infrared thermal radiation from the soil, from other plants, and from water vapor in the
atmosphere.
Importance to Plants
As pointed out earlier, a plant does not absorb all radiant energy striking its surface.
Plants have a high absorptance in the ultraviolet and visible wavelengths, a low absorptance
in the near infrared from 0. 7 to I. lµ , and a high absorptance again in the far infrared.
Much of the near infrared high energy in wavelengths from 0. 77 to 0. 92 µ is reflected from
or transmitted through vegetation (Gates, 1965b). In addition, plants also receive infrared
thermal radiation from other vegetation, the ground, and the atmosphere.
About 60 percent
of incident sunlight and 97 percent of incident infrared thermal radiation are absorbed by a
plant (Gates, 1965c). In high-radiation habitats, this would still represent an excessive
radiation load, raising plant temperatures to lethal levels if certain mechanisms did not
operate to release the excess energy into the environment.
These mechanisms are: reradiation, convection, conduction, and transpiration or evaporation.
Approximately 70 to 90 percent of the radiation load on a leaf is reradiated into the environment as longwave infrared
thermal radiation.
Much of the remaining energy is transformed into heat, and plant leaves
exposed to direct sunlight usually have temperatures
10° to 15°c above air temperature (Gates,
1963). During cloudy weather leaf temperatures
may be a few degrees above air temperature.
In shade, leaf temperatures are close to air temperature.
Temperature of plant parts is physiologically important, for many processes within the
plant are temperature-dependent
chemical rate processes controlled by enzymes and other
proteins (Gates, 1963). These processes form end products such as sugars, proteins, etc.,
at maximum rates at certain temperatures
and use up or destroy-these products when unfavorable temperature regimes exist within the plant. Cell enlargement,
photosynthesis, and
other processes are temperature dependent. Some processes,
especially photosynthesis, are
light dependent as well.
Many physiological responses of plants are also keyed to the spectral
radiation.
Gates (1965c) lists some of these as follows:
Wavelength

quality of incident

Plant response

0. 280 to 0. 315 µ

(No plant effects listed.) Practically no solar radiation of wavelengths shorter than 0. 29µ reaches the
earth's surface.

0. 315 to 0. 400 µ

Produces fluorescence

0. 40 to 0. 51 µ

The region of strong chlorophyll absorption and
absorption by yellow pigments.
Also a region of
strong JXIOtosynthetic activity in the blue-violet.
Strong formative effects.

0. 51 to 0. 61 µ

Low photosynthetic effectiveness
weak formative activity.
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0. 61 to 0. 70 µ

Al.most the spectral region of strongest absorption of
chlorophyll and of strongest photosynthetic activity in
the red region. In many cases also strong photoperi odic activity.

0. 70 to 1. 00 µ

Region of specific elongating effects on plants.

1. 00 µ

No specific effects known. Accepted that this radia tion absorbed by the plant is transformed into heat
without interference of biochemical processes.

In Release of Conifers
Releasing conifers from a brush overstory results in major changes in microclimatic
con ditions for the trees.
Changes in light conditions are especially important.
Released conifers
receive far more direct sunlight, light intensity is increased, and light quality is enriched in
both the ultraviolet and infrared ends of the spectrum.
Use of soil moisture and nutrients will
be reduced, leaving more water and nutrients for the conifers and other surviving vegetation.
Amounts of additional water and nutrients actually available to the conifers, however, will
depend upon root characteristics
of both the conifers and other vegetation rooted at the same
depth and the inherent ability of each to compete for the available materials.
All effects may not be beneficial, however. Heat losses to the atmosphere will also be
increased.
As a result, diurnal variation in both environmental and plant temperatures
will
be increased, and the newly exposed trees may be more exposed to late spring or early fall
frosts than they would have been under a brush cover.
In the Pacific Northwest during the critical

growth period in early spring, light seems
most likely to be the limiting factor in growth of conifers beneath a brush overstory.
Abundant
soil moisture is usually available during early spring, and nutrients should be as readily avail able as at any other time. During the dry summer season, however, low levels of soil moisture
probably become the prime factor limiting growth.

In projects west of the Cascade Range, increased light intensity and enriched spectral
quality of light as a result of brush control should be especially beneficial to released conifers
during the critical period in early spring. During this time of the year, temperatures
are most
apt to be below optimum for maximum growth and light intensities are lower than later in the
year. Cloudy, overcast weather further limits available light during this period. Of major importance would be the increased irradiance in visible light of wavelengths from 0. 4 to 0. 7 µ
needed for photosynthesis and associated with formative effects in plants.
In addition, the daytime microclimate
of released conifers will be warmer, especially
during periods of clear weather, and plant temperatures
will also be increased.
As pointed out
earlier, temperature of plant parts is physiologically important because: 1) many biochemical
processes are temperature dependent and depend upon the instantaneous solar radiation incident
upon the plant, while 2) cumulative effects, such as growth, storage of carbohydrates,
and
water usage, depend upon the integrated amount of light reaching a plant over periods of hours
or days (Gates, 1965c). If leaf temperatures
beneath the brush canopy are below the optimum
for biochemical processes,
this warming of the environment may be important in allowing the
conifers to attain maximum photosynthetic rates within limits imposed by the available light.
The increase in available light over a period of time should result in increased activity in processes such as those mentioned in 2 above.
130

Ecological Considerations in Brush Control

In Brushfield Reclamation

Brushfield reclamation usually requires more complete brush control than is needed for
release of conifers.
On many sites, eradication may be necessary before reforestation.
On
many sites, eradication may be necessary before reforestation.
Where chemical control of
the overstory is sufficient, effects on the radiation environment will be similar to those in
release projects.
Where brush is eradicated, young conifers are completely exposed to sunlight; and the environment will be warmer during the day and colder at night. Exposure of
young trees to late spring and early fall frosts will be increased, especially in small clearings.
In small openings, nocturnal losses of heat by reradiation are at a maximum, while convection
to replace the losses may be hampered by taller vegetation or topographic features surrounding
the site.
BRUSH COMPETITION FOR MOISTURE AND NUTRIENTS
The ability of a plant species to germinate, survive, grow, and reproduce in a habitat
depends upon the efficiency with which it can compete for and use the available light, soil
moisture, and nutrients.
Its efficiency in us-i.ngthese raw materials is directly dependent upon
morphological and physiological characteristics
of the plant. Competition for light is primarily
a function of aerial parts of the plant; competition for soil moisture and mineral nutrients is
primarily a function of roots.
Root Systems
Root systems of relatively few wild-land shrubs have been described in the literature,
and
much of the JX.lblished information is contradictory.
This is to be expected, of course, for
excavation of root systems is a tedious and difficult process, and both radial spread and depth
of penetration of roots within a species can be expected to vary from site to site depending
upon soil conditions, topography, and other factors.
Observations limited to one or two shrubs
or one or two sites may be misleading.
Hellmers et al. (1955) studied root systems of several chaparral species in California and
classified the shrubs in three categories:
a) woody, usually sprouting shrubs with deep-penetrating and wide-spreading roots; b) woody, usually nonsprouting shrubs with shallow but widespreading root systems; and c) subshrubs with shallow, fibrous root systems.
Root spread
was wider than that of branches in all species studied. Root/top spread ratios for shrubs in
category a ranged from 2. 0 to 2. 9, that of shrubs in category b ranged from 1. 6 to 6. 1, and
that of th; subshrubs with fibrous roots ranged from 1. 8 to 4. 4. Maximum depth of penetration
listed for roots of these shrubs was: a) 12 to 28 feet, b) 4. 5 to 8. 5 feet, and c) 2 to 5 feet.
Canyon live oak produced roots of type a, manzanitas were listed in groups a and b, and birchleaf cercocarpus and three species of c;anothus were listed in group£·
Knowledge of the morphology and habit of root systems of conifers is also limited; but
extent, area, and density of root systems of our commercially important conifers can be expected to vary from species to species.
In a study of Douglas-fir root systems, McMinn (1962)
learned that the area of soil occupied by root systems of Douglas-firs varied with size of
crowns: young trees covered less area than older trees; and intermediate and suppressed trees,
less than dominants.
In addition, lateral spread and depth of penetration varied with age of
trees and with soil conditions.
McMinn found that most trees in a 10-year-old stand were supported by a taproot that had few secondary branches.
In older trees, the original taproot was
supplemented by branches from main laterals that penetrated the soil at a steep angle.
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Surface area occupied by roots of Douglas-firs also varied with age. Roots of individual
trees in a 10-year-old stand occupied a horizontal area twice as large as the area covered by
their crowns. In 25-year-old and 40-year-old stands, comparable ratios ranged from one to
two times the area covered by the crown.
Although limited, these data are sufficient to indicate that degrees of root competition between conifers and shrubs can be expected to vary with age, rooting habits, density, and
species of both conifers and shrubs in a plant community. It will also vary with the relative
ability of both to extract available moisture and nutrients from the soil. Isaac (1938) found
most feeder roots of first-year Douglas-fir seedlings at depths of 2 to 7 inches, with root
penetration varying from 3 to 12 inches. At this stage, Douglas -firs would suffer most severely
from competition with shallow, fibrous root systems of grasses, herbs, and subshrubs rather
than from deeper root systems of larger shrubs.
In contrast, older Douglas-firs would suffer
greater competition from shrubs in Hellmer's groups! and£ than from shallow, fibrous rooted
species in group~Like Douglas-firs,
however, root systems of brush species can also be
expected to change in extent and depth as the plants grow from seedlings to mature shrubs.
Seedlings of all plants occupy a minimum soil volume as compared to that occupied during
later stages of growth, but their survival and growth depends entirely upon the available soil
moisture and nutrients in that small volume of soil. When conifers and brush species germi nate at the same time, it is conceivable that many of the seedlings occupy soil volumes where
roots of other shrubs, trees, or herbs are not present.
In such cases, root competition is at
a minimum, and this is probably the optimum time for seeding or planting conifers on the site.
As the trees and shrubs grow, however, their root systems also increase in size, overlap,
and root competition increases.
In an established stand of brush species, soil free of brush
roots is at a minimum; and seeding or planting conifers on such a site immediately places the
susceptible trees in competition with the established root systems of the shrubs.
Brush control
is a necessity before such sites are planted or seeded in order to minimize root competition
and provide adequate light for survival of the conifers.
In the Pacific Northwest, our limited knowledge of rooting habits of our commercially important trees and almost complete lack of information on root systems of native shrubs makes
it difficult to evaluate the degree of competition different brush species may offer to conifers.
As a result, we are not yet able to use relative degrees of root competition between conifers
and brush species as a criterion for selecting shrubs that should be eliminated from a site to
insure survival and improve growth of conifers.
For sound decisions in vegetation management, we urgently need more information on rooting habits of our Northwestern trees and
shrubs.

Competition for Nutrients
Competition between two organisms is most keen when a substance necessary for both is
available only in limited quantities.
In normal forest soils in the Pacific Northwest, although
all mineral nutrients may not be available in optimum quantities for tree growth, most are
probably available in sufficient quantity to allow normal rates of growth for all vegetation on
the site. Addition of individual nutrients, especially nitrogen, would probably increase these
rates of growth on most of our forest soils. However, competition for nutrients is probably
not as severe as competition for soil moisture and available light.
Although brush control cannot add nutrients to a site, it might make nutrients from brush
species available to conifers.
Ceanothus spp., for example, fix nitrogen in nodules on their
roots, and nitrogen content of the nodules exceeds that in other parts of the plants (Delwiche
et al., 1965). When ceanothus is killed to release conifers, decomposition of the nodules may
make this nitrogen available to conifers.
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Selective uptake of mineral elements from soils is undoubtedly another factor in competition, but the relative importance of this factor is difficult to assess.
Some brush species display an ability to grow vigorously on soils containing especially high levels of elements that
may be phytotoxic at lower levels to other species.
This tolerance may be due either to an
ability to selectively restrict uptake of the element or to the ability of that species to tolerate
high tissue contents of the element (Gerloff, Moore, and Curtis, 1966). Plants growing on
serpentine soil, for example, must be able to accumulate calcium even though the soil has a
low calcium content. In addition, possible toxicity resulting from high concentrations of
chromium and nickel in serpentine soils must be forestalled either by selective uptake or by a
tolerance to high tissue contents of these metals.
In southwestern Oregon, pronounced differences are evident in composition of vegetation on serpentine soils as compared to vegetation
on adjacent, more normal soils derived from shales and sandstones.
Many species present
on more normal soils are also found on serpentine.
In some species, serpentine tolerance is
probably due to adaptation of races within the species rather than to a broad edaphic tolerance
of the entire species.
Many cases of edaphic restriction of vegetation have been reported in
the literature.
Competition for Moisture
Numerous studies have been made seeking correlations between forest site quality and
chemical and physical characteristics
of the soil. In most of these, site quality proved to be
more highly correlated with physical characteristics
controlling soil moisture storage than
with chemical characteristics
of the soil. This is evidence that competition for soil moisture
may be considered more important than competition for soil nutrients.
Large amounts of moisture are extracted from soil by shrubs and other weed species.
In
northern Utah where the total evapotranspirational
loss ranged from 15 to 19 inches, Gambel
oak (~rcus
~mbelii) extracted 11 to 13 inches of moisture from the upper 8 feet of soil during
the growing season (Tew, 1966). In California, brush control on_lysimeters greatly reduced
losses of soil moisture.
In a sandy loam 12 feet deep, more than 18 of 20. 5 inches of rainfall
were lost by evapotranspiration
before spraying.
After spraying, only 7 inches of 19. 5 inches
of rainfall were lost and nearly 13 inches remained in the soil as available soil moisture
(Merriam, 1961).
In central Oregon, pine manzanita (Arctostaphylos parryana var. pinetorum) also uses
appreciable amounts of moisture.
Under live, untr~ated manzanita, soil moisture at the 10- to
14-inch depth decreased from an initial level of 27-29 percent to only 8 percent by early
September.
In a mechanically cleared area and under chemically killed manzanita nearby,
soil moisture during the same period decreased only to approximately 20 percent.
Sampling at
a depth of two feet showed similar results (Tarrant, 1957). In another study in eastern Oregon,
moisture use was 45 percent greater on plots where understory vegetation (mostly brush) was
allowed to develop normally as compared with losses on plots where vegetation was removed
(Barrett and Youngberg, 1965).

Results of these studies indicate that brush control can make more soil moisture available
to conifers by eliminating certain components of the overstory, thus reducing or eliminating
soil moisture depletion by these species.
In addition, defoliated dead brush intercepts less
precipitation and allows more of the moisture to reach the soil, where it will be available to
roots of the preferred species.
It must be expected that these gains will be offset to a degree
by increased evaporation from the soil surface as a result of increased insolation and convection in the thinned stand, but reports in the literature indicate that the end result will be an
appreciable net gain in available soil moisture on the site. This increase in available moisture
should be especially important for survival and growth of conifers during the dry summer
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season in the Pacific Northwest.
SILVICUL TURAL IMPLICATIONS
Isaac (1938) stated that high soil surface temperatures and lack of soil moisture during
the dry summer season, in that order, were the prime factors in mortality of young Douglasfir seedlings in southwestern Washington. This is probably true for the rest of the Douglasfir region as well, although the relative importance of the two may vary from year to year
and from site to site. High temperatures
at the soil surface kill young Douglas-fir seedlings
by collapsing cells of the epidermis, cortex, pericycle, phloem, cambium, and even
parenchyma in the xylem (Smith and Silen, 1963). Thermal death point in the field is reached
when surface soil temperatures
are in the range from 125°F to more than 150°F. 2 Evidently
this depends upon heat resistance of the individual seedling. South exposures receive greater
radiation loads and are much hotter environments than northern or northeastern slopes, and
much greater losses of coniferous seedlings from heat may be expected on south slopes.
Brush as Nurse Crops
Isaac stressed the role of shade in reducing high temperatures
at the soil surface.
He
learned that Douglas-fir seedlings in dead shade sustained less mortality than did seedlings
shaded by live vegetation.
In addition, live vegetation competed with the seedlings for soil
moisture and nutrients.
Greatest survival of seedlings on cutover land occurred in shade
where light values were 66 percent of full sunlight. Isaac (1943) believed further that shrubs
compete more severely with young Douglas-firs than do herbs.
In southwestern Oregon, observation indicates that species such as varnishleaf ceanothus
(Ceanothus velutinus var. laevigatus), and Pacific madrone (Arbutus menziesii) may act as
nurse crops for young Douglas-firs,
providing shade and reducing surface soil temperatures
during the critical period in the early life of the seedlings.
Favorable effects, however, II\ay
extend beyond this. Wahlenberg (1930), studying the effect of snowbrush ceanothus (C.
velutinus) on regeneration of ponderosa pine in the northern Rocky Mountains found ffrst-yeat
survival of planted pines was better under snowbrush than in the open. Under snowbrush,
atmospheric evaporation and soil temperatures
were lower and relative humidity and soil
moisture were greater than in nearby open areas.
If effects of varnishleaf are similar to
snowbrush ceanothus, this amelioration of microclimatic
conditions should help Douglas-fir
seedlings to survive under varnishleaf shrubs during hot, dry summers in the Pacific Northwest. In addition, many species of ceanothus fix atmospheric nitrogen in nodules on the roots
(Delwiche, Zinke, and Johnson, 1965; Russell and Evans, 1966). Rates of fixation are reported to be of the same magnitude as those reported for many legumes and nonleguminous
symbionts.
This may add to the fertility of sites occupied by these species.

Unfortunately, as pointed out earlier, interactions in an ecosystem are not simple and
the favorable effect of varnishleaf ceanothus on young Douglas-firs is counterbalanced to a
degree by unfavorable effects as well. The effect of varnishleaf ceanothus on growth and
development of established young Douglas-firs does not appear favorable.
Douglas-firs
shaded
by varnishleaf are characteristically
slender-stemmed
and fragile in appearance, with narrow
open crowns and small amounts of foliage. The slender stems are deformed as the trees grow
upward through the shrubs, and many are broken under the bending, snow-laden, evergreen
branches of ceanothus during winter. Even after saplings penetrate a ceanothus canopy, the
slender-stemmed
trees appear fragile and liable to snowbend or snowbreak.
2

Silen, Roy R. Lethal surface temperatures
and their interpretation
Thesis, Ore. St. Coll., Corvallis.
170 p. 1960.
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Most Douglas-fir seedlings seem to become established under varnishleaf ceanothus while
the shrubs are small and openings between the shrubs allow sufficient light to reach the trees.
In the course of a 5-year study in southwest Oregon, the author rarely observed new Douglasfir seedlings under a dense cover of varnishleaf ceanothus.
Whether this was due to the poor
light conditions under ceanothus, to inhibited germination of Douglas-fir seeds, or to early
mortality of young seedlings was not determined.
When the study was terminated, however,
11 years after cutting, it appeared that the stand of conifers that could be expected on this
site would be limited to those seedlings that became established while the varnishleaf shrubs
were small.
The same study revealed that a dense overstory of varnishleaf ceanothus retards height
growth of young Douglas-firs (Table 1). All degrees of release resulted in increased growth
of the conifers (Gratkowski, 1967), and complete exposure to sunlight provided the longest
lasting release for young Douglas-firs.
These results indicate that it would be wise to release
young Douglas-firs from varnishleaf ceanothus as soon as the trees are well established on a
site. Best results will probably be obtained where the shrubs are killed before they are more
than five feet tall and before small conifers become intertwined with stems of the shrubs.

Table 1. Height growth of young Douglas-firs
from varnishleaf ceanothus. 1
Release
treatment 2

Height of trees when released
1

2

3

4

Percent

released

(feet)
5

6

None

-----------------------100
100

100

-------------------------100
100

100

Basal spray

129

136

142

143

146

149

Stump spray

183

184

186

183

183

184

1
Five-years growth of Douglas-firs released by basal spraying or stump spraying of
ceanothus expressed as a percentage of growth of unreleased trees under live ceanothus.
2

Treatment

applied to varnishleaf

ceanothus.

N- Fixation by Woody Plants
Ceanothus species are not the only woody plants that fix atmospheric nitrogen and add to
the fertility of sites they occupy. In the Pacific Northwest, red alder (Alnus rubra), birchleaf
cercocarpus (Cercocarpus betuloides) and scotch broom (Cytisus scoparius) are among those
species reported to fix nitrogen in root nodules. At least six additional genera of nonleguminous angiosperms are also reported to fix nitrogen: Myrica, Hippophae, Elaeagnus,
Shepherdia, Coriaria, and Casuarina.
All are woody plants, widespread in occurrence throughout the world. Reports indicate that the amounts of nitrogen fixed per gram of nodule tissue
are equivalent to those of legumes.
In Washington, where a 30-year-old stand of Douglas-fir grew intermixed with 26-year-old
red alders, 938 pounds more nitrogen per acre was found in the soil to a depth of 36 inches
than was found under Douglas-firs without red alder in the same stand (Tarrant and Miller,
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1963). These data indicate an average accumulation of 36 pounds more soil nitrogen per acre
per year beneath the mixed stand of alder and fir. In Europe, Al.nus glutinosa and A. incana
are also reported to fix nitrogen, and it is probable that other alders such as A. rhombifolia,
A. sinuata, etc. , here in the Pacific Northwest also fix atmospheric nitrogen.Delwiche et al. (1965) calculated that an area one-tenth occupied by ceanothus would be
receiving nitrogen from the shrubs at a rate of more than 50 pounds per acre per year.
Thousands of acres of our commercial forest land in the Pacific Northwest are occupied by
stands of ceanothus far denser than this.
The ability of woody species to fix atmospheric nitrogen has many important ecologicam
implications.
It is at least a partial explanation for the ability of many of these genera to grow
vigorously on poor sites where others cannot survive.
In Alaska, for example, alder is able
to grow on recently exposed glacial till where other plants grow poorly and display symptoms
of nitrogen dificienty.
Sitka spruce (Picea sitchensis) is then able to succeed alder on such
sites, after alder litter has enriched the soil (Bond, 1958). In southwestern Oregon, fixation
of nitrogen in root nodules may help Ceanothus cuneatus to survive and thrive in pure stands
on droughty, shallow soils underlain by rock where other species cannot live. Ceanothus
cuneatus communities are undoubtedly an early seral stage on such sites.
FIRE
Fire is an extremely important environmental factor in the ecology of many brush species,
and repeated fires have played a prominent part in creating large and persistent brushfields
on forest lands in the Pacific Northwest.
A nigh percentage of our brush species resprout
from burls and roots after fires. Since most of our commercially important conifers do not
resprout, repeated fires tend to eliminate conifers from a site, leaving a cover of fire resistant brush species on the area. In the absence of an adequate coniferous seed source, this
brush cover may occupy sites for long periods.
In southwestern. Oregon, one extensive brushfield is believed to have occupied the site for more than a century.
In Regeneration

of Brush Species

In addition, fire has been found to play a key role in the reproduction of certain brush
species.
Germination of large numbers of brush seeds on new burns has led several investi gators to hypothesize that certain chaparral species produce seeds that may lie dormant but
viable in the soil for many years until fire induces germination.
Tests have shown that heat
treatment increases germination of several species of manzanita (A'rctostaphylos spp. ),
Ceanothus spp. , laurel sumac (Rhus laurina), sugar sumac (Rhus ~),
and others (Sampson,
1944). The actual effect of heat on the seeds, however, has been determined for very few
species.
In the case of Rhus ovata, germination of mature seeds is prevented by the second
seed-coat layer which is impermeable to moisture and prevents imbibition and germination
under normal conditions.
Heat induces germination by cracking this impermeable layer.

Wright (1931) determined that seeds of certain shrubby plants in California (Ceanothus
spp. and Rhus spp. ) can endure higher temperatures
than seeds of conifers or grasses that
occur in the same association.
He suggested that this may partially account for occupation of
burns by brush species and formation of brushfields as a result of forest fires.
Prescribed

Burning

Aerial spraying with herbicides shows promise as a method for controlling brush and
preparing many sites for reforestation in the Northwest.
On some sites, however, it is
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necessary to remove the dead brush and accumulated litter before the sites can be seeded or
planted. On steep slopes, where mechanical equipment cannot be used, prescribed burning
may be necessary.
Prescribed burning of chemically sprayed brush, however, has two major
drawbacks.
First, dead brush forms a hot and flashy fuel that should be burned only by competent fire control personnel.
Second, burning may stimulate germination of dormant brush
seeds in the soil, producing a dense stand of new seedlings to compete with conifer plantations
established in the burned areas.
In southwestern Oregon, two chemically-treated
brushfields in the Arctostaphylos patulaCeanothus cordulatus-Quercus
chrysolepis brush type were burned during late September. At
the end of the first summer after burning, the sites supported an average of more than 10, 000
new brush seedlings per acre (Gratkowski, 1961). About 87 percent were mountain whitethorn
ceanothus (C. cordulatus), 12 percent were greenleaf manzanita (Arctostaphylos patula); the
remainder were hoary manzanita ~ canescens) and buckbrush ceanothus (.£: cuneatus). In
contrast, only a few canyon live oak (Quercus chrysolepis) and gooseberry (Ribes ~)
seedlings were found in adjacent unburned brush of the same type. In addition, the burned areas
also supported more than 10, 000 resprouting shrubs per acre. All major species in the
original stand were represented in the resprouting shrubs.
Role in Brush Seed Germination
Extensive, dense stands of vamishleaf ceanothus that have occupied thousands of acres
of burns and cutover forest land in western Oregon and Washington are a matter of concern to
foresters.
Although stands of old-growth Douglas-fir contain little or no vamishleaf ceanothus
in the understory, dense stands of varnishleaf ceanothus seedlings frequently appear in the
burned areas when the areas are logged and slash is burned. Soil samples from two such
stands contained vamishleaf ceanothus seeds in the soil, but no seeds were found in duff and
litter. 3 None of the seeds in the soil samples germinated when provided suitable conditions
for germination in a greenhouse.
Flats of soil containing the seeds were then heat treated in
a laboratory and stratified for two months. Seedling emergence after heat treatment was
equivalent to germination of 131,000 seeds per acre. These data indicate that dormant but
viable seeds of varnishleaf ceanothus may be present in the soil of other stands where no shrubs
of seed-bearing size are present in the understory.
Wildfires or slash fires can be expected
to induce germination.
Hard (impermeable) seeds of vamishleaf ceanothus were found to have structural features
similar to those of hard seeds of legumes. Heat induced germination by permanently opening
the hilar fissure.
Optimum soil temperatures for opening hilar fissures ranged from 800 to
105° Centigrade.
Although only a short exposure was sufficient to open the fissure, continued
exposure of permeable seeds to these temperatures for as long as 40 minutes had no further
effect either on germination percentage or seedling vitality. 3 This remarkable heat resistance
is undoubtedly a key factor in survival and germination of vamishleaf seeds.
Repeated observation of ceanothus seedlings as pioneer plants on bums has led many to
suspect that the seeds may be durable and long- lived in the soil, but experimental data on
longevity of ceanothus seeds in soil is not available.
Quick and Quick (1961), however, germinated seeds of 12 different ceanothus species that had been kept in dry storage for periods
3
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of 9. 4 to 24. 3 years.
Some seeds of all lots germinated,
seeds germinated in 18 of the 22 lots tested--percentages
for fresh seed of the same species.

and more than 80 percent of the
comparing very favorably with those

The longevity of ceanothus seeds in general, plus the ability of varnishleaf ceanothus seeds
to respond to fire, are considered important factors in the ability of this species to survive
under forest conditions in the Pacific Northwest. Observation indicates that the shrubs are intolerant of shade and cannot survive in the understory.
However, when wildfire sweeps through
a stand where dormant seeds are present in the soil, it not only removes the overstory trees
and creates conditions favorable for growth of the shrubs; it triggers germination of the seeds
in the soil at the same time.

PLANT-ANIMAL INTERACTION--BROWSING
Plant-animal interactions within the ecosystem may also affect competition between two
plant species on forest lands. Selective browsing of trees and shrubs is an important factor
in competition between conifers and brush species throughout the Pacific Northwest.
Where
rabbits, big game, and other animals are apt to be a problem, we must be careful not to
eliminate preferred browse species from the community, for the animals may turn to conifers
as a substitute.
Already, browse species have been seeded experimentally on some areas in California
(Baron et al. 1966) and in the Pacific Northwest in an effort to reduce browse pressure on conifers. Deerbrush ceanothus (Ceanothus integerrimus) and redstem ceanothus (C. sanguineus),
recognized as excellent browse species, have been seeded for this purpose on our forest lands.
On sites where preferred browse species have grown to heights to where they are no longer
available to animals, herbicides have been used to decrease height of live crowns and increase
basal sprouting of the shrubs. Observations of aerially sprayed sites on forest lands in the
Pacific Northwest indicate that big game and other animals prefer tender, new basal sprouts
of many of our own brush species rather than the mature plants.
IN CLOSING
Admittedly the information and interpretations
part of the extremely large and complicated web of
In truth, we know too little about these interactions
this paper will have served its purpose if it causes
we are doing when we modify plant communities on

presented in this article are only a tiny
interactions involved in plant competition.
and ecology of brush species.
However,
us to think more objectively about what
forest lands.
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Sound weed c;_ontrol practices require careful problem evaluation.
This paper discusses
the major considerations
for analysis and solution of wood problems as they affect conifer
plantations.
Herbaceous vegetation is almost ubiquitous on sites suitable for planting.
In all situations
where appreciable stands of weeds occur, they exist as competitors with conifers, largely for
water, but also for nutrients.
The influence of herbaceous vegetation is not limited to competitive effects.
Other liabilities accompanying heavy stands of herbs are: intensification
of
heat close to the ground, with concomittant increase in transpiration
stress on conifers exposed to any given moisture stress; heavy populations of rodents that consume seeds, and
girdle and clip seedlings; and matting of delicate conifers under heavy deposits of dead material.
Some favorable effects should not be overlooked but should be considered in perspective
with detrimental influence.
Among the most significant favorable effects of herbaceous covers
are the stabilizing influence of weed covers in areas where light-seeded brush or hardwood
species prevail, as in the Pacific Northwest where alder is a problem, and nitrogen fixation
by leguminous species.
Analysis of the weed problem should involve: 1) an estimate of survival for the most appropriate planting or seeding practice in terms of cost per established tree with or without
weed control,
2) the difference in number of years required for the plantation to reach a
position of complete dominance over competing species (it would be preferable to estimate
difference on the basis of the first harvest, but no basis exists at present for such predictions),
and 3) the chances of success in the first attempt at reforestation
with the various methods
available.
Important in the selection of weeding practice is the fact that plantations consist
of survivors.
It is unrealistic to consider dead trees in a list of accomplishments
when the
dead trees contribute nothing to the final harvest.
Moreover, first-year
indices of survival
are not necessarily
sound criteria for success.
Insofar as is possible, the principles that
follow will support practices that establish trees suitable for forests or Christmas trees at
the lowest possible cost per live tree or per unit of value at harvestable age.
The greatest single factor influencing the cost per surviving tree is the ratio of survivors
to the total planting effort. A very careful estimate of survival potential is needed, so that
the cost of weed control may be considered as opposed to the cost of planting the extra number
of seedlings that would normally die. The table on page 14 7 may be used to determine the
cost per live seedling on the basis of total plantation establishment
cost, number of trees per
acre planted, and percent survival expected under Pacific Northwest conditions.
Graphs
showing a wider range of survival may be constructed for use with and without weed control to
compare expected costs under local conditions.
For example, costs per live tree with an
initial establishment
of 640 trees to the acre may be compared at 20 percent survival with the
cost per live tree of a plantation established at 300 trees to the acre with 80 percent survival
and the same cost of planting.
Indeed, it will be shown by this comparison that the cost per
live tree of the lower density plantation is substantially lower than for the high density planta tion with a high mortality.
If the cost of weed control is $12 an acre in this case and the cost
of planting the high density plantation is equal to the combined sums of planting and weeding in
the low density plantation then the direct comparison of how many trees one has to show for
his investment can be made. What these figures do not and cannot illustrate,
however, is the
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difference in potential productivity of the resulting stands conditioned by the improved spacing
inherent in a low risk planting, and the difference in performance of plantation after establishment as conditioned by associated species.
Plantation performance after establishment
bears heavily on the investment potential of
forest plantations.
Conditions that cause heavy mortality also contribute to slow growth of
those seedlings that survive.
Harsh physical conditions in the heavy weed stands condition a
prolonged period of establishment
during which juvenile growth is slow. Relief from the drought
conditions by weed control promotes rapid root development, hence rapid attainment of vigorous
height growth. Seedlings that grow quickly from the start are exposed to much less animal
depredation and tend to evade the encroachment of weeds much more rapidly than those
struggling in heavy cover.
Indeed, the juvenile growth of a planted seedling may be much more
the function of its vegetation habitat than of its genetics or the method of planting during the
first 10 or more years.
Practices are of maximum benefit that place trees in a dominant
position immediately,
and permit them to remain dominant.
Eradication of all competing
vegetation to this end is seldom necessary or desirable.
WEEDING PRACTICES
Many different forms of weeding are practiced in forest plantations in the United States.
The most common technique is that of scalping around planted seedlings.
Other very common
methods include scarification,
furrowing, clean cultivation, and other means of reducing the
vegetation in the immediate vicinity of seedlings.
Only recently has the development of selective chemical treatments been such that 'it is now possible to control weeds without injuring
seedlings, and without working soil.
Scalping
The practice of scalping as defined here involves use of the planting hoe to clear a space
around the planted seedling so that the immediate habitat is relatively free of vegetation.
The
planter carries only normal equipment used for the routine job of planting.
Time needed to do
the planting job may double when scalping is included.
The ecological effect of scalping is
that of reducing the above-ground parts of the local vegetation.
Below-ground components are
only partially removed, however, and lateral roots from associated vegetation around the scalp
usually remain active.
The zone of soil released from competitive effects of vegetation tapers
very rapidly below the ground surface.
Small scalps probably provide little or no relief from
moisture competition.
There may be some benefit, however, from increased ventilation of
the seedling crown, preventing the occurrence of such high temperatures
as may occur in the
blanket of insulation provided by surrounding sod cover. Survival has been increased on some
occasions by the use of this practice, but it is always questionable whether scalping decreases
the cost of live seedlings.
Under many circumstances
scalping has no effect on survival, and
only serves to increase the cost of the plantation.
Furrowing
Furrowing is a practice that has been used widely in the northern European countries, and
in our own Lake States.
The furrowing principle involves operation of a large plow in such a
way that a ridge is formed beside the plowed furrow.
During the course of planting, trees may
be planted either in the ridge or in the bottom of the furrow.
Seedlings in bottoms of furrows
are presumably planted closer to the supply of moisture; seedlings in tops of the furrows are
allegedly growing where there are no weeds protruding from the bottom of the overturned ridge,
and their roots extend into a portion of the soil mulched by the overturned furrow. Occasionally
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a double opposing furrow is used to provide a larger

mulched area for top-planted

trees.

Cost of furrowing may not exceed greatly the cost of scalping.
The very fact that mechani cal equipment is needed to do the job means usually that the job may be done quite rapidly.
The
ecological significance of furrowing is not very striking except in the instance of the double
furrows in which the seedlings are planted in the ridges.
Moisture benefit from planting in the
bottom of the furrow is probably limited however, because most vegetation communities draw
moisture out of the soil horizon at a relatively uniform rate, depleting soil moisture at a depth
of 12 to 24 inches nearly as rapidly as at the surface.
Moreover, there is an excellent chance
that the root penetration permeability of soil at the bottom of the furrow will be less than that
of surface soil, restricting
root development in the region of available moisture.
Under conditions of frequent but light summer rains, this practice may reduce the cost per
live seedling.
In the Pacific Northwest, and in other areas where long severe summer droughts
are common, drought conditioned by vegetation is not likely to be ameliorated appreciably by
such mechanical practices as scalping and/or furrowing.
Scarification
Complete removal of all surface vegetation with a bulldozer or comparable equipment removes both transpiring organisms and those obstacles to planting that tend to raise planting
costs.
Ideally, very little soil is removed, and such soil as is removed is piled in windrows
with the sod. This practice is not often used for vegetation control alone, however, partly
because removal of sufficient sod to prevent rapid reencroachment
of vegetation also succeeds
in removing much of the most fertile top soil. Moreover, a disturbance of this degree is usu ally very expensive.
Failure to scarify sufficiently may result in the emergence of root
systems, rhizomes and sprout clumps in stands just as dense as occurred initially.
Moreover,
the exposure of large expanses of bare mineral soil may give rise to the regeneration
of seral
annual grass and weed species that may be more undesirable from the standpoint of drought
conditions than the old sod species existent before the practice was implemented.
This practice
is discussed later in J. P. Johnston's paper pertaining to brushfield reclamation.
Cultivation
Complete cultivation is probably the most satisfactory practice in terms of probability of
establishment
of any plantation under any field circumstances.
It has two important limitations, however, these being: 1) weeds will reencroach on a cultivated area perhaps too soon
to get full benefit from cultivation, and 2) because much forest terrain is unsuitable for cultivation of any kind. Ecological influence of cultivation is very drastic.
Tillage accomplished
late enough in the spring so that winter annuals are eliminated has the effect of eliminating
almost completely competition for moisture and nutrients during the early part of the spring
and summer.
At the same time the physical properties of the soil are such that root penetration is enhanced.
Clean cultivation has the very important side effect of lending itself very well
to machine planting.
Cost savings effected by machine planting may offset completely the costs
of cultivation.
Chemical

Weed Control

Several herbicides have been developed that permit substantial weed control in conifer
plantations without injuring conifers planted either before or after spraying.
Probably the most
important practice developed in this regard has been the broadcast application of atrazine over
conifer plantations in the Pacific Northwest.
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Selectivity of atrazinc in conifer plantations is probably more physical than biochemical.
Some limited evidence exists that trees are able to metabolize atrazine without significant
damage, yet there is sufficient evidence that high rates of atrazine may damage conifers that
overdosage is to be avoided. Selectivity in most herbicides is a relative thing, and high
dosages may injure the crop as well as the weeds; too low dosages may not kill the weeds sufficiently to benefit the crop. Maximum selectivity may be attained with applications of atrazine
at the time when subsequent leaching will be at a minimum, and exposure to emerging seedlings
of weeds is at a maximum.
In this way leaching of atrazine two to four inches into the soil will
cause complete mortality of weeds, with only partial exposure to the root system of the planted
conifers.
Selectivity of atrazine is good regardless
of whether trees are planted before or
after application.
Atrazine has a relatively low solubility in water, hence limited opportunities exist for
absorption and translocation
through foliage.
Waxy leaf surfaces of conifer foliage probably
restrict foliar uptake to a minimum.
Herbaceous vegetation, on the other hand, particularly
grassy species, often have rough leaf surfaces that will retain substantial amounts of the wettable powder during repeated periods of dew deposition.
Resolution of atrazine with repeated
wetting may cause a significant amount of atrazine to be taken up by foliage, contributing to
substantial damage by foliar uptake.
Application.
Application of soil-type compounds is an effective procedure only when
sufficient rain follows application to carry herbicide into the root zone of weeds or when tillage
follows application.
Rainfall distribution typical of west coastal areas is such that application
must be made quite early in the spring to ensure rainfall sufficient to carry herbicide into root
zone of seedlings.
One heavy rainfall is equivalent to much more than its equal in precipitation
in several small storms.
Examination of climatological
records will give an indication of
probability of heavy rains, or rains of any given intensity, on or after a certain date. In the
Portland area one can expect an 80 percent chance of sufficient rainfall in a single heavy storm
on or before March 25. Eighty percent chance of a comparable storm occurring in Medford,
however, ends one month earlier.
In more arid regions, i.e. eastern Oregon and Washington
and northern Rocky Mountains, the probability of heavy precipitation in the spring may be so
low as to require fall application of herbicides.
Regardless of where this practice is applied,
spring planting is recommended except where limited by accessibility.
The same equipment may be utilized for atrazine and other wettable powders as is used
for any other spray materials,
except that adequate agitation is necessary.
This may take the
form of good bypass pumping systems, or paddle agitators.
Applicators should be cautious
about mixing atrazine in tanks that have contained oil just previously,
however, because oil
will make dry atrazine particles adhere together in such a way as to gum up equipment badly.
This situation may be avoided if the atrazine is mixed with the water carrier before being put
into the hoppers of the spray equipment.
If this procedure is followed, even small amounts of
oil that may be left in the application equipment will probably give no trouble.
Aircraft,
in general, give the highest uniformity at lowest cost in forestry operations.
Agricultural-type
boom rigs are probably better for ground that is operable with conventional
wheel-type equipment.
Aerial application has two important limits, both of which may be
avoided easily.
Most important of these is control of the aircraft during application.
It is
important to maintain uniform swath width and orientation of flights.
For this reason, it is
essential that flagmen be provided on all jobs, particularly
those involving fixed-wing aircraft.
The other limitation is the height at which the aircraft can fly to apply the herbicides.
Considerable chemical is lost between the time of release from the aircraft and the time intercepted by the ground. It is desirable to have the highest possible percentage of the applied
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herbicide land on the target area in as uniform a pattern as possible.
The range of 25-85 percent of applied material reaching the target was reported by Norris earlier in this symposium.
Low-flying and low-volatile herbicides,
solvents and carriers
give best results.
More will
be said about reduction of drift in another paper.
Application methods for other than broadcast spraying generally involve ground rigs or hand
application equipment.
Limited situations exist where band application or spot treatment may
be preferable to broadcast.
The same rates of atrazine or other herbicides should be applied
on these bands or spots as normally would be applied for broadcast operation.
It should be
remembered
that excessive dosages in spots and bands will cause damage to the plantation just
as easily as excess dosages in broadcast treatments,
and do not improve the degree of weed
control.
Use of hand equipment for such operations requires very careful attention.
Uniform
dosage rate requires constant agitation or shaking, as well as careful application.
Moreover,
it is to be expected that labor costs for spot or band treatment may offset the cost of chemical
saved by not spraying the whole area.
Dosa~ rates.
Applications of grass herbicides are usually planned for control of a wide
variety of species, even under adverse conditions.
Four pounds per acre active ingredient of
atrazine (5 pounds of product) is enough to accomplish this under most conditions in the Pacific
Northwest.
Special weed control problems may require more or less atrazine depending on
the prevailing problem.
Cultivated ground may require less atrazine for satisfactory
weed
control than ground supporting a heavy sod, particularly
a perennial grass species.
Minimum
application rates are needed where ground is cultivated, and the herbicide is incorporated by
discing or other measures.
Three pounds per acre or less of active ingredient will accomplish
weed control that may last more than one full year with incorporation.
Conversely,
as much
as 5 pounds per acre may be applied to heavy stands of resistant grasses,
such as California
wild oat, bent orchard grass, perennial ryegrass or bluegrass.
Compounds such as diuron
need to be tested in combination with atrazine for communities containing resistant species.
In the absence of special conditions, however, it is probably safe to assume that 3. 2 pounds
per acre active ingredient will solve most annual weed problems,
and 4 pounds will solve most
perennial weed problems.
Since most commercial formulations of grass herbicides are in the
form of 80 percent powders, the active ingredients must be converted to product in order to
apply correct amounts in the field. In the case of atrazine in the above recommendations,
this
would mean 4 and 5 pounds per acre respectively
for annual and perennial weed stands.
Wettable powders
otherwise

should always be applied in water,

by the manufacturer.

Wetting

agents

are

unless

not normally

specifically
recommended

recommended
but may be

under special circumstances.
Where solubility is low, as in the case of atrazine and other
similar materials,
the volume of water in which the chemical is applied is relatively unimportant.
Good distribution is limited by the volume of water, however, so that at least enough
volume is needed for the accurate calibration of equipment and uniform distribution.
EFFECTS

ON THE PLANTATION

Growth during the first year of forest plantation is usually slow. The physiological
response to transplanting,
known as planting check, appears to limit growth of first-year
plantings.
Planting check may be offset during the second year, however, if seedlings that
have completed their growth cycle during the year of planting are allowed to continue to photosynthesize,
develop
roots, and store food materials during the remainder of the growing
season with abundant moisture available.
Growth accumulation during subsequent years will
be enhanced by a favorable first season.
Seedlings treated with atrazine have growth habits
that differ considerably from growth pattern of the survivors of plantations established with no

Newton

145

weed control. Moreover, seedlings growing in a higher state of vigor will have a much better
resistance to disease, will have better color, and will escape animal damage much more
rapidly than the slow- growing trees growing under the influence of drought. Some workers
have speculated that the growth of .attractive forage species in conifer plantations is desirable
as a means of attracting browsing and clipping animals from the planted conifers.
The available
evidence seldom supports this hypothesis, however, and the total absence of desirable forage
species in plantations treated with atrazine appears to prevent the occurrence of animals within
the general plantation area. In many circumstances,
this phenomenon may have an important
bearing on the success of a plantation.
This subject is discussed elsewhere in the symposium.
Performance of a plantation as a population of trees is as important as growth of individual
trees.
Plantations growing well, and with high survival, have a low incidence of unutilized site.
Moreover, the risk of plantation failure, with resulting delay of harvest and additional cost of
establishment,
is almost entirely avoided with sound weed control programs.
Only on the soils
that are so poor as to be of marginal productivity are weed control operations unjustifiable.
Plantation failure may have little relation to vegetation in such circumstances.

SUMMARY
Chemical weed control in forest plantations is essentially a drought conservation measure.
Reduction of cover modifies animal movements, and changes air temperature gradients close
to the soil. Economic use of chemical weed control practices require that herbicides be applied
so as to bear most effectively on the problems for which it is the solution. The following key
points are most important in planning an effective program:
1) Moisture cannot be conserved if
the vegetation has depleted the moisture supply before application of the chemical.
2) There
may be no need to conserve moisture in an area where summer rainfall is abundant. Growth
response will probably ensue, however, from reduction of nutrient competition if weeds are
controlled.
The amount of mortality conditioned by nutrient competition is unknown, however,
and weed control for this purpose may not be justified.
3) Weed control reduces the insulation
layer of the weed canopy, lowering air temperatures
in the vicinity of seedling crown. This
procedure reduces moisture stress within the seedlings in addition to that conditioned by moisture conservation.
Both phenomena are important in maintaining survivaL
Soil surface temperature may be increased
by exposure.
4) Animal movements may be restricted by weed
control

if weeds

harbored

large

numbers

of animals

that fed on the weeds

and depended

on cover
may be

for protection.
There is some evidence that movements of large browsing animals
modified to some extent by weed control practices,
but quantitative evidence of browsing environment as a function of weed control is lacking. 5) The economic benefits of weed control
must be measured in terms of cost per established tree, reduction of rotation age, improvement
of spacing distribution,
reduction of risk of plantation failure, and reduction of malformation of
seedlings conditioned by animal activities.
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Per

acre

Atrazine
$ 4.37
6.16
6.33

6 X 10
726/A

Machine
Bar
Hoe

l. 2¢

8.71

1.00¢
2.25¢
3.00¢

7.26
16.33
21.78

10
10
20

70
70
80

95
95
95

22.00
34.49
21.00

6.10
7.88
7.83

s.oo
6.31
7.10

15.97
25.04
30.49

30.97
40.04
45.49

34.47
43.54
48.99

8 X 8
680/A

Machine
Bar
Hoe

1.2¢

8.16

1.20¢
2.25¢
3.00¢

8.16
15.30
20.40

10
10
20

70
70
80

95
95
95

24.00
34.49
21.00

6.58
a.oa
a.01

5.39
6.50
7.28

16.32
23.46
28.56

31.32
38.46
43.56

34.82
41.96
47.06

10 X 10
430/A

Machine

l. 2¢

5.16

1.30¢
2.25¢
3.00¢

5.59
9.67
12.90

10
10
20

70
70
80

95
95
95

25.00
34.49
21.00

a.ss
9.91
9.61

7.15
a.is
8.94

10. 75
14.83
18.06

25. 75
29.83
33.06

29.25
33.33
36.56

l. 2¢

4.32

1.40¢
2. 50¢
3.25¢

s.o4
9.00
11. 70

10
10
20

70
70
80

95
95
95

25.94
37.00
22.25

9.66
11.24
10. 77

8.14
9.30
10.09

9.34
13.32
16.02

24.34
28.32
31.02

27.84
31. 82
34.52

1.2¢

3.62

1.40¢
2.50¢
3.25¢

4.21
7.51
9.81

10
10
20

70
70
80

95
95
95

26.10
37.00
22.25

l0.82
12.38
11. 79

9.17
10.32
11.13

7.83
11.13
13.43

22.83
26.13
28.43

26.33
29.63
31.93

1.2¢

2.35

2.00¢
3.00¢
4.00¢

3.92
5.88
7.82

10
10
20

70
70
80

95
95
95

31.35
41.15
26.08

15. 52
16.96
16.03

13.32
14.37
15.41

6.27
8.23
10.17

21.27
23.23
25.17

24.77
26.73
28.67

Bar

Hoe
11 X 11
360/A

Machine
Bar

Hoe
12 X 12
302/A

Machine
Bar

Hoe
15 X 15
196/A

Machine
Bar

Hoe

.!/
Y

V

Assuming

Labor@

$2.25/hr.

Eastern
Oregon and Washington
and Southwest
Typical
conditions
Willamette
Valley
foothills,
control
and
total
site
preparation
are
based
on
typical
practices
used
for
weed
Total
costs
grasslands.
No supervision
or overhead
is included.
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CHEMICAL WEEDING AND RELEASE OF CONIFERS IN WESTERN OREGON
AND WASHINGTON
P. G. Lauterbach

Timber Survey Specialist,

Weyerhaeuser

Company, Tacoma,

Washington

The reason for use of chemicals in forests of the Pacific Northwest is to increase the
growth of Douglas-fir and other valuable conifers.
This is fundamental and although it has
been stated many times it is repeated here for each of you to hear. We do not have a use for
killed hardwoods or brush, nor do other organizations we know. The treatment which results
in greatest increase in conifer growth for the money expended will gain greatest acceptance
of herbicides in our forests.
In the Douglas-fir region of western Washington and Oregon there are two general types
of aerial spraying for release of existing conifers or preparation of areas for stocking by
planting. These are called 1) dormant or bud-break and 2) foliage. These spray programs
have been developed because of variable susceptibility of brush species to control at different
times in season, severity and kind of conifer terminal damage or growth reduction, avail ability of helicopter and costs.
I will discuss only briefly with you these two general programs; basically there has been
little new development since the last symposium was held here at Oregon State. We have continued to refine our spray program, to measure and observe areas sprayed during the past 10
years, and to adjust our programs based on facts and empirical observation.
In general, dormant spraying is done primarily to obtain control of vine maple, ceanothus and sometimes
alder, both for release of overtopped conifers or preparation of areas for planting. For vine
maple, alder and other hardwoods where control is achieved by penetration of the herbicide
through the bark, the carrier used is diesel oil; for vine maple 2 pounds acid equivalent of a
low volatile ester of 2, 4, 5-T is used; usually 1 pound of 2, 4-D and 1 pound 2, 4, 5-T is used
for alder. Ceanothus is controlled, depending upon its size and density, with from 1-1/3 to
2 pounds of 2, 4, 5-T acid in water-oil emulsion.
The latter emulsion has the advantage of
saving over a dollar per acre in carrier costs.
One significant change in foliage spraying which we have inaugurated is the movement of
spraying from July to earlier in the season. During normal seasons this is from early May to
early June. It is defined more specifically as the time after alder or other brush has attained
full leaf development and conifers have broken buds. At present we tend to stop spraying when
terminals are no longer than 6 inches, although these factors are still being evaluated further.
Other factors which should influence cutoff of spraying in a particular area are temperature,
moisture availability for plant growth, brush size and density, number of conifers exposed,
and hardiness of hardwood brush to be controlled.
There are five primary reasons for changing foliage spraying to earlier in the season.
These are 1) easier and cheaper control of alder and other hardwoods,
2) better spotting by
helicopter pilots of hardwood concentrations,
reducing the amount of chemical sprayed on
nonhardwood areas,
3) generally better weather for spraying (i.e. cooler weather, higher
humidities, lack of fog) than later in the summer,
4) better helicopter availability, and 5)
reduction in permanent conifer damage. Conifer damage is insignificant on most of the trees
in most of the areas sprayed.
On the trees where damage does appear to be severe immediately after spraying, terminal height growth in Douglas-fir increases sooner and sustains less
permanent crook in the terminal than in later summer foliage spraying.
And dormant spraying
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of alder to release conifers has been found to exhibit deleterious
several years following spraying.

effect on Douglas-fir

for

In general, for early foliage spraying we use from 1-1/ 3 to 2 pounds of acid equivalent of
a low volatile brush killer in water, although for large alder we recommend straight 2, 4-D.
In the question and answer period I can possibly provide further information on the items
listed so far. The remaining time I would like to devote to some of the results we have on
comparison of conifer growth on areas sprayed for release and unsprayed areas.
In 1962 we initiated a program to better evaluate brush spraying and determine where improvements could be made. We established sample plots in 1956 and 1957 of sprayed areas
and adjacent unsprayed areas.
I have selected data from two plots, one sprayed in early
June 1957 and one sprayed in mid-July 1956. Good hardwood control was achieved on both of
these areas, and comparable unsprayed areas were available.
Table 1. Toledo Cutoff - Sprayed June 10, 1957 Est. Site II

Ht. Class
Time of
~ing

Avg.
1957
Ht.

Percent Ht.
Increment
Annual Ht.
1957 1958

Increment - Ft.
1959
1960
1961

5 Yr.
Total

1961

5 Yr.
Avg.

o.9

0.9
2.8

4.4
9.6

211

118

1. 0
2. 7

1.0
2.9

10. 8

190

125

1.2
2. 5

1.7
2. 9

1.1
2.8

12. 1

155

92

0. 7

2.0

1.5

3.0

8.0

0. 9

1.0
2.0

1. 1
2.5

1. 1
2.8

5. 1
10. 2

155

100

Treatment

Basis
NIT

Unsprayed
Sprayed

9

5. 7

36

5.0

0.9
1.0

0.8
1. 6

0. 9
1. 9

2. 3

Unsprayed
Sprayed

15
19

9.3
9.3

1.0
1.1

0.9
1. 9

0. 9
2.2

Unsprayed
Sprayed

5
5

13.8
13.8

1. 1
1. 4

1. 2
2.5

20

Unsprayed
Sprayed

1

20.0

0.8

Avg.

Unsprayed
Sprayed

30
60

9.3
7.3

1.0
1.1

5

10

15

Lauterbach

1.8

4.8
6. 3
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Table 2. Doty-Dryad

Ht. Class
Time of
Spraying

2
5
10
15
20
Avg.

- Sprayed Mid-July 1956 Est. Site II

Avg.
Increment - Ft.
Annual Ht.
1956
6 Yr.
Total
~ Ht. 1956 1957 1958 1959 1960 1961
Basis

Treatment

-----

Percent Ht.
Increment
6 Yr.

1961 ~

Unsprayed
Sprayed

3
5

2.0
2.2

0.9
0.6

1.0
0.8

1.5
1. 2

1. 9 1.8
2. 1 2.4

1. 3
2.6

8.4
9. 8

100

17

Unsprayed
Sprayed

19
22

4.4
5. 4

0. 8
0.6

0.9
1.0

1.8
1. 6

1. 4
2.3

1. 2
2.5

1. 2
2.8

6.8
10.8

133

59

Unsprayed
Sprayed

9
7

9. 2
9. 8

0.8
0.8

1.5
1.0

1. 7
1.5

1.8
2. 7

1. 9
3.3

1. 6
3.0

9.2
12.3

88

.34

Unsprayed
Sprayed

2

14.2

1.0. 0.6

1.8

2.9

2.9

3.0

12.0

Unsprayed
Sprayed

1

19.0

1.0

1.0

1. 2

1.8

3.0

3. 2

11. 2

Unsprayed
Sprayed

31
37

5. 8
6. 6

0.9
0. 7

1. 2
1.0

1.3
1.5

1. 6
2.3

1.5
2. 7

1. 3
2.8

7. 8
11.0
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The following summary of results was obtained from four samples of foliage sprayed trees
versus comparable trees in unsprayed areas:

1. In the early June 1957 spraying sampled, initial terminal damage appeared to be more
severe than the July 1956 spraying.
However, the June sprayed Douglas-fir grew considerably
faster the year following spraying, whereas the trees in areas sprayed in mid-July did not
grow faster than the controls until the third year following spraying.
2. The growth of the Douglas-fir in the sprayed plots continued to increase until the near
maximum height increment was attained for tree size and site class. The released trees have
longer needles, more dense and darker green foliage than the stems growing in the shade of
alder. Suppressed Douglas-fir growing beneath alder are spindly, short and sparse-needled
and yellowish-green in color. Many trees in the unsprayed areas had damaged or dead tops
which could not be sampled because accurate postdating of growth was impossible.
3. When alder is dense and overtopping Douglas-fir, the alder must be removed in order
for the conifers to develop into an economic crop. Without control of the hardwoods small,
poor quality and deformed conifers will generally be developed. Some conifer favorably
located between alder stems and crowns may succeed in eventually sticking above the unsprayed alder and, in less dense alder stands, poor to fair conifer stands may develop.
4. Diameter growth following release by spraying corresponds to height growth. In
general, of trees at the same height at the time of spraying, five to six years later the sprayed
trees were two to two and one-half times the diameter of unsprayed trees.
In another study in 1961, at the time of our first spraying of Ceanothus velutinus overtopping Douglas-fir in the Cascade Range of western Oregon, we established plots at the time
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of spraying and in adjacent unsprayed areas.
Annual measurements have been made on tagged
trees since that time. This was a dormant spray of 2, 4, 5-T in diesel oil.
Following is a summary of the height growth differences
1. Trees
trees
2.

in the six seasons

since spraying:

1-2 feet tall at time of spraying grew 178 percent faster than unsprayed

Trees 3-4 feet tall grew 95 percent faster than unsprayed

control trees

3. Trees 5-6 feet tall grew 75 percent faster than the unsprayed
4. Trees 7-8 feet grew 61 percent faster than unsprayed

control

control trees

control

The spindly trees in the dense ceanothus were damaged more by the wet winter snows that
occurred during the winter 1965- 66 than the stockier trees that had come about as a result of
the release spraying.
We feel that not only can we afford to pay for control of ceanothus overtopping Douglas-fir or other valuable conifer, but that we can't afford not to spray to obtain
more rapid growth and better formed trees.
Plots of growth Douglas-fir beneath vine maple that were sprayed have shown much improved growth and development following spraying.
Douglas-fir plantations growing beneath
dense salmonberry that formed following an alder spraying showed improved growth and survival following spraying with amitrol-T.
However, animals caused damage and mortality to
a large number of the planted conifers.
Salmonberry can be effectively controlled by aerial
spraying with 1-2 pounds of amitrol-T in 9-9 1/2 gallons of water per acre.
I will finish this presentation
achieve:
1. Effective and economical

aerially

by listing some of the things we would like to be able to

control of bigleaf maple and bigleaf maple sprouts by

spraying.

2. Increase the effectiveness of present dormant spraying of vine maple to allow newly
planted seedlings more time to grow without competition.
3. Better animal damage protection for newly established seedlings as well as existing
regeneration to allow trees to take advantage of effective br'ush control.
4. Minimum deleterious effect on crop trees we are trying to grow with more selective,
yet effective, herbicides.
5. Better evaluation of the timing of when areas should be sprayed, better evaluation of
the need for and value of spraying other brush species competing with conifers, as
well as further evaluation of many alder, alder-vine maple and other brush communities overtopping and competing with Douglas-fir in western Oregon and Washington.

LauterLach
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CHEMICAL WEEDING AND RELEASE OF CONIFERS IN SOUTHWESTERN OREGON
P. A. Theisen
Timber Staff Assistant
Grants Pass, Oregon

for Silviculture,

Siskiyou National Forest,

U. S. Forest

Service,

The techniques and chemicals used for weeding and release described are those currently
used on the Siskiyou National Forest located in southwestern Oregon. They have evolved
during the past 12 years from research and operational application of herbicides to approxi mately 34, 000 acres to control undesirable trees and brush competing with desirable woody
plants on the Forest.
The Forest is a complex ecological unit where the California and Pacific Northwest floras
intermix.
The geological history of the area is the most complex in Oregon. Soils are mainly
residual and extremely varied.
Rainfall varies from approximately 80 inches on the westside
of the Forest to about 30 inches on the eastside.
The soils are mostly shallow and pervious to
moisture.
The droughty soils plus high summer temperatures
and a long dry season produce
xerophytic conditions.
The conservation of soil moisture and plant nutrients for the growth of desirable trees is
important for the forest resources of the area. The undesirable woody plants are controlled
primarily by the use of herbicides.
The complete removal of a number of plant species from a plant community is not considered desirable for several reasons.
Voids are created and will be occupied by other plant
species which may be difficult or impossible to control economically and may offer more
serious competition with the crop trees.
The ecology of our plant communities is not well
understood and I believe that most of our plants perform valuable functions not yet fully defined. The ultimate in forest vegetation management is a balance between the plants and other
members of the forest sociological community so that the beneficial contribution by each member of the community is maintained at a high level. Caution must be used on weeding and
release projects so that the animal-use pressure on the target plants to be controlled is not
transferred
to the desirable woody plants.
The phenoxyacetic acid herbicides are used exclusively in our weeding and release work.
The number of acres treated yearly for both types of work is expected to level off at approximately 15, 000 acres per year. About 99 percent of the job is done by the aerial application
of herbicides from helicopters.
The remaining 1 percent are sprayed with backpack mist
blowers or treated by placing herbicide in axe frills in the trunks of weed trees.
Fifteen of
the 23 native coniferous trees which occur on the Forest are usually considered desirable.
These trees are listed in Table 1. Four of the conifers listed may be undesirable depending
upon management objectives.

152

Chemical Weeding in SWOregon

Table 1. Desirable

Coniferous Trees
Scientific Name

Common Name
Brewer spruce
Douglas-fir
Grand fir
Incense cedar
Jeffrey pine
Knobcone pine 1
Noble fir
Ponderosa pine
Port-Orford- cedar2
Redwood
Shasta fir
Sugar pine3
Western hemlock
Western white pine3
White fir
1
Undesirable

Picea breweriana Wats.
Pseudotsuga menziesii Franco.
Abies grandis Lindl.
Libocedrus decurrens Torr.
Pinus jeffreyii Grev.
Pinus attenuata Lemmon
Abies procera Rehd.
Pinus ponderosa Dougl.
Chamaecyparia lawsoniana Parl.
Sequoia sempervirens
Endl.
Abies magnifica A. var. shastensis
Pinus lambertiana Dougl.
Tsuga heterophylla Sarg.
Pinus monticola Dougl.
Abies concolor Lindl.

if adequate stocking of other desirable

species

Lemmon

is present.

2 undesirable

because of the Chamaecyparis root rot, (Phytophthora lateralis,
Tucker and
Milbrath), when it occurs in dense young stands which prevent adequate stocking of more
desirable species.
3
Undesirable when growing outside of a white pine blister
Fischer) management unit.

rust (Cronartium

ribicola,

Seven of the 21 native hardwood trees present on the Forest occur in great enough numbers
to be considered target weed trees in our weeding and stand release work. These trees are
listed in Table 2. Three coniferous trees may be target weed trees depending upon management objectives previously defined.
Table 2. Target

Scientific Name

Common Name
California black oak
Canyon live oak
Giant chinka pin
Knobcone pine
Madrone
Red alderl
Sugar pine
Tanoak
Western white pine
White alderl
1
It may be desirable

Theisen

Weed Trees

Quercus kelloggii Newb.
Quercus chrysolepsis Liebn.
Castanopsis chrysophylla A. DC.
Pinus attenuata Lemmon
Arbutus menziesii Pursh.
Alnus oregona Nutt.
Pinus lambertiana Dougl.
Lithocarpus densiflora Rehd.
Pinus monticola Dougl.
Alnus rhombifolia Nutt.

to retain alder in the stand for pathological

and other reasons.
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Approximately 165 brush species occur on the Forest but only about 25 occur in great
enough numbers to be considered target species in weeding and stand release work. These
plants are listed in Table 3.
Table 3. Target Brush Species
Scientific Name

Common Name
Ceanothus
Blueblossom 1
Deerbush 1
Snowbush 1
Varnishleafl
Mountain whitethorn
Chinkapin
Bush chinkapin
Golden chinkapin

Manzanita
Del norte
Greenleaf
Hairy
Hoary
Howell's
Whiteleaf
Deer 1
Huckleberry

Rhododendron
Tanoak
Dwarf

Castanopsis sempervirens Dudl.
Castanopsis chrysophylla A. DC.
var. minor A. DC.
Corylus cornuta Marsh.
Californica Sharp

Hazelnut

Oak

Ceanothus thyrsiflorus Esch.
Ceanothus integerrimus H. & A.
Ceanothus velutinus Dougl.
Ceanothus velutinus Dougl.
var. laevigatus T. & G.
Ceanothus cordulatus Kell.

Arctostaphylos
Arctostaphylos
Arctostaphylos
Arctostaphylos
Arctostaphylos
Arctostaphylos

cinerea Howell
patula Greene
columbiana Piper
canescens Eastro.
hispidula Howell
viscida Parry

Quercus sadleriana R. Br. Campat.
Quercus vaccinifolia Kell.
Rhododendron macrophyllum

Acer circinatum

Willows 1

Salix spp. (5 species)

Yerba Santa

Eriodictyon
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D. Don.

Lithocarpus densiflora Rehd.
var. echinoides Abrama.

Vine maple

1Desirable

var.

Pursh.

californicum

Torr.

if they occur on wintering areas for big game or on heavily used summer

range.
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APPLICATION IN AXE FRILLS
The axe frills are usually 1 inch apart and penetrate about 1/ 4 inch into the sapwood of
the tree being treated.
Herbicide is applied in the frill until it begins to run out. An undiluted
liquid amine salt of 2, 4-dichlorophenoxyacetic
acid, 4 pounds acid quivalent per gallon, is
used. Best results are obtained when the treatment is done from mid-May through June. The
exact timing depends upon plant development.
Deciduous trees are treated after the leaves
are nearly fullsize.
This type of work is done on areas containing scattered weed trees which
are not economical to treat with aerial applications.
The results range from complete killing
of the treated tree to top kill with basal resprouting.
APPLICATION BY BACKPACK MIST BLOWER
Backpack mist blowers are used to control brush in our seed orchard and seed production
areas.
They are also used for release and weeding in plantations where the area to be treated
is small and not economical to treat by aerial application.
Essentially the same herbicide
formulations used for aerial applications are used with the mist blower. The best results are
obtained when the work is done in May and June and are better than those obtained with aerial
applications.
AERIAL APPLICATION
Aerial application is done by contractors who furnish the helicopters,
pilots, m1xmg
equipment, ground crew men, and water. We furnish the herbicide, diesel oil and surfactant.
All formulation and application of herbicide solutions and emulsions are done under Forest
Service supervision.
Herbicide is obtained from the company which has the current contract
with the General Services Administration,
and is the isooctyl ester of 2, 4-D or 2, 4, 5-T, 6
pounds acid equivalent per gallon.
The best control of weed trees and brush has been obtained with spring herbicide applications made when the target species are actively growing. To avoid damage to conifers, the
herbicide is applied prior to the time that they break bud. Ponderosa pine is an exception since
we are now spraying some of our pine areas when the pine are in the candle stage for the control of deciduous brush species which break bud about a week earlier than the pine.
Tables 4 and 5 list the spray apparatus
contracts.
Table 4.
Item

and spray application

Contract Specifications

specifications

used in our

for Spray Apparatus
Specification

Spray system

Leakproof with positive shutoff device capable of discharging a solution in flight to produce an even and unbroken
swath width and pattern of spray droplets.

Spray tanks

Two leakproof chemical tanks capable of containing at least
30 gallons of spray material.

Spray boom

Mounted forward of the front uprights of the helicopter skids
and plumbed to receive spray nozzles with changeable orifices.

Theisen
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Table 4 (continued)
Specification

Item
Nozzles

Flat atomizing treejet no~les with 6508 orifice tips with an
average discharge rate for each nozzle of O. 69 gallons per
minute to 0. 86 gallons per minute and equipped with diaphragm
check valves to prevent drooling.

Spray pressure

Controllable pressure at the boom for calibration at 30 p. s. i.
with an allowable operating spray pressure at the boom of 25
to 35 p. s. i.

Nozzle position

The nozzles distributed as nearly even as possible along the
spray boom and mounted so that they point downward or to the
rear during level flight. The allowable range is downward at
an angle of 90 degrees from the horizontal to 45 degrees
downward and to the rear.

Metering device

The loading equipment equipped with a metering device or the
helicopter tanks calibrated to provide a positive means of
measuring the spray load in gallons.

Table 5. Specifications

Specification

Item
Guidelines for ceasing
spray operations

for Spray Application

Spray operations may be prohibited when any one of the following conditions exist on the spray area:
1.
2.
3.
4.
5.
6.
7.

Wind exceeds 6 miles per hour.
Temperature exceeds 75op.
Snow or ice covers brush.
Raining.
Foggy weather.
Relative humidity is less than 50 percent.
Air turbulence so great as to seriously affect the
normal spray pattern.

Spray material

Will be confined to the designated

Spray material
application

Will be made in two flights. The second flight will be made as
near right angle to the first flight as topography and safety
will allow. One-half of the spray material will be applied on
each flight. The spray will be turned off at the end of spray
runs and during the time when a turn is being made to start
another spray run.

Application speed

The average application speed is 45 mph and the allowable
range in air speed is from 40 mph to 50 mph.
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Table 5 (continued)
Item
Application

Specification
height

Application will be made at heights ranging from 30 to 45 feet
above ground cover.

Swath width

Effective swath width will be considered as two times the
width of the spray boom unless the contractor can demonstrate
that his equipment can spray a wider effective swath width.

Calibration

Will be checked periodically during spray operations and
maintained within 5 percent of the desired application rate
per acre.

Four factors influence our selection of .the herbicide formulation to be used on a particular
area.
These are time of treatment,
percentage composition in the stand of target species,
degree of brush and weed tree control desired, and the species of desirable trees present in
the stand. In all of the formulations the surfactant mulifilm L is added at the rate of one quart
per 100 gallons of spray solution or emulsion.
The herbicide-diesel
oil -water emulsions are all formulated so that a well-balanced emulsion is obtained.
This is accomplished by adding a measured amount of diesel oil to the
herbicide so that the herbicide-diesel
oil solution has about the same specific gravity as water.
These balanced emulsions insure reasonably uniform distribution of the herbicide over the
spray area and eliminate mixing problems which may be encountered with the 6 pound acid
equivalent per gallon herbicide when a water carrier is used. Spray emulsions and solutions
are applied at the rate of 8 gallons per acre.
The following numbered

formulations

are used:

1. 3 pounds of 2, 4-D per acre in diesel oil carrier.
2.

2 pounds of 2, 4, 5-T per acre in diesel oil carrier.

3.

2 pounds 2, 4-D per acre in an oil-water

4.

3 pounds of 2, 4-D per acre in an oil-water

5.

1. 5 pounds of 2, 4-D and 1. 5 pounds of 2, 4, 5-T per acre in an oil -water emulsion
carrier.

6.

1. 5 pounds of 2, 4-D and 2 pounds of 2, 4, 5-T per acre in an oil-water
carrier.

7.

2 pounds of 2, 4-D and 2 pounds of 2, 4, 5-T per acre in an oil·water

8.

2 pounds 2, 4, 5-T per acre in a water carrier.

9.

3 pounds 2, 4, 5-T per acre in a water carrier.

Theisen

emulsion carrier.
emulsion carrier.

emulsion

emulsion

carrier.
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10. 3 pounds 2, 4-D per acre in an oil-water emulsion carrier
of plants in group 4 are more than 1/ 4 developed. 1

applied before the leaves

11. 2 pounds 2, 4, 5-T per acre in a water carrier
group 4 are more than 1/4 developed. 1

applied before the leaves of plants in

12. 3 pounds 2, 4, 5-T per acre in a water carrier
group 4 are more than 1/4 developed. 1

applied before the leaves of plants in

The woody plants listed in Tables 1, 2, and 3 are grouped in Table 6. Each group contains plants which have similar enough reactions to the phenoxyacetic acid herbicides to be
treated the same in our silvicultural weeding and release work.
Table 6. Species Grouping for Similar Reaction
to Phenoxyacetic Acid Herbicide
Group

Species

l

Douglas-fir
Grand fir
Noble fir
Shasta fir
Western hemlock
White fir

2

Brewer spruce
Incense cedar
Port-Orford - cedar
Redwood

3

Jeffrey pine
Knobcone pine
Ponderosa pine
Sugar pine
Western white pine

4

California black oak
Deerbush ceanothus
Oregon oak
Red alder
White alder
Willows

5

Hazelnut
Vine maple

6

Manzanita

7

Blueblossom ceanothus
Tobacco bush ceanothus
Varnishleaf ceanothus

1
See Table 6.
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Table 6 (continued)
Species

Group
8

Rhododendron
Yerba Santa

9

Canyon live oak
Chinkapin
Deer oak
Huckleberry oak
Madrone
Mountain whitethorn ceanothus
Tanoak

Table 7 shows the formulation

used for a given combination of trees and brush.

Table 7. Herbicide Prescriptions
To Release or Weed
Combination of Plants
in Groups
1
1
1 and
1, 2,
1 and
1 and
1 and
1, 2,
1, 2,
1, 2,
1, 2,
1, 2,

2
and 7
2
2
2
and 3
and 3
4, and 7
3, and 4
3, and 4

1
Tois formulation

From Combination
of Plants in Group
3, 4,
4, 5,
4
4, 6,
4 and
4, 5,
4, 5,
4
4, 5,
6 and
7
7 and

6, 8, and 9
7, 8, and 9
and 9 (3) 1
8
7, 8, and 9
6, 7, 8, and 9

Formulation
Number
1
2
3
4

5
6

7
8

7, 8, and 9
9

9

10
11

9

12

will control knobcone pine.

The plants in groups 3, 4, 6, and 7 plus two plants in group 9, madrone and mountain
whitethorn ceanothus, usually require one treatment for control, while the plants in groups 5,
8, and 9 except for the two previously listed plants usually require two or more treatments for
control. The number of treatments depends upon the size of the woody plants to be controlled
and the weather immediately before and after treatment.
The best results from the spring foliar sprays are obtained when the herbicide is applied
just prior to terminal bud break on the conifers in the spray area and when most of the leaves
on deciduous species to be controlled are at least 75 percent of mature size. A complete
diesel oil carrier is used when the leaves on the deciduous species to be controlled are less
than 75 percent of mature size and when it is not desirable to retain pine or deciduous species
in the stand.
Current costs including administration
herbicide formulation used.

Theisen

range from $7. 50 to $9. 20 per acre depending upon
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PRECOMMERCIAL TI-IINNING WITH CHEMICALS

J. M. Finnis
Silviculturist,

Dt!partment of Natural Resources,

State of Washington, Olympia

Let us start out by assuming the need to thin and the benefits derived from thinning and
deal only with the subject matter of precommercial
thinning with chemicals.
I will further
narrow the subject by stating that our work has been almost entirely in Douglas-fir with a little
work in western hemlock. Some recent work by others with these and other species will be
cited.
Baker defines thinning as the removal of trees primarily for the benefit of the increment
or quality of the balance of the stand. The problem is how to do this. We need not consider
the conventional methods with saw or axe. The problem is how to get a toxic chemical into the
undesirable tree, and in what amounts and at what season of application.
Some work has been
done with basal spraying but all work in the Northwest is being done using what we call the
hack and squirt method -- also known as stem injection or trunk injection.
The next item is
equipment. Basically, there are two approaches.
1. The one-shot

method where a cut is made and chemical injected in one operation.
The two tools in use are:

2.

a.

Tree injectors.
Various types are on the market but I have never met a
forester in the Northwest who likes them.

b.

The Newton axe or hypo hatchet injector.
Cost to be announced. The improved developmental version seems like an excellent tool and my only
reservation concerns the type of crew doing the job.

The two-shot method where the cut is made with an axe or hand hatchet, preferably
the latter, and the chemical is applied in a second operation.
We started off using
an oil can modified to put out about 2 m. 1. per squirt.
This is as much as an average
cut will hold. The oil cans cost about $4 each and if properly cared for and washed
out after use have quite a long life. The point of the metered oil can is that it is a
fairly foolproof way of applying the correct dose at minimum cost using a low-caliber
crew. We are now using a plastic squeeze bottle, costing about 27 ¢, and I per sonally, like this very well. It is easy to give just enough of a squirt to fill the cut
and no more and this soon becomes quite automatic.

Other types of equipment are in the development

stage.

The crew is the next consideration.
A high-caliber crew can be trusted to do their own
marking and can be trusted with an expensive piece of equipment like the Newton axe. The
cheap alternative is a hand hatchet and squeeze bottle costing about $4 in all. We do not yet
have enough operational experience to know if the added cost of the more sophisticated and expensive equipment, like the Newton axe, pays off in increased production.
The choice of
equipment and also the organization of the crew depends on the type of crew used. What may
work with a crew of selected college students will not work with inmates and youth camp boys.
Season of the year is another important consideration.
This may affect not only the
chemical used and its effectiveness but also the type of crew. You may be better off paying

Finnis
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higher wages to a good quality crew of students in the summer than paying less to a pickup
crew at other seasons.
Because of our setup in the Department of Natural Resources we need
to have treatments that are effective in all seasons of the year. For this reason, all our tests
have been conducted on a monthly basis throughout the year.
Now let me review briefly the chemicals we have tested on Douglas-fir
of them. These tests were carried out on a 15-20 year-old natural stand.
1. Anmate X.

2.

and our impressions

Very poor.

2, 4, 5-T Amine.

Poor except for June and July.

3. Silvisar 510. Rather hard to evaluate.
Characteristically,
it reacts quickly at any
time of the year. We get a quick top kill but the lower portion of the crown remains
alive. Opinion among visiting foresters who have seen these plots is sharply divided.
One group says that this amount of kill is adequate and that the tree is no longer a
competitor.
The contrary opinion is that as long as the tree is alive it is using
nutrients, moisture and crown space that should be available to the leave trees.
One
good point about Silvisar is that there is no flashback.
4. Tordon 101. Looks good at all seasons.
No flashback observed;
found by others in Douglas-fir and hardwoods.
5.

serious

flashback

Tordon 22K. Looks good at all seasons.
Only one instance of flashback noted in
Douglas-fir but very considerable flashback in hemlock. Much flashback seen by
others in Douglas-fir and hardwoods.

We are now part way through another series
1. Silvisar

of tests with:

510

2.

Tordon 101

3.

Tordon 22K

4.

Ansul's

L-2505

This latter chemical looks promising,
disagreeable odor.

is much cheaper than Silvisar and is without a

Work in progress elsewhere suggests that these findings are consistent with those of
others.
Cacodylic acid has shown a consistent top-killing effect in Douglas-fir,
ponderosa
pine and lodgepole pine at several seasons and dosages (Newton and Holt, 1967a, 1967b,
1967c, 1967d). Degree of kill was considered satisfactory in all species for thinning with the
specific objective of promoting growth of residual trees.
Douglas-fir and ponderosa pine
dropped dead foliage shortly after treatment, while lodgepole crowns remained red for many
months.
Recent findings indicate that L-2505 has considerable promise as a tree-killing
formulation for some species resistant to cacodylic acid, and that this material may be
superior to cacodylic acid for killing Douglas-fir (Newton, personal communication).
In view
of the excellent killing properties of cacodylic acid or L-2505 on almost any species, a combination may evolve that will provide an all-purpose injection material.
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Data presently available indicate that herbicides are available that will provide economical control of any species, including virtually all the associated undesirable hardwoods found
in mixture with commercial species.
The accompanying table has been compiled from research results from several important regions of the United States.
The table illustrates some of the most successful treatments recorded by various workers
but does not list many potential treatments that may be as good as those listed. Much needs to
be done in the way of combining chemicals for broad species coverage, and identifying seasons
of maximum effect.
Table 1. Chemical Injection Treatments of Established
Effectiveness on Some Forest Species.

Species
Douglas-fir

Herbicide &
Formulation

Cut Spacing
& Dosage

Season

Authority

Cacodylic acid
2#/gal.
Silvisar 510

1 cc/6 inches

All

Newton, 1966a

2 cc/3 inches

II

Exptl L-2505
(Ansul)

II

II

Summer

Newton & Holt, 1967c

Tordon 101

2 cc/ 3 inches

All

Finnis,

Tordon 101

1 cc/9 inches

II

II

Unpublished

Newton, 1966a

II

Tordon 22K

2 cc/ 3 inches

II

Finnis,

Silvisar

1 cc/4 1/2 inches

II

Newton, 1967a

L-2505

.1 cc/6 inches

II

Newton & Holt, Unpubl.

Tordon 101

2 cc/ 4 inches

July

II

II

Unpublished

Finnis & Roush, Unpubl.
II

"

Silvisar

1 cc/ 4 1/2 inches

All

Newton & Holt, 1967b

L-2505

1 1/2 cc/ 6 inches

Summer

Newton & Holt, Unpubl.

Tordon 101

2 cc/ 4 inches

July

Finnis & Roush, Unpubl.

Tordon 22K

Finnis

II

1 1/2 cc/ 6 inches

Tordon 22K

Lodgepole
pine

,

Unpublished

L-2505

Tordon 22K

Ponderosa
pine

II

Finnis,

"

"

"

"

II
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Table 1 (continued)

Species

Herbicide &
Formulation

Cut Spacing
& Dosage

Jack pine

Silvisar

1/2 cc/ 3 inches

Red pine

"

Eastern
pine

Season

Authority

June, Nov,
April

Smith,

1966

"

"

1 cc/ 3 inches

white

Oaks

Northern
hardwoods

2, 4-D amine

1 cc/ 6 inches

June

Day, 1964; Newton, 1966b

Silvisar
2, 4-D amine

1/2-2 cc/3 inches

Summer

2, 4, 5-T amine
Tordon 22K

1 cc/ 3 inches

All

Newton, & Holt, Unpubl.
Leonard, 1957; Gibbs,
1959; Peevy, 1965
Carvell, 1959
Newton, & Holt, Unpubl.

Cacodylic acid

1 cc/ 3 inches

Summer

Day, 1965; Smith,

"

2, 4-D amine

2, 4, 5-T amine

"

1966

"

Day, 1964; Benzie &
Ringold, 1964

"

Day, 1964

Sweetgum

2, 4-D amine

1/2 - 2 cc/3 inches

March

Gibbs,

Red alder

Silvisar

1 cc/3 inches

Summer

Newton,& Holt, Unpubl.

Picloram,
lb/gal.

Bigleaf
Maple
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O. 4

1 cc/3 inches

1959

"

"

2, 4-D amine

2 cc/ 4 inches

Apr. -Sept.

Finnis,

Unpubl.

Dicamba

2 cc/ 3 inches

Oct. -March

"

"

Sil vex, K salt

1 cc/ 3 inches

Mar. -Sept.

L-2505

"

Di - K E ndothall

"

Tordon 22K

"

"

"

"

Newton, Unpubl.

"
"

"

"

"

"

"
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Table 1 (continued)
Species

Herbicide &
Formulation

Cut Spacing
& Dosage

Season

Authority

Bigleaf
Maple (cont)

Tordon 22K

2 cc/2 inches

All

Finnis,

Unpublished

Endothall

2 cc/2 inches

June, July

"

"

Having found a suitable chemical, how do you go about using it? This involves such
questions as tree selection, marking and crew organization.
Species, stand age, site, stocking and potential markets are all items to consider.
On the average, we aim to leave dominant
trees at a 12 by 12 foot spacing or about 300 trees per acre. We have tried selecting the
leave trees as we go and we have tried premarking.
Obviously the caliber of the crew is the
deciding factor in making this decision. fut even with a good crew, there is some evidence
that premarking pays off if the stocking is rriore than 1200 trees per acre. Despite the advantages of marking when using an inexperienced crew, it is not unlikely that a good crew leader
will be able to conduct his operations in such a way that a desirable result will be attained
without marking, and at lower cost. Moreover, if such thinning is to be done on a contract
basis, means could be worked out in any contract to provide incentive for meeting specifications within certain limits. Contract thinning has many other features to recommend it, being
limited in flexibility only by the ability of contractor and owner to agree on terms; imagination
and resourceful administration are important considerations in getting the job done.
Chemical thinning has several important advantages over conventional felling methods.
Cost is the major benefit, since chemical treatment eliminates the major task of pulling down
cut stems, cuts down investment in equipment, improves safety, and eliminates long-distance
packing of heavy supplies and equipment.
Cost of chemical thinning increases rapidly with increasing density of stems to treat, although not in proportion with density of stand; conventional
thinning may even decrease in cost as stands become denser and trees become smaller.
Other
important benefits from chemical thinning are the reduction of fine fuel on the ground, stiffness
of treated stands against wind and snow, reduction of slash hindrance, protection against sunscald, and resistance to insect attacks.
I am sure you are all interested in costs. Unfortunately it is hB;rd to give meaningful costs
because conditions vary so much. · In stands where we have aimed for 300 leave trees and
eliminated 800-1200 trees per acre, our time has been 8-10 man hours per acre plus chemical
costs which range from $2. 50 to $7. 10 per acre, depending on the chemical used. Others
have reported much lower time needs (Newton and Holt, 1967a). Thinning with power saws in
comparable stands took twice as long per acre and saw rental for the increased time was more
than chemical cost.

In an older stand on a poorer site with fewer trees per acre,
hours per acre.

our production was three man

Let me now sum up my own impressions.
1.

We are getting close to a reliable chanical.

2.

We still need further work on tools and operational

Finnis
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3. These cannot be rigid but will vary with the type of crew used.
4. Chemical thinning costs are not going to be as low as some costs that have been quoted
but will be appreciably lower than costs for power saw work, particularly in stands 25
feet in height, or greater.
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PREHARVEST KILLING OF COMMERCIAL TIMBER
H. A. Holt
Research Assistant,

School of Forestry,
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Corvallis

and
Michael Newton
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Depletion of virgin stands of Douglas-fir (Pseudotsuga menziesiifMirb.J
.Franco) will soon
require the last of the forest industry to shift from old-growth to young-growth utilization.
Second-growth timber provides low volume per log and somewhat lower valued products.
This
study examines two methods that may make harvests of smaller trees more attractive economically. Both involve preharvest drying.
The first method involves tree killing by chemical treatment
standing trees before logging. The second method, sour-felling,
biological seasoning, involves felling the trees as normally, but
unbucked with drying resulting from the transpiration of the live
insects, backflash, effect on logging (breakage and felling), fire
are important considerations.

to permit air-drying of the
transpiration-drying,
or
leaving them untrimmed and
crown. The influence of
hazard, bark loss, and stain

LITERATURE REVIEW
Chemical Killing
Early interest in chemical treatment developed because of the potential extension of the
sap-peeling season for debarking pulpwood. The resulting weight loss has been a favorable
byproduct.
Chemical debarking studies of western species have proven successful in weight reduction
and have given some indication of moisture loss patterns within trees.
The moisture loss of
ponderosa pine (Pinus. ponderosa Laws.) pulpwood reduced the weight 33 percent within four to
six months;

top bolts had the greatest

loss (Woodfin,

1963).

Treatments with sodium arsenite wid ammonium sulphamate have been highly successful
in bark removal and reduction of wood weight of western hemlock ~ heterophylla ['Raf.]
Sarg. ). The response of Douglas-fir, while favorable, has been slower and less uniform.
Wort (1954) observed a reduction of moisture after a year of 17 percent in hemlock and 20
percent in Douglas-fir.
Pulping quality was not affected. Response of the trees to treatment
could not be related to crown size or distribution, or to diameter in trees 10 inches or greater.
A 32 percent reduction in weight by moisture loss in the top logs and a 12 percent reduction
in butt logs of grand fir (Abies grandis[Dougl,]
Lindl) has been induced by treatment with
1
sodium arsenite.
These trees averaged 24 inches d. b. h. Ambrosia beetles were present and
1
sutherland, Charles F. Associate Professor, Oregon State University, School of Forestry.
Unpublished report: Debarking and moisture loss in grand fir, western red cedar, and western
larch. Corvallis, 1952. 32 p.
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saprot destroyed one to one and one-half inches of the sapwood in trees held a year and a half
before cutting. Breakage was greater in treated trees.
An increase in breakage of trees
treated with sodium arsenite and cut a year later was reported by Berntsen (1954) in sitka
spruce (Picea sitchensis (Bong. ) Carr), and western hemlock.
Sour-felling
The practice of sour-felling is not common in North America but has been reported for
Douglas-fir in a limited study. Sapwood of pole-size Douglas-fir dried to an average moisture
content of about 60 percent, but with much variation in drying. ~e results of this study were
not favorable because of the damage caused by ambrosia beetles.
METHODS AND PROCEDURES
Experiments to determine feasibility of preharvest killing with recently developed silvicides were located in the coastal mountains of western Oregon, north of Blodgett, on Horton
Creek. The study area included about 20 acres of gently rolling topography, relatively well
stocked with 60-year-old Douglas-fir.
The heights of the trees involved range from 80 to 120
feet; with a few older trees up to 180 feet, indicating a medium site III (McArdle and Meyer,
1949). The diameters of selected trees ranged from 8 to 70 inches, with the mode in the 11
to 12-inch diameter class (see Figure 1).
The stand was marked for commercial thinning. Old-growth trees were included to
investigate applicability of the treatments in all age classes.
Both approaches, chemical killing and sour-felling,
were tested in the fall and the spring,
with 80 trees per treatment.
The treatments were as follows:
1. Fall chemical treatment
2. Spring chemical treatment
3. Fall sour-felling treatment
4. Spring sour-felling treatment
5. Control (no treatment)

Chemical treatments consisted of injecting cacodylic acid into the tree with the hatchetand-oil-can technique.
Axe cuts were centered about a foot apart around the basal portion of•
each designated tree, and cacodylic acid was then poured into the cut. Toe axe cuts penetrated
into the sapwood, and were below stump height to avoid lof degrade.
Cacodylic acid in the
form of Silvisar 510 was provided by the Ansul Company.
It was used because of its effecti¥eness in small dosages on 25-year-old Douglas-fir,
with no insect or backflash problems
(Newton, 1966).
Sour-felling treatments involved only felling the designated trees.
They were not bucked,
topped, or treated with chemicals at any time. They were bucked in the usual manner at
final harvest.
2

Graham,
Douglas-fir.
report)

R. D. Moisture content of girdled and ungirdled young-growth coast-type
Corvallis, Oregon, Forest Research Laboratory, January 23, 1958. (Unpublished

3

Silvisar 510 Tree Killer is Ansul 's trade name for a solution containing the equivalent of 50
percent by weight cacodylic acid or 5. 7 pounds per gallon.
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The control trees were not treated
normally at the time of harvest.

before harvest in any way, and were felled and bucked

Fall treatments were applied in mid-November; spring treatments were applied the first
of May. Final harvest of the stand occurred from mid-September to mid-October.
Evaluation
Trees with exterior signs indicating abnormality were not included in the study. Conks
and excessive bole scars were considered abnormal.
This was a biased attempt to reduce
variation, but it was felt that reduction of variance by such a selection was desirable for a test
of hypothesis.
Chemically treated trees were rated on a five-point scale before felling to evaluate response to the herbicide.
Trees were rated as follows:
1. Healthy tree
2. Tree appearing abnormal; foliage discoloration
3. Tree with top whorls dead
4. Tree with only a few branches of the crown with needles on them; death imminent
5. Tree completely devoid of live crown; considered dead

Sampling
After falling, representative moisture samples were taken from the tops of all trees in
the form of complete cross-sections
at about 5-inch diameter.
One truckload of logs from
each treatment was weighed at the State Highway Department weigh station for verification.
Additional samples were collected at the time of felling from stumps and breaks to establish
patterns of moisture distribution within trees.
Only a small group of butt samples was taken
from the sour-felled trees because of the need for cutting two to three feet off the butt log to
obtain a representative
sample away from dry ends. Only one butt sample was collected for the
fall sour-felling treatment.
RESULTS
Moisture

Reduction

The moisture content in this report is expressed as a percentage
according to the following equation (Brown et al., 1949):
Green weight
( Ovendry weight

- l)x 100 = Percent moisture

of the ovendry weight,

content

The moisture content was analyzed for the linear, quadratic, and cubic relationship
the sample diameter.
Graphs of these equations are illustrated in Figure 2.

of

Small sample size and large variation within sampling material helped to obscure the
correlation between diameter and moisture content of sour-felled trees.
Total lack of moisture replenishment from the roots probably allowed the equilibration of moisture between
sapwood and heartwood to commence immediately after felling. Diameter, with it strong influence on the heartwood-sapwood ratio, was therefore of less significance in the moisture
content of felled than of standing dead trees.
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Figure 2. Relation of moisture content and sample
diameter for each treatment.
Relationships indicated in Figure 2 were used to predict the actual truckload weight, based
on cubic foot volume derived from the lengths and diameters of the logs comprising each load.
The results are presented in Table 1.
The weight is calculated

by the following formulae:

1. 0. 45 x 62. 4 x (1 +%moisture

content)=

weight per cubic foot

when

Holt
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0. 45 = specific gravity of green coastal Douglas-fir
62. 4

= weight

(Brown et al.,

of a cubic foot of water at 4°C, and % moisture

from fitted curves of Figure 2 using the mean diameter

1949),

content

=value

read

of the log as the sample

diameter;
Weight per cubic foot x V = Total weight of log

2.
when

V = the calculated

cubic volume of each log, or

when
A1 and A2 = area of log ends and
h = log length.

Table I.

Comparison

of Calculated

and Actual Weight.

Calculated
weight
(pounds)

Actual
weight
(pounds)

Fall -Chemical

45,325

42,260

7%

Spring-Chemical

46,304

49,765

7%

Control

52,218

45,305

15%

Treatment

%
Error

The time lapse during which sampling was conducted, with unknown equilibration of wood
moisture with atmospheric humidity, may have introduced some confounding into the moisture
data, particularly that taken from truck weights. Impact of rain on the moisture patterns in
the wood of various treatments was impossible to estimate.
Effects on responses to chemical
treatments or sour-felling treatments would probably differ from those on the control trees,
owing to different stages of dryness of each treatment.
Since the trees were not bucked at the
time of felling and sample collection, actual weight is based on unbucked trees that had been
lying in the woods up to 25 days since felling, moisture data should tend to overestimate weight
of all trees, and control trees particularly.
Only those trees in the chemical treatments that were completely defoliated were included
in the analysis.
Substantial variance despite this limitation is attributable to differing speed of
response of individual trees to the herbicide, hence difference in actual drying time after trees
were totally defoliated.
Moreover, defoliation was not indicative of immediate degeneration of
growing tissues.
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The influence of tree position on moisture content is shown for the 10 to 12-inch-diameter
trees (Figure 3), in which each tree is considered to contain five equal segments.
Extension
of this graph to include the larger trees would suggest comparison of the larger trees with the
smaller ones with substantially different heartwood-sapwood ratios.
The designation of the
samples by tree position was based on an average sample diameter at an average position of
occurrence in the tree for each one-inch d. b. h. class. The division between positions was
based on an average taper in the sampling area. Values used were obtained from 60 trees that
were extensively sampled and measured.
Consistent grouping of the two types of treatments
is shown in Figure 3, which shows similar patterns of responses to all treatments differing
largely in degree.
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Morphological

Response

Chemical treatments.
Trees treated chemically in November were beginning to show the
influence of treatment
within two months.
They appeared to have thin tops, or tops noticeably
less dense than normal trees,
but without appreciable
change of color.
By the third month after
treatment,
February,
the trees were in various stages of dying. Necrosis began in the foliage
of the previous year on all trees, hut on edge trees it was obviously present more on the exposed side of the crown than on the sheltered side. Trees within the stand were defoliated from
the tops downward and from the tips of the branches inward.
This pattern is typical of responses to cacodylic acid observed in other experiments.
The phloem of treated trees had the
typical odor of cacodylic acid.
Spring-chemical
treatment
was especially effective in producing immediate results,
as was
expected.
The treatment
was applied in May, and within a month all trees had various degrees
of reddish-brown
crowns.
With the exception of the more rapid crown discoloration
by the
spring application,
field observations
indicated no difference between the two chemical treatments.
It was apparent during both seasons that the phloem was dying in strips extending up the
tree from the point of injection.
The chemical strips varied in pattern among treatments
and
among trees in the same treatment.
In some instances they were visible from 60 to 70 feet up
the tree, and in others they disappeared
after only a few feet. The chemical strips tended to
exhibit a slowly spiraling,
left-turning
ascent, similar to the reported movement of dye in
Douglas-fir
by Rudinsky and Vite' (1959).
Trees not completely
killed formed adventitious
buds. The buds on the tips of twigs aborted
completely;
this condition usually persisted throughout on small twigs.
On the branches,
however, buds had formed with the appearance
of viability.
Trees not extensively defoliated may
be able to recover by such a mechanism.
Sour-felling
treatments.
Needles began to loosen after eight weeks on the trees that were
felled during November.
The crowns were still dark green, and the trees generally looked as
though they had been cut only recently.
At the end of seven months, the fall sour-felled
trees
still had green cambium, although generally restricted
to the unexposed sides.
Some of the
trees burst buds, put on new shoot growth, and developed strobili.
Insects.
The major insects found on the study area were the Douglas-fir
bark beetle
(Demlroctonus
pseudotsugae
Hopk. ), ambrosia beetles (Trypodendron
sp.) and Cleridae species.
Sour-felled
trees,
in particular,
were readily and heavily attacked.
Fall-felled
trees were
attacked in April, five months after cutting; spring-felled
trees within a week of felling.
Brood
success was rather limited; clerids caused a high rate of mortality.
A second limiting factor
appeared to be the increased crowding.
As the infestation increased,
the egg galleries
became
shorter and fewer eggs were noted. A third factor is quite logically the influence of drying.
The chemically treated trees, in general, had an extremely mild insect attack.
Only 22
percent of the fall-chemical
treated trees, and only 8 percent of the spring-chemical
trees had
signs of insect activity.
Attack was very limited and occurred,
with few exceptions,
in the
stump area of the trees.
Occurrence
was essentially
below or between the axe marks.
The degree of insect
making them unattractive,
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or by the decreased

be influenced either by the chemical in the tree,
moisture content.
The infestation in this study
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was confounded by the presence of the felled trees in the woods. In many instances heavily infested sour-felled trees were adjacent to chemically treated trees that were free from attack.
When attacked trees are expressed as a percentage of total trees in that diameter class, the
larger trees were strongly preferred,
possibly because thick bark retained moisture in the
phloem, or possibly because of greater dilution of cacodylic acid imposed by large tree volume
(see Figure 4). There was no apparent pattern in insect selection of trees in the spring-chemical
treatment.
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Evidence of unsuccessful attack by the Douglas-fir engraver beetle (Scolytus unispinosus
Lee. ) was found when the chemically treated trees were cut. These beetles were not noted in
the sour-felled trees.
Their unsuccessful attacks or absence thereof appear attributable to
dryness of the tops.
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Backflash.
Trees in the fall chemical treatment exhibited a higher rate of apparent back~ ,
flash than in the spring chemical treatments.
About 13 percent of the spring chemical trees, as
contrasted to 21 percent of the fall chemical trees has some influence on adjacent trees.
Im portance of the seasonal difference is not known.
The incidence of backflash in the spring-chemical
treatment does not seem to follow a
definite pattern by d. b. h. or by degree of kill. Fall-chemical
treatment showed a much stronger
tendency for backflash to occur in the smaller diameters
(see Figure 5). This tendency may be
a result of overtreatment,
or dependence of suppressed trees on dominants through root grafts.
The incidence of downward movement seemed to be enhanced if the chemical were applied over
a main lateral root (see Figure 6).
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,.

Figure 6. Downward
translocation of chemical by a
lateral root to adjacent tree.
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Degree of kill. The effectiveness
of cacodylic acid was strongly and inversely correlated
with tree size. The trees were rated on the degree of kill, as evidenced by crown appearance
before final harvest.
There was a time lapse between injection and evaluation of 10 months for
the fall treatment and 5 months for the spring treatment.
At harvest time there was a highly
significant difference in the degree of kill by each treatment.
A larger percentage of the falltreated trees were rated as dead, with fewer trees in the dying stages than in the spring-treated
group (see Figure 7). This difference is substantiated by expression of percent of trees killed
by diameter class and season (sec Figure 8). Given additional time, the trends probably will
merge and will approach 100 percent kill in all diameter classes.
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Logging.
Breakage did not increase as the result of killing.
This observation conflicts
with previously cited reports,
but appears well substantiated
in this timber type. Some breakage occurred in all treatments,
but was not a serious problem with the chemically treated trees.
The trees would fall faster, with seemingly less hangup but would land with less impact than
control trees.
Moisture docs not affect the strength of wood in the range of drying studied here.
Lightening increases the strength per unit weight; trees without appreciable decay and insect
damage should be lighter, but unwcakened structurally.

Holt

179

Chemical treatment did not affect felling of the trees adversely.
Sawing properties were
not abnormal,
and it was possible to control the falling direction of the dead trees just as well
as the live trees.
Fire hazard.
The chemical
At the time of felling the crowns
impact.
Most of the flash-type
this study were small, so slash

been
sive
that
was

treatment appears to have a favorable effect on fire hazard.
arc essentially
bare and much of the finer fuel breaks off on
fuel is on the ground and incorporated
with the duff. Trees in
was not heavy.

Bark loss.
Loss of bark occurred chiefly in the sour-felling
treatments.
This may have
a result of either drying and loosening of the bark or the drying accompanied by the extenundermining by bark beetles.
Bark on chemically treated trees was unaffected, except
it was loosened to some extent over the dead phloem strips.
In the tops, where drying
most obvious, the bark seemed to shrink around the tree and was not easily peeled.

Stain. T11e only staining found in chemical treatments
was in the dead phloem -cambial
strip.
This staining did not appear to penetrate into the xylem.
Considerable
staining was
found in the sour-felled
trees, much of which was associated with occurrence of insect vectors.
CONCLUSION AND DISCUSSION
Losses of weight occurred in all treatments.
The results indicate that there arc potentials
for each procedure.
The relations presented in Figure 3, for the 10 and 12-inch trees only,
arc expanded in Tables 2 and 3. Table 2 ranks the moisture content and weights for each treatment. This ranking is based on the moisture content taken from Figure 3 at a point midway
between the butt and upper samples.
This point is assumed to be an indication of average
moisture content of the merchantable
portion of the trees.

Table 2.

Listing of moisture
for each treatment.

content and weight per unit volume

% Moisture
Treatment

Content

Weight/
cubic foot
(pounds)

Control

86 . .S

.S2.4

Spring-Chemical

73.0

48.6

Fall-Chemical

67 . .S

47.0

Spring- Felling

.S6. .s

44.0

Fall-Felling

49. 5

42.0
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Table 3.

Comparison of percent moisture
reduction among treatments.

and percent

Percent moisture
Treatment
d

0
.....
...

Control

weight

reduction

Spr.Chem.

FallChem.

Spr.Fell.

FallFell.

16

22

35

43

8

23

32

16

27

Control

u

.g
Q)

...

Spring-Chemical

7

Fall -Chemical

10

3

Spring-Fell

16

10

7

Fall-Fell

20

14

11

1-<

..c::

.....
Q)

~
...
d

12

Q)

u

1-<
Q)

0..

4

Although specific gravity influences the weight per cubic foot of a species, the percentage
weight reduction is strictly related to the initial and final moisture content of the species in
question.
This is illustrated in the following manner:
0 = original
= specific

weight at moisture

content M

gravity x 62. 4 x (1

+ M 1)

F = final weight at moisture
= specific

Weight loss as percent

content M

gravity x 62. 4 x (1

1

2

+M )
2

of O = 0 - F
0

+ Ml) - sp. gr. x 62. 4 x (1 + M2)
sp. gr. x 62. 4 x (1 + M 1>

= sp. gr. x 62. 4 x (1

= (1

Weight loss as percent

of 0 = 1 -

+ M 1) - (1 + M 2 )
(1 + M 1)
1

+ M2

1 +M

1

Table 3 presents the relations of moisture content reduction and weight reduction as percentages for comparison among any two treatments.
These data indicate that trees in the
spring-chemical
treatment are 16 percent drier than the control trees, reading on the uppf:r
and right side of the table. In terms of weight, shown on the lower and left side of the table,
the trees in the spring-chemical
treatment are 7 percent lighter.
Trees in the fall-chemical
treatment are 22 percent drier, or 10 percent lighter than the control trees.
Trees in the
spring-felling
treatment are 16 percent drier, or 7 percent lighter than the fall-chemical
treatment.
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This weight reduction is probably more meaningful when expressed in terms of added
board feet per truckload (see Table 4). For this example the following values have been used:
76,000 pounds -- maximum
30, 000 pounds - - average

legal road weight
truck weight (assumed)

46,000 pounds -- net weight
12,770 pounds -- weight per 1,000 board feet for green Douglas-fir
logs 14-20
inches diameter (Institute of Forest Products,
1957)
The increased truck capacity could be even more favorable for operators with lighter equipment. The benefit becomes even larger if a comparable reduction is possible in larger timber.
Logs in the smaller diameter classes weigh almost twice as much as logs in the larger dia meter classes (Institute of Forest Products,
1957). This drying would then result in reduced
logging costs for a given diameter or lower the break-even diameter class.
This area of increased revenue is a benefit for the logging operator.
At the same time, the private land
manager selling dried timber should realize an increase in stumpage value.

Table 4.

% Weight reduction

Weight reduction
per truckload.

in terms

of added board feet

Extra board feet per
truckload

7

252

10

360

16

576

20

720

Comparison of weight reduction of the fall and spring applications of each treatment indicates
little difference.
The additional time of drying for fall sour-felled
trees may be offset by water
absorption during the winter.
Perhaps the crown is essentially
dying during the winter, a time
of low transpiration,
and is rapidly dried out during the summer when it should be most efficient.
Conversely,
the crowns of the spring-felled
trees arc in condition to transpire actively when cut.
Since the crowns of the fall-felled trees rapidly dry out in the early summer,
it could be suggested that the trees may be nearly as dry in the spring as they are if left in the woods through
the summer.
This would indicate that little is gained by the extended period of time and this
gain may well be offset by the incidence of insect attack.
Trees cut in the fall are at their
lowest moisture content so the slower transpiration
rate could have the same effect as the more
rapid summer transpiration
of the spring-felled
trees which have a higher initial moisture content.
There is an even smaller weight reduction between the fall and spring chemical treatments.
This small difference probably results from the general lack of response to the fall application
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of herbicide until the early
degree of kill in the larger
12-inch range.

spring.
sizes.

The major difference
Both seasons produced

in response was expressed
similar defoliation in this

in the
10 to

The fall-chemical
trees arc drier than the spring-treated
trees,
with the difference
greatest
in the tops.
It is difficult to ascribe this effect to either time or season.
Spring treating gives
a much quicker response
but was not applied until the trees were bursting bud. By this time
the trees have taken on a substantial
amount of moisture as growth is initiated.
Although fall
treating may not produce immediate
results,
it may prevent this initial water uptake in the
spring.
If trees were treated in September or October, not only would the trees be at their
lowest moisture
content, but also defoliation
may occur with the arrival of the rainy season.
Fall treating also has the advantage of conserving
moisture to a greater degree than the spring
treatment.
Sour-felling
has consistently
shown a marked reduction in moisture.
The only real problem
encountered
in this study has been insect attack and the accompanying
stain.
Felling the trees
in late July or August, after the insect flights, should alleviate this problem.
This time of
felling would probably be the optimum time for drying, but it would increase the fire hazard.
Trees felled in late summer could possibly be too dry to attract insects the following spring.
There is some problem in bucking sour-felled
trees after they have accumulated,
but this could
be reduced by bucking and skidding concurrently.
Bark loss may be important in sour-felling
procedures.
The insect occurrence
would be of lesser importance
in pulpwood and preservative-treated
materials,
such as poles and pilings.
These smaller wood products would probably have the
greatest
weight reduction in the shortest time.
The chemical treatments
seem to afford some degree of protection
against insects and
fungi that is not present in the felling treatments.
Addition of insecticides
or fungicides may
further enhance this procedure.
Exclusion of insects seems to exclude nearly all staining.
The only staining in the chemical treatments
was caused by the chemical itself, where mortality
of phloem tis sue caused su pcrficial sound stain.
Checking may or may not be desirable,
depending on intended usage.
This would not be
important in pulpwood and would be beneficial for preservative-treated
material.
Checking
occurred
in only one tree.
Essentially,
the trees under study were not completely dead long
enough to dry to the fiber saturation
point.
A formulation
with greater tangential movement in the tree would be more clcsi rablc.
Cacodylic acid was effective as a defoliant but did not promote a general demise of all cambial
tissue.
Such a chemical should enhance bark loss when harvested,
but additional drying time
may be just as beneficial.
The results may indicate an initial reduction in moisture content throughout the tree over
a short time, in this case five months.
As time is increased
to 10 months, the moisture
reduction is more pronounced in the upper part of the tree.
This disproportionate
drying possibly
reflects the increased
bark thickness and increased
amount of heartwood in the lower portion
of the tree.
With further time, drying is expected to follow a similar pattern until an equilibrium is reached.
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Translocation
of chemical to untreated trees was not a major problem but was undesirable.
Different treatment methods, such as boring, and other formulations
should further reduce the
incidence of backflash.
Chemical killing before harvest has certain inherent advantages.
While treating commercial timber, the stand can be thinned and undesirable
species can be controlled.
It would permit
less supervision
while felling since only dead trees arc, cut. It should also make possible the
storage of inventory on the stump, rather than occupying yard space.
Chemical treating could make it possible to store unmerchantable
stems in the woods without sacrificing the growth of the stand. Thinned stems can be removed during the first commercial cutting, providing wood for the chipper, and at no extra cost. This is also important
in view of the increasing demands for more complete utilization.
The dry stumps may not be
attractive to pathogens, particularly
Fornes annosus (Fr.) Cke.
The economic potential of such treatments
can extend from the stump to the mill.
Weight
reduction would permit the use of smaller logging equipment, with the benefit of less capital
investment.
Moreover,
weight reduction would permit the skidding of more volume per turn,
improving utilization of the present equipment.
Dry timber would also enable the hauling of
more volume per truckload.
If bark could be removed in the woods, it would not remain on the
logs as an undesirable
byproduct to be disposed of at the mill and its removal would provide
additional loss of weight.
Utilization of timber that is drier than normal should also reduce
the amount of seasoning required after conversion into the desired product.
Shortened seasoning
time could result in less yard space and lumber inventory tied up by air drying, or in shorter
kiln schedules.
Utilization of drier logs may make it possible to ship directly after conversion
without the necessary
drying period or kiln equipment.
To make the concepts of preharvest
drying more realistic it may be beneficial to examine
other timber types, particularly
"wet" species.
Redwood (Sequoia sempervirens
[D. Don]
Endl.) has a moisture content range of 60 to 175 percent in the heartwood, and an average sapwood moisture content of over 200 percent throughout the tree (Luxford and Markwardt,
1932).
Present practices
include air drying from 6 to 12 months before kiln drying for an additional 6
to 20 days. This means millions of board feet of lumber are tied up in air drying yards, representing a considerable
capital investment (Resch and Ecklund, 1964). This species also has
no important natural enemies and breakage is a problem in present logging operations.
It is
conceivable that drying on the stump should substantially
reduce the moisture,
in tum reducing
the year space and investment,
and reduce the amount of breakage because or reduced weight.
Other potential species include western hemlock, the true firs, and hardwoods for certain
uses.
Hemlock and the true firs are well known for handling losses because of "sinkers".
Dried trees would float better and retain buoyancy longer.
Hardwoods, particularly
for fuelwood, should respond favorably and be a more desirable product because of the seasoning and
the reduction of haul costs could make a marginal product profitable.
The attempt has been made here to present only a few of the ramifications
and potentials
of preharvest
killing of commercial
timber.
Unlimited opportunity exists for expansion of
these concepts as imaginative practitioners
and research workers adapt to other problems.
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In this symposium section, titled Forestry,
I am assuming that my audience is interested
in reclaiming brushfields for producing trees.
Consequently, I will confine my discussion to
the brushfields within the commercial timber zone of California even though much of the brushland conversion activity is in the foothill chaparral below the timber.
I have had more experience in the lower chaparral where the objective is to convert brush to grass.
I will refer to
some of the concepts and techniques developed in the foothills and their application in mountain
brushfields.

The brushfields within the timber zone--where winters are cold and snow covers the ground
for long periods--are
shrub associations distinctly different from the true chaparral of the foothills and lower mountain slopes. Manzanita brushfields are typical of the timber zone. Greenleaf manzanita (Arctostaphylos patula) commonly is a dominant shrub, but other species often
present are: snowbrush (Ceanothus velutinus), whitethorn (C. cordulatus), chinkapin
(Castanopsis sempervirens),
bittercherry
(Prunus emarginata), and Sierra plum (f_. subcordata).
One or more of these species may be locally dominate--they can occur in an almost pure stand.
Many other species are present in limited numbers.
Recent timber burns on the Sierra Nevada, where brush seedlings rapidly occupy the site,
are potential brushfields that are usually reclaimed as timber plantations.
Typical brush
species are: deerbrush (Ceanothus integerrimus),
whitethorn, and whiteleaf manzanita ~viscida).
The low-growing bear clover (Chamaebatia foliolosa) often is present and may develop
an almost solid mat on recently burned areas.
Use of herbicides on timber plantations has become standard practice in California during
the last five years.
Before then, the successful use of herbicides elsewhere and the research
and limited trials in California plantations had indicated the possibilities for herbicides.
lbt
practical methods had not been developed and tested under California climatic conditions.
During the period 1962-65, an administrative
study of herbicides conducted jointly by the U.S.
Forest Service's Region 5 and Pacific Southwest Forest and Range Experiment Station helped to
promote confidence in herbicides and to guide their use.
In the administrative
study we attempted to develop techniques that would assure adequate
control of brush on the thousands of acres being planted to ponderosa pine (Pinus ponderosa).
The tests were made on the Sierra Nevada and Cascade Ranges of central and northern California.
The results and recommendations that I am reporting apply only to pine plantations within this
area.

INITIAL BRUSH REMOVAL
The first step in site preparation is to remove all brush to the extent practically feasible.
This procedure applies equally well in conversion to grass or to trees.
Brush left on the site
will impede planting, followup brush control, and future use of the area. Dead brush that is
left will remain as hazardous fuel for years under California climate.
And mature brush left
on the site will compete excessively with trees or grass.
This competition was well demonstrated by early attempts at partial brush removal ahead of either tree planting or grass sowing.
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The high degree of survival in California pine plantations established during the last 10
years is generally attributed to the policy of planting only on thoroughly cleared sites.
Brush removal in brushfields
tions:
Bulldozing, windrowing,
Crushing plus prescribed
Wildfire,

or recent timber bums involves one of the following combina-

and burning (brushfield)
burning (brushfield)

plus limited crushing or bulldozing (brushfield)

Wildfire, plus logging and windrowing or bunching of the slash and other debris,
burning (timber)

and

These four removal treatments are limited to suitable areas where gradient, soil, and rock
outcrop permit efficient use of a bulldozer.
Such areas have had first priority for planting.
Herbicide spraying to preprare the brush fuel, followed by prescribed burning, is proposed for
clearing good timber sites too steep or rocky for a bulldozer.
Techniques have not been fully
developed and the practice is not commonly employed in California.
Bulldozing
For several years bulldozing was the only site preparation method recommended for
California brushfields.
The procedure was thorough--it removed brush root crowns and pushed
them into the windrows. Nearly a foot. of topsoil commonly was removed.
The objective was
to obtain a high degree of brush control with the single mechanical treatment.
Old plants of some species, such as manzanita, snowbrush, and whitethorn, usually were
eliminated.
fut plants of species such as chinkapin and bittercherry,
which grow from buds on
roots left in the soil, often increased in numbers.
Dense stands of brush seedlings commonly
were established within two years after bulldozing. Additional brush control was needed on most
sites. lltt some bulldozed areas remained relatively free of brush during the first five years.
Bulldozing practices are changing now that herbicides, rather than drastic mechanical
treatment, are being depended on to kill brush. The brush is removed with little soil disturbance, and a minimum is moved into the windrows or piles. Present policy is to bum windrows
and piles and then to break up and scatter them with a bulldozer blade before planting. This
procedure reduces fire hazards from dry woody fuels in the windrows, less land is lost from
production within the windrows, and windrows do not remain as major impediments to movement over the area.
Prescribed

lltrning

Broadcast burning of crushed brush is a removal method suitable to timber plantation areas
as well as foothill chaparral areas where the practice was developed. Crushing with a bulldozer
breaks off many stems and compacts the vegetation.
The well prepared, dry fuel can be
cleanly burned under safe weather conditions.
lltrning in the spring, ahead of the summer fire
season, is recommended.
Prescribed burning of a manzanita brushfield was tested on a 47-acre area near Mt. Shasta
in 1964. Since then the practice has been applied at several locations on a few thousand acres.
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This method has obvious advantages over bulldozing--it eliminates the problems with windrows
and it reduces costs. The overall cost of brush removal is about half as great as on most
bulldozed areas.
Followup herbicide treatments in many cases cost no more on burned areas
than on areas cleared by bulldozing.
Prescribed burning also has obvious limitations.
One is the risk of damage to adjoining
lands--in a few cases the difficulties in control of a fire and the potential damages from an
escape are so great that burning is not advisable.
However, in most cases the main limitation
is in size of area that can be efficiently crushed and burned. The control lines and firefighting
forces used in burning small areas can cost more per acre actually cleared than does bulldozing.
But if minimum control lines and crew are needed, crushing and burning can be efficiently done
on areas only a few acres in size.
Studies
obtain brush
index. This
areas, with

are underway for combining crushing with dessication by herbicide spraying to
fuel preparation that allows effective prescribed burning under a very low-burning
will make possible burning of small areas, or widening of control lines-on large
minimum hazard from escapes.

Wildfire Burns
Brushfields burned by wildfires can be converted to timber plantations--provided
sites are
suitable--by the same techniques of herbicide spraying used on prescribed burns. Some cleanup of brush skeletons usually will be needed after a wildfire. This can be done by crushing the
brittle stems to the ground, or by piling or windrowing the woody material if it is present in
excessive amounts.
Costs are less than for bulldozing of unburned brushfields.
In timber stands burned by wildfire, present procedures probably will be used in the future.
The procedures involve salvage logging followed by bunching and burning of slash and other
debris.
These steps in some cases can be completed quickly so that the area can be planted in
spring following the fire. Commonly the logging and bunching are not completed until after an
additional year or two years.
Areas planted the first year usually are loaded with new brush
seedlings.
In contrast, if a bunching job is done after the new brush plants have become large
and conspicuous most of them will be removed, leaving a relatively clean site for planting.
Herbicide applications can aid greatly in preparing clean sites.

CONTROL OF BRUSH REGROWTH
Regardless of the initial brush removal method additional contrbl of brush is needed on pine
plantation sites in California.
A major objective of the control effort is to reduce competition
and to promote tree growth at 80 to 100 percent of the site potential.
Other objectives are to
develop eventually an open forest condition that will facilitate future silvicultural operations,
and to prevent formation of a dense understory of heavy brush fuel that can support disastrous
fires.
In tests started in 1962, we attempted to develop techniques that would produce adequate
brush control during the first few years, by the time the pine seedlings were five years old.
We assumed that a high degree of early control would be needed if objectives were to be fulfilled.
We aimed at learning the maximum herbicide rates required for killing brush regrowth and the
maximum rates tolerated by pine seedlings under California conditions.

The information could be used in developing techniques for spraying before or after the pine
seedlings were planted. However, we recommended herbicide spraying of young brush regrowth
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as part of the site preparation treatment wherever rapid brush invasion was expected, provided
the planting program could be delayed and competition from herbaceous plants would not become
a serious problem.
In developing background for spraying pine plantations, we tested some concepts of brush
control that had proved to be applicable in conversion of brush to grass. These concepts were:
1. Brush regrowth left untreated for a few years will compete excessively with the planted
or sown species. Severe competition from dense regrowth can eliminate a new grass
stand; it retards growth of young pine seedlings even though they may survive and eventually overtop the brush.
2.

Brush regrowth is most readily killed by herbicides when the plants are young and small-during the first or second year after initial brush removal. Seedlings with small, open
crowns and immature root systems are particularly susceptible.
Young sprouts from
mature root systems are resistant; even so, they are more easily killed than are large
plants with dense crowns not readily penetrated by sprays.

3. Repeated herbicide applications are most effective. They keep plants small in stature.
Those plants weakened by one spray, or reduced in crown size, appear to be more susceptible to the second spray. Plants missed by one application will be hit by another.
And any new seedlings established after the initial spray will be killed by later sprays.
Results from one major study and several smaller studies conducted from 1962 to 1965
tested these concepts and provided the background information for our recommended techniques
of brush control in California mountain. brushfields.
The major study was conducted at three locations~ at Mt. Shasta and near Viola in manzanita
brushfields that had been cleared by deep bulldozing in 1961; and near Foresthill on a timber
area that had been burned in 1960, logged and slash bunched in 1961. Two blocks of 54 plots
were included at each location. The 0. 2-acre plots were large enough to test practical methods
with tractor-drawn
equipment.
Nine combinations of broadcast and individual-plant (hand) applications involved spraying
once, twice, or three times (Table 1). In each combination were six treatments:
no herbicide;
2, 4, 5-T, moderate rate; 2, 4-D, moderate rate; brushkiller (1/ 1 mixture), moderate rate;
brushkiller, light rate; and brushkiller, heavy 'rate.
Number of Sprays
A single-spray treatment in 1962 failed to control brush regrowth. Plants present in 1962
were reduced in number (Table 1), but the survivor developed into a relatively dense brush
cover by 1965. These plants plus the many new seedlings established in 1963 and 1964, equalled
about half the number in unsprayed plots.
Two sprays killed most of the original plants present in 1962--94 percent as an average of
all plots sprayed twice. Equally important was the low vigor of the surviving plants. Total
number of plants per acre was high in 1965 because of the many small seedlings established in
1964. In 1965 the brush regrowth offered little competition to pines on the twice-sprayed plots,
but the potential brush cover was greater than desired.
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Table 1. Survival of Brush Regrowth, All Typical Shrub Species Combined,
on Plots Receiving Different Numbers of Sprays by Different
Combinations of Application Methods.
Spray
treatments 1

Plants present
in 1962 -

Plants established
1963 & 1964 -

All plants
established 1961- 642

No./
acre
in
1965

Percent of
original
plants

No./
acre
in
1965

Percent of
original
plants3

No./
acre
in
1965

4055

94

3459

124

6827

107

Sprayed once:
BOO
HOO
All plots

805
557
681

18
15

2825
·2670
2746

102
98
100

3160
2906
3033

47
40
44

Sprayed twice:
BOO
BHO
HHO
All plots

288
307
234
276

6
7
6
6

2585
3663
2814
2988

102
103
98
101

2496
3053
2903
2821

36
42
43
40

Sprayed three
times:
BBB
BBH
BHH
HHH'
All plots

170
67
109
68
103

3
1
3
1
2

189
1022
976
830
766

10
39
39
33
32

321
783
1059
908
771

10
16
12

Not sprayed:
000

11

Percent of
original
plants

4

11

1
Application methods:
0 = No spray treatment
B = Bek. (Broadcast with a boom)
H = Hand ( Individual plant spray with power sprayer)
2

Toe category "All p~ants, 1961-64" occurred on more plots than did "Plants present, 1962"
or "Plants, 1963-64". Thus, average number per acre for "All plants" is smaller than the
sum of the other two categories.

3some small seedlings established in 1964 were not observed and recorded until 1965. Thus,
plants in 1965 on some plots were greater than 100 percent of recorded original plants.
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Spraying in three consecutive years eliminated almost all of the original plants present in
1962. All application methods were effective with three sprays.
Low-volume broadcast
spraying killed the tough sprouting species as well as the seedlings.
Three broadcast treatments were more effective than the combinations with hand spraying for controlling the 1963-64
seedlings (Table 1) because many of the small plants were missed by hand sprays.
Broadcast
spraying- -the only method feasible for use on large areas, and by far the cheapest combination
of three sprays--proved
to be the most effective technique.
But the excellent control of brush established up to 1965 was reduced in significance by the
growth of new seedlings in 1965 on the heavily bulldozed brushfield areas.
On plots broadcast
sprayed three times, the new stand varied from about 350 to 2, 200 plants per acre on the bull dozed areas.
In contract, on the timber bum area near Foresthill,
few new plants were established in 1965- -only 15 to 35 per acre. Continued germination of brush seed appears to be
more of a problem on heavily bulldozed areas than on relatively undisturbed areas.
Obviously,
if three spray treatments are planned they should be spread over more than three years to
assure control brush plants established from late germination of seed.
Other studies have produced results similar to those from this major study. Recent trials
on brushfield areas cleared by prescribed burning show that the heavy regrowth can be effectively controlled with three sprays.
Spraying can start the first fall after a spring burn--in
September after the plants have made a full season of growth. Toe initial spray should be made
the first year after burning if possible so that maximum brush control can be accomplished before trees are planted.
We have recommended three broadcast sprays after clearing brush from pine plantation
areas, in an attempt to meet all the objectives set up for management of the brush cover. The
spraying can start either before or after the pine seedlings have been planted. Spraying as the
last step in site preparation has some advantages: cheaper herbicides can be used and the
seasonal timing of the spray job is less critical.

All brushfield areas cleared by prescribed burning should be sprayed at least once before
planting because of the typically rapid brush reinvasion.
At the other extreme are some bulldozed brushfields in which reinvasion by brush seedlings occurs slowly over a period of years.
On sites where such slow invasion is known to be typical, the initial spraying can be planned
for the second or third year after planting.
If a heavy stand of brush seedlings and/or sprouts is expected the first year after bulldozing,
we recommend that the initial spraying be made before planting. An exception is a bulldozed
brushfield dominated by chinkapin on which spraying of small first-year sprouts gives limited
control. Such areas should be planted during the first year after clearing; spraying over the
pines can be started the next year.

Kind and Rate of Herbicide
Of the two common phenoxy herbicides and the mixture tested in the major study, the
specific herbicide that was applied had little effect on survival of brush regrowth.
For example,
considering all combinations of application methods with a moderate herbicide rate, the kill of
plants present in 1962 was 94 to 95 percent for 2, 4, 5-T, 2, 4-D and 1/1 brushkiller mixture,
and kill of 1943-44 seedlings was 72 to 74 percent.
A lower kill from 2, 4-D is suggested in
this study for plots broadcast sprayed in three consecutive years at 4 pounds a. e. per acre
(Table 2), but did not prove true in other studies.
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Table 2. Survival of Brush Regrowth, All Typical Shrub Species Combined,
on Plots Broadcast Sprayed in Three Consecutive Years, 1962 1964, with Three Herbicides at Three Rates.
Herbicides
and pounds (a. e.)
per acre 1

2, 4, 5-T:

4

2, 4-D: 4

Plants present
in 1962 -

Plants established
1963 & 1964 -

All plants
established 1961-64 2

No. I
acre
in
1965

Percent of
original
plants

No./
acre
in
1965

Percent of
original
plants

No./
acre
in
1965

Percent of
original
plants

78

1

113

6

192

2

445

5

396

17

792

7

Brushkiller:

4

112

3

100

7

178

4

Brushkiller:

2

194

5

313

18

380

8

Brushkiller:

8

23

1

63

2

73

1

1
Herbicides were butoxyethanol esters formulated at 4 pounds, acid equivalent, per gallon.
Brushkiller is a 1/ 1 mixture.
Broadc~st application is at 20 to 25 gallons per acre, including
1 gallon diesel oil plus water.

2 Toe category "All plants, 1961-64" usually occurred on more plots than did "Plants present,
1962" or "Plants, 1963-64". Thus, average number per acre for "All plants" usually is
smaller than the sum of the other two categories.

Thorough treatment for three years also tended to mask effects on brush control caused by
different herbicide rates.
fut the 2-pound rate was somewhat less effective than the 4 and
8-pound rates in reducing plant numbers.
Effects on plant vigor were more apparent in the field
than were differences in numbers.
The poorer control from the 2-pound rate was particularly
evident on plots sprayed only once.
Number of sprays also proved to be more important than kind and rate of herbicide on
burned areas.
The 4-pound rate - - a standard commonly recommended for brush control after
clearing of both foothill and mountain brushfields - - proved to be greater than required if sprays
were repeated for three years. At present we recommend starting with a 4-pound rate wherever
brush regrowth is dense and vigorous, unless the rate must be reduced because of possible
damage to pines. Lower rates -- 2 or 3 pounds -- can be used in followup sprays.
Brushkiller mixtures with a high proportion (3/ 1) of 2, 4-D are used in most cases for sitepreparation spraying.
The 2, 4-D has proved especially effective on burned-over manzanita
brushfields.
All plantation-care
(release) spraying is with 2, 4, 5-T alone.
By reducing herbicide rates and using 2, 4-D to the extent possible, we can apply three
sprays at approximately the same total cost as for two sprays by our earlier recommendations.
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Costs probably can be further reduced by applying lower volumes per acre in one or more of
the spray applications.
We are testing volumes of 5 gpa against the 10 gpa that we have ljeen
using for helicopter spraying. At present, however, we do not think it is advisable to cut down
the rate of herbicide and total volume per acre unless repeated sprays are definitely planned.
The standard application of 4 pounds per acre in 10 gallons of total spray material per acre still
appears advisable for consistently good results from a single application.
Date of Spraying
Experience in spraying regrowth of foothill chaparral indicated that treatments could start
near the end of the seasonal growth period but should end before moisture stress became acute
during the dry season. Early spraying killed brush seedlings, provided all had emerged, but
spraying of sprouts too early in the growth season promoted re sprouting that year from dormant
buds. Spraying of first-year regrowth could be started later and continued longer than for older
regrowth, because the low volume of topgrowth on young plants drains soil moisture slowly, and
moisture· stress occurs late in the season.
These concepts also appear to be true in controlling regrowth of mountain brush in
California.
But, of course, the calendar dates are much later than in the foothills. In the major
three-year study (1962-4), spray dates ranging from late June or July on the timber site at
Foresthill to August or early September at Mt. Shasta gave satisfactory brush control.
Soil moisture appeared adequate and plant growth continued through September on recently
bulldozed areas and first-year bums. Several tests showed that the most effective spray date
was before mid-September.
After that time the kill of deciduous species from broadcast spraying was reduced, or was nil. Manzanita and some other evergreen species can be effectively
sprayed later into fall, but herbicide reaction will be slowed and may be reduced in some cases
by spraying during periods of cold weather.
On typical brushfield sites above 3, 500-4, 000 feet elevation, site-preparation
spraying can
be done effectively in late July and August if the dominant regrowth is from seedlings or old
sprouts·. Spraying early in September is advisable if small, first-year
sprouts are dominant.
September 1 appears to be near the normal data for successful release spraying on pine
plantations in California.
Pine buds ordinarily are fully formed and hardened by then. The
best control of bittercherry and probably other deciduous species can be obtained by spraying
as soon as condition of the pines will allow in late August or early September.
Damage to Pine Seedlings
Application of 2, 4, 5-T at 4 pounds a. e. per acre applied by ground rig in August or early
September caused little or no damage to pine seedlings of various ages at Mt. Shasta. Most
of the recorded damage occurred because of doubling the application where swaths overlapped
on tree rows. In a 1963 test, application of 6 pounds without overlap caused no apparent
damage; little occurred from 8 pounds per acre.
The 4-pound rate is about the maximum that can be used in field-scale applications.
It
allows small margin of safety in aerial spraying.
Uneven application, or spraying when pines
are at the wrong growth stage, can cause more damage than is desired.
Damage is magnified
if fall or winter weather is unusually cold. The 4-pound rate may be used for an initial spray
on areas with heavy brush regrowth.
Rates of 2 or 3 pounds per acre are more commonly used
if repeated applications are planned.
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Reduction of Competition
The competition to pine seedlings if brush regrowth is left unchecked for five years was
illustrated in the one study made from 1962 through 1966. The brushfield area near Mt. Shasta
was deeply bulldozed in 1961 and planted with ponderosa pine in spring 1962. Plots established
in 1962 were either left unsprayed or the brush was only partially controlled by different combinations of spraying during three years, 1962-64. Pine seedlings on the sprayed plots were
protected from direct herbicide application except in 1964, when all sprayed plots received 4
pounds a. e. 2, 4, 5-T per acre broadcast over both the trees and brush.
A dense stand of brush regrowth, mainly seedlings of greenleaf manzanita and snowbrush,
became established in 1962, and new seedlings appeared each year. During the first three
years the brush did not have any apparent effect on growth of pine seedlings, as indicated by
visual comparison of sprayed and unsprayed plots. By the end of the fourth season, however,
vigor of the pine seedlings on unsprayed plots was noticeably lower than on sprayed plots, even
though the sprayed trees had received a heavy 2, 4, 5-T application during the preceding year.
By 1966 the decreased growth of pines on unsprayed plots was very obvious, and many were being
overtopped by brush.
The effects of competition are shown by comparing average brush stands in 1966 with
average height and growth of pines, for unsprayed plots·and five groups of sprayed plots, as
follows:
Volume of brush
re growth in 1966
(cubic feet/acre)
32,299
11,784
8,588
6,836
5,996
5,721

Height of
pines in 1966
(inches)
26
32
35
34
36
35

Growth of
pines in 1966
(inches)

7. 7
10.9
11. 6
11. 8
12..2
12. 7

Volume of each plant is the product of mean crown height multiplied by square feet of crown.
Volume per acre describes the brush stand and indicates degree of competition better than does
number of plants per acre. This measurement technique appears useful in evaluating herbicide
treatments in terms of effects on potential compeition, fuel hazard,· and browse production.
Preliminary analysis of brush measurements
on entire plots and around each tree indicated
that growth of pines on this site can be held near its potential by keeping brush regrowth below
10,000 cubic feet per acre at the end of five years.
Greater brush reduction probably is needed
to meet all objectives at the end of 10 or more years.
Presently recommended techniques are
expected to reduce the brush below 10,000 cubic feet per acre at the end of five years.
Sum_!!!1!!Y
Our studies were aimed at developing techniques for full control of brush regrowth within
five years after planting. Number of spray application proved more important than kind or
rate of phenoxy herbicide that was applied. Three broadcast applications produced excellent
control of total shrub regrowth.
Two applications effectively reduced competition but left more
brush plants than desired on areas where regrowth had been dense and vigorous.
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At least one spray is needed before planting on burned brushfields and is advisable on most
bulldozed areas if dense growth of brush seedlings or sprouts is expected the first year after
clearing.
Spraying after planting is by aerial application of 2, 4, 5-T at 2 to 4 pounds a. e. per
acre.
Partial control of brush regrowth in a plantation area cleared by heavy bulldozing promoted
growth of ponderosa pine seedlings during their fourth and fifth years of growth. Pines on unsprayed plots were being overtopped by brush at the end of the 5-year study.
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BRUSHFIELD RECLAMATION IN THE PACIFIC NORTHWEST
J. P. Johnston
Protection

Forester,

Crown Zellerbach

Corporation,

Portland,

Oregon

Brushfield reclamation in the Pacific Northwest is a challenging endeavor.
To simplify
this presentation and to keep the elements in perspective, I will speak on three basic points
in brushfield reclamation a resource manager must consider:
1. Defining the problem before his eyes

2.

Economic considerations

to be made

3. Doing the job
DEFINING THE PROBLEM
In a herbicide symposium conducted at Corvallis in September 1961, Dr. Virgil Freed
told foresters then assembled that we were at a point where efficiency of production must
come up to the efficiency of harvest.
In other words, we cannot continue to deplete our stands
unless we are growing all possible on each acre for tomorrow's production.
A brushfield is
by my definition a field where reforestation or tree growth will not take place unless the brush
is removed to make physical room for an intended crop of trees.
There is little chance for
natural seed to fall to the ground. There is virtually no chance for a planting crew to economically remove the brush, plant trees, and expect the trees to have adequate sunlight or
adequate physical protection from competing brush. Each of you has seen this kind of acre.
This is the acre that is going to be done "next year."
The man in the field cannot, should not use a technique he saw elsewhere unless he assesses
the kinds and species of brush that confront him. On a given acre a good spray job with a quick
followup of planting may properly bring a site back. Such was the case on some of my company's acres a few miles east of Woodland, Washington, last year. This logged-over acreage
had draws choked with elderberry.
A late summer foliar spray application of Amitrol-T did
highly effective control on the elderberry.
Here the aim was to have the elderberry out of the
way before the winter's successful planting. In another situation a dormant spray might have
served the purpose but here the aim was to plant immediately unhindered by the elderberry.
Too many advanced natural seedlings occurred to even consider a scarifying job.
Many of you have been engaged at brush control on roadsides for some time. But in the
forest stands elements are not always so clear cut, so either-or.
More is involved than
choosing a chemical, adding oil and/or water and spraying everything in the ditch line.
I strongly recommend that you get to know your chemical supplier better.
Go on your
acres with him. Learn what is new or different in formulations.
Don't be frightened by the
chemical names on the labels. Find out what a formulation does. In the discipline of ethics,
use chemical names if you can, but don't be embarrassed or ashamed to use trade names to
get over a point or to achieve better understanding.
Ask questions--learnl
Try to prescribe
a treatment before you ask a salesman for his advice. Build your confidence, but do something if it's only 10 to 50 acres so that you have personal understanding of how chemicals work.
Check all the species on the site, both those to be killed and those to be grown as a crop.
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Each of us is aware that land values continue to spiral. Accepting this basic consideration,
the question should not be whether an acre will demand the $25 or $40 or $60 treatment, but
rather what is the true value of the acre now and what bearing will the value of the expected
crop, over time, have on the land manager's decision. Stated a simplier way 1 the point is
that site 1 land can bear more expense for site preparation than the site 3 or site 4 acre. The
economic decision begins with the basic tool of the forest manager, inventory.
Know how
many acres you aim to manage, what the site qualities are, what the desired species of timber
are, and understand well the potentials for mechanical site preparation.
DOING THE JOB
A first example is conversion of a brushfield near Jewell, Oregon, in the Douglas-fir
type. In 1961 two Euclid C-6 tractors scarified 250 acres in this area. The tractors worked
each within sight of the other at all times, making a pitman or groundman unnecessary and
maintaining regard for crew safety. The two machines worked frequently side by side, double
teaming the brush. Physically the situation -was a dense stand of rank hillside alder, almost
impenetrable.
The alder had no commercial value, Occasional older trees stood out in this
dense condition. These were passed by. All possible care was given to protecting advance
reproduction where it infrequently occurred.
However, ·the main purpose of the task was to
work the brushfield to a condition where conifers could and would grow. Slopes were gentle.
There was little formal windrowing. Having seen the extremely fine job of site preparation
made in the so-called ice house burn east of Placerville, California, I can appreciate windrowing when the topography allows. However, as a general rule in the Pacific Northwest the slopes
in the main are too broken to allow this quality of windrowing. In the Northwest the brush is
best disposed of in piles or short broken windrows. All attempt should be made to keep the
tractor moving forward clearing land and not continuously backing and filling. True, there is
need to side cast and free the blade, but side casting is one thing, while going back to remove
a stump which will just take room someplace else is not a practical action.
During the summer of 1961 on the more than 1, 100 acres my company scarified, three
fires were started by the scarifying tractors.
These were quickly put out but point up the
necessity for having adequate fire equipment on standby. After all, you are, by the very nature
of the job and the season of the year, in a situation where dead or dying foliage is involved.
Further hazard is that many dead conifer needles fall onto the engine manifold and are additional
cause for concern. Instruct the operators to keep the engines as clean as possible.
Check the
fire tank and pump unit at all times and maintain all fire extinguishers in good condition.
The two Euclid tractors were used because perhaps the oldest problem of the forester who
would do scarification is the availability of tractors.
The most efficient scarification is done
in the drier summer months. Unfortunately this is also the time of the year when the logging
manager or superintendent most wants his machines to be producing logs. As an experiment
we leased the tractors and hired the operators for them, thereby not disrupting regular logging
schedules.
Subsequent experience has shown us that as long as a given company or agency can
carry on a normal program without undue interruption if tractors are used for scarification or
land improvement, the use of company or agency tractors is all right, but we now feel that
leasing of tractors is a most sound approach. An alternative is to rent or hire bulldozers for
land improvement solely. This absolutely leaves your own tractors free to produce logs or perform their highest use.
The Euclid tractors
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most of our scarification
suited to the job.

for the past four years.

Their size and maneuverability

are best

The first fall after the scarification and after good initial rains, the scarified area was
planted. The stock was 2-0, because not too much 2-1 was available at that period. Immediately deer moved in to eat the new seedlings.
We followed up with a generous distribution of
small tobacco sack size pouches containing blood and bone meal tied on seedlings in the plantation. Those who have worked with this material know how truly unpleasant the odor is. The
deer responded by leaving our plantation alone. The plantation has now finished its sixth year
of growth and is looking very good. We have had to make some interplantings but the site has
been converted primarily with Douglas-fir and to a lesser degree in some wetter spots with
Sitka spruce.
A second example of brushfield eradication also occurred in Oregon in 1961 on our
Clackamas Tree Farm near Molalla. Approximately 420 acres were converted to receive
Douglas-'fir seedlings.
The primary threat here was salal with a generous admixture of young
alder. Here, as in the Clatsop situation, the tractors worked blade by blade, literally making
a potato patch situation in the forest.
The dozers were equipped with land clearing blades.
The slopes were gently southwesterly and a tall protective stand of old growth bordered the
northern and eastern edges of the job at the time it was done. Planting followed immediately in
the fall, totally Douglas-fir.
The rate of survival has been excellent, upwards of 80 percent.
There has been no animal problem.

A third example is many miles to the north in Jefferson County, Washington, near Joyce.
Here in the Puget Sound lowlands an extremely dense situation of alder existed. A company
tractor was borrowed from the construction crew and used to windrow alder which approached
commercial size but was of poor form. To help slow the spreading of alder, several trees
were windrowed. The site was densely planted with Douglas-fir and Sitka spruce. No repellents were used in this area. The survival was better than 90 percent.
The spruce has done
exceptionally well. The Douglas-fir, although growing, has failed miserably because the deer
have cropped and continued to crop it. A few miles upslope from this same location, where
rank hillside alder prevented conifer establishment,
the treatment with dormant spray prepared
a site for conifer planting. It was agreed we would use lowland white fir because of the extreme
pressure of deer on these acres.
Now, four years after establishment of the plantation, the
white fir is doing well; Douglas-fir still fails to survive in this situation.
We feel we are holding
the site and that other conifer fill-in will follow.

In the Willamette Basin in Orf;:!gonwe have attempted brush removal to establish cottonwood.
Cottonwood culture is truly an exercise in agriculture,
not mere forest planting. The basic ·
idea again is complete brush removal to start the new crop. Costs were as high as $125 per
acre and now, two growth seasons after planting, we are not sure of partial success or total
failure.
But we acted, treating only three acres, and we are learning.
We have new brush and
grass threats.
A brief word about spruce bottoms in Oregon.
In the Necanicum River bottom we scarified
to plant spruce. Don't feel that because the species is tough and strong it can always punch
its way to the top. Following scarification,
spruce now six years old is doing very well, some
above eight feet tall this year.
Now a brief word about a land clearing project in Wahkiakum County, Washington.
Following a 1961 scarification,
grass and foxglove returned so densely we treated the area with
Atrazine.
Results have been outstanding.
This year most of the trees in this plantation will be
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above browse level. The area has had a followup treatment on a marginal 30 acres, mainly to
build experience in the use of Atrazine and to serve as a control area in Douglas-fir plantation
management in that area.
My job takes me throughout all of western Washington and Oregon, a bit into central and
eastern Oregon, on occasion into Idaho, Montana, northern California and British Columbia. I
have the opportunity to see varied conditions, to ask questions. From the past eight years my
summary would be:
1. On a given acre,

satisfactorily?

ask not what the brush condition is, but are the crop trees growing
The aim is tree growth and not brush killing.

2. If chemical brush control is needed, plan carefully for the orderly requisitioning
chemicals, ground or aerial spray disseminators.

of

3. If tractors are needed to convert the site, plan for procuring them, set a schedule and
stick to it until the job is done.
4. After new plantations are planted, keep watch for rapid brush encroachment
damage.

and animal

5. Use your inventory figures and be ready to tell your management why you feel your proposals are sound. Don't do too much in a given year. until you've built good local judgement in all who participate in your management problems.
6. Review and act. Return to your projects; there's
markedly different from a year or two ago.

Johnston

usually something this year that is
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CONVERSION FROM WEEDS TO PRODUCTIVE GRASS COVER l
J. A. Young
R. A. Evans
R. E. Eckert, Jr.
Crop Research Division, Agricultural Research Service,
U. S. Department of Agriculture,
Reno, Nevada
The seral plant communities of the sagebrush grasslands of western North America are
open to invasion by a number of highly competitive annual species of European and Asian
origin.
Downy brome (Bromus tectorum L. ), also known as cheatgrass,
downy chess, broncograss, and junegrass, is an annual weedy grass that has successfully invaded depleted western
ranges. :Pure stands of downy brome produce more forage for livestock than does depleted
sagebrush range. However, downy brome is less desirable than perennial grasses because of
its short green feed period, slow growth in the spring, great variability in yield from year to
year, and high fire hazard (Evans, 1965).
Medusahead (Taeniatherum asperum [Simonkai] Nevski) a more recently introduced
species, is a serious threat to the range livestock industry, both because of its aggressiveness
in competition with other annuals such as downy brome, and the low preference cattle and
sheep exhibit for the grass (Young, 1966).
Downy brome or medusahead-dominated
communitie::: usually contain varying densities
of such introduced broadleaf weeds as tansy mustard (Descurainia pinnata [Walt. ] Britt. ),
tumble mustard (Sisymbrium altissimum L. ), Russianthistle
(Salsola kali var. tenuifolia
Tausch), poverty weed (Iva axillaris Pursh), and Scotch thistle (Onoporclum acanthium L. )
(Young & Evans, 1965, 1967). Piemeisel (Piemeisel, 1938, 1942, 1951) observed in his pioneer
studies of downy brome succession that disturbance of the annual grass component usually releases the broadleaf species to dominate the community.
Primarily because of lack of methods, control of downy brome or medusahead and seedling
of perennial grasses has not been undertaken on rangelands to any appreciable extent (Evans,
1966). Perennial grasses are adapted to millions of acres of rangeland now populated mainly·
by annual grasses.
However, many studies and much practical experience has shown that to
seed perennial grasses successfully into areas infested with downy brome or medusahead,
adequate weed control must be accomplished in the seeding year (Evans, 1961; Hull &
Pechauec, 1947; Robertson & Pearse, 1945). Conventional methods of disking and seeding in
the spring, or late in the fall in years when the annual grasses emerge before winter, or after
a summer fallow, usually offer adequate seedbed preparation but may provide weed control of
varing success, depending upon timing and thoroughness of the operation.
Techniques using
herbicides have been and are being studied in an attempt to provide more efficient and reliable
methods of weed control and seedbed preparation for establishment of perennial grasses on
rangelands populated by annual grasses.
Also, the use of herbicidal weed control may extend
the practicability of seeding to areas not suitable for plowing because of rough terrain or rocky
soils (Evans, 1966). Some possibilities for the use of herbicides in annual grass control on
1
cooperative investigation of the Crops Research Division, Agricultural Research Service,
U. S. Department of Agriculture and the Nevada Agricultural Experiment Station, Journal
Series No. 67.
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rangelands are: 1) concurrent application of contact herbicides for weed control and seeding
of perennial grass species,
2) preemergence application of soil active materials preparatory
to seeding replacement species,
3) application of herbicides to prevent seed set to reduce
seed supply in the soil, 4) concurrent application of a physiologically selective herbicide and
seeding resistant perennial grass species,
5) selective removal of annuals from native or
seeded perennial grass stands, and 6) selective removal of one annual grass species from
other annual grasses.
The first two possibilities have been developed into successful treatments.
When the
third proposed use of herbicides was investigated, it was determined that the volume of annual
grass caryopses available to restock the stand was sufficient to limit the usefulness of the
method. The fourth and fifth possibilities are currently being investigated and the last has been
proposed as theoretically possible.
A nontillage method of seeding perennial grasses, using postemergence application of
paraquat'(!,
1'-dimethyl-4,
4'-bipyridinum salt) for downy br~me control, has been developed
by Evans, Eckert, and Kay (1967). Paraquat at 1/2 to 1 lb/ A plus a surfactant has controlled
downy brome satisfactorily.
The importance of the surfactant has been shown by Evans and
Eckert (1965). The herbicide is completely adsorbed and deactivated upon contact with the
soil so that perennial grasses can be seeded immediately after spraying.
Low volatile esters
of 2, 4-D (2, 4-dichlorophenozyacetic
acid) at 1/2 lb/ A when added to paraquat have controlled
broadleaf weeds that usually accompany downy brome. In Nevada and northeastern California
in most years, paraquat spraying and seeding is confined to .spring; consequently, this method
faces limitation similar to these of any other spring-seeding techniques.
Paraquat bas shown
considerable promise as a postemergence herbicide during the seeding operation for control
of medusahead in central and northwestern California (Kay, 1965), but has given unsatisfactory
results in Oregon, Washington, Idaho, and Nevada (Turner, 1965).
Dalapon (2, 2-dichloropropionic
acid) bas given excellent control of medusahead when·
applied during the vegetative stage. Three lb/ A of dalapon applied 30 days after emergence
gave 100 percent control under California annual-range conditions and with 2 lb/ A, 96 percent
contror (Kay, 1963). Results from eastern Oregon (Turner et al., 1963) and Idaho (Torell,
1963) indicate the 2 lb/A rate of dalapon gives adequate medusahead control. Dalapon bas comparatively short residual actlvity, but several weeks must elapse after application before
perennial grass species can be planted. This required delay negates the usefulness of the
method for most sagebrush.;.grassland
areas.
After several ye~rs of preemergence herbicide trials, Eckert and Evans (1965) reported
in 1965 that none of the soil active herbicides they tested showed physiological selectivity between downy brome and perennial grasses.
However, after waiting one fallow year between
spraying and seeding, perennial grasses usually are not injured by appropriate rates of .some
herbicides.
A chemical-fallow technique for control of downy brome was reported by Eckert
and Evans (1967) who used 1 lb/ A of atrazine (2-chloro-4-ethylamino-6-isopropylamino-striazine).
In this technique atrazine was applied in the fall of one year; then perennial grasses
were seeded the next fall. The spring after application, downy brome and most broadleaf weeds
were controlled by the herbicide.
Weed seed production for that year was eliminated and some
soil moisture and soil nitrogen conserved.
During the seedling year of the perennial grass,
downy brome density was reduced by the fallow treatment.
In some years, broadleaf weeds
may increase in density. If they do, furrowing at the time of seeding and/or spraying with
1 lb/ A of a low volatile ester of 2, 4-D resulted in good perennial grass stands. An occasional
residual effect of atrazine in a drier than normal year is perhaps the most serious problem in
the use of this technique since complete seeding failure may result.
Before atrazine or any
other soil-active herbicide can be recommended for a chemical fallow on rangeland, more

Young
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zone.

is needed on herbicide

residues

in soils of areas in the 8 to 12 inch precipitation

Information on preemergence control of medusahead is limited. However, Kay and McKell
(1963) reported that simazine (2-chloro-4, 6-bis (ethylamino)-s-triazine)
and EPTC (ethyl N, Ndipropylthiocarbamate)
aided in the establishment of rose clover (Trifolium hirtum All.) andharding grass (Phalaris tuberosa L. var stenoptera[ HackJ Hitchc. ) on the California annual
range. The herbicides were applied to burned medusahead stubble late in September and the
harding grass and clover drilled in mid-October, or soon after sufficient rain had fallen to
move the herbicide into the soil.
Applications of the concept of a physiologically selective herbicide for annual grass control
on rangelands have been severely limited for lack of suitable materials.
Siduron (1-[ 2methylcyclohexyl] -3-phenylurea) is the only herbicide available which shows promise for
selectivity during germination between the annual grasses downy brome and medusahead and
the perennial wheatgrasses (Kerr & Klingman, 1966).
The possibility of destroying the viability of weed seeds with herbicides is one of the most
intriguing concepts of chemical weed control. Evans, Kay and McKell (1963) reported that
when amitrole (3-amino- l, 2, 4-triazole) at 1/2 to 4 lb/ A was sprayed on annual grassland infested with medusahead, in the boot or soft dough stage,· the spray reduced viable caryopses
production from 60 to 100 percent and caryopses production in the areas treated the following
year from 75 to almost 100 percent.
When maleic hydrazine (1, 2-dihydropyridazine-3,
6dione) and dalapon were applied to growing plants, they reduced viability of medusahead
caryopses that were produced, but were less effective than amitrole.
The problem with this
concept of weed control is the tremendous volume of annual weedy grass caryopses (already
in the soil) which are available for latent germination (Young et al., 1965).
Weedy annuals such as medusahead and downy brome are not only a deterrent to the
establishment of seeded forage plants but may continue to be present in abundance in established
stands of the seeded species and reduce the quantity and quality of forage. Thus, a selective
herbicide is needed to remove the weedy annual grasses from established stands (Kay, 1965).
Kay (1964) reported paraquat sprayed at 0. 5 lb/ A removed weedy annual grasses such as
medusahead, foxtail fescue (Festuca megalura Nutt. ), and wild barleys (Hordeum sp. ) from
range seedlings of rose and subclover (Trifolium subterraneum L. ) with only temporary
damage to the clovers.
Applications were made during the period of slow growth in the winter.
The shallow root systems of annual grasses in comparison to most perennial grasses, and
the relative insolubility of a number of preemergence herbicides, have led to the concept of removing annual grasses from established perennials with soil-active herbicides.
For instance,
atrazine at the rate of 1 lb/ A has reduced medusaheaJ infestations in established crested
wheatgrass (Agropyron desertorum [Fisch. ex Link] Schult.) stands (Turner et al. , 1963).
Before this method can be recommended, additional information is needed on the rate of
atrazine movement in different range soils, and precipitation patterns in areas of intended
use. Additional information is also needed on the influence of this treatment on interspecific
competition and post-treatment
plant succession within the stand.
The most difficult and perhaps economically marginal rangelands is the selective removal
of medusahead from downy brome stands. Dalapon and diuron have been suggested as herbi cides with sufficient selectivity to make this removal possible.
Evans,
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preemergence or postemergence weed control or seeded species, drilling in furrows almost
always resulted in superior seedling stands and higher second and third year production as
compared to drilling in the surface soil. Improved seedling stands in furrows may be the
result of moisture relations and a ·protected microenvironment.
Use of furrows in a chemical
fallow may have additional values. They remove weed seeds adjacent to the furrows and cover
them to a depth from which emergence is reduced. They may also remove soil with herbicide
residue from the vicinity of the seeded row.
One of the major problems concerning the use of herbicides on rangelands is the lack of
registration for such use by the U.S. Department of Agriculture.
Except for 2, 4-D, none
of the herbicides discussed in this paper are registered for use on grazing lands.

SUMMARY
Herbicides can play an important role in shifting the ecologic balance in range plant communities: Preemergence and postemergence techniques have been developed for control of
annual weedy grasses, and they have assisted in establishing perennial grasses.
Techniques
to remove annuals from established stands of perennial grasses and to control weedy annuals
selectively are under investigation.
New concepts in range weed control, such as prevention
of caryopses viability and selective annual weed control, are being proposed and techniques
for investigation developing.
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CONVERSION OF SAGEBRUSH RANGES TO PRODUCTIVE GRASSLANDS
D. W. Hedrick
Professor,

Department

of Range Management,
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Corvallis

INTRODUCTION
A recent paper by Branson (1966) provides the latest information on lands occupied by big
sl;l,gebrush (Artemisia tridentata Nutt. ). He planimetered the areas on a map prepared by
Kuchler (1964) and found that big sagebrush is dominant on 143 million acres of the western
range. This is a about one-fifth of the 728 million acres of range reported in Senate Document
199 (USDA, 1936) which extends westward from an irregular north and south line cutting
through the Dakotas, Nebraska, Kansas, Oklahoma, and Texas. These figures indicate the
importance of sagebrush ranges as a source of forage for livestock and wildlife and in addition
sagebrush lands serve as valuable watersheds, recreational areas, and as irrigated cropland
in the arid and semiarid foothills and mesas of the intermountain West.
Before discussing the types of range improvements applicable to sagebrush lands, I would
like to clarify what I mean by the term conversion.
It is not the eradication of shrubs but
rather the application of various control techniques--chemical,
mechanical, and fire--to increase the availability of moisture and nutrients for the better forages.
Since some woody
plants are excellent forages, e. g. , bitterbrush (Purshia tridentata [Pursch] DC) and black
sagebrush (Artemisia ~ Nelson) these plants would generally be retained in a properly designed range improvement program.
Since tropical agriculturists
are finding it difficult to
replace the bush fallow system of farming in their rain forests, I think it is presumptuous for
those of us working in semiarid temperate zones to assume that native woody plants have no
useful function in the cycling of nutrients from deeper soil layers.
Repercussions of our decision to arbitrarily eliminate them may not be evident in the nutrient status of the soils until
several hundred years have elapsed.
Another factor which needs to be clarified is that the manipulation of plant succession in
range improvement programs can be either beneficial and successful or detrimental and disastrous to the watershed and result in serious soil losses.
One can easily point to the role of
fire on sagebrush ranges and show that where properly used and combined with good grazing
management the cover of perennial forages has increased.
On the other hand, some indiscriminately or haphazardly burned valuable ranges have become dominated by annuals, some of
which may be poisonous to livestock (Pechanec and Stewart, 1944).
METHODS USED TO CONTROL BIG SAGEBRUSH
My discussion of improvement methods will be limited to those commonly applied and which
have proven to be economically feasible.
These are chemical, mechanical, and fire. Each of
these has certain inherent advantages and disadvantages,
a few of which are summarized in
Table 1. It is evident that the ultimate selection of an appropriate practice will be determined
by a number of factors: size of the area, site including topography and soil type, existing
vegetation, location in relation to cropland, need for increased forage, and preferences and
local conditions influencing the owner or operator's decision.
When properly applied the results
of all three practices can be similar in terms of increased forage and protection to the site.

Hedrick
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Table 1. hnportant Advantages and Limitations of the Three Most
Common Control Practices Used on Sagebrush Ranges.
Improvement

Practice

Advantages

Limitations

Chemical

Easily applied, economical
and effective.
Provides
maximum control with minimum
soil disturbance.

Difficult to apply
discriminately to
small areas, hazardous
where range is intermingled with cropland.

Fire

Effective on pure stands of
sagebrush and most economical
where sufficient herbaceous
growth is present.

Not effective on stands
with much bare ground.
Least selective of all
three and may result in
increase of sprouting
species.

Mechanical

Best for complete removal
of woody plants and in
soil preparation prior to
seeding unless too sandy.

Too expensive unless
seeding follows. With
fairly complete removal
of existing vegetation
it increases susceptibility of the site to
erosion.

RESULTS OF IMPROVEMENT PRACTICES
As indicated earlier one has to approach the evaluation of results from improvement practices based on their overall suitability from the standpoint of both the range landscape and the
landowner's operations.
The order of presentation of this paper will be determined by the
amount of research results available.
Burning or fire results are limited whereas information
is abundant on chemical treatments.
Most mechanical results are combined with seeding introduced forages which on sagebrush lands has been primarily crested wheatgrass (Agropyron
desertorum [ Fisch.] Schult).
Recognizing that all three methods may or may not be combined· with seeding to augment
production of native forages, results will be presented under two categories--without
and with
seeding of introduced forages.
Pechanec and Stewart (1944) have summarized pertinent results
on sagebrush burning and forage responses.
These data are reproduced in Table 2. Proper
grazing management after the burn prevents the return of sagebrush and results in more perennial grasses and weeds in the stand of forage. The fact that indiscriminate
grazine (too many
animals and too long a season of use) is practiced on haphazard burns is the chief reason why
sagebrush returns in considerable quantities and perennial grasses and weeds are reduced
instead of increasing in the forage cover. Pechanec et al. (1954) reported on a seeded and unseeded burn where 10 years later the seeded portion produced 270 pounds of herbage compared
with only foliage and twig growth of sagebrush on the unseeded part. The influence of sagebrush
in reducing forage yields has been reported (Cook, 1958) to be a decrease of 8. 6 pounds of grass
forage per acre for each 1 percent increase in sagebrush cover.
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Table 2. Herbage Production of Different Classes of Vegetation
-----------------Pounds
Perennial grasses
and weeds

1

per Acre----------------Sagebrush

Other
shrubs

Total

Haphazard Burning
(no provision for management)
Unburned
Burned

1100
700

1300
1400

550
1150

1300
50

2400
2100

Planned Burning
(including grazing management)
Unburned
Burned

300
150

2150
1350

1
Pechanec and Stewart (1944)

In contrast to burning, nearly all mechanical treatments are combined with seeding, chiefly
of crested wheatgrass.
Prior to the advent of chemical spraying a number of mechanical treatments were used. For example, Pechanec et al. (1954) summarized the limitations and advantages of the seven most common methods of big sagebrush control which included plowing or
disking, railing, harrowing, beating, and grubbing. Presently plowing or disking are abru t the
only mechanical methods used except under special circumstances.
Beating was widely practiced
until spraying became common and now is seldom used even though it may be the most effective
on critical big game ranges (Hedrick et al., 1966).
A number of workers (Cook, 1958; Hyder et al., 1958a; Hull and Holmgren, 1964; Pechanec
et al., 1965) have been concerned with seeding sagebrush lands following sagebrush removal.
Most seedings have been made after plowing or disking but successful trials have been conducted on burned and sprayed areas as well. Cook (1958) found crested wheatgrass yields 9
years after seeding at Benmore, Utah, to average nearly 500 pounds per acre (lb/ A) on plowed
and fall-seeded areas compared with only 240 and 310 on railed and harrowed areas, respectively. Yields 20 and 30 years after seeding in southern Idaho were found (Hull and Holmgren,
1964) as high as a ton per acre in favorable moisture years.
Grazing yields have been obtained over long periods (Frischknecht,
1964) in Utah and
(Sharp, 1964) in Idaho. Records for shorter periods have been available through Hervey (1958)
in Colorado, Springfield (1963) in New Mexico, and Long et al. (1967) in Oregon. In general,
average sustained production varies from 30 to 50 pounds of gain or from 2 to 4 acres required
to provide 1 AUM 1 of grazing. This compares with 15 to 20 pounds of gain and 3 to 6 acres per
AUM on good condition native range.
Currently

the greatest

emphasis

is on spraying sagebrush

1
AUM or animal unit month is amount of forage required
up to weaning or their equivalent for 30 days.

Hedrick

for maximum economic returns.

to support a 1000-pound cow and calf
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In general, spraying can be accomplished with the least risk and highest returns in increased
forage per unit of expenditure.
In a linear programing
model prepared from data available on
the Vale Project in Oregon, Nielsen et al. (1966) found sagebrush spraying to be consistently
more effective in maximizing returns than seeding crested wheatgrass.
Hull and Vaughn (1951), Cornelius and Graham (1951), and Hyder (1953) reported some of
the earlier work in chemical control of big sagebrush.
These recommendations have been refined and augmented with studies by Hyder and Sneva (1955), Alley (1956), and Alley and Bohmont
(1958). In addition, studies on mixed stands (Hyder et al., 1956) and (Hyder et al., 1958b) have
indicated that simultaneous control of rabbitbrush and sagebrush larkspur can be accomplished
as well as selectively removing sagebrush from bitterbrush stands.
Publications on the ecological changes and management responses after sagebrush control
have been limited.
Studies by Alley (1956), Hyder and Sneva (1956), Hervey (1961), and
Hedrick et al. (1966) were directed towards a better understanding of changes taking place on
ranges treated for sagebrush control. Alley (1956) found that both herbage production and
utilization increased as the percent control of sagebrush was improved.
When control increased
from Oto 100 percent production went up from 480 to 1, 350 pounds per acre and utilization increased from 39 to 56 percent.
Hyder and Sneva found forage yields to increase three-fold after
spraying and grubbing and comparable increases in beef yields by spraying (up to 20 pounds per
acre from a pretreatment average of 7 pounds per acre).·
Hervey (1961) has conducted one of the few studies on sagebrush ranges where a number of
treatments have been compared.
A summary of his results are presented in Table 3. It is
interesting to note that sagebrush range burned and seeded to crested wheatgrass produced three
times as much beef as untreated stands but when only burned or sprayed just one and one-half
times as much gain as the control was recorded.
Stocking rates or acres required per AUM
were similarly related with only about one-half as many acres required for burned and seeded
treatments as for burned or sprayed ranges and about one-third as much as for untreated areas.
Table 3. Pounds of Beef and Acres Required per AUM by Yearling Steers 1
Average

1953 - 1960

Gains in pounds per acre

Acres per AUM

Burned

15

4.4

Sprayed

15

4.3

Treatment

Untreated
Burned and seeded

6.3
29

2.3

1Hervey (1961)

Ecological changes were studied over an 8-year period on sagebrush range treated with
chemical and mechanical (rotobeating) means in Oregon (Hedrick et al., 1966). Improvement
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was about two-fold for perennial forages on fair condition range (Figures 1 and 2) whereas
average yields were increased three-fold on poor condition areas.
In the latter case, however,
most of the improvement after four years came from cheatgrass (Bromus tectorum L.) and
other less valuable annual forbs. In addition, sagebrush increased rapidly on the rotobeaten
plots and the density at the end of 10 years exceeded that on the untreated plots. From these data
the workers concluded that spraying for improvement should be limited to fair condition areas or
seeding be undertaken on poor condition or dense sagebrush stands. The increase in cheatgrass
on all sprayed areas indicates that earlier grazing will need to be used to hold this highly variable
annual in check.
GRAZING MANAGEMENT WHERE SAGEBRUSH HAS BEEN CONTROLLED
When proper grazing management is practiced in conjunction with sagebrush control measures beneficial results last for many years.
Proper season of use and percentage removal of
herbage enables the primary forages to keep out undesirables and sagebrush plants that would
otherwise' occupy the treated area. Exact timing and intensity of grazing is dependent upon the
nature of the forage plants being used. Native forages generally require a later season of use
and less intense grazing than introduced species in order to maintain desirable vigor and composition.
Where crested wheatgrass is seeded, e.g., much earlier and more intensive use can
be practiced without impairing plant vigor. However, even when grazing crested wheatgrass in
this manner periodic rest is required for regrowth and replenishment of organic reserves
(Hedrick, 1967).
·

SUMMARY
Control of big sagebrush on western ranges is important because sagebrush is dominant on
about one-fifth of the total range area. Conversion in this paper means effective control of
woody plants which permits near maximum production of forage without danger of site deterioration. Plant succession following control measures can be manipulated largely by good grazing
management to maintain a vigorous cover of forage which provides excellent watersheds,
attractive recreational areas and a prosperous irrigated agriculture integrated with livestock
grazing so important to the economy of the West.
Although a number of methods have been used in the past several decades current control
measures can be divided into three categories, chemical, mechanical, and fire, which are listed
in order of their overall importance.
Adequate control can be obtained with all three methods
if properly applied. Chemical control has become the most popular on large areas and mechanical means are invariably combined with seeding for economic reasons.
Research results indicate two to three-fold increases from sagebrush spraying where seeding is unnecessary.
Where burning and mechanical treatments are used increases vary from
two to many fold depending upon the forage production at the time of treatment and whether or not
seeding is needed to replace or augment the existing stand of native forages.
In addition to forage
increases,
utilization of herbage by livestock is improved to the extent that all forage plants become more readily available.
Animal gains and livestock performance increase commensurate
with the higher forage yields following successful treatment and grazing management.
Plant successional data on sagebrush range improvements are limited but those available
lend support to the desirable results of large scale applications.
Researchers have found early
increases in the so-called increaser species which eventually tend to be replaced under proper
grazing and favorable climatic conditions by the more stable climax dominants.
More soil
moisture and nutrients are available to the forage plants and less is used by the unpalatable forbs
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Figure 1. Photographs of check plot taken in 1953 (top} and 1963
(bottom) showing sagebrush-grass range in fair condition.
Comparisonindicates that without sagebrush control forage
and brush cover have been relatively stable.
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Figure 2. Photographs of plot taken in 1953 (top) and 1963 (bottom)
showingeffects on sagebrush-grass range in fair condition
treated by spraying in 1955. Comparisonindicates that
with sagebrush control nearly all of the brush was eliminated
and forage increased greatly.
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and shrubs.
Chemical treatments temporarily reduce forb populations but these seem to be
regained in three to five years.
Cheatgrass has increased on some sprayed areas but earlier
grazing should be sufficient to control this threat.
In fact, proper grazing management must be
practiced if dense sagebrush ranges are to be converted and maintained as productive grasslands.
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CONVERSION OF CHAPARRAL AND SCRUB HARDWOOD TO PRODUCTIVE RANGE
F. W. Pond
Range Scientist,

Rocky Mountain Forest

and Range Experiment

Station, 1 Flagstaff,

Arizona

The Arizona chaparral,
to which this paper is restricted,covers
about 4-1/2 million acres
in the state.
It has been used by livestock since shortly after Anglo settlement in the late
1800s. Initially the range was used by sheep and goats as well as cattle, but during recent
years grazing has largely been restricted to cattle.
There have been many conflicting reports,
usually oral and unsubstantiated,
about the value of the chaparral as rangeland.
Some ranchers
firmly believe the brushlands are good winter ranges, especially during drought years.
Others
maintain the brush is poor range and should be converted to grass.
Much of the type is found
on the rough topography just south of the Mogollon Rim, where elevations vary between 3, 500
and 6,000 feet. Rainfall, often closely associated with elevation, varies between 17 and 27
inches.
Soils in the area were formed from several parent materials,
but most prevalent are
those from granite, schist, and basalt.
Although 50 shrubby species are found in the chaparral,
the dominant throughout most of
the type is shrub live oak (Quercus turbinella Greene).
Two species of manzanita (Arctostaphylos
pringlei Parry and A. pungens H. B. K.) often dominate relatively small areas near the upper
elevations,
and two species of mountain-mahogany
(Cercocarpus
breviflorus Gray and C. ·
betuloides Nutt. ) may become dense in some of the wetter sites.
Other species, seldo~ domi nant but important because of consistent presence or animal preference,
are desert ceanothus
(Ceanothus greggii Gray), hollyleaf buckthorn (Rhamnus crocea Nutt.), silktassel (Garrya
wrightii Torr.),
and skunkbush (Rhus trilobata Nutt.). Many grasses are found beneath the
shrubs; the more common ones include gramas (Bouteloua spp. Lag.), three-awns (Aristida
spp. L. ), squirreltail
(Sitanion hystrix Nutt. ), and longtongue mutton bluegrass (Poa longiligula
·scribn. and Williams).
Forbs may become numerous after fires or other disturbance but, other
than snakeweed (Gutierrezia
sarothrae [ Pursh.] Britt. and Rusby), seldom are heavy producers
on less disturbed areas.
Half-shrubs,
especially Wright's buckwheat (Eriogonum wrightii Torr.),
often contribute heavily to the understory.
Few formal studies were conducted in the chaparral prior to 1950, especially on the overstory vegetation.
In the 1950s watersheds and water production became more important in the
thirsty Southwest, and the chaparral,
a relatively high rainfall area, began to receive some
attention.
Primary interest from both the range and watershed viewpoints was in replacing the
supposed heavy water-using shrubs. with lower water-using grasses to produce more palatable
forage as well as additional water.
From this viewpoint, several studies were begun in the chaparral.
Pond and Cable (1960)
found that many chaparral species were essentially impossible to eliminate with burning alone.
Pond and Cable (1962), Pase and Pond (1964), and Pase and Ingebo (1965) showed that production
of seeded grass was usually high for a few years after burning chaparral,
but rapidly declined
as the sprouting brush approached prefire levels.
Chemical control of chaparral shrubs has
proved possible within the last 10 years, but costs are still too high. Pond (1964), Wagle and
Schmutz (1963), Lillie (1963), Lillie, Glendening, and Pase (1964), Tiedemann and Schmutz
(1966), and Schmutz and Whitman (1962) are among those who have shown that chemicals definitely have a role in future control of chaparral.
1
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That chaparral sites are capable of high grass production after the brush is controlled has
been shown by Pond (1961a, b), Pase and Pond (1964), Pase and Ingebo (1965), Tiedemann and
Schmutz (1966), and Schmutz and Whitman (1962).
In the early 1960s interest arose in the grazing value of the shrubs themselves.
Obviously,
many ranchers were dependent on shrubs for much of their livestock forage. A comparison of
grazing values between native chaparral and chaparral areas converted to grass was needed to
find relative values for brush ranges. This comparison hinged on the ability to convert sizable
acreages of chaparral to grass.
In 1958 several small areas in the Arizona brushlands were root plowed and seeded. One
plot was in the chaparral type near the old Tonto Springs Ranger Station on the Prescott National
Forest.
The operation was fairly successful, about 75 percent of the shrubs being killed. The
area was seeded to grasses, which were producing about 1, 000 ovendry pounds per acre by
1960. This success, combined with the fact that root plowing was then the cheapest possible
conversion on relatively gentle and rock-free terrain, prompted the use of root plowing in the
Tonto Springs range study.
The Tonto Springs range study was started

in 1961 with the following objectives:

1. Compare cattle production per acre from a) root'-plowed and seeded chaparral grazed
year long, b) undisturbed chaparral grazed year long, and c) root-plowed and seeded range
grazed in summer in combination with native chaparral grazed in winter.

2. Determine season or seasons when animals make best gains from the various forage
combinations and the total gain per animal.
3. Determine if root-plowed and seeded range will continue to produce if 40 percent of the
current years' growth is grazed a) during the entire year or b) in summer only.
4. Determine relative
shrubs in the chaparral.

forage values of shrub live oak (the most prevalent

The study contains three blocks of four experimental
contains one each of the following:

each (Figure 1). Each block

native chaparral

pasture

grazed year long.

2. A 100-acre native chaparral

pasture

grazed from November 4 to May 4.

I.

A 200-acre

pastures

shrub) and other

3. An 80-acre

root-plowed

and seeded pasture

grazed year long.

4. A 40-acre root-plowed and seeded pasture grazed from May 4 to November 4. Size of
pastures was dictated by the desire to carry at least three yearling animals in each situation.
During this pregrazing period, an effort was made to eliminate the remaining brush so
comparisons could be strictly between grass and brush pastures.
Experimentation had indicated
fenuron to be the best chemical for killing oak. Living shrubs on the root-plowed pastures were
treated by individual shrub applications of the chemical in 1963. Unfortunately, application rates
were low (about 4 pounds per acre) and pellets were applied in June in anticipation of summer
rainfall, which was late and inadequate.
Low kills were the result.
Subsequent applications at
rates of 12 pounds per acre applied in December have produced good results.
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Figure 1. The Tonto Springs Experimental Pastures.
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Figure 2. Monthly gain/loss per animal on the Tonto Springs
Experimental Pastures.
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From the beginning it was obvious that three yearlings were insufficient to obtain desired
use. Between November 1964 and May 1966 cows and calves were used at various times as
grazers, but this proved unsatisfactory because of disruption to the permittee's breeding and
calving program.
In May 1966, 10 yearlings were placed on each pasture.
This number
approaches desired stocking on the native pastures grazed year long and on mixed-season
pastures (Table I), although the final estimate must await further specific data. On rootplowed pastures grazed year long, use was much below the desired level in 1966, and 15 additional yearlings were placed on each of these pastures in July 1967. These extra animals will
remain until November when utilization checks will establish the stocking for next year.
Animal gains have averaged 267 pounds per year on root-plowed and seeded pastures grazed
year long, 216 pounds per year on chaparral pastures grazed year long, and 207 pounds per year
on the mixed-season pastures.
Animals have generally gained nine months of the year, and lost
or barely maintained weight the remaining three months (Figure 2). Yearlong grazing on the
grass pastures or brush pastures produced highest gains in August. Animals shifted from grass
to brush made highest gains in May, the first month animals were on root-plowed pastures.
Greatest losses have occurred in January on root-plowed lands and in December or January on
native chaparral.
Root-plowed and seeded land supported about three times the animals per unit area that
chaparral did. Also, somewhat better yearly gains per animal were obtained from the rootplowed lands. One yearling grazed on each 20 acres of brush range. If one yearling equals
six-tenths cow, 33 acres carried one cow unit.
Cattle ranges in Arizona are currently selling for about $800 per
per acre in chaparral about $24. Based on the preliminary data from
be plowed and seeded f-Or $528 ($16 per acre) and would support three
ment for each of the two additional cow units would be $264, which is
necessary to buy neighboring brush ranges.

cow unit, making the cost
this study, 33 acres could
cow units. The investabout one-third the amount

Yearlings on Tonto Springs brushland produced 10. 8 pounds of beef per acre. Root-plowed
and seeded land produced 40. 0 pounds of beef per acre. Based on beef at 25 cents per pound,
gross returns would be $2. 70 per acre from brushlands and $10 per acre from root-plowed
lands.
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Table 1. Production and Use on the Tonto Springs Experimental
Pastures from November 1964 to March 1967.

1965

1964
Production

Use

Production

Pounds

Percent

Pounds

1966

Use
Percent

Production
Pounds

Use
Percent

Root plowed and
seeded. Year-long
Weeping lovegrass
All grasses and
forbs

926

17

750

37

1,066

16

1,003

18

862

38

1,222

18

10
17
55

66
40
23

11

12
40

46
56
34

3
6
49

66
61
59

133

25

119

39

128

46

3
14
69

75
51
16

3
13
39

75
65
18

2
5
36

29
41
34

123

21

99

31

104

34

755

41

729

40

1,241

42

929

41

Native chaparral
Year-long
Muttongrass
Squirreltail
All gramas
All grasses and
forbs
Native chaparral
Nov. 4 - May 4
Muttongrass
Squirreltail
All gramas
All grasses and
forbs
Root plowed and
seeded
May 4 - Nov. 4
Weeping lovegrass
All grasses and
forbs
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HERBICIDAL CONTROL OF NONCOMMERCIAL CONIFERS ON RANGELAND
T. N. Johnsen, Jr.
Research Agronomist, Crops Research Division, Agricultural
United States Department of Agriculture, Flagstaff, Arizona

Research Service

INTRODUCTION

This paper summarizes,
in general terms, the problem caused by pinyons and junipers
on rangelands and the use of herbicides to control them.
Pinyons and junipers are generally considered noncommercial conifers in the western
United States. These small (10 to 30 feet) trees are characteristic
of the pinyon-juniper
woodlands which occur at intermediate elevations above the desert, grassland, or chaparral
types and below the ponderosa pine forests.
Various species may be found growing in most
of the western states.
The common pinyons are pinyon (Pinus edulis Engelm. ), and single
leaf pinyon ~- monophylla Torr. & Frem. ). The more important species of juniper in the
West are alligator juniper (Juniperus deppeana Steud. ), one-seed juniper (L monosperma
f.pn~m.J Sarg. ), Rocky Mountain juniper (L scopulorum Sarg. ), and Utah juniper Q.
osteosperma [Tort.]
Little). Of these junipers, Utah juniper and one-seed juniper are prob. ~)?ly the most important problem species. Alligator juniper is a species which sprouts and
is difficult to control.
There are about 75 million acres of pinyon-juniper woodlands in the western states,
mainly on the hi~ plateaus of the Colorado Basin in the states of Arizona, New Mexico,
Colorado, Utah, and Nevada. In other areas of the West this type of cover is found as
scattered stands. The chief value of the areas in which these species grow is for grazing,
although limited quantities of fence posts, Christmas trees, and pinyon nuts are produced.
Marked increase in pinyon-juniper stand density and invasion of former grasslands and
savannahs, especially in Arizona and New Mexico, with a resultant loss of forage has occurred during the past 70 to 80 years.
This seems to be due to overgrazing and a lack of
recurrent fires (Parker, 1945, Johnsen, 1962). Much of this land could be returned to good
forage production by controlling the trees (Arnold et al, 1964). Reports of juniper control
increasing forage production by 3 to 10 times are common. Even so, some ranchers control
junipers to facilitate stock handling, rather than for increased forage production.
Many attempts to control these trees have been made since the 1930s. For example,
about 1-1/2 million acres of this type have been treated in Arizona during the past 20 years.
Most of this was done by cabling or chaining the stands. &.llldozing individual trees was the
next most popular method although a number of other control methods have been developed.
Most of the areas suited to these treatments have been treated.
Many of the areas now being
treated in Arizona are not suited to control by the methods currently used. It seems that
herbicides, either alone or in combination with other control methods, would have much
promise for juniper control throughout the West in the future. Therefore, the remainder of
this paper is devoted to summarizing the use and problems of using herbicides on pinyonjuniper woodlands.
PRESENT HERBICIDAL CONTROL MEASURES

Although numerous herbicides have been tested for juniper control only several are
effective on individually treated trees.
Effective herbicides applied to the foliage and stems
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include: arsenite (Parker, 1945); ammonium sulfamate (AMS) (Wolff, 1948; Dunlap, 1954);
esters of 2, 4-dichlorophenoxyacetic
acid (2, 4-D) and 2, 4, 5-trichlorophenoxyacetic
acid
(2, 4, 5-T) (Leonard & Harvey, 1956); and polychlorobenzoic acid (PBA) (Peters, 1957; Jameson
and Johnsen, 1964). Effective herbicides applied to the soil surface around the tree base include pelleted 3-phenyl-l, 1-dimethylurea (fenuron) (Darrow, 1960; Johnson, 1964) and
granulated 2, 3, 6-trichlorobenzoic
acid (TBA) (Darrow and Haas, 1961; Johnsen, 1964). A new
herbicide 4-amino-3, 5, 6-trichloropicolinic
acid (picloram) has shown promise either as spray
or pelleted applications in limited tests (Watson and Wiltse, 1963; Wiltse, 1964).
Effective control of individual junipers by foliage treatment requires thorough coverage.
Rates of 8 to 16 pounds acid equivalent per hundred gallons of spray applied to wet the foliage
are needed with 2, 4-D, 2, 4, 5-T, and PBA. An oil carrier may give quicker results, but
water has often been equally effective except with PBA, which must be applied in oil. Pelleted
fenuron and granulated 2, 3, 6-TBA have been effective when applied to the tree base at about 1
tablespoon of material per three feet of tree height. Trees over 12 feet tall have responded
variably to these soil treatments.
Picloram is effective when applied to the foliage at 1 pound acid equivalent per hundred
gallons of spray as a wetting spray (Watson and Wiltse, 1963) or at 7. 5 pounds active ingredient per acre as pellets (Wiltse, 1964), but this herbicide cannot be recommended until it
has been registered for use.
No herbicide has been recommended for broadcast applications to control junipers.
Experimental aerial broadcast applications have been tried on junipers since 1948 but results
have been variable; 2, 4-D and 2, 4, 5-T have given poor results; PBA has given poor to fair
results with Utah juniper. Pelleted fenuron applied at 4 pounds active ingredient per acre
has controlled junipers but higher rates are needed on fine textured soils (Darrow, 1960).
Application of granulated fenuron TCA onto Utah juniper was a failure.
Picloram shows the
most promise of the herbicides for use as broadcast treatments of juniper.
Information available on the effects of herbicides on pinyons is scarce and mostly incidental to juniper and sagebrush control, or derived from work with other pine species.
Pines are
generally resistant to foliage sprays of 2, 4-D, 2, 4, 5-T, 2-(2, 4, 5-trichlorophenoxy)
propionic
acid (silvex) (Schubert, 1962) and PBA (Newton, 1963). AMS seems effective as a foliage
spray or as a frill treatment (Herman, 1954). Pelleted fenuron applied to the soil around the
tree base has killed pinyon. Picloram seems effective applied as a foliage or soil treatment.
Pelleted fenuron applied at the rate of one tablespoonful per three feet of height is effective on loam soils. Frill application of AMS at concentrations of 2-4 pounds active ingredient per gallon of water, or 1-2 tablespoons of crystals in each notch or frill, has been
effective on other pine species (Herman, 1954).
PROBLEMS IN THE USE OF HERBICIDES
Among the several items that limit the use of herbicides on these noncommercial conifers
are: 1) tree characteristics,
2) regional characteristics,
and 3) acceptability to potential
users.
Tree Characteristics
Tree characteristics
such as crown structure, leaf anatomy, root distribution, and translocation patterns affect the use of herbicides on pinyons and junipers.
The tree crowns are
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low-growing and compact. This affects spray deposit patterns by limiting droplet penetration
into the canopy and results in uneven, poor coverage of the tree. This problem could be
minimized by high volume applications, multiple applications, or use of herbicides which are
readily transported throughout the plant. High volume applications and multiple applications
have a limited use due to high costs. Thus far, picloram seems to be the best translocated
herbicide available.
The dense canopy may give sufficient protection from radiation to herbicides subject to
ultraviolet breakdown to reduce this potential loss in effectiveness.
Ultraviolet radiation is
greater at the elevations in which these trees are growing than it is at or near most of our
other croplands at lower elevations.
Juniper leaves have mechanical barriers to herbicide absorption.
The leaves are small,
appressed, scalelike, and v<;rtically oriented.
This makes it difficult to obtain good coverage
with low volume spray applications.
On the exposed portions of the leaf there are a thick
waxy cuticle, which contain insoluble inclusions, and a layer of fibers under the epidermis.
These characteristics
are most pronounced in one-seed juniper and less so in alligator and
Rocky Mountain junipers.
These tissues provide a mechanical and possibly a chemical block
to herbicide penetration into the leaf. One -seed juniper is most resistant to foliage damage
and alligator juniper is least resistant to foliage damage from herbicide foliage treatment.
The main pathways for a herbicide into the leaves are the stomata and thin epidermal layers
which are located on the protected inner surface of the appressed scalelike leaves. Large
droplets, wetting agents, or high volume applications seem necessary for herbicides to enter
this region.
Although most of the root material is under the tree crown these plants have a wide-spread,
shallow, lateral root system.
This growth habit should help by making more of the root system
available for contact with soil applied herbicides.
During rainy periods water often runs down
the tree trunk. This could result in concentrating foliage-applied herbicides at the tree base
where most of the absorbing roots are. Materials are translocated in the trunk xylem from
single roots to most of the crown of pinyon and junipers through the younger sapwood. This,
combined with the widespread root system, could help reduce the area of soil which must- be
covered by soil treatments.
Alligator juniper sprouts profusely from the base and roots when the top is damaged.
These buds are dormant except for a short period during the early spring and are therefore
resistant to most herbicide applications unless the herbicide persists for a long time as a
residue in the soil or in the plant.. The other species of juniper mentioned in the introduction
regrow only if the small branchlets are relatively undamaged.
Junipers grow erratically.
The amount and time of growth varies within the tree, from
tree to tree, and from site to site. The roots begin growth before the crown. These plants
can grow when temperature and moisture conditions are right, regardless of day length.
Foliage moisture content seems to reflect the temperature and moisture conditions. Juniper
responses to applications of 2, 4-D and 2, 4, 5-T seem to be related to root growth and high
foliage moisture content. Response to these two herbicides has been very erratic, probably
due to the variation in plant growth conditions present in juniper stands. Applications of
herbicides which depend on growth stages of the plant for consistently successful results will
probably have a limited use for control of pinyons and junipers.
Most of the characteristics
of the junipers make them resistant to foliage applications of
herbicides.
The distribution of the roots and stem xylem translocation patterns would seem ingly make these plants susceptible to soil treatments with effective herbicides.
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Regional Characteristics
Despite a fairly constant appearance over its wide range regional characteristics
vary
greatly in the pinyon-juniper woodlands. These woodlands are made up of species with restricted distributions within markedly different regional climates.
There is a great variation
in periodicity of precipitation,
in temperatures,
in soils, and in associated plants.
Annual rainfall of the pinyon-juniper woodlands ranges from 10 to 18 inches. In the
northern and western portions of these woodlands most of this precipitation comes during the
winter and early spring in the form of general, low intensity storms of long duration.
There
the trees, typified by Utah juniper, grow during the cooler portion of the growing season in
the early spring. In the southern and eastern portions of these woodlands most of the precipitation occurs during the spring and summer as high intensity, local storms of short duration.
Here, the trees, typified by one-seed juniper and pinyon, grow during the warmer portion of
the growing season during the late summer.
In areas with an even distribution of rainfall between winter and summer the trees grow during both the spring and summer.
Droughts are
common.
There is also a marked variation in the amount of rainfall at different altitudes
mountainous areas.
The higher the altitude the higher the amount of rainfall.

in the

Temperatures
also vary considerably in juniper stands. Much of this variation is due to
elevational and microclimatic differences.
Both temperature and rainfall variations cause
variations in species composition and growth periods to occur. At the lower, more xeric sites
pure stands of junipers occur, while at the higher sites there may be pure stands of pinyon.
In Arizona and New Mexico it is not unusual to find one-seed juniper at the lower elevations,
Utah juniper at the middle elevations, and alligator and Rocky Mountain junipers at the higher
elevations within the pinyon-juniper woodlands. The trees begin growth earlier in the more
southern latitudes than they do further north, and at the lower altitudes than they do at the
higher altitudes.
The differences in species composition and growing periods can markedly affect treatments with herbicides.
The different species respond differently to herbicides, both in
susceptibility and timing of the applications.
This is especially true of 2, 4-D and 2, 4, 5-T.
Juniper responses to applications of PBA, fenuron, TBA, and picloram do not seem to be as
markedly affected by season of application but species response to these herbicides is variable.
Soils in the pinyon-juniper woodland vary from sands to clays. These soils are derived
from various sedimentary and igneous rock parent materials.
The soils are generally somewhat calcarious and alkaline and are usually shallow and rocky. There is little organic matter
except under the trees.
The clay soils limit the use of soil applied herbicides such as
fenuron. Heavy applications usually are needed on the clay soils; however, in some cases
even this technique has not given satisfactory control.
Other plant species will replace the trees following control treatments.
Sometimes
these plants are not desirable.
For example, in the southern portions of the pinyon-juniper
type snakeweed (Gutierrezia sarothrae [PurshJ
Britt. and Rusby) often invades areas in which
juniper has been controlled.
This plant is poisonous to livestock and difficult to control.
The
response of some of the desirable plants after woodland control is sometimes disappointing.
An example of this is blue grama (Bouteloua gracilis [ H. B. K. ] Lag. ). This is the dominant
grass on many areas of the pinyon-juniper woodland. In the woodland this species often produced only 10 to 50 pounds of oven-dry forage per acre. Following control, production may
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range from 250 to 700 pounds of oven-dry forage per acre. Although a marked increase in
production, this is generally considered too low to pay for most control costs. Seeding and
establishment of other higher producing species are needed. The most successful reseeding
has been on sites of pinyon-juniper with an understory of sagebrush or chaparral.
Here
production of crested wheatgrass (Agropyron cristatum [ L.] Gaertn. ) and various lovegrasses
(Eragrostis spp.) produce up to 1,500 pounds of oven-dry forage, an amount well worth the
control costs.
Acceptance by Users
Acceptance of the use of herbicides is another problem of vegetation management in the
pinyon-juniper woodlands. Several years ago we took a survey of land managers who were
controlling junipers.
Various control situations were presented along with various possible
control methods to be used. Invariably the land managers chose the method with which they
were most familiar, even if it was obviously not a suitable method. This indicates the need
for educating potential users to the uses and limitations of the various control methods avail able.
When land managers are asked what requirements a herbicide should meet to be acceptable,
the usual answer contains several items. These incll.rle: 1) it must be effective,
2) it must
be selective,
3) it must be nontoxic to man and animals,
4) it must not have undesirable residual problems, and 5) it must be competitive with other methods.
The effectiveness of a herbicide can only be proven by use. Much work has been done on
this aspect of the problem over the past 20 years and there appear to be several herbicides
which are effectiv~ in controlling junipers and pinyons.
Selectivity of a herbicide is generally relative.
It is often controlled by rate, volume,
timing, and placement of the application.
Even a herbicide such as 2, 4-D, which is generally
considered selective, will kill seedling grasses.
Pelleted fenuron, generally c.:msidered a
soil sterilant, is acceptable for individual juniper treatment but not for broadcast applications.
Herbicides toxic to man and animals would have difficulty in passing various requirements
for use registrations.
Even so, most chemicals are toxic in some amount and care must be
exercised in their use.
The elimination of undesirable residue problems is important to avoid unnecessary environmental contamination.
Before herbicides are registered for use, studies of plant, animal,
soil and water contamination are carried out. The results of these studies must meet the
requirements of the U.S. Department of Agriculture, the Food and Drug Administration,
the
Fish and Wildlife Service, and various state agencies.
Longlived residue problems could be
serious in the arid pinyon-juniper woodlands. However, sometimes a relatively long residual
life is needed to kill plants like sprouting alligator junipers.
The high cost of herbicides appears to be one of the major deterrents to their use on
pinyon-juniper woodlands. Individual junipers or pinyons may be bulldozed for 4 to 6 cents
per tree; or they may be burned with a propane torch for 3 to 5 cents per tree. These methods
are used on small nonsprouting trees in stands with densities of up to 150 trees per acre.
Pelleted fenuron used on the same trees would cost from 5 to 15 cents per tree, however, it is
also effective on sprouting species.
Cabling or chaining junipers costs from 58 cents to about
$15 per acre. This method is well suited to areas with level or rolling topography with few
rocks, and medium-sized,
uniform stands of nonsprouting junipers with less than 250 trees
per acre. Under these conditions it is doubtful if herbicides will compete costwise with cabling
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or chaining. The use of tree crushers to control juniper costs about $7. SOto $15 per acre.
This new method is suited to areas similar to those where chaining is used but it is not
affected as much by tree density or mixed tree sizes. The major uses of herbicides in the
pinyon-juniper woodlands are on the sprouting species such as alligator juniper, in the denser
stands, and in the stands which are of mixed-size trees.
The latter makes up most of the
pinyon-juniper woodlands.
SUMMARY

During the past century pinyon-juniper woodlands have increased in density and acreage,
at the expense of forage production. Tree control can return many of these areas to good
forage production.
Toe trees are resistant to most herbicide treatments.
Several herbicides
including PBA and fenuron can control individual trees.
A new herbicide, picloram, shows
promise to control these trees with broadcast application but is not registered for such use by
the U. S. Department of Agriculture.
It cannot be recommended until it has been registered.
Herbicide treatments must compete with other successful control practices such as chaining
and cabling in order to be accepted by potential users.
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RESIDUES OF HERBICIDES AND IMPACT ON USES BY LIVESTOCK
L. E. Warren
Plant Science Research and Development,

The Dow Chemical Company, Davis, California

Proper consideration of this subject must relate to the different situations in which herbi cides are used, to the type of livestock and the intensity of grazing. Some of the many uses
for herbicides in forest and range management have been explained in other papers at this
symposium.
In forestry,
either directly or indirectly, they include weed and/or brush control
for site preparation,
conifer release, new forest plantings, establishing and maintaining fuel
and fire breaks, and reduction of overstocked stands. Control of human or animal irritants
such as poison oak, weed and brush control for beautification programs, roadside and utility
rights-of-way,
noxious weeds or brush, and sterilization around storage areas or power poles
are involved in forest management and could be in range and pasture areas.
Improvement of lands specifically for domestic livestock or other animal uses includes
mainly the control of brush, poisonous plants, cheatgrass and medusahead, and some annual
broadleaved weeds on the open range, control of perennial broadleaved weeds and brush in
pastures and improvement of wildlife habitat such as refuges and deer browse areas.
Many
of these programs, especially in U. S. and state forests, aspire to develop multiple uses of the
areas which include wildlife and recreation.
The effect of herbicide residues on livestock use
could involve the weed and brush control aspects, the growth of forage on the treated areas and
the small amounts of chemical that may be consumed from these residues on or in the forage.
I am sure the first two relationships will be covered adequately by other speakers.
I will
treat the possible problems from forage contamination.
FORAGE TYPES
In pastures there is intensive grazing by domestic animals. On rangeland, where forage
is generally less dense than in pastures, use by domestic livestock is primary but is augmented
by wildlife feeding in varying degrees.
Many forest areas are suitable for grazing and are
leased out or used by owners for this purpose as long as the primary objective of growing timber is not compromised.
Wildlife may consume a higher proportion of forage here than on the
open range.
Treated strips on canal banks, roadsides, utility rights-of-way and fuel breaks are usually
treated for the primary p.irpose of access, and for elimination of undesirable weeds. Grasses
and low growing evergreen shrubs are usually acceptable in these areas and the chemicals used
to control the woody or herbaceous broadleaved plants encourage grass recovery.
In these
strips, weed and brush control thus provide improved grazing compared to adjacent brushy
areas.
While very little of this type area is leased or used primarily for grazing, domestic
livestock do find much feed there and some interpretations
of the law might classify them as
grazing or cropland areas.
The forage in these treated stips would have as much chance for
herbicide residues as on the open range with equivalent rates. However, the dilution with feed
in adjacent areas reduces the overall residue potential.
Many of the programs involving herbicides in forestry are located in areas where grazing
by domestic animals would be unlikely, although wildlife would have full access to them. Spot
treatments for tree, brush or weed control offer a very small "contamination" problem in
forage. Broadcast treatments,
if done according to the label, will have the assurance that detailed review by U. S. Fish and Wildlife officials of the U. S. Department of Interior as well as
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FDA and the USDA, has provided adequate safety for any animals or wildlife that may enter or
feed in the area. No problem of illegal residues from pesticides in wildlife has occurred.
Coulter (1958), Zorb et al. (1956), Davidson and Barrons (1954), Leonard (1959), and
others point out the role of herbicides in helping to improve wildlife habitats.
This includes
treatments to improve the quality, amount and availability of various food and water supplies.
Also included are proper combinations of cover and openings for different game which includes
land birds and waterfowl.
WATER SOURCES
Control of both submerged and emergent aquatic weeds in water supplies is often important
to allow water flow or to give access for boating and fishing to certain areas.
Some of the
materials used for aquatic weed control have a fairly high toxicity compared to most other
herbicides and care should be used to prevent their consumption by either domestic or game
animals.
HERBICIDES AND USES
In order to consider the impact of herbicides on animals, we need to know the nature of
the compounds involved and the type of use. I do not propose to give a seminar on the programs
and herbicides mentioned. However, it will be much easier to have as a reference the list of
chemicals and a brief idea of their purpose. Many of these were mentioned earlier in this
symposium.
The most common herbicides used in the various forest and range management
programs are itemized in Table 1.
Don't be alarmed by the large number of compounds; those with asterisks are the ones
used mostly in the programs mentioned. The others do serve useful purposes, however. If
the objectives of this symposium are realized, there will be more types and widespread use
of herbicides in the various areas of forest and range management.
Also new compounds and
new research will develop more areas of uses. In range improvement B. W. Allred (1964)
reports there are over 300 million acres of brush in the United States (mostly in western Texas
and the 11 western states).
He points out the great forage potential of this large acreage plus
the rapid encroachment of brush and consequent loss of forage production.
Economics, details
of use and clearances for use are being pursued to develop attacks on these problems.
Improving forage production through improved grass species may require eliminating
annual grass and broadleaved weed species.
Dala pon, STCA, simazine, paraquat and atrazine,
plus the phenoxy and Tordon R herbicides will have utility here. The soil sterilants generally
are used as spot treatments to control small infestations.
Broadcast or full coverage applications of phenoxy herbicides are usually made for conifer release and site preparations.
Treated strips of brush on rights-of-way and fuel breaks may be 20 to over 1,000 ft. wide using
phenoxy and Tordon R herbicides.
Hyvar R X, Karmex R, benzoic acids, atrazine, simazine,
and other soil sterilants are used in narrow strips on certain roadsides and fire breaks.
FACTORS AFFECTING POSSIBLE RESIDUES
The intensity of chemical use, mammalian toxicity, residual nature, and the environment
will influence the possible effect of herbicides on livestock.
The relationship of these factors
to dosages will influence authorized and recommended uses. Since range and pasture uses of
herbicides constitute representative
extensive and intensive uses and consequently the most
chance of residues, we will relate further discussions to these situations.
Extrapolation to
strip or spot treatment applications should not be difficult.
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Table 1. Common Herbicides

Used in Forest and Range Management.

Compound

Uses

*2, 4-D amines & esters

Perennial

*2, 4, 5-T amines & esters

Brush control,

conifer release

*silvex amines & esters

Brush control,

some broadleaves

*2, 4-D + 2, 4, 5-T amines
& esters

Brush control,

conifer release

& annual broadleaved

weeds & brush

weeds

2, 3, 6-TBA

Soil sterilant

dicamba

Foliar & soil, perennial broadleaved

Fenac

Soil sterilant

*4-amino-3, 5, 6-trichloropicolinic acid (Tordon R Herbicide)

Foliar & soil, perennial
woody plants

broadleaved

*atrazine

Soil & foliar action, perennial grasses
broadleaves, selective in conifers

*simazine

Soil action - annual weeds

Fenuron

Soil.action - woody plants

Linuron

Soil action - annual weeds

Bromacil

Soil action - perennial grasses

DNBP

Contact & soil, annual weeds

Endothal

Aquatic weeds

*Acrolein

Aquatic weeds

& annual

& annual weeds

Diquat

Aquatic & some broadleaves

*Paraquat

Contact only - annual weeds

*STCA

Soil - grass killer,

*Dalapon

Foliar - grass killer,

cheatgrass,

Contact and residual,

annual weeds

Na arsenite

*MSMAor DSMA

Certain perennial

pasture improvement

grasses

Cacodylic acid

Contact - annual weeds

Maleic hydrazide

Growth suppressant

Warren

weeds and

Soil action - annual weeds

*Diuron

• Most important

weeds

Medusahead,

etc.

& nutgrass

- brush

in field use.
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The intensity of chemical use is a function of both the amount used per unit area (rate)
and the percentage of the area treated.
Also the location of the compound on or in the plants or
on or in the soil is important.
For instance, a systemic foliar herbicide may be sprayed on
brush. If rain follows application shortly (within a few hours), much of the compound will be
washed to the soil and probably leached into it. If the herbicide is readily attacked by soil
organisms, it will decompose in a few weeks assuming moisture and temperature are favorable.
Compounds not attacked readily by soil organisms may remain in soil for several months to
two to three years.
If rain does not follow for many weeks, more nearly complete absorption
by the plant and possibly some photodegradation will result.
If the herbicide is not leached
into the soil, it may be decomposed by sunlight or remain intact on the leaf or soil surface.
Many compounds are translocated downward
soil, but usually the arrival of the herbicide into
Most of the systemic herbicides absorbed by the
quantity where they can be ingested when grazed

in the plant or they may be leached into the
the root zone is necessary to kill the plant.
roots are moved to the tops in some small
by livestock.

FATE OF HERBICIDES IN SOIL AND PLANTS
Herbicides are degraded at different rates in soils depending on the nature of the compound
and on soil conditions.
The rate of decomposition will influence the amounts of herbicides
present in the soil and consequently available for translocation to the forage. Kaufmann (1964)
and Leasure (1964) have summarized data showing the rapid breakdown of Dalapon and STCA in
one to four weeks in moist warm soils. MacRae and Alexander (1965) and Barrons (1951) and
others have shown the rapid disappearance of 2, 4-D in soils. Ercegovich and Frear (1964)
found amitrole to decompose in a few days to weeks in warm, moist soil. These were shown
to provide a sourcE, of energy to soil organisms.
Barrons (1951), MacRae and Alexander (1965)
and others have found 2, 4, 5-T to disappear more slowly than 2, 4-D in soil; silvex lasts longer.
McCormick and Hiltbold (1966), Sheets (1964) and UpChurch (1966) indicate that the urea
herbicides (diuron and linuron) are susceptible to attack by soil organisms but breakdown is
slow. Although a few bacteria provide a nominal source of energy, the release is not adequate
for rapid loss of herbicide.
The substituted ureas are considered to be fairly residual.
Montgomery and Freed (1964) reported the rather long residual nature of the triazines
such as simazine and atrazine.
Residues can be toxic to certain plants over a year after treatment. Burnside (1965), Donaldson and Foy (1965), and Sheets and Harris (1965) have indicated
the relative persistence
of the substituted benzoic acid herbicides -- dicamba, amiben,
2, 3, 6-TBA, etc. There is some variation within the class, but generally they tend to be more
residual than 2, 4-D and behave in soil more like 2, 4, 5-T and silvex. Goring et al., (1965)
and others have shown variable rates of degradation of Tordon herbicide in soil.
Most of the studies referred tb show the involvement of organism activity in the degradation of even the most persistent herbicides.
Some benzoic acids, triazines, 2, 4, 5-T, silvex,
and Tordon herbicides do not decompose appreciably in sterilized soils. While soil organisms
may not use the herbicide as a source of energy, their metabolic processes attack these compounds and decompose them incidentally.
The breakdown of some herbicides may be much slower in plants than it is in soil under
favorable conditions for microbial action. In contrast to the rapid breakdown of Dalapon in
soil, Foy and Miller (1963) showed Dalapon persistence for two years in cotton seed. Foy
(1960) found a similar effect on wheat. Brown (1950) reports 2, 4-D symptoms on plants the
following year through soil uptake shortly after application.
Several reports showing the fate
and persistence of different herbicides in the soil and plants indicate wide variations in similar
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compounds. Atrazine and simazine are toxic to several grasses but very safe on corn. Montgomery and Freed (1964) show the degradation of these compounds but not in some susceptible
plants. Meikle et al. (1966) found Tordon herbicide to decompose more rapidly in soil than in
cotton plants. Most active decomposition occurred in soil with growing plant roots.
A number of references will show the varying decomposition patterns of herbicides in soil,
plants and sunlight. Despite this variability, an attempt has been made to relate the residual
nature and modes of breakdown of the various compounds as show in Table 2. This is very
general and is not intended to show rigid relationships.

Table 2. Decomposition

of Certain Herbicides

Microbial

Herbicide

in Different Environments
Sunlight

In Plant

2,4-D

rapid

slow

slow

2, 4, 5-T

medium

slow

slow

silvex

slow

slow

slow

dicamba

slow

medium

slow

Amiben

slow

medium

slow

2, 3, 6-TBA

very slow

4-amine-3, 5, 6trichloropicolinic acid

very slow

medium

very slow

atrazine

very slow

very slow

very slow

simazine

very slow

very slow

very slow

Diuron

slow

medium

slow

Bromacil

very slow

medium

slow

DNBP

rapid

medium

Paraquat

•

rapid

Dalapon

rapid

very slow

slow

STCA

rapid

very slow

slow

•deactivated

in soil - not by microbial

very slow

attack

The persistence of certain herbicides may be different in water than in other media. For
instance unless some microorganisms
are present, Dalapon will hydrolyze slowly (depending
upon temperature) as reported by Warren (1965). Barrons (1951) reports that in pond water,
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2, 4-D decomposed fairly rapidly compared to 2, 4, 5-T; silvex lasted much longer than either.
The order of disappearance was the same as in soil, but the differences among herbicides were
much greater.
For example, after five months 2, 4-D had disappeared, part of the 2, 4, 5-T
remained, and there was no loss of silvex in the water.
GRAZING PREFERENCE FOR HERBICIDES
Most herbicide treatments to forage areas leave odors or flavors that are more
repellent to livestock.
Grigsby and Farwell (1950) reported observations of horses,
sheep, swine and chickens gtazing areas treated with different herbicides at double
rates. The number of animals found grazing treated and untreated areas two times
six days after treatments are shown in Table 3.

Table 3. Observations

of Grazing Preference

of All Classes

of Stock

Stock ~azinB: on
Herbicide

Lot

Lb/A

Sprayed

or less
cattle,
the usual
daily for

Unsprayed

Both areas

Stock
idle

1•

4, 6-dinitro-0-sec-butylphenol

2

1

24

7

8

2*

Pentachlorophenol

8

0

28

7

5

3

4, 6-dinitro-0-sec-butylphenol
ammonium salt

1

5

15

14

10

2

39

1

2

4

7

9

19

9

4

6

11

16

11

Trichloroacetic
salt

4

acid sodium

5

2, 4-D sodium salt

6

2, 4-D alkanolamine

7

2, 4-D ester

3.3

6

8

15

15

8

2, 4, 5-T ester

3.3

4

6

17

17

salt

•Lots

1 and 2 were observed only five days, as the spraying of the herbicides could not be
completed during the first day. Only one observation was made on each lot the sixth day, as the
remainder of each plot was sprayed during that day.
From Grigsby and Farwell (1950).

It is evident that there was a preference for the unsprayed areas.
The phenoxy compounds
did not cause a significant reduction in grazing.
Naturally the repellent effect decreases as the
herbicide and solvents disperse or decompose and new growth emerges.
These results are
contrary to some beliefs that foliage treated with certain herbicides are attractive to livestock.
This apparently was true for some arsenic compounds and might be true also for others.
It can
be concluded , however from available data, that broadcast or spot treatments with the herbicides
listed in Table 1 present no greater hazard than the direct feeding studies related to the residues
in forage would indicate.
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RESIDUES IN FORAGE
Relatively few studies have been reported on the residues of herbicides in or on forage.
Most reports have covered the phenoxy herbicides, Dalapon, triazines and ureas, plus very
limited data on STCA, DNBP and benzoic acids. Grigsby and Farwell (1950) reported residues
of several herbicides on forage collected 12 hours after treatment.
The herbicides, rates and
residues are shown in Table 4.

Table 4. Amounts of Herbicides

Treatment

Fresh wt.
in grams

1. 4, 6-dinitro-0-secondary
phenol (oil emulsion)

*A

(oil emul. )

A

B
3. 4, 5-dinitro-0-secondary
phenol NH salt

A

2, 4-dichlorophenoxy
acid (sodium salt)

A

A

6. 2, 4-dichlorophenoxy acetic
acid (ak.lanolamine salt)

A

B
7. 2, 4-dichlorophenoxy
acid (isopropylester)

15.8
20.2

750
1750

259
810

34.5
46. 3

775
1275

55
126

7. 1
9.0

950
1550

27100
35400

2863. 0
2284.0

875
1350

670
537

76. 5
39.8

950
1450

179
239

18.8
16. 5

775
1500

565
2190

600
1300

244
560

acetic
A

B
8. 2, 4, 5-trichlorophenoxy
acid (isopropyl ester)

A

9. Control

A

B
spraying,

**
B - Second spraying,

73.0
146.0

acetic
B

A - First

103
243

acetic
B

*

650
1200

acid (sodium
B

5.

Herbicide in mg.
per 100 gm freshly
cut forage

butylB

4. Trichloroacetic
salt)

Herbicide
in mg.
per sample

butyl**B

2. Pentachlorophenol

on Forage from Sprayed Pastures.

40. 7
43. 1

800
1250

July 16.
July 21.
From Grigsby and Farwell (1950)
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Klingman et al. (1966) showed that in forage treated with the butyl ester and 2-ethylhexyl
ester of 2, 4-D at 2 pounds acid equivalent per acre, there were residues of 2, 4-D acid and
esters after one-half hour, two, four, and seven days after treatments as shown in Table 5.

Table 5. Residues of 2, 4-D from Two Different Esters
2, 4 and 7 Days after Treatment.
2, 4-D Residues,
Date:

May
Acid

Butil Ester
Butyl
ester

13

ppm, from
2-Eth~}hexyl Ester
Ethylhexyl
Acid
Ester

Ethyl
ester

0

0

trace

0

58.3

0. 10

0. 14

36.3

11. 8

19.2

o. 18

0.02

38.6

6. 7

9.0

0.03

0.03

23.8

2.0

5.0

0

0

0

8

on Forage 1/2 Hour,

13. 7

1.4

aSampled just before spraying.
b

Sampled within ·1/2 hour after spraying
From Klingman et al. (1966)

Rapid hydrolysis of the butyl ester occurred, but it was slower with the longer chain ester.
Residues of 2, 4-D as acid in forage dropped from a maximum of 58 to 5 ppm in the seven days.
Using a method sensitive to 0. 01 ppm for 2, 4-D, milk analyzed from cattle grazing on this
treated forage was found to contain a maximum of 0. 03 ppm during the two days after treatments
and decreased to less than 0. 01 ppm after four days. Mitchel et al. (1946) and others have reported no detectable residues in milk from cows fed 2, 4-D.
Kutchinski (1961) reported that with continuous feeding of Dalapon at 20 to 300 ppm of dry
feed for eight weeks about 0. 3 percent of the herbicide resulted in the aqueous phase of the milk.
Fertig and Schreiber (1961) fed Dalapon at 300 ppm of dry feed to four different breeds of cows
for 21 days. Residues of Dalapon in milk samples in seven days were variable, but the highest
was 2. 45 ppm. Levels of 1-2 ppm were maintained while feeding continued but dropped rapidly
to less than 0. 10 ppm the second day after feeding stopped. By the sixth day, the levels were
below 0. 05 ppm. The 300 ppm level is much higher than would occur under natural conditions.
According to these data the withholding period of seven days after 2, 4-D treatment presently
used for grazing allows adequately for reduction to nil residues in milk. Clearances for other
compounds have a similar safe basis.
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RESIDUES IN TISSUES
The possibility of herbicides remaining in blood or tissues of animals feeding on treated
forage has been a concern, but little data is available.
Some studies with 2, 4-D, Dalapon
and Tordon herbicides have been reported.
By implication of tolerance allowances, diuron
can be assumed to remain in meat for a short time (N. A. C. News, 1967). Clark et al. (1964)
showed 2, 4-D could be detected at very low levels in the blood and some tissues after intensive
feeding; 96 percent was found in the urine over a period of 72 hours.
Drill and Hiratzka (1953), Paynter et al. (1960), and others report the elimination of
Dalapon from dogs, rats, cattle and other animals without change or loss. Very small amounts
of Dalapon were found in some tissues and blood during continued ingestion, but they were
eliminated rapidly after feeding stopped. Several studies on the toxicology of Tordon herbicide
to animals, fish, etc., have been reported (Jackson, 1965; Lynn, 1965). Redemann (1965a,
1965b) has reported that essentially all the chemical fed to dogs and rats is excreted unchanged
in the urine in a few hours to days. With high levels of feeding, very slight amounts may be
found in blood or milk, but there is no accumulation in tissues.
HERBICIDE TOXICITIES
The toxicity of any material can reflect either a single oral, dermal or other exposure, or
more often in practice, chronic effects from repeated small doses from continuous feeding.
Usually the toxicity of a compound is expressed in terms of a single dose that would kill half
of a certain group of test animals.
This figure is called an LD 50 and is stated in mg. of
chemical per kilogram of body weight. These data have been obtained for most herbicides on
white rats and for many on other animals and fowl. Other data on chronic effects, either direct
or indirect, such as reproduction studies are more difficult to derive. However, recent herbicide introductions have been studied in this way. Registration of new products requires extensive data on various types of toxicity to animals, wildlife and aquatic life and are reviewed in
detail by the Food and Drug Administration and Fish and Wildlife Service as well as the Department of Agriculture.
Furthermore,
a several fold safety factor is used to ensure no effects on
animals.
Table 6 shows the LD50 figures and as much other toxicity data on various size animals and
birds as is available for the herbicides listed in Table 1.
The esters of the phenoxy compounds are given in Table 6 because these are used mostly
and they are usually slightly more toxic than are the salts.
It is evident that the acute oral toxicities of most herbicides are in the range of 500 to
10, 000 mg/kg. In some cases there is evidence that some livestock can tolerate nearly as much
2, 4-D or 2, 4, 5-T administered repeatedly as in a single dose (Rowe and Hymas, 1954). This
low chronic effect actually increases the safety of these compounds for range and pasture use.
Fertig and Schreiber (1961) found that 300 ppm of Dalapon in dry feed for 21 days did not affect
dairy cows noticeably.
Clark et al. (1964) found little effect of 2, 4-D on sheep. Ninety-six
percent of the dose was excreted in the urine unchanged in 72 hours. Very small amounts were
found in the blood 1 3/ 4 hours after treatment but rapidly diminished.
As indicated previously
and reported by Lynn (1965), Jackson (1965) and others the toxicity of Tordon herbicide is very
low to all test animals large or small and to fowl and aquatic life. Fertig and Schreiber (1961),
Rowe and Hymas (1954), Paynter et al. (1960), and others report the very low toxic effect of
Dalapon and several other herbicides on a wide variety of test animals from continuous feeding.
The generally low toxicity of herbicides appears to be reflected more or less uniformly in the
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Table 6. Toxicity of Some Herbicides
Oral

w 50

mg/kg2
2,4-D acid
2,4-D ester
2,4, 5-T ester
2, 4, 5-TP ester
4-amino-3, 5, 6trichloropicolonic acid
2,3,6-TBA

375-560
400-500
300-55
600-2000
2000-8200

to Animals

Dermal
2
mg/kg

Chronic
No effect level

3

1500
1500
200

10 mg/kg - 90 days (14, 43)
10 mg/kg - 90 days (43)
100 mg/kg - 15 days (43)

"none"

150 mg/kg - 2 yrs. rats and dogs (32)

750-1000

1000

"low"

Dicamba
Fenac
Amiben

1000
2000-3000
3500-5620

1000
3000
3136

"low"
2000 ppm - 2 yrs. 7

STCA

3000-5000

Irritating

Dalapon

7000-9000

"none"

3000 ppm - 126 days - rats retarded
growth 7
50 mg/kg/day - 1 yr. - dog

Atrazine
Simazine
Amitrol

2000
5000
5000-14000

" none "

2501 mg/kg - 18 mos.•

Amitrol-T
Fenuron
Diuron
Bromacil
Linuron

5000
6400
3400
5200
1500

Acrolein
DNBP
PCP

700
46
50
280

Endothal
Paraquat
Diquat

38-206
157
400-500

MSMA

"none"
10,000

"mild"
"none"
"mild"
"modt"

500
150-350
"modt"
"none"

1000 ppm - 63 days - rats - retarded
growth - no tissue changes 7
5000 ppm - 90 days - rats 7
250-500 ppm - 1 yr.•

200 ppm - 90 days - rats 7
200 ppm - 200 days8
800 ppm - 18 mos. - dogs7
25 mg/kg - 14 days9
500 ppm - 16 mos. 7

Na arsenite
10-50
Cumulative
7000-9000
"none"
Cacodylic acid
1000 mg/kg - 90 days•
1Ataxia, dyspnea and convulsions reported in animals
2 Male white rats, chicks and rabbits, from Bailey and Swift (1967), Edson et al. (1963) and
the Association of American Pesticide Control Officials Compedium (1966)
3
7Association of American Pesticide Control Officials (1966)
Drill & Hiratzka (1953)
4 Rowe & Hymas (1954)
8spencer et al (1948)
5

Lynn (1965)
6
Jackson (1965)

9california

Chemical Co. (1961)

*Company literature
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different types of action--acute,
dermal, chronic, etc. --and the hazard to livestock from
the residues of the actual compounds appear to be extremely low.
EFFECTS OF HERBICIDES ON POISONOUSMATERIALS IN PLANTS
There have been
crop plants that may
certain plants treated
beets, lambsquarters,
normally grazed and

reports of herbicidal treatments inducing toxic substances in weeds or
be grazed or fed. Willard (1954) reported increased nitrate content in
with 2, 4-D. Some of these plants are in the chenopod family--sugar
smartweeds, etc. , but there could be others as well. Most are not
should riot present serious hazards.

Reports of higher HCN content in leaves of wild cherry sprayed with 2, 4-D and 2, 4, 5-T
were refuted by Lynn and Barrons (1952). Williams and Cronin (1963) report increased alkaloids in tall larkspur from treatments with silvex and 2, 4, 5-T as oil soluble amines at 2 to 8
pounds per acre. The increased bitterness, however, may make the foliage more unpalatable.
There are numerous poisonous weeds in pastures and range (Beath et al., 1953; Gilkey, 1958).
The toxic ingredients differ, but it seems that the influence of any herbicide on the content or
form of these natural toxins would be minor compared to the recognized 5 to 10 percent loss
occurring annually from uncontrolled poisonous plants (Alley, 1962). Actually, during the 20
years of intensive and increasing use of many different herbicides in range or pasture or on
rights-of-way,
not one authenticated case of direct damage to livestock from eating forage
treated with the organic herbicides has been found. A few cases of nitrate poisoning still have
a suspicion of indirect cause from herbicide treatments,
but these could have been from other
causes as well.
We have arriv~d at the conclusion that there is very little actual hazard to livestock whether
domestic or wildlife from the use of herbicides as recommended.
There apparently are adequate
skills in the field with the experiment station and extension specialists and range or forest managers and industry representatives
to allow proper use of these compounds for efficient brush and
weed control with safety to livestock.
However, to protect against the chance slip, all herbicide
uses and tolerances are reviewed and approved by the USDA, FDA and Fish and Wildlife Service
in Washington, D. C. Many requirements are set up to ensure no effect on animals or humans
from single or repeated exposure, in reproduction and possible carcinogenic effects on many
different species of animal, fowl and aquatic life. On the basis of these reviews and the rates
needed for efficacy,
allowances are made for certain uses as shown on the product labels.
Industry and public agencies are bound by these limitations in making recommendations for use.
Any request for such federal label approval that involves a food or feed crop is now required to
have a tolerance.
A few have been established as of December 31, 1966; these are shown in
Table 7.
Residue tolerances have not yet been established for 2, 4-D and 2, 4, 5-T; however, work is
underway to submit petitions to the FDA soon. With the proper extensions and under the history
of use, these and STCA, simazine and some others previously cleared on the basis of a nil
residue after the prescribed waiting period can be used temporarily in anticipation of establishing
the required negligible residue tolerances to enable continued registration.
Because of the changing requirements,
we cannot list all the herbicides
until the uses are authorized and/or tolerances in forage are established.

that will be legal

The principal practical limitation to use of herbicides on range is one of legality.
With few
exceptions the herbicides at recommended rates are of very low order of toxicity to all forms
of animals and aquatic life. The more toxic materials like paraquat and DNBP decompose or
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are tied up readily or are repellent to animals and present very little actual hazard.
Range and
forage managers and anyone making official recommendations are guided and limited mainly by
the authorized applications shown on the company product labels. There has been sufficient
review of these treatments so the user can expect success in the plant control objectives and
can be assured of no hazards from residues in the forage. Any extensions of uses beyond the
label allowances, however desirable, must be the responsibility of the user.

Table 7. Official FDA Tolerances

Through December

1966.

Herbicide

Tolerance

Corn

diuron
dalapon

1
10

Rye grain
Alfalfa hay
Barley, oat, wheat
and straw
Clover, birdsfoot
trefoil
Corn hay

diuron
diuron

1
2

"

2

"
"

2
2
2

Crop or Product

linuron
dalapon
Grass crops
Vetch
Meat, fat, & byproducts
cattle, goats, hogs and
sheep

- ppm

5

diuron
diuron

2
2

diuron
linuron

1
1

From NAC News (1966).

The restrictions on herbicide use apply to noncrop as well as crop (range) areas.
However,
in noncrop areas, such as forests, rights-of-way and roadsides, the chances of livestock grazing
treated forage is less than on open range or pasture. Wildlife is assured safety by the reviewers
in Washington, so allowances have been made for these uses. In all cases with the herbicides
available, there should be no hazard to livestock from the use of registered products as specified on the labels.
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IMPACT OF RANGE IMPROVEMENT PRACTICES ON WILDLIFE HABITAT
E. R. Brown
Supervisor,
The rapidly
tion has created
life resources.
of wildlife, from

Big Game Management,

Washington Department

of Game, Olympia

increasing use of herbicides for the manipulation of forest and rangeland vegetaa great deal of interest, and some concern, among those responsible for wildThe impact of these programs affects, directly and indirectly, a great variety
elk to sage hens and from antelope to wild turkey.

At first wildlife managers were concerned about the possible toxic effects these chemicals
might have on wildlife species that came in direct contact with them. However, many studies,
such as the ones reported by Rudd and Genelly (1956) in California, have shown that most
herbicides, if properly applied, present little direct danger to wildlife species.
This is well
accepted by biologists at this time, but not so well accepted by the general public, as is shown
by the number of complaints we receive concerning various brush control programs.
To many
sportsmen and nature lovers in general, any chemical is considered a threat to wildlife, and
they do not differentiate between herbicides and insecticides or rodenticides.
Although the herbicides themselves have little direct effect on wildlife species, the ecological changes that they create in wildlife habitat has a very pronounced effect. It is with these
changes that we are most concerned today. In some cases and with certain species of wildlife,
these changes have been highly beneficial, while with others the changes have been detrimental.
Since it is impossible in this brief paper to discuss adequately all of the range improvement
practices that have ~ impact on wildlife., I will only briefly mention those that are generally con sidered to be beneficial and will devote most of my discussion to some of the more controversial
practices.
Before we start examining the effects of specific range improvement programs, it might be
wise to point out some basic wildlife management principles that have a direct bearing on this
subject. The value of a given area for any species of wildlife is dependent on the interspersion
and juxtaposition of the three basic essentials:
food, coyer and water. For many species the
best habitat occurs with intermediate successional stages of vegetation, rather than with climax
stages. The edge effect, where two plant associations meet, generally produces the best habitat
for wildlife. Unbroken expanses of a single plant association, whether it be virgin forest,
chaparral or sagebrush, seldom creates ideal habitat for wildlife. By the same token, an unbroken expanse of crested wheatgrass has little wildlife potential.
From this it logically follows that these control programs which are applied to a limited area
rather than to a large block because of the nature of either the vegetation or the terrain, will
probably benefit wildlife. An excellent example of this is found in the chaparral ranges of
California.
In a discussion ofthe manipulation of brush on a deer winter range Gibbens and
Schultz (1963) state: "Recently, ranchers have made large-scale attempts to improve brush
ranges for livestock grazing; first by control burning, later by burning in combination with
mechanical and chemical treatments.
Except where the goal of total shrub eradication was
achieved -- seldom feasible economical -- ranges were improved for both livestock and deer.
Resident deer herds are increasing rapidly in foothill areas, where range improvement programs
are active. "
In northern Idaho, Mueggler (1966) has been studying brush spraying techniques that benefit
browse production on winter elk ranges. In New Mexico, Lamb (1966) reports their Fish and
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Game Department is conducting experiments on the revegetation of overused mountain meadows,
pinyon-juniper ranges, and sagebrush stands to improve these areas for game use. Techniques
being used and species that are being planted are essentially the same as are being used, or
could be used, for rehabilitation of livestock ranges. He concludes: " ....
If the range improvement for domestic stock is confined to the areas on which it is most economical to do this
work, the rougher areas that are less desirable for domestic stock can be left for game, and both
the game and domestic livestock will be benefited. "
In many other areas, such as the mesquite and chaparral types in Arizona (Pond, 1964) and
the brushlands of Texas (Powell and Box, 1966), practices using mechanical and/or chemical
treatments to improve the range for livestock are also considered to have benefits for wildlife.
Although some questions have been raised about some of these practices, in general they are
considered to be beneficial to wildlife.

The major area of conflict between the wildlife biologist and the range manager appears to be
with the control of sagebrush in the intermountain areas of the West. These ranges furnish
habitat for our sage grouse populations and our antelope herds. They also winter large numbers
of mule deer and lesser numbers of elk. In some areas they support fairly large resident deer
populations.
Most species of sage (Artemisia spp.) are relatively unpalatable to livestock, yet compete
heavily with the native grasses.
Eradication of the sage usually results either in improved production of the native grass species or paves the way for grass reseeding operations.
On the
other hand, food habits studies have shown that sagebrush makes up 99 percent of the diet of sage
grouse during the winter and more than 80 percent of the diet during the spring and fall (Patterson,
1952). Even during.the summer months it was the most important single item, constituting about
40 percent of the total diet. Antelope food habits studies, as reported by Cole (1956) for Montana,
show that sagebrush makes up more than 90 percent of the winter diet of this species.
Grass is
important only during the spring, and even then it amounted to only 8. 3 percent of the total diet.
The remainder of the year, grass did not exceed 2 percent of the forage consumed. During the
summer and fall, forbs made up the bulk of the antelope diet.
Mule deer in many areas depend heavily on sagebrush during the winter months, but they require other species along with the sage. Smith (1959) conducted controlled food habits studies in
Utah for many years, and he concludes: "Although sagebrush and juniper contribute heavily to
the support of deer herds, neither appears to be satisfactory when it constitutes the sole item in
the diet."
Elk also utilize sage quite readily during the winter months. Sagebrush on the elk winter
range along the northern edge of Yellowstone National Park has largely been killed out by overuse
(Murie, 1951). However, elk generally prefer grass and forbs and probably would not be dependent on sage except during heavy snow, when other species were not available.
The foregoing information shows that the various species of sagebrush are extremely important to many different kinds of wildlife, and certainly indicates that sage eradication programs
have the potential of being harmful to wildlife. However, when we attempt to document the effects
of these programs on wildlife, there appears to be a dearth of factual information.
Many wildlife managers, apparently on the basis of circumstantial
evidence, have tended to condemn all
sagebrush control activities.
Others, where specific studies are being carried out, are finding
that in many cases control programs are beneficial.
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On an important elk range area in Wyoming, sagebrush control on two areas resulted in increases in elk use of from 40 to 89 percent over adjacent untreated areas (Wilbert, 1963). Although most of this use was in the spring, it was felt that this relieved pressure on other critical
areas.
Urness (1967) in studying the effects of sagebrush manipulation to improve livestock forage
in an important deer winter range area in central Oregon came to the following conclusions:
"Deer distribution would likely be improved by scattered blocks or patterned treatments of
moderate size, whether by seeding, roto-beating or spraying. Diversity of cover types over
relatively short distances is the key. Greater attractiveness
of borders between cover types is
almost axiomatic to game management. . . Crested wheatgrass seedings contribute significantly
to deer winter diets by providing nutritious herbaceous forage presently in short supply. Seeded
blocks, interspersed throughout untreated sagebrush stands, appear to enhance sagebrush values."
Most deer and elk winter ranges tend to be in the foothill areas, where topography tends to
be broken. Rapid changes in soil, climate and vegetation create sharp ecotones, and only certain
sites have potential for range improvement for livestock.
Steep slopes, rocky outcrops, stream
banks and areas of mixed shrubs, such as bitterbrush (Purshia tridentata) and sage, have high
potential for wildlife use. If these areas are avoided in control programs, both wildlife and
livestock should benefit.
The problems on the open plains, which are the primary habitat of the antelope and the sage
grouse, are not as easily solved. These are the ranges where the greatest emphasis on range
improvement is being placed, and also where wildlife managers have voiced their greatest concern. fut here again, factual information on the effects of these practices is difficult to find.
Martinka (1967), working with antelope in northeastern Montana, reports on a severe die-off
which resulted when heavy snows forced the antelope from their normal sagebrush winter range
onto grassland areas.
Other herds that, because of differences in terrain, were able to remain
on sagebrush ranges, did not suffer similar losses.
From this, we can conclude that antelope
will starve during the winter without an adequate supply of sagebrush.
On the other hand, this
seems to be a very special situation, and it is difficult to visualize many areas where there would
be a shortage of sage, even under fairly intensive range rehabilitation programs.
Sage grouse are more seriously affected by range improvement programs than any other
species, because they depend largely on sagebrush for nesting and escape cover, as well as for
food. Martin (1965) studied the effects of chemical sagebrush control on a sage grouse population in Montana. Of 1,900 acres, 1,170 were sprayed, leaving 190 acres in three strips approximately five chains wide across the allotment.
During the study, these unsprayed strips produced
96 percent of the sage grouse observations.
The few observations made in the sprayed areas
were usually adjacent to one of the unsprayed strips.
Food habits studies also showed that the
four major food items were more abundant in the unsprayed areas and that the grouse habits were
definitely related to the differences in vegetative composition.
However, his study failed to show
whether there was a decline in the grouse population as a result of the spray operation.
There is little question that sagebrush control on large blocks of land will have a deleterious
effect on sage grouse populations.
More research is needed to determine how much sage can be
eliminated without serious effect to the grouse populations, and what pattern of control would
have the least effect. As was pointed out earlier, completely unbroken stands of any species are
not good wildlife habitat, so it is probable that some stage in the sagebrush control program
would actually benefit sage grouse.
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In conclusion, it appears that most of the conflicts that have resulted between wildlife
biologists and range managers are the result of a lack of understanding of each other's problems.
As was pointed out by Davis (1961), too many people feel that the biology of wildlife and the
biology of rangelands are things separate and apart from each other, when actually the fauna, as
well as the flora, are an integral part of the total biology of rangelands.
In many areas, excellent solutions to these conflicts are being worked out, and in any area,
if the range manager and the biologist will get together and work out cooperative plans for range
rehabilitation,
both livestock and wildlife will be the beneficiaries.
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BRUSH AND STUMP CONTROL ON NEW RIGHTS-OF-WAY
A. F. Wetsch
Bonneville Power Administration,

Portland,

Oregon

The Bonneville Power Administration until 1952 controlled brush on its rights-of-way by
hand-cutting and disposal by burning or scattering.
This was most undesirable for the rightsof-way became more dense with each successive cutting. Because of the thousand miles of line
and the unpredictable rate of growth the brush often grew into the lines causing numerous outages. The discovery of herbicides to kill and regulate plant growth provided the means by which
a plan could be established to convert lands from unwanted brush to desirable vegetation.
However, it was soon discovered that by the time the brush on the older lines had been brought under
control the brush on the newer lines had become hazardous.
Consequently attention was directed
to newly cleared rights-of-way as well as to the older rights-of-way.
MANAGEMENT PLAN
After studying the problem it was obvious that a management plan was necessary for each
new right-of-way.
The management plan to be successful had to consider the quality and
reliability of electrical services, desires of the landowner, the requests of special interest
groups, and most recently, appearance.
The larger landowners, such as the Forest Service, Bureau of Land Management, and timber
corporations are now encouraged to prepare their own right-of-way management plans. The
plans must, of course, give priority to electrical service and meet our basic standards.
In those areas where the landowners
plans.

show no interest,

we establish

our own management

Clearing
Generally the rights-of-way are machine cleared which leaves the soil denuded of any
vegetation.
In special situations clearing is performed by hand-cutting and disposal.
However,
in either case erosion and the infestation of undesirable vegetation is an immediate problem.
Reestablishment

of Vegetation

The basic management guide in the form of brush and weed control and right-of-way
appearance standards calls for seeding the rights-of-way in those places where native lowgrowing vegetation was eliminated during construction and did not reestablish itself. This is
followed by a selective brush control program geared to the objective of eliminating undesirable
vegetation and saving low-growing herbaceous plants and grasses.
The seeding of the rights-of-way,
following clearing, with the proper type of seed has been
tremendously successful in preventing erosion and deterring the infestation of noxious weeds
and unwanted tree species.
The seed mixtures recommended by a plant pathologist and soil
expert are as follows:
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East of the Cascades:
30 percent
30 percent
30 percent
10 percent

Lincoln smooth brome
orchard grass
alta fescue
alsike clover

For best results the mixture is seeded at the rate of 15 lbs/A between August 1 and
September 15, or November 1 to May 15.
West of the Cascades:
45
45
4
6

percent
percent
percent
percent

rye grass
alta fescue
alsike clover
subterranean clover (Tallbrook strain)

For best results the mixture is seeded at a rate of 12 - 15 lbs/ A as early in the spring as
possible, but normally not later than May 15, or du,ring the month of September and no later
than October 10.
Seeding isusuallydonebyheHcopterwhichaccounts
high rate allows for birds, wind, and other factors.

for the higher than normal rates.

In some situations the mixture is changed to allow for special conditions,
mended by county agents or other specialists.

The

usually recom-

In most machine-cleared
locations a foliage spray program is scheduled for the year following clearing west of the Cascades, and not more than two years east of the Cascades.

Spraying so soon after clearing when the regrowth is small ensures
the brown-out associated with blanket spraying.

control and minimizes

CHEMICAL BRUSH CONTROL
Following are the different operational methods for spraying machine-cleared
as they appear in our Brush Control Standard:

rights-of-way,

There are a number of variations of the foliage spray method, each having a particular
application for a given condition. This is a method where the entire plant is sprayed.
As a
result this introduces a more serious drift problem and its use is therefore more restricted.
The advantages of foliage sprays are normally lower costs - - when water is used there is no
prolonged lingering odor nor fire hazard -- and foliage sprays are more effective on some few
species than basal.
High Volume Foliage Spraying
This method uses large volumes of water in relation to the chemicals.
The entire plant is
sprayed when it is in full leaf, spray being applied by means of orchard type sprayers.
Where to use
1. Where there is no danger of contaminating

Wetsch

water supplies.
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2.
3.
4.

Where no restrictions to spraying exist.
Where there are no adjoining susceptible crops and ornamental bushes.
Where brush species are predominantly the easy to kill species.

Spray formula
Predominantly easy to kill species.
2 lb. 2,4,5-T/gal.)
99 gals. water.
Erratic

and hard to kill species.

3 quarts low-volatile

4 quarts low-volatile

ester brush killer (2 lb. 2, 4-D and

ester brush killer,

99 gals. water.

Time of year. During the active growing season when brush is in full leaf except during
heavy or prolonged rain.
Application technique.
The coarse drenching spray is applied at pressures sufficiently high
to cover the entire plant. Complete coverage is essential.
Especially important is getting the
spray on the uppermost part of the plant. This is often overlooked.
Watch the wind - - AVOID
DRIFT.
Helicopter

Spray Application

Applying a foliage spray by means of helicopter is an ideal method from the standpoint of
management for it ·does not tie up large crews for long periods of time, the cost is low, the
spray is uniformly applied, and terrain and access roads are no factors.
Where to use
1. Where regrowth is predominantly alder and other susceptible
2. In remote areas where drift is not a factor.
3. Where no restrictions
to spraying exist.
4. Where there is no danger of contaminating water supplies.

Spray formula.
4 quarts low-volatile
9 gals. water, 0. 6 lbs. Vistik
Rate of application.

ester

species.

brush killer (2 lb. 2, 4-D and 2 lb 2, 4, 5-T/gal.)

8 to 10 gals. total solution per acre.

Time of year. During the active growing season when brush is in full leaf.
during a rain or when rain is expected soon after spraying.

Do not spray

Application technique.
Apply spray only during mild weather. Do not spray when the wind
velocity is such that the spray drifts off the right-of-way.
AVOID DRIFT. Correct flying path
in deep draws or canyons to allow for local air currents.
Maintain a uniform flying speed under
40 miles per hour. Apply the spray in coarse droplets.
Contract inspection.
Spraying brush by helicopter is normally performed by contract.
To
obtain satisfactory contract performance the inspection must be planned and well organized.
For
this purpose a team of three inspectors is required, one of which is in charge and is the official
contact with the contractor.
Before spraying is begun provide each inspector, the pilot, and his ground crew with a strip
map on which the approved landing sites are marked.
Indicate any changes in the landing sites
or in the order of use on each of the strip maps before the landing is made.
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It is necessary to check the immediate and long-range weather forecasts to determine the
date spraying is to begin. Install suitable markings on towers or poles to show the beginning
and end of each plot to be sprayed.
This can be done by different colored bunting.
Have one inspector with the ground rig at all times to insure proper formulation of the spray
mixture, to check quantities applied per plot, and to insure compliance with the provisions of
the specifications.
Have the other two inspectors on the right-of-way positioned so that they
can observe the application of the spray.
Provide each inspector with a 4-wheel drive vehicle equipped with a radio. This is necessary to convey messages from the two inspectors on the right-of-way to the pilot or ground
crew via the_ inspector at the landing site, and vice versa.
The duty of the inspectors is to observe the size of droplets; uniformity of pattern; termination of the swaths; the coverage of the right-of-way; drift; and local air currents in deep
draws.
When it is observed that it is too windy to spray, the contractor shall be informed that
spraying operations are shut down until the wind is within tolerable spray limits.
The inspectors on the right-of-way will also observe the flying position of the helicopter
with respect to the conductors to give complete right-of-way coverage, to keep the spray within
the right-of-way,
and also to determine if the pilot is flying too close to the conductor for
safety.
Usually this is an early morning and later evening operation
during the day.
An inspection of the area must be made to determine
This shall be made within 30 days after application.

because of wind conditions

results

for final payment purposes.

Air Blast Sprayer Application
The air blast sprayer provides a low cost method of brush control, but spray drift is a
problem and must be watched much more closely than with other methods. However, because
of thorough coverage obtained, including the underside of the foliage, a much wider range of
control

is secured

than with high volume

foliage

and helicopter

sprays.

Where to use
1.
2.
3.
4.
5.

Where
Where
Where
Where
Where

no spraying restrictions exist.
there are no adjoining susceptible crops or bushes and drift is not a problem.
the right-of-way is accessible to 4-wheel drive equipment.
trees are not so high that they will fall into the line.
there is no danger of contaminating water supplies.

Spray formula.
In summer during active growing season and in full leaf: Normal, 3-5 gal.
brush killer, (2 lb. 2, 4-D and 2 lb. 2, 4, 5-T/gal.) 97-95 gals. water. Formulate and regulate
the spray mixture so that one gallon of brush killer is applied per acre of average brush.
Time of year.

Wetsch

During the active growing season when the brush is in full leaf.
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Application technique. Pour the chemical into the spray tank and then add the water with
the pump working. This ensures proper and uniform mixing.
Check the wind direction before start of spraying and watch while spraying during the day.
Wherever possible drive the machine into the wind so spraying can be done behind and to the
sides of the truck without blowing the spray back into the operator's face.
Throttle the engine to prevent spraying plants off the right-of-way
edge of the right-of-way and apply the spray at an angle.

when spraying near the

Spray breakup disks should be removed when the wind comes up because the disks break
the spray into very fine particles which can be carried for much longer distances than coarser
sprays.
The size of the orifice and the pump pressures determine the volume of discharge.
When
necessary to increase droplet size to prevent drift, the dilution should be increased to correspond with the increased volume of material delivered and to stay within the gallon of chemical
per acre applied.
Complete coverage of all plants is necessary to secure control and this is especially so of
conifers.
CONIFERS MUST BE COMPLETELY DRENCHED ON ALL SIDES FOR CONTROL.
Examine leaves and stems of sprayed plants occasionally to ensure that complete coverage is
obtained.
When changing to the larger orifices the examination of coverage is essential for the air
stream is not completely saturated, especially a short distance from the machine. Therefore,
the plant may not be completely covered with spray even though the air current rustles all the
leaves on the plant.
Hold the blower steadily on the plants or revolve slowly to secure the full effects of the air
blast in penetrating dense brush and heavy foliage.
Do not point the blower skyward to simulate a rain effect when there is a wind blowing for
the wind will carry the spray for long distances.
The air blast sprayer has a hose takeoff which may be used for spraying inaccessible
locations, thus either basal or high volume foliage spraying can be done with the air blast
machine.
Equipment.

The sprayer

should be mounted on a 4 x 4 truck.

One 100-gallon water tank mounted on a 3/ 4-ton pickup truck is required
for the spray machine and to transport the chemicals and the crew.
Conifer Control with T. C. A. (Trichloroacetic

to furnish water

Acid)

T. C. A. was developed primarily for grass control, but it has been found that it is also
very effective for control of conifers.
T. C. A. may be added to normal spray mixtures for
spraying mixed stands where conifers are present or it may be used by itself where only
conifers are a problem.
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Where to m,e.

Where no spraying restrictions

exist.

Spray formula
A.

High Volume Foliage Spraying
Conifers only

Conifers and other mixed species

1 pt. spreader sticker
17 lb. T. C. A.
100 gals. water

1 gal. brush killer
17 lb. T. C. A.
99 gals. water

B. Air Blast Sprayer
Conifers and predominantly
Conifers only

easy to kill mixed species
2-3 gals. brush killer
50 lb. T. C. A.
98-97 gals. water
Conifers and predominantly

1 pt. spreader sticker
50 lb. T. C. A.
100 gals. water

hard to kill mixed species

3-5 gals. brush killer
50 lb. T. C. A.
97-95 gals. water
NOTE: Use the lesser

amounts of herbicides

during the active growing season.

Material and mixing
Brush killer - 2 lb. 2,4-D - 2 lb, 2,4,5-T/gal.
T. C. A.

94 percent active trichloroacetic

acid.

T. C. A. is a powder and it therefore is necessary to follow these instructions carefully
mixing, otherwise the chemicals will not mix properly and poor results will be obtained.

for

Pour the required amount of water into the tank. With the engine running and the tank
agitators operating, add the T. C. A. When the T. C. A. is completely dissolved, add the brush
killer. Agitate the entire solution for about five minutes or until the mixture is completely
blended.
Application.
Application should be by high volume ground sprayers or air blast sprayers.
Apply the spray mixture in as coarse a spray as possible to avoid drift. Completely cover all
foliage on the plants. The volume should be regulated so that approximately one gallon of brush
killer and the proportionate amount of T. C. A. is applied to one acre of average brush.

1.

Wetsch

When handling T. C. A. be especially careful to keep it away from skin and eyes.
Strong solution may irritate and burn the skin and eyes unless rinsed off immediately.
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2. Avoid getting even dilute solutions of spray on the skin for prolonged periods for
the water evaporates and the concentration of T. C. A. builds up to toxic levels.
However, a burning sensation usually gives warning soon enough to prevent more
than peeling of the skin.
3.

Wear safety glasses

for eye protection.

4. Apply approved skin creams
5.

Follow directions

when subject to sprays or the powdered T. C. A.

on label of cans.

Precautions
1.

T. C. A. is primarily a grass killer so avoid getting it on desirable narrowleaf
plants. It will not ordinarily have any effect on broadleaf plants although some do
react to it.

2. The 2,4-D - 2,4,5-T solution contains adequate wetting agents and it is therefore not
necessary to add more spreader sticker.
In fact, it may even be harmful for the
two wetting agents may not be compatible.
It is well established that diesel oil
additives may reduce the results on deciduous plants by preventing translocation
through premature leaf burn. This is especially so with isooctyl esters.
Thickening Agents
Drift from liquid spray applications can be greatly reduced by adding a thickening agent to
the spray mixture.
In addition to the better drift characteristic,
the thickener forms a viscous
spray which adheres to the leaves and stems of the plants instead of bouncing or rolling off.
The thickening agent may be added to any of the liquid spray formulas
Standard.

covered in this

When to use thickeners in the spray.
When there is danger of drift off the right-of-way.
For helicopter application of liquid sprays.
Material.

Vistik--a

high viscosity hydroxyethylcellulose.

Spray formula and mixing.
spray mixture.
Vistik

Sodium Carbonate--washing

Use the following amounts of thickener

soda.

for each 100 gallons of

6 lbs.

Sodium carbonate

1/ 4 lb.

Vistik is a powder and requires thorough mixing with the spray mixture in order to obtain
a lump-free solution. The sodium carbonate is added to decrease the mixing time. Vistik
should be mixed only in tanks that have paddle agitators.
The following mixing procedure should
be carefully followed:
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1.

Fill the tank with the required

2.

Start paddle agitators.

amount of water.
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3. Add the Vistik and allow to mix for two minutes.
4. Add sodium carbonate

and continue to mix for approximately

five minutes.

5. Add brush killer and continue to mix for 5 to 10 minutes.
The water temperature affects the time required for the Vistik to go into solution. The
warmer the water the shorter the mixing time. Approximately 10 to 15 minutes total mixing
time should be required.
Some foaming may form.
spray mixture.

This is natural and in no way reduces the effectiveness

of the

Equipment.
It is very important that only clean equipment be used when spraying with
thickened solutions.
Strainers or screens should have a No. 10 mesh opening or larger.
Small
particles of rust or other foreign debris will clog the strainers or nozzle.
Remove the large star-shaped strainer from the main line on the air blast machines.
these removed it is important that only clean water be used.

With

Use a D-6 or D-7 orifice disc and a 4-hold spinner in the nozzle of the rotomist.
The pressure
obtained.

should be regulated

so that a desirable

spray pattern and adequate range are

Flush out the tank and piping system after each day's use.

This will prevent clogging.

Precautions.
Vistik forms a very slippery solution when mixed with a liquid. Therefore,
extreme care should be exercised when walking on any metal where Vistik has been spilled or
sprayed.
Wash walking surfaces with water as soon as possible to avoid possible injury.
Keep the Vistik dry.

Moisture will cause the material

to set up.

We have been using Tordon only for a short time and it is therefore too early to determine
long-range results.
However, it does appear to be effective on conifers and other resistant
species.
In those places where the rights-of-way are cleared by hand-cutting, deciduous tree stumps
must be sprayed immediately after cutting to prevent resprouting.
If not sprayed immediately
it is best to wait until resprouting has occurred.
At this time the new growth is sprayed as
well as the stump.

The formulation

we use is a 5 percent solution of 2, 4-D - 2, 4, 5-T in diesel oil.

We have kept a daily record of all brush control activities
most useful in evaluating the different herbicides, operational
of retreatment,
etc.

since 1952. These have proven
methods, costs, optimum time

When the foliage treatment programs are analyzed according to status of initial treatment
without regard to any other factors, we have some very interesting data.
Right-of-way
Right-of-way

Wetsch

without initial treatment
with initial treatment

176 gal/A 7. 6 man-hours/A
64 gal/A 3. 1 man-hours/A
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Our records
and five years.

also show a decided advantage in a nominal retreatment

cycle of between four

Growth data indicates that if retreatment is allowed to go much beyond this, under ideal
conditions the trees could grow as much in one year as in the previous four to five years.
It
is therefore most important that brush control measures be started shortly after initial clearing
and continued at four to five year intervals for optimum results.
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BRUSH AND DITCH WEED CONTROL IN POPULATED AREAS
W. R. Furtick
Professor,

Farm Crops Department,

Oregon State University

Weed control along water courses whether for irrigation,drainage
or pleasure-boat navigation has an increasing importance as the pressure of population creates more and more demands
on water use. Most of the weed problems along water courses are perennial grasses or perennial herbaceous weeds that utilize the available water adjacent to the water course to make
vigorous growth. Because of the abundant availability of water, the aggressive perennial plants
tend to make it relatively difficult for annual weeds to establish.
In addition to the grass and
herbaceous perennials, frequently woody perennial species, particularly willows, cottonwoods
and other high water table species, become problems.
Some of the most critical factors to consider in the control of weeds along water courses is that where water flow is rapid, unless there
is good vegetative cover on unlined banks, serious erosion can occur which may make maintenance
of the water course difficult. As a result there has been very little use made of the so-called
soil sterilants that will give complete kill of all vegetation.
In general, the most effective means
of handling vegetation is to utilize chemicals that will give a retarding effect on the perennial grass
cover along ditch banks, while at the same time killing any undesirable perennial weeds whose seed
may infect adjacent farm lands, The various methods used for control of weeds along ditch banks
have included periodic burning with propane burners, fencing and grazing with livestock, keeping
the bank area mowed with mechanical equipment, use of contact weed killers such as aromatic
oils, dinitro fortified oils and, more recently, paraquat or the use of systemic weed killers such
as combinations of dalapon and 2, 4-D or amino triazole plus 2, 4-D or combinations of amino
triazole and dalapon. In most cases these chemicals do not give enough length of supression to
maintain control of the weedy species throughout the growing season so that multiple applications
may frequently be required.
The most efficient means of controlling woody species along irrigation banks has usually been
to cut the woody species and treat the cut surfaces with the standard brush killer oil mixes or on
larger trees to inject or basal spray for control.
Where the ditch bank is nearly solidly infested
and hand cutting plus stump treating does not appear feasible, there has been some exploratory
use of fenuron pellets and Tordon beads as an application to the root zone to bring about kill of
the woody species.
There is substantial hazard from the use of Tordon in water course areas because of its potential movement in the water and if the water is utilized for watering gardens
there can be injury to crops or ornamentals.
It is, therefore, not recommended that Tordon be
utilized for this purpose unless there is no possibility that contaminated water might find its way
into areas that could cause injury to desirable plants.
The use of herbicides in populated areas is fraught with concern for the safety to trees,
ornamentals and gardens as well as safety to pets, children, etc. In general, the use of most
herbicides creates much less health hazard problems to livestock, pets, birds, children and
users than do insecticides and other pesticides.
Very few of the herbicides have any appreciable
toxicity to mammals or fish. Regardless of the low toxicity of most herbicides, normal precautions should be taken to prevent contamination of water or access to used containers or high
concentration sources of the chemical.
The primary problem with the use of herbicides in populated areas is the very high potency of many of these chemicals at microscopic quantities to
damage ornamentals,
gardens and similar vegetation.
The most serious problems are with the
phenoxy-type compounds represented by 2, 4-D, 2, 4, 5-T and similar chemicals.
These also
have been the most widely used chemicals with widespread use in home lawns and vacant lot
areas.
By far the most important factor leading to damage is the result of direct drifting of
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spray particles, particularly the fine particles
nozzle orifices under pressure.

produced when spray solutions are forced through

A number of recent developments are promising for minimizing the danger of drift injury
from the use of herbicides in areas where there are adjacent sensitive plants. These new practices include the use of spray drift retarding adjuvants which increase the viscosity of spray
solutions with a resultant reduction in fine particle production during the spraying operation.
The products most commonly used are Vistik, Dacagin, and Norbak. Each of these operate on a
little different principle as far as producing a viscous solution that will not break up into fine
particles.
There has also been some reduction in drift hazard by the use of invert emulsions but
these usually require special spray equipment or handling.
There are several new types of equipment developments under way that offer hope of making
it much easier for the nonprofessional to utilize spray equipment with a minimum of hazard from
fine droplets.
The most promising equipment that is presently under development appears to
utilize a centrifuge principle for spray delivery that produces a uniform droplet size without any
fine particles and that gives a high degree of dosage accuracy since the centrifuge is operated on
the basis of ground speed so that there is a constant delivery rate directly related to speed of
travel.
Another frequent source of injury is the result of root uptake of materials highly effective
through the soil to kill a broad range of vegetation or for the control of deep rooted perennial
plants. These types of chemicals can be divided into the most commonly used soil sterilants
which are the phenyl ureas (Karmex diuron, Telvar monuron, and related compounds), the triazine herbicides (simazine, atrazine and related compounds) and uracils (Hyvar X and related
compounds).
In addition, soil type hormone herbicides with high potency are finding their way
into use for the control of deep-rooted perennial plants. One of the most popular of these that has
come on the market recently is picloram, a product sold by the name Tordon which is highly potent
and microscopic quantities of which can be detrimental to many species of plants.
In order to utilize any of these type materials safely in populated areas, great care must be
taken to be sure that they are utilized well beyond the drip line of any desirable ornamentals.
There has been a rapid proliferation of new products for control of weeds that are common
problems in populated areas, such as crabgrass in lawns and general vegetation control along
driveways, in waste areas and for similar uses. As the number of chemicals increase, greater
care must be taken to follow basic rules of safety.
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SELECTIVE VEGETATION CONTROL TO FAVOR
ATTRACTIVE AND NONOBJECTIONABLE COVER
B. F. Roche, Jr.
Associate

Professor,

Forestry

and Range Management,

Washington State University,

Pullman

The tools which provide for a continual increase in yield or purity of crop production are
slowly being adapted to noncrop land use. Of these tools the one with perhaps the widest potential
is selective vegetation control.
Selective vegetation control is another way of saying "vegetation management",
which may be preferable to the often misconstrued term "weed control. "

either of

The word weed is variously defined, its most common usage being "a plant out of place". Such
a definition is not ecologically acceptable based on the necessity of the plants being adapted to the
environment in which it is found if it is to be significantly competitive.
The out-of-place concept
is man's and should therefore be readily traded for a realistic concept of value, i.e., a weed is
a plant with a negative value within a given management system.
Such a value rating would be
within the scope of the manager's knowledge and could be based on any one of several value
criteria, e.g., esthetic, safety, cause of hay fever, economic return, effect on soil conservation
or water retention, etc. Used in this manner the management-based
negative value would become
a defendable basis for change, i.e., manipulation through management.
Control has come to mean kill, although the seed of the species more often than not outlive
the effectiveness of the treatment.
Regardless of the seed life or herbicidal effectiveness one
must consider the ecol~cal
implications of "control".
The species which is the treatment
target is filling a niche in the area's ecosystem. 2 Its elimination may promote the expansion of
a desirable species currently competing therewith or it may create a vacancy soon to be occupied
by an equally undesirable ecologic equivalent.
Treatment goals may therefore vary as does
species composition, e.g., control, kill, suppression,
replacement,
etc.; each is in some instances desirable to management.
The result in each instance should be predictable.
Noncrop land, this section of our symposium, is another of the concepts on loan from agriculture. One use for this term relates to herbicidal recommendations wherein it designates land
from which no crop will be harvested mechanically or by domestic animals during the period
specified by the label registration of the material used (Roche' and Swan, 1967). Therefore it is
within the framework of classical agriculture,
e. g. , agronomy, horticulture,
etc. , that we find
vegetation separated as crop and noncrop. Certainly an attractive and nonobjectionable cover
produced by the management of an area is to its manager a crop and it is within this framework
that we must treat the subject.
The crop or that produced on an area (site) will be considered a plant community. Major
(1951) defines a plant community as a distinctive, organized grouping of plants living together in
1
The ecological niche of an organism depends not on where it lives but also on what it does.
The habitat is the organism's address.
The niche is its profession.
2
The ecosystem is the basic functional unit in ecology. It includes for an area both the living
organisms and the nonliving environmental parts. Each influences the other and both are necessary for the maintenance of life.
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a circumscribed
area as a unit of vegetation.
A formula is proposed: V = function of (CI, P,
R, O, T), where Cl equals climate; P, parent material; R, topography; O, organisms; and T,
time. These are considered ecosystem factors but are in reality groups of variables under
single headings. Climate is essentially heat and moisture and is perhaps independent.
Soils and
vegetation are dependent variables.
The concept of vegetation as a polyclimax on forested areas has been clearly discussed by
Daubenmire (1952). Additional unpublished research by Daubenmire supports the thesis that
nonforested areas are equally adapt to this concept of community distribution.
Polyclimax, in opposition to the Clementian concept of monoclimax or of all sites moving
towards a single climax association, 1 proposes that plant communities exist as stands representative of plant associations dependent upon the requirements of the representative
species and
the environmental conditions provided by the site (in this sense termed a habitat type). 2 This
recognizes the probability of a describable stand (community) wherever its requisite conditions
exist. This then provides the land manager with vegetative units that respond similarly wherever
found. The unit (stand or community) is labeled with the name or names of the dominant vegetation.
The influence of environmental factors other than the dominant climate may also serve to
clarify. A distinct community that varies from the norm (climatic climax for the area)3 may
be designated as a topographic climax, an edaphic climax, a fire climax, a biotic climax, etc.,
in recognition of the single factor considered the dominant environmental variable.
It should
be further stated that each of the above-mentioned environmental factors may vary widely. Soils
(edaphic) may provide a greater than normal moisture reserve, be so situated as to accumulate
salts, or due to the action of many forces be shallower and hence more droughty. Snow traps
and paved sections of the watershed are common variables that occur within a few feet.
The range of the species relative to an environmental factor is determined by the ecological
amplitude of the species and the level of availability of the factor. The wider the ecological
tolerance range of a plant the better are its chances of success (Stark, 1966). It is an ecologically
sound premise that the factor which limits the adaptability of a species becomes readily apparent
at the fringes of that species' range. Factors most often encountered by the land manager are
moisture, as total precipitation,
seasonal precipitation or the soil's capability to serve as an
adequate reservoir,
light or the absence thereof, nutritional balances, and the factor of interspecific competition.
The last, interspecific competition, is the basis for selective vegetation·
control.
1
Association - a collective term for all climax stands that so closely resemble each other as
to merit designation by a single name. The stands of one association occur as separated patches
owing to the discontinuity of suitable habitat, or to fragmentation through partial destruction.
2 Habitat type - a collective term for all those portions of the earth's surface that support the
same (climax) plant association,
or did support it prior to its destruction by fire, logging,
grazing, etc. It is the physical environment of a particular association.
3climatic

climax - closely related to the climate for the area and considered the primary
climax (stable community) that develops on deep loam soils having normal nutrient content and
gently sloping surfaces.
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Clements et al. (1929) state that the functional cycle of competition is adjustment; the structural outcome is adaptation.
This sequence of action and interaction is fundamental and universal,
and is an inevitable concomitant and the cause-and-effect
relation of competition and functioning.
It renders adaption the basic and visible expression of response in the individual, as succession
is in the community, and throws into clear relief the threefold nature of developmental ecology;
namely, competition, adaptation, and succession.
Competition has to many people the connotation of parallel stresses,
that is, individuals
competing for the same resource at the same time. Harper (1961) realistically
expands that
concept by defining the term as "The short- and long-term hardships which result to organisms
from the proximity of neighbors. " In other words a fall -germinating species may preclude the
establishment
of a spring-germinating
species; this is the area of developmental phenology.
Succession as used by Clements et al. (1929) refers to primary succession or the development of a plant community in an environment previously barren, e. g., a rock face, a talus slope,
the area immediately below a receding glacier, etc. Succession to the manager of vegetation is
almost invariably secondary succession or that which develops on a site following a disturbance
which significantly modified the climax.
We therefore assume that that which we will manage will be a secondary succession and as
such subject to the many forces present in an unstable system plus those impinged thereon by
our own effon:s to mold.
Consider, for a moment, weed control per se, idealized as an independent science, and you
will become acutely conscious of the relatively small part of the total occupied by this progressive
substitution of chemical energy for the hoe. Certainly we are capable of effecting a change but
change is not always improvement.
Change, at some rate, is constant.
Our problem is to
recognize that change can be made subject to an intelligent plan! We need to think in terms of
ecological engineering to develop synthetic systems which function partly under the energy budget
of nature and partly with the power takeoff provided by our civilization (Odum, 1962).
To do this will require team effort, first, of those proficient at each level of the operation
from synthesis to application and secondly, of those proficient in ecology and those equally proficient in socioeconomics.
I believe that we have unanimous agreement as to the desirability
of combining minimum costs with maximum good.
Much of the work that has been done in the name of vegetation management has been more
detrimental than advantageous.
The elimination of a fall-germinating
annual grass, cheatgrass
(Bromus tectorum), by applying residual herbicides to the road shoulders has in some instances
effected the elimination of competition that had previously held in check the spring-germinating
annual, sandbur (Cenchrus pauciflorus),
which now flourishes on sites sufficiently sandy to permit winter leaching of the herbicide.
In other areas the cheatgrass has been replaced by another
somewhat-less-than-desirable
spring-germinating
annual, namely, puncture vine (Tribulus
terrestris).
Perennial vegetation, too, e.g., rose (Rosa spp. ), Kentucky bluegrass (Poa
pratensis),
native bromes (Bromus spp. ), etc., found in the areas of higher precipitation can
also be eliminated by residual herbicides.
In the latter the tolerant species seem to be horsetail
rush (Equisetum spp.) and foxtail barley (Hordeum jubatum).
In each instance the change is for
the worse insofar as society is concerned and perhaps equally so to the land manager who will
at some stage of planning recognize the superiority of managed cover to a continuum of varying
spray programs designed to eliminate those species tolerant of the ongoing program.
But this
is not selective vegetation control and when the desire to effect an attractive and nonobjectionable
cover arises the largest single problem may be residual toxicities:
the herbicidal history of the
site.
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Selective vegetation control to favor attractive and nonobjectionable cover is not going to be
easy nor is it going to be simple.
We must unhinge our thinking, sweep out the cobwebs and
begin the task of reexploring our environments, examining our preconceived notions -- and adopting the wholesome approach of segregating facts for what they are and then laying them out in
the open for nonemotional assessment.
The future of selective vegetation control will be determined by our understanding of its place in the total. We need to know which plants exist, where
they are located, why they are located where they are and what the effects of manual, mechanical
or chemical energies will be on the life of the community.
The complexity of all of this can be
imagined.
It is not only greater than we think, it may be greater than we are capable of thinking.
It is imperative that we begin to understand the simple communities for they, generally speaking,
are the bases from which complexity develops as species are either added or subtracted.
Much has been written relative to the immediate response of species to herbicides.
The
factors of selectivity in sometimes described environments are fairly common knowledge to the
agriculturist.
His world, however, is apt to be an attempted monoculture -- one desirable and
one or more undesirable species, the majority of which commonly have very similar phenologic
developments.
The phenologyl of the species is most important to the success ratio of simple
selectivity; e.g., the activity of the leaf and the transport of phenoxy compounds, the location of
the root and the avoidance of residual herbicides, the ability to develop regenerative buds following the death of the chlorophyll-bearing
parts, etc.
Much of this information is readily adaptable to comparable species in the area of noncrop
land. The initial problem, however, is that we doubt the desirability of an attempted monoculture. Egler (1964) points out that one of the cardinal axioms of natural sciences is that a
simplified habitat is extremely unstable.
The second problem is that while we have a good idea
of the immediate response from an application of a herbicide we generally know relatively little
of its long range effects.
We just don't understand, and therefore can't predict, the readjusted
successional patterns.
Replicated plots with periodic applications of a herbicide would provide
suggestions if not answers of the type or amount needed to produce suggestions if not answers of
the type or amount needed to produce specific changes. Concurrent investigations of the physiol ogical, ecological and taxonomic aspects of native species are a must. The bases for ecological
engineering should soon (relatively speaking) become apparent as should the practicality of
planned vegetative cover for an estimated time period.
One of the better examples of selective vegetation control in the Pacific Northwest is that of
the USBR on the Columbia Basin Irrigation Project.
These vegetation control studies were begun
by the late Mr. Delbert Suggs in cooperation with the author and expanded to others (Van Keuren
et al. , 1960) as the investigation grew to include over 100 species plus sites and the effects of
fertility.
The seeding of redtop (Agrostis alba) along the waterlines (wetted perimeter) and wheatgrass
species from the wetted perimeter up and over the bank has provided a relatively stable situation
on a thoroughly disturbed big sagebrush/bluebunch
wheatgrass (Artemisia tridentata/ Agropyron
spicatum), habitat type.
Crested wheatgrass (AJ?:ropyron desertorum) is used on the soils tending toward sandy.
Streambank wheatgrass (Agropyron riparium) is preferred but is more difficult to establish on
lighter soils in addition to failing to produce the desired density on the more droughty sites.
The over-the-bank
seedings are made as a part of ditch construction.
Actual date of seeding
is normally between October 25 and December 1. By the third season the stand is often adequately
1
Phenology is the study of natural phenomena that recur periodically
and changes of season.
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competitive to prevent the establishment of annual weeds, e. g. , mustards (Brassica spp. ) and
Russian thistle (Salsola kali). To assist the grass in becoming established all ditches are boom
sprayed with 2, 4-D amine at I. 25 to I. 75 pounds (AI) per acre. Established perennial weeds
(bank or emergent) are sprayed with the same material at a higher rate per acre (4 to 6 pounds).
The redtop is seeded during the first summer of water delivery.
This program also includes the successful use of cereal rye (Secale spp.) and Giant Volga
ryegrass (Elymus giganteus) for stilling and dunes and initial blowouts.
The practicality of selective vegetation control to favor attractive and nonobjectionable
in this central Washington project is substantiated by the following evidences: 1
I.

Water and wind erosion's

cover

reduced.

2. A higher quality of irrigation
from undesirable plants.

water is maintained through reduction of debris and seeds

3. The spraying avoids the costs of mowing and brush removal at an estimated saving of as
much as $150 per mile of channel per year. Reports from irrigation project managers
in the Pacific Northwest show an annual saving in O and M costs as high as $30 for every
dollar spent in grass plantings.
4.

The program contributes to the safety of the irrigation system by providing good visibility
for the operators; cover height control provides a significant improvement in the ease of
inspection.

5. The type cover maintained
adjacent property.

provides a lessened fire hazard to wooden structures

6. It also reduces to the minimum food for rodents which are destructive
7.

The cover has a high aesthetic

and

to ditchbanks.

value.

8. The cover consumes less water from the channel than would weeds and brush.
9. The cover,

as managed,

is self-maintaining

and self-renewing.
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PROGRAMED RIGHT-OF-WAY MAINTENANCE
H. R. Johns
Asplundh Tree Expert Co.
Here are a few suggestions

on how to program

right-of-way

1. Cut every five years and don't apply chemicals;
poison the land.

they are expensive,

2. Apply cheap aerial sprays every three years regardless
composition, density or ground cover.
3. Broadcast pellets and eliminate

vegetation management:

of results,

dangerous and

changes in brush

smelly chemicals.

4. Apply blanket sprays whenever there is money in the budget, using short-term
crews; don't worry about qualified or trained men.
5. Award spray contracts

season

to the cheapest bidder who will submit a quotation.

Ridiculous? Yes, but each is still being followed somewhere today. In fact, a few utility
companies haven't even discovered the benefits of herbicides -- after 20 years of commercial
experience.
Unfortunately also, others haven't had 20 years' experience; they've had one
year's experience 20 times.
However, the problem in programing is not technological; we have proven methods and
excellent formulations available today. The primary problem lies with top management - usually two to three levels above the foresters who write specifications and supervise the work.
Chemical brush control is usually the first thing to go when the budget is cut to satisfy shortterm economics, and we had numerous illustrations this year as in previous years.
To quote
one utility official, "We pay the bill, so we tell you what, when and how to spray".
PROGRAMING R/W MAINTENANCE (see Figure 1) is defined as planning the right combination of chemicals and methods to insure continuity of utility service economically and esthetically.
Service reliability can also be harmonious with multiple-use,
benefitting the traveling public,
farmers,

hunters,

conservationists

and others.

Brush control is long-term elimination of brush providing immediate root kill of susceptible species and partial reduction of resistant brush. Brush elimination, on the other hand,
is that combination of methods providing maximum root kill of all tall brush species and optimum
development of desirable ground cover. (See Figure 2) The latter is most desirable and
economical; it is essential for roadsides, suburban or farming areas, game lands and other
areas of special importance.
If brush is almost into conductors, the immediate objective is to protect the line by quick
control of growth. Other than such an emergency situation, R/W vegetation management should
achieve maximum brush kill per dollar while preserving and developing stable ground cover.
However, programing is not simply a matter of killing brush.

Johns

265

-

.,...,_,.,"'"'_.,,,_,
.-,,-,,1.,.w,_,,,.,.J/IIW
....,,r
(_,___
___..,.
-tdl'

Figure 1.

-~,.,,,,,,,,,.,..,....._,

Programfog is planning the right combination of chemicals and methods
to insure continui,ty of service economically and esthetically.

In developing a R/W MANAGEMENT PLAN, environment, chemicals, methods, personnel,
business economics, season, equipment, and other factors must be taken into account.
Occasionally even mechanical rather than chemical methods are required.
Intelligently planned
and executed chemical programs can also provide acreage useful for many other purposes in eluding other utilities, recreation areas, farmland, nurseries,
etc.
MECHANIZATION required in spray operations may vary from horses to helicopters,
or
backtanks to bombardier tractors.
fut the job should determine the right equipment, not a cost
of 75 cents per hour or $75 per hour.
GROUND METHODS include waterborne stem-foliage utilizing 2, 4-D/2, 4, 5-T brushkillers,
Tordon 101, and Ammate -- which are all excellent chemicals.
Modified basal oil-water gives
the efficiency of faster applications with the effectiveness of the basal method, when properly
handled. · Summer and winter basal with 2, 4-D/2, 4, 5-T in an oil carrier is a valuable technique,
particularly for followup work. In fact, dormant basal and dormant stem applications have not
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been used nearly enough. TI.1eyare no more costly, but they avoid brownout, reduce crop
damage, and produce comparable or better results.
More important, the spray season is
extended, an important benefit to personnel and for equipment costs.

COMPARISON
OF
srusHCONTROL
vs.BRUSH
ELIMINATION
PROGRAMS
.....
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Figure 2. Typical savings resulting from brush elimination
comparedto brush contro 1•
CONTINUITY OF WORK is almost universally overlooked in programing.
For example,
when three crews can do the same job in six months that six crews would do in three months,
reduced personnel and training problems, lower overhead and supervision costs and better
results are obtained for less money. And in many parts of the country, spray crews can work
at least 8 to 10 months each year. We now have crews working for 14 utilities on a year-round
basis, with more companies added each year; this is proof of benefits.
In this connection, equipment costs are also an unknown factor to researchers,
managers and even contractors themselves!
For example, a completely-equipped
sprayer costs $8, 000. The billing rate for this unit should cover:
1. Return on investment
2. Operating costs - gas, oil, tires,
3. Fixed costs - license, insurance,

repairs
depreciation

Taking depreciation alone from an accounting standpoint,
life or $2, 000 per year straight- line depreciation:

Johns

utility
new R/W

assume $8, 000 cost and 4-year
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If sprayer

works:

250 hours
500 hours
1,000 hours

Then depreciation

is:

$8/hr.
$4/hr.
$2/hr.

Insurance and other job overheads follow the same pattern, so realistic billing must reflect
a true picture of job costs, conditions, continuity of hours worked, and other factors.
AERIAL METHODS are well suited to swampy, rocky, or otherwise inaccessible terrain.
Because of drift potential with conventional aerial sprays, we prefer invert emulsions of
2, 4-D/2, 4, 5-T or thickened Tordon 101. These safer applications produce good coverage, and
greatly reduce off R/W damage. Additives to these mixtures can enhance effective root-kill of species
otherwise resistant to aerial sprays.
When the thick canopy of brush is eliminated with higher
concentrations and quantities, ground cover is then released to develop. On the other hand,
minimum "control" quantities every three years usually only stunt brush and ground cover.
PROPER APPLICATION is the real payoff in programing.
Formulating know-how, research,
and planning - - all these fail without conscientious application.
The man at the nozzle must be
carefully hired, trained and closely supervised to avoid a disappointing job. Good personnel
won't stay on a short-term job; they'll go where continuity of employment is offered, leaving
only mediocre manpower.
VOLUME of chemical applied is frequently insufficient, simply because so many R/W
managers are seeking only brown foliage at the lowest price. For example, complete brownup
can be achieved with 100 gallons per acre of waterborne, while 400 gallons per acre may actually
be required on the same brush height and density to accomplish root kill. Price alone should not
be the determining factor.
The modified knapsack MIST BLOWER is a newer development -- particularly for selective
followup work. With lOX concentration, any brushkiller can be applied economically.
While
carrier volume can be reduced by 90 percent, normal amounts of active ingredient per acre
are required.
Ideally suited to inaccessible terrain, narrow R/W, watersheds, and many other
purposes, thickeners can be added to reduce drift. With proper know-how, efficiency and
economy can be obtained without compromising selectivity and root kill.
Using a special attachment, dormant basal and precut basal applications have also been
successful.
The air blast gives an added advantage in clearing away leaf litter. Incidentally,
this modified machine is valuable in applying test plots also.
ULTIMATE COST, not first cost, is important in programing chemicals, mixtures and
methods. For exam'ple in California where fire hazards exist around structures,
soil sterilants
are required.
Brand X costing only $2. 50 per pound may not be as good a value if Brand Y
costing twice as much per pound requires less than half as much to do a better job on an extended
basis. Mixtures also have an important place for special regional weed problems.
Four to
five times as much active ingredient may be required under conditions of high rainfall, long
growing season and adverse soil condition. More than one expert has been trapped when away
from hornet
PUBLIC ACCEPTANCE of chemical programing is even more important than economics,
because just one claim can jeopardize an entire program.
Unfortunately careless work of other
agencies also reflects on utility programs, such as this example of a municipality which used
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a volatile ester,

of the wrong chemical,

and applied it with excessive

pressure!

Potential HAZARDS of drift, root pickup and volatility must be carefully weighed in planning
R/W programs.
With safe application techniques, nonvolatile formulations, dormant work and
buffer strips at road crossings, any responsible operator can vaoid trouble.
Particular care is
required around streams, ponds or other bodies of water. However, with present technology,
permission can usually be obtained from government agencies for watershed brush control.
Care in picking up water, mixing concentrate, cleaning equipment, and disposing of containers
can be critical.
Here again, a few minutes' carelessness
has killed an entire program.
DESIRABLE SPECIES on the R/W are the vegetation manager's best ally in his chemical
warfare program.
The more rapidly he can eliminate unwanted brush and foster development
of stable cover, the more economical and beneficial his program to company shareholders and
public alike.
The PENN STATE TEST, a large-scale demonstration,
was established in 1953 under the
1
supervision of Dr. William C. Bramble.
The principal objectives were 1) to determine the
effects of chemical sprays on game food and cover, 2) to study game usage of treatment areas
and, 3) to determine the effectiveness of the original treatment with and without subsequent
followup sprays (i. e. , programing).
Briefly, six control treatments were applied ln four replications each. Spraying was done
by an average crew of local labor supervised by an experienced foreman. One year following
the initial spray, a followup basal was applied to half of each treatment area.
Top kill of original brush was excellent with all sprays -- at least 95 percent.
Although a
large number of seedlings were present in the ground layer, they continue to be suppressed by
plant competition, browsing by deer and rabbits, and dieback due to frost, but the potential
exists for a future brush problem if the cover is disturbed.
Brush control attained by all treatments with a followup basal was exceptionally good.
Beneficial effects of this followup spray were striking immediately after treatment and are still
apparent!
After the original treatment and followup, 12 years elapsed before some areas needed further control. Control measures included basal spray, a small amount of waterborne, and
cutting and stump spray of some tall clumps. Of those areas receiving an initial spray only,
10 out of 20 replicates required retreatment.
Of those areas receiving initial spray with
followup basal, only 2 out of 20 replicates required treatment -- dramatic savings from
elementary programing!
All sprayed areas recovered quickly. Although broadcast sprays caused a more marked
change in plant composition, they returned to much the same original ground cover in about
five years, Bramble found. All common species of plants were used by major game species
of the area -- further indication of the values of abundant food produced on the R/W following
good chemical vegetation management (See Figure 3)

A COMMERCIALPROGRAMof one progressive utility further illustrates multiple benefits
of programing.
(See Figure 4) Since 1947, this company has carried on a flexible program,
1Bramble, W. E. and W. R. Byrnes, 1967. Ecological aspects of brush control -- a long
term study on a Pennsylvania right-of-way.
Northeast Weed Control Conference, Vol. 21
p. 406-412.
Johns
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Figure 3. Selective brush elimination releases fern, blueberry, grasses
and other herbaceous species utilized by wildlife.

Figure 4. Brush-free R/Wdeveloped and maintained by commercial
selective chemical methods.
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with a survey to prescribe and schedule treatment methods. Combining aerial and ground inspection techniques makes possible accurate, up-to- .date,. practical information.
Necessary
changes and adjustments in the program can then be handled with ease. This is the ultimate in
programing.
Of comparative interest is the R/W of a neighboring utility which did not use
chemicals for many years.
The latter company's brush-congested rights-of-way were not as
accessible for maintenance and were far more costly to maintain per acre.
DISTRIBUTION R/W, a tremendous nationwide potential for chemical techniques, is only
now being recognized.
Actually electric utilities spend 8 to 10 times as much money to maintain tree and brush control around distribution lines as they do for transmission.
Spraying or
cutting and stump-spraying distribution brush offers even greater dollar savings and esthetic
benefits. More than 10 years' experience in distribution spraying has proven the practicality
and public acceptance of roadside chemical programing.
(See Figure 5)

Figure 5. Distribution R/Wmaintained economically and esthetically
by programingof chemical methods.
In SUMMARY, problems
can be stated as:

Johns

confronting the applicator

(where ultimate

responsibility

rests)
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1.

Too much emphasis by top management
evaluated cost and long-term benefits.

2.

Unreasoned

3. Improper
Just
defining
We must
esthetic

on current

cost rather than ultimate or

fear of the general public, public agencies,

utilization

and legislation.

of proven methods and chemicals.

as in military operations, fundamentals of chemical warfare on brush must include
objectives, intelligence, planning, coordination, etc. - - the parallels are obvious.
recognize the total environment and our methods must be programed to conserve
and physical resources.
Chemicals are indispensable conservation tools to do this.

TOTAL PROGRAMING -- relating all management, human, botanical and other factors -can achieve real results.
And these results can be applied everywhere, whether to rough
rocky transmission
R/W in New England or on narrow distribution lines in northern California,
if the foregoing essential factors are recognized and integrated into the overall picture.
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SPECIAL HERBICIDE COMBINATIONS FOR RIGHT-OF-WAY BRUSH CONTROL

J.

H. Kirch

Amchem Products,

Inc., Ambler,

Penn.

Brush species resistant to standard stem foliage sprays of 2, 4-D and 2, 4, 5-T have become
increasingly important on utility rights-of-way in the last few years.
With the competition
from the susceptible species removed, these resistant species make up the predominant group
on the right-of-way.
During the last 10 years, research has discovered a number of new compounds which are
particularly effective on certain of these hard-to-kill species.
With the exception of picloram
these chemicals have lacked the broad spectrum activity to be sold as general brushkillers.
Small amounts of these more selective materials added to standard 2, 4-D/2, 4, 5-T brushkillers
can considerably improve the kill of resistant species without appreciably increasing the cost.
In this paper results of studies conducted to improve 1) aerial sprays and 2) ground foliage
sprays will be reported.
The mixtures suggested are based on studies conducted by the author
in cooperation with a number of utility companies and contractors over the past five years.
AERIAL BRUSH CONTROL
Volatility and drift have been two serious problems connected with large-scale aerial
applications of 2, 4-D, 2, 4, 5-T and related compounds to control woody plants. The introduction
of low volatile esters (Allen, 1950) and of water-in-oil invert emulsions (Kirch, 1959; Kirch,
Beatty and Otten, 1958; Kirch, Waldrum and Brown, 1960) has contributed greatly to solving
these problems.
However, the need to improve kills obtained with 2, 4-D/2, 4, 5-T invert
emulsions applied by helicopter to resistant species such as ash (Fraxinus spp. ), maple (Acer
spp. ) and conifers (Abies, Picea and Pinus spp. ) is well known. These and other resistant
species have increased and are now the dominant ones on chemically treated rights-of-way in
the United States.
Several compounds have been reported as having specific activity on certain of these resistant species (Bennett, 1959; Byrnes, Bramble and Worley, 1957; Meyers, Beatty and Allen,
Schwartzbeck and Wiltse, 1964). Among these are trichloroacetic
acid (TCA), amitrole, monosodium methyl arsonate (MSMA), picloram, dicamba and 2, 3, 6-TBA (Beighley, 1967; Bennett,
1959; Kirch, 1959; Kirch, Beatty and Otten, 1958). It was thought that adding these and other
chemicals to the inner water phase of an invert emulsion containing 2, 4-D and 2, 4, 5-T in the
external oil phase would kill a wider range of brush species than is normally possible with
conventional invert emulsions containing only 2, 4-D and 2, 4, 5-T in the oil phase. 2, 4-D and
2, 4, 5-T would remain as the basic broad spectrum herbicides in the oil phase of the water-inoil invert system. Additives to the water phase would then be selected according to their
activity on the resistant species that are present.
Several locations having species resistant to aerial sprays of invert emulsions of 2, 4-D
and 2, 4, 5-T were selected for investigation of some promising additives.
Results observed at
four of the locations are reported here to illustrate the improved control obtainable with certain
additives as opposed to 2, 4-D and 2, 4, 5-T alone. The additives and rates chosen for this test
were selected from previous knowledge of their activity, so it was not felt necessary to apply
them alone for comparison.
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Test A is on a right-of-way of the New York Electric and Gas Company System seven
miles east of Binghamton, New York. Two-acre plots were established and utilized the full
width of the right-of-way.
Brush on these plots was from 8 to 25 feet tall, of medium density
(50 percent canopy coverage of the right-of-way) and growing vigorously.
They were treated
on July 24, 1964, from a Sikor'sky S-51 helicopter supplied by the Asplundh Tree Expert Company
of Jenkintown, Pennsylvania.
This ship was equipped with a Spra-Diskl applicator calibrated to
apply 10 gallons total volume per acre on a 50-foot swath at 25 mph air speed. For maximum
coverage, two passes were made in opposite directions over each swath. This gave a total
volume of 20 gallons per acre. A flying height of approximately 15 feet above the conductors
was maintained.
Test Bis on a right-of-way of the Central Vermont Public Service Company System seven
miles south of Rutland, Vermont. Two-acre plots were established using the full width of the
right-of-way.
Brush on these plots was light to medium in density (30 to 50 percent canopy
cover) ranging from 5 to 20 feet in height and growing vigorously.
Plot applications were made
here on July 21 and 22, 1964, from a Bell G2A helicopter supplied by Wiggins Airways of
Norwood, Massachusetts,
under contract to the Bartlett Tree Expert Company of Stamford,
Connecticut.
This ship was equipped with the Spra-Disk applicator calibrated to apply 16
gallons total volume per acre in one pass on a SO-foot swath at 25 mph air speed.
Test C is on a Georgia Power Company right-of-way near Canton, Georgia. Two-acre
plots were established using the full width of the right-of-way.
Brush on these plots was 10
to 30 feet high, very dense ( 100 percent canopy cover) and growing vigorously.
Plot treatments were made on July 13 by a Bell G2A helicopter supplied by Campbell Air Service of
Shreveport, Louisiana.
This ship was equipped with the Spra-Disk applicator calibrated to
apply 12 gallons total volume per acre on a SO-foot swath at 25 mph air speed. Two passes
were made in opposite directions over each swath, a total volume of 24 gallons per acre.
Test Dis on Appalachian Power Company rights-of-way near Coalwood, West Virginia.
Commercial type applications were made to compare an invert emulsion of 2, 4-D + 2, 4, 5-T
(Envert D/T)2 with and without the additive MSMA (monosodium methane arsonate).
Brush
on these areas was 8 to 10 feet high, of medium to heavy density (70 to 90 percent canopy
cover) and growing vigorously.
Applications were made in June 1965 from a Bell G2A 540
helicopter operated by Aerial Services Corporation of Roanoke, Virginia, under contract to
the Bartlett Tree Expert Company of Roanoke, Virginia.
This ship was equipped with the SpraDisk applicator calibrated to apply 12 gallons total volume per acre on a 40-foot swath at 25
mph air speed. Again, two passes were made in opposite directions over each swath for
maximum coverage.
This gave a total volume of 24 gallons per acre.
Evaluations were made at location A and Bin November 1966. Evaluations were made at
location C in September 1966. Two evaluations were made at location D, one in July 1966 and
the second in September 1966.
The species present and the percent stem kill produced by the various chemicals applied
at locations A, B, C and Dare shown in Tables 1, 2, 3, 4, and 5 respectively.
Stems were
considered dead if no green cambium or foliage was present and no sprouts were visible at the
base.
1Registered
2

trade mark of Amchem Products,

Trade mark of Amchem Products,
2, 4-D + 1 lb. 2, 4, 5-T per gallon.
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The phase of the invert system in which the chemicals were present, whether oil or
water, and the invert system used, whether Envert or Emulsavert 1, is also indicated on these
tables.
Table 1 shows that at location A all the additives tested improved the control of all
species over the standard treatment with 2, 4-D plus 2, 4, 5-T on plot 1. The addition of picloram
particularly improved the control of aspen and witch hazel. Adding both picloram and amitrol
(plot 3) markedly improved the control of all species over the standard (plot 1). This combination was especially good on white ash compared to picloram alone.

Table 1. Location A. Response observed 27 months after aerial application of several
additives in the water phase of a 2, 4-D/2, 4, 5-T invert emulsion system.
Percent stem kill bl se::cies 1
Plot

lb.
ae/A

Red
maple

Sugar
maple

Red
oak

6+6

20

20

20

0

40

20

20

Chemical
Oil phase Water phase

White
Witchash Aspen hazel

Ave.

1

2, 4-D +2
2, 4, 5-T

2

"

picloram

4+4+1/2

50

50

40

20

90

60

52

3

"

picloram +
Amitrol-T

4+4+1/2+4

70

70

60

60

80

60

66

43

"

dicamba

4+4+9

90

90

60

90

60

78

53

"

2, 3, 6-TBA

4+4+9

90

90

60

90

60

78

1
Red maple (Acer rubrum), sugar maple (Acer saccharum), red oak (Quercus borealis),
ash (Fraxinus americana), witch-hazel (Hammamelis virginiana).
2

2, 4-D

+ 2, 4, 5-T

as Emulsavert

white

100.

3Plots 4 and 5 were on a more moist site than plots 1 to 3.

Plots 4 and 5 with dicamba and 2, 3, 6-TBA respectively were the best plots in the series,
but the fact that they were applied to a site having higher soil moisture than the first three plots
must be considered.
Both of these chemicals can be root- as well as foliar- absorbed.
At
these rates, where soil moisture is high, it is possible that some of the chemical was absorbed
by the roots, resulting in better control.
At location B (Table 2) the only species common to all plots was white pine. On this, all
additives improved the control over 2, 4, 5-T alone (plot 1) and 2, 4-D plus 2, 4, 5-T (plot 2).
Plot 6, where picloram was added at 3/ 4 lb. / A, showed very good control of all the difficult-tocontrol species.
1
Trade mark of Amchem Products,

Kirch

Inc. for acid/amine

invert emulsions

of 2, 4-D

+ 2, 4, 5-T.
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Table 2.

Location B. Response observed 27 months after aerial application of several
additives in the water phase of a 2, 4-D/2, 4, 5-T invert emulsion system.
Percent stem kill by species 1

Plot

Oil phase

Chemical
Water phase

lb.
ae/A

1

2,4,5-r

6

2

2
2, 4-D +
2,4,5-T

6+6

Haw- White E. Red
thorne pine cedar
20

0

"

TCA

6+6+25

40

40

4

"

dicamba

6+6+9

40

40

5

II

2, 3, 6-TBA

6+6+9

60

80

6

II

picloram

4+4+0. 75

60

80

Ave.

Aspen

0

0

3

Hemlock

7
0

20

7

60

47

20

33
80

100
80

75

80

1
Hawthorne (Crataegus spp. ), white pine (Pinus strobus), eastern red cedar Quniperus
virginiana), hemlock (Tsuga canadensia), aspen (Populus tremuloides).
2

Plot 1, Emulsavert

255.

Plot 2, Emulsavert

100.

Table 3 shows that at location C additions of bromacil, amitrol or ammate did not im prove 2, 4-D + 2, 4, 5-T on the species present.
2, 3, 6-TBA on plot 6 was the most effective
additive on all species except loblolly pine.
Table 3.

Plot
1

Chemical
Oil phase Water phase
2, 4-D +2
2, 4, 5-T
II

2

Location C. Response observed 12 months after aerial application of several
additives in the water phase of a 2, 4-D/2, 4, 5-T invert emulsion system.
lb.
ae/A

Red
maple

Percent stem kill b~ species 1
Lob. Red
White HickSumac pine
oak
ory
oak

4+4

10

60

100

30

20

20

40

bromacil

4+4+1. 5

10

60

100

30

20

20

40

20

35

3

"

amitrol

4+4+3

10

30

100

30

20

4

"

2, 3, 6-TBA

4+4+4

20

60

90

30

20

5

"

ammate

4+4+20

20

10

6

II

picloram

4+4+0.5

30

100

50

1
Red maple (Acer rubrum), sumac (Rhus spp. ), loblolly pine (Pinus taeda),
alba), Red oak (_Q.borealis), hickory (Carya spp. ).
2 2, 4-D + 2, 4, 5-T as Emulsavert
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Ave.

44

20

20

18

40

40

52

white oak (Quercus

100.
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Table 4 shows the increased stem kill of red maple, redbud, hickory and white ash evident
at location D after 12 months where 4 lbs. of MSMA was added to Envert D/T. Table 5 is an
evaluation of the same location three months later.
It is interesting to note the changes that
have occurred in this three-month period.
The average stem kill for all species combined remained at 42 percent in Area 2 where MSMA had been added: The overall kill decreased by 9
percent in Area 1 where no MSMA was added. This was due primarily to the basal sprouting or
sprouting from underground roots in Area 1 that did not occur in Area 2.

Table 4.

Location D. Response observed 12 months after aerial application
in the water phase of a 2, 4-D/2, 4, 5-T invert emulsion system.
Percent

Area
1

Redbud

Hickory

6+6

20

40

40

26

20

60

34

6+6+4

36

36

56

34

30

60

42

3
2, 4-D +
2,4,5-T
MSMA

1
Trade mark of Amchem Products,

Inc. for monosodium

2 Red maple (Acer rubrum), white oak (Quercus alba),
(Carya spp. ), tulip poplar (!d!'iodendron tulipifera ).
3

2, 4-D

+ 2, 4, 5-T

Table 5.

1

2, 4-D +3
2, 4, 5-T

"

MSMA

lb.
ae/A

(MSMA) Pat. Pending.

canadensis),

Red
maple

of Transvertl

Percent stem kill by species2
White
Red- Hick- White Tulip
oak
bud
ory
ash
poplar

Ave.

20

20

40

20

10

40

25

6+6+4

42

46

46

36

30

54

42

Inc. for monosodium

2 Red maple (Acer rubrum), white oak (Quercus alba),
(Carya spp. ), tulip poplar (Liriodendron tulipifera).

+ 2, 4, 5-T

hickory

6+6

1Trade mark of Amchem Products,

2, 4-D

redbud (Cercis

Ave.

as Envert D/T.

Chemical
Water phase

Oil phase

3

methyl arsonate

White Tulip
ash
poplar

Location D. Response observed 15 months after aerial application
in the water phase of a 2, 4-D/2, 4, 5-T invert emulsion system.

Area

2

stem kill by species 2

White
oak

lb.
ae/A

"

1

Red
maple

Chemical
Oil phase
Water phase

2

of Transvert

methyl arsonate

redbud (Cercis

(MSMA) Pat. Pending.

canadensis),

hickory

as Envert D/T.

A comparison of individual species in Tables 4 and 5 shows that on red maple and white oak
dieback continued after the first observation.
This is unusual and may indicate that MSMA helps
keep 2, 4-D and 2, 4, 5-T active longer in these woody species.
Additional studies are needed to
determine the mode of action of MSMA plus the phenoxy acids in woody plants.
What role the
invert system might play in entrance and translocation
of this mixture is not yet known. Further
studies in this area could yield valuable information.
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From these studies it was concluded that the nonvolatile Emulsavert and low-volatile Envert
systems provide a low-drift invert carrier useful for investigating many water-phase additives
that can broaden the control spectrum of species resistant to 2, 4-D, 2, 4, 5-T and related compounds.
From this data certain leads are apparent.
For example, if the right-of-way consists primarily of red maple, sugar maple, aspen, conifers, and witch-hazel, the addition of 1/2 lb./ A
of picloram will be beneficial.
Where ash is present in this mixture, 4 lb. of amitrol-T should
also be added. Addition of dicamba and 2, 3, 6-TBA to the water phase of 2, 4-D/2, 4, 5-T invert
emulsions also enhances the activity of these mixtures on the above species.
MSMA gave the
longest residual effect within the oak and maple species, and should be studied further on largescale applications.
GROUND BRUSH CONTROL
At the same time that the above aerial tests were being conducted,
by ground foliage applications of three brushkiller mixtures.

comparisons

were made

Test plots were applied on the St. Louis and San Francisco railroad at Poplar Bluff,
Missouri, in July 1964 and evaluated in September 1965. These tests, previously described by
Beighley (1967), were aimed at finding chemical combinations that would control winged elm,
American elm, white ash, persimmon, elderberry,
trumpetvine and short leaf pine--all
problem species left after previous sprays of 2, 4-D/2, 4, 5-T formulations.
The formulations
tested and the results obtained on these species are presented in Table 6. Volume per acre
averaged 300 gallons.

Table 6. Comparison of Weedone Industrial Brushkiller, T-D-B Brushkiller
and Tordon 101 Brushkiller as a water borne foliage spray 1 on
several resistant species.
Weedone IBK2
Species
Black locust
White oak
Red maple
Winged elm
White ash
Sumac
Persimmon
Elderberry
Shortleaf pine
Eastern red cedar
Trumpetvine

1 gal/100

60
60
40
60
30
60
30
30
20
20
60

Percent rootkill
T-D-B Brushkiller 3
2 gal/100

70
60
50

80
60
90
70
70
70
70
90

Tordon 101 Brushkiller 4
1 gal/100

90
40
60
70
10
90
70
60

80
60
40

Average
43%
71%
61%
1Ground Application
2 weedone Industrial Brushkiller 2 lb. 2, 4-D + 2, 4, 5-T/gal.
3T-D-B Brushkiller 1 lb. 2, 4-D + 1/2 lb. 2, 4, 5-T + 1 lb. 2, 3, 6-TBA/gal.
4Tordon 101 Brushkiller 1/2 lb. picloram + 2 lb. 2, 4-D/gal. (Trade mark Dow Chemical Co.).
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Results of this test emphasize
the importance of knowing the problem before deciding what
to spray. The second column shows response to a formula containing only 2, 4-D + 2, 4, 5-T
sprayed at a rate of 2 lb. of each per 100 gal. water. The overall kill was 43 percent.
The
third column tabulates results where a rate of 2 lbs. of 2, 4-D, l lb. of 2, 4, 5-T and 2 lbs. of
2, 3, 6-TBA per 100 gallons of water was applied. The kill increased to 71 percent.
The final
column shows that 2 lbs. of 2, 4-D and 1/2 lb. of picloram applied per 100 gallons of water produced an overall kill of 61 percent.
The overall kill is important, but not the most important
factor to a vegetation manager.
Species response is the primary consideration.
For the
problem species on the St. Louis and San Francisco railroad, the combination of 2, 4-D +
2, 4, 5-T + 2, 3, 6-TBA was the best choice. However, if the predominant species had been maple,
shortleaf pine, and root suckering species such as black locust, sumac and persimmon, the best
choice would have been 2, 4-D + picloram.
Another combination (not reported here) which performed like the D + T + 2, 3, 6-TBA mixture was a similar combination in which dicamba was substituted for the TBA and applied at the
same rate, Dicamba was a marked improvement over 2, 3, 6-TBA on persimmon in this test.
In addition to the above chemical mixtures, studies have been conducted with surfactants
and wetting agents added to 2, 4-D and 2, 4, 5-T to improve brush control. These agents have
not yet significantly improved the kill of individual species or broadened the spectrum of brush
controlled when compared to materials such as dicamba, 2, 3, 6-TBA or picloram.
As far as
brush species are concerned, it would seem that investigations conducted with mixtures rather
than surface agents would be more rewarding in controlling resistant species.

The above summary by no means covers all the possible combinations of new and old compounds that might be used in a brush control program.
It is hoped that the examples used here
would emphasize the need to know thoroughly the brush species to be controlled and to plan a
control program carefully.
It is hoped, also, that this paper might point out the need for close
cooperation between the vegetation manager and those concerned with the manufacture and field
testing of new herbicides.
Through this cooperation, the best chemicals available can be
brought to the problems in the field and economical control programs developed.
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RESPONSIBILITY OF SOCIETY TO LAND MANAGERS
W. C. Leth
Director,

State Department

of Agriculture,

Salem, Oregon

My assignment for this symposium has something of a new twist--it calls for a discussion
of the responsibility of "society to land managers."
Conventionally the case would be stated in
the reverse:
The responsibility of land managers to society!
The emphasis in the various assignments of this program relates largely to chemical tools
for vegetation management.
Thus, I will slant my discussion to society's responsibility in the
use of agricultural chemicals--pesticides.
First, I think we should note that progress in the use of agricultural chemicals in land
management and related fields has contributed to an unsurpassed economic eminence for this
nation. This, then, reflects the highest standard of living in the world. This technological
advancement provides us with the ability to be a food and fiber basket for world supplies.
Along with this forward journey in science have come other broad values, such as increased
educational opportunities- -all tied in with the most sophisticated food production and processing
technology people have ever known. But as G. B. Shaw in his wry humor once said: "Science
is always wrong, and never solves a problem without creating 10 more". And so with our advancement of technology in every field we find more problems -- cities choked with traffic, widespread social unrest, deteriorating urban areas, and an environment that could be threatened in
an ever-widening spectrum of pollutants
if essential precautions are not properly and timely
taken.
Shaw's snide reference to the creation of 10 more problems relates significantly to society's
responsibility to land managers -- a responsibility primarily involving the need for more knowlege and organized dissemination of it. There is an old saying that "knowledge can keep down
weeds of suspicion by rendering the mental soil resistant to its cultivation".
There certainly
is a tremendous amount of public suspicion and misinformation concerning use of agricultural
chemicals.
In the foreword of the 14th Annual Report, 1965, of the New Mexico Department of Agriculture entitled "Food Is Safe and Pesticides' Use Is Up" it states, "Not one documented case of ill
health in man, not to mention death, can be blamed on the proper or even improper use of pesti cides as far as sickness from pesticide residue is concerned.
The critics of pesticides have
not been able to disprove this statement. "
A story which in a homely way illustrates the need for exact knowledge and the fallacy of
relying on popular notions for realistic answers involves a little girl who when she took her
kitten to school was asked whether it was a girl or boy kitty. Her friends admired the pet and
there was much speculation and discussion about it. However, no one seemed sure of its sex
and there was disagreement.
Finally, one little girl suggested that the easiest way to decide
the matter was to take a vote. Too often decisions relating to the use and hazards of agricultural
chemicals are based on a comparable lack of knowledge or determined by a popular notion which
may be no more realistic than the vote decision on the sex of the kitty.
However, society is beginning to recognize its responsibility to disseminate knowledge in
this field. School authorities,
particularly in agriculturally
oriented classes as exemplified
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in California Polytechnical School, are learning about the need for using agricultural chemicals
and how to safely handle these newest weapons in the fight against world starvation.
I think
society could well emphasize this type of education at an earlier age. Children should be taught
the significance of poison symbols -- the skull and crossbones,
for example.
Since World War II, agricultural chemicals used in land management have been the major
armament in the battle against the pest enemies of growing crops. The weakest front in this
battle has been the failure to disseminate to the public knowledge relating to need for pesticides,
their effective use, necessary precautions and safety in applying these new weapons. And if
society fails to fully recognize this weakness, the situation may become more hazardous.
The
needs of an ever-increasing
population call for a more intensive agriculture and a greater use
of agricultural chemicals to control the pests that are connected with such agriculture.
Historically,
man's chief concerns have generally involved two simple endeavors.
First is
the struggle for mere survival in all its ramifications,
and second is the improvement of his lot.
The revered words in the Lord's Prayer, "Give us this day our daily bread," reflects man's
ancient concern about food and hunger in his struggle for survival.
The tremendous emotional significance of hunger to a people is prophetically recounted by
Isaiah, prophet, statesman, man of wisdom, and literary genius with prophetic vision as said in
the Book of Isaiah, Chapter 8:21, " ...
and it shall come to pass, that when they shall be hungry
they shall fret themselves,
curse their king and their God ...
"
This single fear of hunger, at least in the developed countries, has been partially alleviated
through the use of our new chemical tools aided, of course by new uses of water, advances in
transportation,
and a hopeful philosophy of altruism, all of which have contributed to the solution
of the hunger problem.
These chemical tools have also contributed to the improvement of our national health. As
man's knowledge has increased in the use of these tools he has correspondingly gained greater
ability to manage his environment.
However, in this process he is ever in danger of inflicting
damage on himself and his surrounding.
Historically technological advances have always entailed a degree of risk - - so society in its
responsibility to technological and land management achievements must always weigh acceptance
or rejection of these technological advances in relationship to the price of material progress.
A major first step in man's struggle for survival was the domestication and improvement of
plants and animals.
This birth of organized agriculture with the greater concentration of crops
and animals also established an ideal environment for concentration of pests and diseases.
In
fact untU organized agriculture was established,
man searched for his food. So did the pests.
After the advancements in agriculture created concentrations and abundance in crops, neither
man nor the pests had to engage in further search.
The food was conveniently assembled for, and
both man and pests flourished in the new man-managed environment.
Thus man had to step up
his war against the pests.
It is interesting to note that pests are not new to farming. Deuteronomy, the somewhat controversial book of laws, Chapter 28:38 emphasizes,
"Thou shall carry much seed out into the
field and shalt gather but little in; for the locusts shall consume it".
Further
consume".
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in the 42nd verse we find ". . . all thy trees and the fruit of the land shall the locust
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Our material standard of living has been greatly elevated during the 20th century by increasing this control over our environment.
Perhaps in no other field except medicine have new
developments been so effective and in so wide a range of applications for betterment of mankind
as have the developments in the broad use of agricultural chemicals.
Although pesticides have been used for centuries as a part of or an adjunct to pest control,
by far the greatest advances have occurred in the last 20 years.
No longer are pesticides simply an adjunct in pest control but in many instances today they
have become the major control measure.
So effective have pesticides become that famine, an
ever-lurking enemy of mankind, is rare in the developed countries of this world. Certainly
factors other than agricultural chemicals in the growing of foods have contributed to the present
proliferation in agricultural productivity but pesticides remain highly significant.
Mechanization in agriculture,
improved techniques in fertilization,
yielding and disease-resistant
plants, all have contributed importantly
of our agriculture.
The benefits of pesticides have many facets.

the breeding of superior
to the dramatic success

In addition to reducing actual food losses and increasing wholesomeness,
pest control has
always resulted in an increase in the esthetic appearance of food. Because of the wise use of
pesticides, the American housewife today finds sweet corn, potatoes, cabbage, apples, prunes,
grapes, berries, and a wide variety of perishable vegetables and fruits available in the market
unblemished and unmarred.
The use of agricultural chemicals has also resulted in less spoilage
of harvested perishables,
better preservation of all foods and longer shelf life for all land
products.
In our own time we can remember
parasites have been largely eliminated

when this was not so. Similarly unsightly grubs and other
from our meat animals and products.

Another spectacular bonus value in addition to the dramatic increase in productivity of our
land brought about by the use of agricultural chemicals is the incidental and tremendous improvement in national health. We enjoy a freedom from certain communicable diseases to a degree
unprecedented in earlier years because of the control of vectors developing from use of agricultural chemicals.
We all know of many areas, including some in our own nation, where malaria
and other diseases dependent for survival on an intermediate host prevail.
Insect vectors that
normally would communicate the disease have been controlled or eradicated by extension of the'
use of agricultural chemicals.
Also, our pesticides have made it both possible and economically feasible to eliminate the
nuisance type of pest which may not necessarily be disease carrying but could, if unchecked,
virtually deny public use of certain recreational areas.
I am speaking now of those mosquitoes
whose bites are not disease communicating but can be highly irritating.
Similarly, many poisonous
telligent use of our agricultural
and casual acceptance by people
and eradication of many noxious
average citizen with agricultural

or irritating plants and shrubs are now controlled with the inchemicals.
All of this has resulted in an attitude of expectancy
today, of ample attractive foodstuffs, control of annoying insects,
weeds and shrubs.
This is too seldom related in the mind of the
chemicals.

Society has a responsibility to provide research to assure continued success with agricultural chemicals in all the fields of application.
Improvements will ever be required.
This is
not a simple challenge.
Presently known pesticides have not maintained their effectiveness in
many instances.
It is reported by authoritative entomologists that at least more than 100
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established pests have developed resistance to one or more of the previous effective pesticides.
Also, from time to time new pests are discovered, usually inadvertently introduced by tourists
or through international traffic.
Also disease communication by insects still prevails in much of the world. Plague, yellow
fever, malaria, fluke diseases, tick worm diseases, and some rickettsial diseases either unknown or rare in developed countries are still responsible for a vast number of deaths in the
underdeveloped countries of the world today. All of this has strong sociological involvements.
One of society's most urgent responsibilities
is to adequately fund research pointed toward greater
environmental control goals.
Undoubtedly in years to come we will witness sophistication
chemicals not dreamed of today.

of methods and new agricultural

Now, while the benefits of agricultural chemicals are apparent, society has a responsibility
to determine some of the less obvious effects and potential risks. Certainly we must recognize
that wide environmental disbursement of agricultural chemicals has in recent years generated
considerable concern in our society. During the last 20 years of technical and industrial development we have disbursed a tremendous volume of chemical compounds -- some purposefully for
control, others inadvertently,
such as detergents and wastes, industrial and domestic.
Traces of
many of the chemicals in pesticide compounds are now found far from the point of original disbursement.
In fact, these traces have been detectable in many food items, even in clothing of
man and in animal tissues.
These are compounds carried from one area to another by moving
vehicles, air currents, water runoff, living organisms and others. Some compounds have been
quite persistent and for long periods of time. Reports indicate that up to this time these compounds generally are in small quantities, however their variety, toxicity, and persistence may
affect some of the systems of nature and eventually, man.
Pesticide chemicals, as we all recognize, are designed to either kill or disturb metabolical
processes in living organisms.
Most of them are quite toxic if in concentrated amounts. There
have been unfortunate instances of misuse that have caused illness and death in both man or
animals.
This potential danger has inspired the writing of a number of books, some of which have
made alarming assertions subject to serious questioning, or have contained exaggerations that
have disturbed citizens or recreationists,
conservationists,
and other interested groups.

All of this adds up to the need for more research and more knowledge so that we may know
more completely how to use agricultural chemicals for the greatest benefits to man -- with
minimum undesirable side effects - - and how to determine their long-term impacts on all biological systems.
I was surprised to learn that there are more than 500 compounds listed in well over SO, 000
formulations officially registered in the United States. Nearly 4, 000 of these are registered for
use in our own State Department of Agriculture.
Naturally we do not have those related to cotton,
peanuts, tobacco and other southern crops.
We find that there have been but few systematic studies of people having prolonged exposure to
these formulations.
In one case as reported by the special Committee on Public Policy Regarding
Agricultural Chemicals appointed by the Governor of California in 1960, (incidentally, California
uses about 20 percent of the nationally consumed pesticides) a group of volunteers from Washington
State Penitentiary ingested 35 milligrams each per day of DDT over a period of 18 months and
demonstrated no apparent ill effects. The DDT and its metabolites averaged 270 ppm (parts per
million) in their fat -- or more than 20 times the average level found in adults in the nation.
Admittedly, these studies are too limited for firm clinical conclusions, but they are interesting.
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Accidental acute poisoning in man is known to have been caused by about SO pesticide formulations with at least one compound from each class -- including the chlorinated hydrocarbons,
the most widely used; the organic phosphorous group carbamates; inorganic substances and others.
Little, however, is known about the consequences to man when he accumulates more than one
pesticide.
Synergistic action, the joint and greater action of two agents which intensifies action
of each other, is sometimes the result.
There appears to be little or no federally

sponsored

research

in this area.

Society's responsibility also should be characterized
by an alertness to new substitute developments.
When a new pesticide is discovered or formulated, and which proves to be as
effective and economical as one already being used, but has a greater safety factor, then it should
supersede the previous one and the previous one should in time be weeded out with the eventual
cancellation from the U.S. Food and Drug registry.
We have seen this in the higher volatile isopropylesters
usually only low volatile substances are used.

used in grain field spraying

-- now

Society also should seek improved pest controls other than chemical.
This refers to an
ancient science that now enjoys a renewed interest.
There are regularly being discovered new
enemies of our insect enemies.
The USDA has been active in this field starting as early as 1888
when the first insect-destroying
organisms were imported.
More than 500 species of insectdestroying organisms have been imported to date. About 36 of these have had significant success.
This indeed is intriguing even with its inherent weaknesses of which two stand out. First, parasites and predators have adjusted to a dynamic balance. In other words, complete destruction of
the parasite would lead to complete destruction of the predator.
Also, the control is seldom fast
enough or complete enough to prevent considerable economic damage. And there have been instances of the insect predator becoming the pest -- as witness the English sparrow.
There are
others.
And the second weakness similar to that encountered with chemicals
come resistant to the predator in much the same manner as an organism
chemicals.
A summary

of society's

responsibility

is that the host may bebecomes resistant to

in these fields would include:

• Provisions for the adequate funding of research to seek more effective and safer chemical
tools. This is necessary because of population explosions and land restrictions
for production of
food and fiber.
• The dissemination of knowledge concerning how to use agricultural chemicals and efforts
safely, in order to build public appreciation of the desperate need for agricultural chemicals.
• A continuous reevaluation of present and proposed eradication
balance, if any should be deleted, accelerated or modified.

• The development of a
residues in the environment
time will come when a buyer
well as a deed and ownership
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monitoring program to obtain timely and systematic data on pesticide
including the history of land usage as it affects crop rotation.
The
of farm land may demand a land use and chemical use history as
abstract.
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• A greater coordination between the federal agencies concerned with agriculture,
with
pesticides, and with health for full exploitation of side benefits as well as control side damages.
• A forum of some type for appeal either by the pesticide

purveyor,

user,

or public.

• All of this would point to the development of safer, more specific controls of pests,
public acceptance of agricultural chemicals and enhancement of public health and a greater
joyment of recreational resources.
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LEGAL RESPONSIBILITIES OF PESTICIDE USERS
S. W. Turner
Consulting Agrologist,

San Francisco,

California

It has been said that if only two automobiles were left in the country, sooner or later they
would run into each other. This actually happened on a smaller scale on a Pacific Island in
the late 1930s and while we do not anticipate that applications of herbicides or pesticides by
individual pieces of equipment in remote areas will come in contact, this can happen.
As an example of the situation wherein the almost impossible becomes a reality, I would
cite to you the operation in 1966 involving the application of herbicide by a helicopter to a railroad right-of-way.
The pilot was so intent on his spraying operation and so conscientious in
making the application at a low level that he failed to observe the presence of an oncoming
train and proceeded to fly his helicopter directly into the engine.
From the standpoint of law, it would not be questioned that the train had the right-of-way
albeit the helicopter was operating over the tracks with the permission of the owners and any
possibilities of subrogation on behalf of the hull carriers of the helicopter would be extremely
remote.
In consic!ering the legal responsibilities,
one must look not only at the common law and
case histories involved and touching upon your field of interest, but also the statutory laws which
are expanding as need for controls develop concurrent with the introduction of new and more
powerful chemicals throughout this country.

You may recall from my appearance here before you a few years ago that the statutory
laws are not a fixed and inflexible arrangement but are rather instruments by means of which
changes in operations, needs, hazards, and harm, and the control of equipment and materials
and the individuals utilizing such items can be vested in the people of an individual state or
nation to elected representatives.
Frequently, there is a tendency to examine the covering regulations for any given area in
order to become familiar with the ground rules for operating pesticide control equipment and
then to ignore the possibility of changes.
For those of you who are concerned with operations here in the state of Oregon, I would
recommend that you obtain a copy of Senate Bill 110 which revises ORS, Chapter 573, relating
to the application of pesticides on the ground or by aircraft.
This bill will become effective
January 1, 1968, and while I do not believe that any who are concerned with operations of this
nature will have any difficulty in complying with the changed regulations, you should at least
be familiar with the changes.
The state of Washington has likewise modified its regulations under the Washington Pesticide
Application Act, Chapter 17. 21, RCW, as amended by House Bill #297, Chapter 177, Laws of
1967.
In both cases, one of the most important items to be considered is that of financial responsibility and insurance provisions which are acceptable to the regulatory authorities.
Copies of
the Oregon and Washington regulations may be obtained from the departments of agriculture in
those states, as is true in any state wherein the statutes provide regulations pertaining to the
application and use of pesticides.
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Our basic law concerning the application and use of pesticides has not particularly changed
from the foundation established many years ago wherein the owner or tenant of the property
being treated is held to be jointly liable with the commercial applicator making the treatment
on the theory of the exception of the general rule of liability.
We are observing at the present
time, however, some changes in the application of the common law as it applies to both tort
(drift cases) and products liability.
Considering first the hazard with which you are most likely to become concerned, namely
that of drift or the unintentional application of materials to the wrong area, we would point out
that even seeding operations have resulted in litigation because of drift, where an undesirable
variety fell upon the land of another. More recently, litigation has ensued involving the movement of dust from construction, field cultivation, and road making, alleging cause of damage
to trees and other plant species owned by injured parties.
For those of you who are concerned with application of insecticides such as DDT, the
revision of these regulations pertaining to acceptable residues of this product in milk will lend
much encouragement.
As you may know, under the change in the Food and Drug regulations,
permissible levels of O. 05 ppm of DDT, DDB, DDE, singly or in combination, are now permitted on a whole milk basis. In the past, the finding of these materials in milk presented a
very great difficulty since theoretically it was not possible by means of dilution or blending to
create a product that would be, technically, absolutely free of the contamination.
Now, however, should you be concerned with a problem of this nature do not overlook the possibility of
blending to the acceptable tolerance or, in the alternative, diverting for the production of no-fat
milk since the pesticide contaminant will be reduced by removal of the butterfat content.
In the early days of logging our legislators in their wisdom enacted certain statutory regulations pertaining to double and treble measures of damage for loss of timber due to trespass.
Undoubtedly, it is a fair statement of fact that the original legislation did not encompass the
possibility of the drift of chemicals being applied by aircraft or ground equipment falling into
the category of trespass,
but this, in fact, is the situation and the governing law here in Oregon.
Certain other states have also indicated a tendency in this direction.
However, with the exception of Louisiana, none have gone so far as to create any application of the doctrine of strict
liability as came down in the Oregon decision in the case of Loe v. Lenhardt.
In that case the
Oregon Supreme Court held that it was the release of the chemicals into the air which created
the liability and that it was not necessary for the plaintiff to plead or prove negligence on the
part of the applicator.
Under the provision of Oregon law dealing with trespass,
it is interesting
to note that in all such cases which have been litigated and a decision rendered in favor of the
plantiff, double damages have been applied even though the alleged trespass is classified as
"casual and involuntary".

One must also remember the question of the statute of limitations, that is, the length of
time that each party has before he is estopped from recovery in filing of suit. Here in Oregon,
your statute is six years; in Washington, three years.
In California if the trespass is alleged
to have caused injury to trees, the statute runs for a period of five years and three years for
ordinary crops. You can appreciate the difficulty that is encountered if damages alleged to
have occurred are not reported to you for a period of three, four or five years following the
operation in question. In this connection, it is important that you brief all employees and
associates to notify the management immediately upon the development of any situation likely
to give rise to a claim for damages.
Since we now have cases on record wherein the injured party alleges that the defendant is
responsible for a reduction in the plaintiff's crop because the defendant failed to control insects
which then migrated to the plaintiff's crop, I believe that it will only be a question of time before
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this application will be extended and we will find those who fail to control weeds or brush which
then spreads to the property of another will be asked, by our courts, to account for their failure
to control the pest.

In recent years, by far the greatest majority of our problems that have developed from the
application of herbicides for brush control have occurred from power line or right-of-way
spraying.
In most instances these operations, in common with many of the Bureau of Land
Management and federal agency spraying contracts, are carried out on a bid basis and, almost
without exception, the contracts carry a hold harmless indemnity running in favor of the utility
district or the governmental 'agency. While those who draw such contracts may feel secure in
their position that they cannot be held accountable for drift injuries which may occur to the
property of others, it is well to keep in mind that the courts are not above applying a basic
tenet of law which, briefly stated, indicates that no one can contract against their own negligence.
Situations have occurred where independent aerial applicators have carried out certain contractual operations wherein the contracts did contain hold-harmless
indemnity agreements and yet
in the final analysis the contracting agency has been held accountable wholly or in part for the
damages that occurred to the persons or properties of others.
This, of course, is founded
upon the question as to the degree of control that is exercised over the independent contractor
by the contracting agency as to time of application, place of application, and conditions existing
at the time that the applications are ordered to be carried out.
In one such case in Florida, application of a herbicide by helicopter for control of water
hyacinth under a contract with governmental agency resulted in drift damage assessed by the
courts in excess of $420, 000.
In another case in the state of California wherein a utility contracted with an aerial applicator for brush control, investigation revealed that the utility itself did not have legal right of
entry on the property that was being treated.
In yet another case here in Oregon in 1966,
examination of the easement agreement between the utility district and the complaining grower
revealed the interesting fact that the agreement had been drawn a great many years ago and gave
the utility district right of entry for brush control by cutting, sawing, chopping, etc., but failed
to set forth permission for application of herbicides.
It would be well to review many of the
existing easement agreements to see if they need to be brought up to date in the light of changing
methods of brush control under power lines.
In some areas the theory that a governmental agency cannot be sued provides a false sense
of security.
Our changing legal trends which tend to broaden the base upon which recovery
can be made by the injured party has, in many jurisdictions,
pretty well eliminated the governmental immunity theory provided the injured party performs certain specific steps in the
protection of his claim. In one such case in California where the county authorities contracted
with an independent contractor for the control of noxious weed by the application of 2, 4-D with
ground equipment, drift occurred and in the final analysis the county was held accountable for
the bulk of the damage that occurred to the crops of others.
One must not overlook the increasing number of cases that are developing involving alleged
bodily injury from the drift of herbicides or insecticides applied in forestry or brush control
work. While you and I may have no physical reaction to a light dosage of 2, 4-D, 2, 4, 5-T or
picloram, we must keep in mind that many individuals are allergic either to the active chemical,
the emulsifier or the carrier,
and if they develop acute sensitized dermatitis as a result of
drift exposure, both the contractor and the contracting party can be held accountable.
In this
connection, it is most important that applications in areas adjacent to or in the vicinity of human
habitation be conducted under conditions which will prevent, insofar as is possible, any drift
occurrence which might cause a bodily injury.
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Another field of liability that is often overlooked is that invoking the attractive nuisance
doctrine.
We are particularly concerned in this regard with minor children since as you know
there is no contributory negligence on the part of a minor child in the eyes of the law. What
could be more attractive to a small boy than the operations of a helicopter or power ground
spraying equipment? I have observed that small children have one universal characteristic
throughout the world: they simply must stand as close to any piece of moving equipment as is
humanly possible, and the louder the noise that is made by the equipment, the more attractive
it is to the child. If, in their examination of such equipment or operation, they get in the way,
they put a stick in a flywheel, they touch a hot exhaust pipe, then the owner and operator as
well as the contracting agency may well be liable. We have recently concerned ourselves with
a lawsuit in the state of Arizona whe.rein application of a defoliant was made to a cotton field by
an aerial applicator.
A few days later a small boy approached the field, observed that the
leaves were dry, entered upon the cotton field and with the aid of a match, started a small fire.
This soon became a major fire situation with the result that the crop was destroyed and the young
boy was allegedly severely burned. Six years later, his parents filed suit on his behalf, naming
as defendants the owner of the cotton, the owner of the land, the chemical manufacturers
and
dealers, and the aerial applicator, on the theory of attractive nuisance.
The damages contended
$1580 medical expenses and $100,000 loss of virility.
A new area of liability has been developed with the result of the increasing use of aircraft
in fire supression.
Many of you are familiar with the use of the so called "borate" bombers
and while this has been of immense value from the standpoint of fire control, as with the development of any new activity, damages have been alleged as a result of the operations and lawsuits
have been filed. In one such case involving the Johnson Flying Service in Montana the plaintiff
contended that the pilot was negligent in making his drop in such a manner and in such a location
that the borate solution reached the plaintiff's property and caused substantial damage thereto.
In this particular case, the supreme court of the state of Montana held that there was no liability
on the part of the flying service on the grounds that since borate bombing in fire supression was
so new, no one had established what the standards of care should be and without something to
compare the operations of the pilot with, there could be no holding that he was negligent.
In
another case in California the application of a new type of fire suppressant chemical allegedly
resulted in the death of a herd of 10 beef cattle and injury to 90-odd others when early fall rains
of heavy duration purportedly leached the fire suppressant chemical from the area of the drop
to the plaintiff's pasture.

The best advice that I can give those of you who are concerned with the operational aspects
of insect, brush, weed, or fire control, is to make sure that you carry adequate applicable
insurance coverage.
Turning for a moment to the question of products liability, I think we have seen in this field
greater changes from established common law in recent years than in any other area of litigation.
The theory of products liability had its first test in 1842 in the case of Winterbottom v.
Wright in England, wherein the survivors of a coachman brought an action against the manufacturers of a defective coach made under contract to the English Post Office. The plaintiffs lost
and the rule was established that the manufacturer was liable only to the party to whom he sells,
and not to third parties who may have been adversely affected. This rule held, generally, until
1916 in the United States when the case of MacPherson v. Buick was handed down in which a
faulty wheel on an automobile had collapsed, resulting in injury to the plaintiff. In this case the
plaintiff recovered on the theory of strict liability against the manufacturer and the rule was
established that the manufacturer's
liability, if negligent, was for all damages to those forseeably endangered.
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This has recently been reconfirmed in the 1960 case of Henningson v. Bloomfield Motors
et al. , a decision wherein the rule was established that the manufacturer was liable even if
there was no negligence and utmost care was used in the manufacture of the article.
This case
represented the application of a very broad imposition of strict liability in the decision of the
court that the manufacturer or seller of an article which, if defectively made, is likely to cause
harm, is absolutely liable to a person harmed if he is in that forseeable class of persons who
would lawfully use the article.
In the Bloomfield case the court considered the question of the
manufacturer's
disclaimer of warranty and held that while there was no defect in the disclaimer
it was void as being against public policy.
At the present time one might say that from the standpoint of liability the manufacturer
could be held strictly liable to the consumer user and probably to a bystander for any defective
product being used for its intended purpose or for a forseeable normal purpose which causes
physical harm.
In proceeding in such matters wherein it is alleged that the product has caused harm,
basic principles concerning the causes of action are still being applied. These are:

1. Negligence which may involve failure to label properly,
or failure to warn of dangers under certain conditions.

the

failure to test sufficiently,

2. Express warranty which involves what is said on the label, what is said in advertising,
and what is said by the salesman.
3. Implied warranty which means essentially
for which it is intended and sold.

that the product must be fit for the purpose

If the purchaser can prove any one of these elements,
certain circumstances,
be able to prove all three.

he has a case and he may, under

It is important to note that the difference between whose fault negligence or breach of
warranty is, or appears to be, and who may be liable must not be overlooked.
A dealer may
be equally liable with a manufacturer depending upon the circumstances.
Until recently, the application of the doctrine of strict liability was limited to cases involving bodily injury. A recent case which could have application to property damage was the'
California case of Klein v. Asgrow et al. which, while it involved the sale and production of a
crop grown from seed, contains many of the elements that will concern the manufacturer's
liability and we may look to this case for guidance on certain questions.
In the Klein case the plaintiffs were concerned with defective seed which failed to produce
a satisfactory crop. In the chain of command the growers brought an action against the dealer,
the dealer cross-complained
against the distributor,
the distributor cross-complained
against
the broker, and the broker cross-complained
against the producer and the supplier, Asgrow.
In trial court the growers

parties and interests
with the liability.

recovered some $14,000 from the dealer and all succeeding
recovered on their cross complaints with the result that Asgrow ended up

The decision was appealed and one of the interesting questions taken up was whether or not
the trial court had committed error in holding for the plaintiff but denying recovery of the plaintiff and all intermediaries
except the jobber against Asgrow on the ground of nonprivity of
contract, i.e. , that there was in effect no contract between Asgrow and the actual growers who
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produced the crops and all intermediaries
broker.

with the exception of the immediate

vendee of the

The appellate court held that the trial court had correctly awarded successive judgments
because of the breach of warranty by each supplier (both express and implied) but that the trial
court was incorrect in holding that nonprivity relieved Asgrow of liability.
The appellate court said:
direct and primary. "

"We hold its liability,

regardless

of absence of privity,

was

Considering the question of the disclaimer of warranty, the appellate court considered the
testimony that it was not customary to inform growers of the disclaimer of warranty at the
time of sale, and observed that the disclaimer was carried in small print. The appellate court
properly compartmentalized
liability into the field of sales law and warranty and held that the
doctrine of strict liability may well apply to physical injury but that economic losses are
covered only by warranties express or implied and that in the instant case both express and
implied warranties applied.
Considering the disclaimer further, the appellate court said that the disclaimer was in
small print and went unnoticed and, in fact, it seemed not illogical to observe that the very fact
that the disclaimers were printed in small type indicated that they were not meant to be seen
by the buyers.
The court further observed on the testimony that none of the buyers became
charged with knowledge of such nonwarranty disclaimers when the sale was made.
As some of you may know, there is some thinking on the part of the USDA as to the question
of acceptance of labels for registration wherein the labels carry disclaimers of warranty that
run to losses which may be incurred when directions are followed in addition to such problems
as may result from usage beyond the directions on the label. A press release of December 7,
1966, followed the original letter of notification to interested parties of November 16, 1966,
which indicated the USDA's thinking in clear and concise language.
In the event that you do receive a complaint from a third party following operations with
which you are connected, certain steps should be taken in appropriate order in the handling of
the problem.

The primary factor to be considered in matters of claims is, of course, to avoid them
wherever possible.
In this connection, no better advice can be given to an operator than the
necessity to read and understand the labels and collateral advertising thoroughly and com pletely. It is essential that application not be made beyond the recommendations carried on
the label. It is essential that each manufacturer's
label be considered even for similar or the
same product since, in certain instances, one will find that different manufacturers
advise as
to different rates of application and what is recommended by one may not of necessity be
recommended by another, even for the same product. In the cases involving injury to employees, it is essential that the operator follow the requirements of his workmen's compensation
carrier and that immediate attention be given to all the details required therein.
In the event of alleged bodily injury to a third party, it is essential that the operator immediately notify his insurance carrier and that prompt action be taken by the carrier to process
the claim properly.
We can perhaps best emphasize the procedure by repeating the rules
earlier established with which I am sure many of you are familiar.
1. Do not admit liability.
In the event that the complaint is received verbally, do not make
statements such as, "Perhaps we could have had some drift," or any similar expression.
In the
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event that the complaint is received in writing, walk do not write and, if necessary, walk
fifty miles to discuss the matter with the complaining party. In many instances interested
parties have responded in writing and it is amazing the construction that can be placed on the
English language by a competant trial lawyer. Remember that written information in the form
of a letter is admissible as evidence in court whereas oral discussions unless attended by
competent witnesses who can corroborate the content of the discussions,
places you at the
same level of credibility as the opposition.
2. Be friendly.
Under no circumstances
should you tell the complaining party to visit the
nearby lake or some similar· one way street, even though their complaint may sound rather
farfetched.
Offer to come out and look at the alleged injury and do it immediately.
Don't wait
because you are busy. In the event that you have caused damage, the sooner this is established,
the sooner corrective measures can be taken and the case kept under control. In the event that
litigation follows your prompt action will be in your favor and you will not be cast in the role of
an inconsiderate defendant.
3. Examine your records to make sure that you were in fact operating in the area at the
time and place alleged. Make notes of essential information that you observed when you examined the alleged damage ... the nature of the crop involved ... stage of growth ... the acreage ...
other pests ... diseases ... insects .•. the location of crops which may have received application
of a herbicide similar to the one you were using, etc. If you observe a condition with which
you are not familiar, take specimens of the damaged crop and have them examined immediately
by experts.
It is also advisable that you call in experts to examine the crop particularly if it
appears that other, preexisting adverse conditions are present or if an intervening proximate
cause is responsible for the alleged injury.
4. Immediatelynotify your insurance company. Failure to do so may prejudice the interest of the company and in certain instances delay will result in loss of evidence which might
be sufficient to prove that you were not liable for the alleged injury.
5. If you do not have insurance ask permission of the compaining party to have the crop
or the livestock or the bees examined by someone qualified in that field. Rarely, if ever, will
this be denied and if it is you can claim prejudice if you are sued which may result in the
claimant's being unable to sustain his position in court.
6. Obtain the names and addresses of all witnesses who can testify as to the nature of
your operation, conditions of wind, temperature,
road surfaces, the operation of other equipment, aircraft or ground rigs, in the area within the ambits of time and space such as to make
them possible suspects on a drift case.
7. Photographs.
The alleged injury and the relationship of the area damaged to the area
being treated, particularly if conditions and symptoms present are not indicative of those
normally to be anticipated from the material you are using, should be preserved by photographic
record.
Everything may look very familiar and clear to you the day you are out there, but can
you remember the details three years later? Always remember the ancient adage that one good
photograph is worth a thousand words of testimony, particularly if it demonstrates conditions
in your favor.
Insofar as alleged injury to permanent crops such as orchards is concerned and if your examination indicates some preexisting adverse condition, immediately examine the ASC aerial
photos of the area taken most recently but prior to the date of your operation.
It is amazing
the number of times the ASC aerial photographs will show that the trees in the orchard were
dead two years prior to the time you made your herbicide application in the vicinity.
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8. Make sure your records are up-to-date, particularly in regard to employees working
on the job, location of the equipment on any given day and, preferably, any given hour of any
day.
9. Make notes of any adverse conditions you observe present in the crop or property at
the time of your examination and, if possible, obtain specimens of these adverse conditions
i.e., disease cankers, insects, etc., in order that they may be appropriately identified by
qualified experts who could also testify as to the damaging effect of the preexisting condition.
10. Preserve the labels on the actual chemical containers from which the material was
taken, or at least preserve the identity of the manufacturer and the batch number on the label.
We have had many cases in recent years wherein insecticides have found to be contaminated
with 2, 4-D and other herbicides, certain selective herbicides have found to be contaminated
with other nonselective herbicides for the property on which they were being used, etc. If
possible, retain your empty containers for a few days before disposing of same since, in the
event of any extremely serious contaminant problem, symptoms will normally develop in very
short order and you will still have sufficient residue in the containers to permit a chemical
analysis and identification.
11. To all of these we must now add a new precaution.
We are finding that certain of the
selective herbicides utilized for a given crop possess a rather lengthy soil residue characteristic depending upon the climate, soil, and conditions of use. In the event that the conditions
found present are adverse and they do not appear to be the result of your operation, do not
overlook the possibility of residues from a herbicide applied to the cropland the previous year.
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PUBLIC RELATIONS AND FOREST MANAGEMENT
S. T. Moore
Supervisor,

Siuslaw National Forest,

U.S. Forest Service,

Corvallis,

Oregon

A rapidly expanding population and an ever-rising
standard of living are resulting in many
competing demands on the land base of this country. This competition for use of land results in
pressures increasingly felt by all land managers, whether the lands involved are in public or
private ownership.
A few examples of the competing land use demands to which I refer are: pressure for more
national parks, more dedicated wilderness areas, more mass public recreation areas, more
reclamation and flood control reservoirs,
more power transmission lines, more shopping
centers, housing developments, and highways.

One result of these increasing pressures on our land base is to make imperative the most
efficient and productive use possible of our agricultural forest and rangelands.
Use of herbicides
is one of the more effective tools available for insuring high productivity of the land.
Today's land manager is well aware he is not operating in a vacuum. He knows that many
individuals and organizations are interested in what he is doing, are happy to be of assistance
with advice, and are not at all backward in pointing out his mistakes and engaging in lively postmortems.
Through personal experience I can testify to the validity of this observation insofar
as public land managers are concerned.
I strongly suspect it to be true of managers of private
land as well.
We do not need to go too far afield for examples:
1. The practice of field burning used in the grass-seed
industry in the Willamette Valley.
This practice has been considered essential in control of disease and insects.
The resulting
effect on air purity and its adverse public reaction has resulted in legislative controls on time
and manner of burning. There is no guarantee these controls will not become more restrictive
as time goes on.

2. A similar situation is developing regarding the practice of slash burning after clearcutting
in Douglas-fir timber types. It has long been held by foresters that this burning is necessary for
fire hazard abatement and correlative benefits.
Where conflict develops between these worthy
aims and air purity, public opinion exerts powerful pressure for modification of management
practice.
My assignment today is not to talk in generalities but in the specific area of public relations
and public reaction as related to certain aspects of management of the Siuslaw National Forest.
In particular I want to discuss the importance of full and timely discussion with interested mem hers of the JXIblic and cooperating agencies of operating details of herbicide spray projects well
in advance of work on the project itself.
First, I would like to give you a brief sketch of the conditions on the Siuslaw National Forest,
one of the 154 forests in the national forest system.
The Siuslaw includes 620, 000 acres of
national forest land in the mid-Oregon coastal region. It extends from Tillamook south to Coos
Bay, a distance of approximately 130 miles. Most of the forest lies within 18 miles of the Pacific
Ocean. A combination of favorable climate, soil and geology results in some of the most
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productive forest land in the country. Annual sustained yield cut totals 380 million board feet.
The conditions which favor tree growth also favor lush growth of deciduous tree and brush species
which pose serious competition to coniferous species.
Chief among these brush species are red
alder (Alnus rubra), salmonberry (Rubus spectabilis), and western thimbleberry ( Rubus
parviflorus).
Of lesser importance in certain areas are vine maple (Acer circinatum), Pacific
red elder (Sambucus callicarpa), bigleaf maple (Acer macrophyllum) and salal (Gaultheria shallon).
In the management of timber stands the object is to harvest the even-aged stands of Douglasfir and associated species at or near age 100 and reforest as promptly as possible with hand
planted nursery grown trees, approximately 600 per acre. An essential step in the reforestation
cycle is the broadcast burning of slash and debris left on the ground after clearcut logging. There
is a three-fold purpose in this burning operation, first to reduce the forest fire hazard present
in this debris; second, to remove the physical barrier to reforestation work which this debris
presents; and third, by use of fire to kill back temporarily the competing hardwood brush species
and give planted coniferous timber species a head start in the battle for survival.
Approximately
6, 000 acres per year are treated in this manner on this forest.

Herbicide control of hardwood brush species is an important supplement to the regular cutburn-plant cycle. Some clearcut units are planned for no burning for a number of reasons, while
parts of other units may not be burned because of wet fuel conditions.
North slopes are particularly hard to burn to the desired intensity and frequently result in salmonberry and other brush
competition.
In the spring of 1967 the Siuslaw Forest treated 11,260 acres with 2, 4-D and 2, 4, 5-T. This
area included 411 separate tracts distributed throughout the forest.
It included units located in
twp municipal supply watersheds and in the headwaters above a state fish hatchery.
It was important that this work be done so as to keep to an absolute minimum the adverse impact on fish
and game habitat as well as on water quality for domestic and other purposes, and on local
residents.

To carry out a project of this size and complexity without serious effect on adjacent land
use, on fish habitat and domestic water quality posed a problem.
To attain control we worked
closely from the beginning with representatives
of Oregon State Game Commission, Fish Commission, Oregon State University and other interested agencies.
Well in advance of beginning
of operations, the herbicide project plan was sent to 32 key individuals soliciting comment and
advice. Full publicity was given through newspapers and radio. A monitoring plan was made
with the help of scientists of Oregon State University and a rigorous schedule of water sampling
was held to, with analysis work on samples done at the state university through advance arrangements.
Local residents living near areas to be treated were contacted in advance by Forest
Service personnel.
The herbicide project was explained and safeguards which we intended to
use were discussed.
Many of the safeguards used on this project had been developed by the U.S. Forest Service
on previous projects of this nature. Due to the size and complexity of this project, however,
controls were formalized and procedures for enforcement were made more positive.
This herbicide project was carried out on schedule with control as planned. There was widespread local interest and approval.
There were five recorded complaints of damage. By prompt
investigation and positive water sampling the Forest Service was able to prove positively that
this project caused damage in none of the five cases.
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The success gained here was not by accident. To a large extent the public acceptance of the
results of this large and complex project was due to past excellent working relationships with
state and federal agencies having an interest and responsibility in related fields. It was due also
in no small part to the past efforts of Forest Service personnel to keep the public informed of
matters relating to the administration and management of the national forests.
The public has a right to expect leadership from professionals in land management and related fields. If we fail to meet this responsibility we lose by default to those vociferous critics
who resist widespread use of chemicals, no matter how necessary or how well handled. The
best ally the land manager has is an intelligent and well informed public. This can only be
attained through an honest and sustained campaign to keep the public informed.
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THE FUTURE OF VEGETATION MANAGEMENT
B. E. Day
Professor

and Chairman,

Department

of Horticultural

Science,

University of California,

Riverside

In looking through the 400-odd reviews presented in the current issue of Weed Abstracts, I
note that dalapon is the cheapest way to eradicate sporadic lalang in Malayan rubber plantations.
Herbicides are becoming widely used to control undesirable vegetation in coffee and sisal plantings in El Salvador. Simazine was found not to affect adversely the formation of ectotrophic
mycorrhizae on Pinus sylvestris.
Connected hacks are clearly superior to spaced hacks when
injecting 2, 4, 5-T ester into trees by the frill method. Helicopters are providing effective control of water hyacinth by spraying 2, 4-D emulsion on the White Nile between Jebel Aulia and
Malakal. The sharp seeds of spiny emex injure livestock in New South Wales, but this plant can
be controlled by treating with prometryne or dicamba. The Hayfever Prevention Society believes
that ragweed hayfever can be eradicated in America through control of the offending plant. As
few as 25 pollen grains per cubic foot of air are sufficient to cause hayfever in allergic individuals.
The Latvian Institute of Biology found that pyrazon blocks photosynthesis.
Terrapins,
frogs, and
fish were unaffected by fenac used in small ponds to control weeds on the Vassar College campus.
The seedfly, Hylemya sencilla, has been introduced into California for control of Senecio
jacobaea.
The fly attacks this weed but not such related crop species as safflower and lettuce.
Monuron is less persistent in the soil in southern Turkmenistan than at Leningrad.
The Ministry
of Agriculture of the U.S. S. R. approved the use of 15 herbicides in Soviet crops. In England, it
was discovered that the biological activity of paraquat was increased by high humidity. Such are
the outpourings of experience and research on the control of undesirable plants in the vegetation
of the world. Reports of advances in technology and increasing use of this technology are accelerating constantly and are likely to do so in the future.
Vegetation management consists of fostering beneficial plants and suppressing less desirable
vegetation.
Throughout history, more attention has been given to fostering beneficial vegetation
than to suppressing unwanted plants. Only recently has the coequal nature of these functions become recognized.
The study of weeds and means of controlling them is now the fastest growing
segment of agricultural research and the most rapidly changing segment of agricultural technology.
We seek to control undesirable vegetation with the least necessary effort. In forests and
rangelands, the competitive equilibrium among plants is sensitive and minor changes undertaken
to favor one species over another can be enormously amplified through competitive leverage.
This relationship can be applied with great practical advantage in the management of vegetation.
The introduction of chemicals into the environment, second only to the introduction of plant
parasites and diseases, offers the greatest potential amplification of effort of the possible measures for shifting the competitive balance among plants. A single introduction of a herbicide
into the environment can influence the composition of the vegetation of a forest, range, or watershed for a lifetime.
Chemical methods are the wave of the present and, even more so, the wave
of the future.
The future of chemical vegetation management is dependent upon research.
We require a
better understanding and use of existing herbicides and the discovery, development, and availability of suitable new chemicals.
The effects of these materials on mixed vegetation and upon
the environment generally must be thoroughly understood.
Application engineering and formulation technology must be further developed and geared to larger scale operations and more precise
applications.
We must learn to integrate new chemical methods with naturalistic management
techniques to best secure the advantages of both. Ecological, economic, social, and esthetic
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studies must clearly define the biological, economic, and social objectives and the relationships
between proprietary and public interests in vegetation management.
To a greater extent than at
present, we will require sound management, a favorable regulatory climate, and an informed
and understanding public. Upon these factors depends our success in vegetation management in
the future. We may feel assured of progress, but the magnitude of this progress will depend
upon our accomplishments in these diverse ways. Let us, then, examine our prospects in the
individual ingredients for progress.
The first essential for progress in chemical vegetation management is a supply of biologically
active chemicals.
These are the products of the screening laboratory.
Screening for new phytotoxic molecules has accelerated over the past two decades.
This research is now carried out
intensively
by about 30 major chemical companies in North America, Europe, and, more
recently, Japan. The yield of active compounds has been great in the past, has increased over
the years, and is likely to become greater in the future.
A dozen or more new herbicides of significant promise become available for field testing
annually. Industry authorities estimate that more than half of the total screening efforts for
agricultural chemicals are now directed toward the discovery of new herbicides.
Thus, the
supply of new chemicals is good and is likely to improve, and an expanding supply of new chem ical tools for vegetation management seems assured, and indeed the present supply more than
fully saturates the available capability of developmental scientists to learn how to use them.

Although successful in discovering, producing, and marketing new herbicides, the chemical
industry has not been outstandingly successful in the painstaking research necessary to incorporate their products into land management programs.
Most of the practical technology of
chemical vegetation management has come from the agricultural experiment stations and the
U. S. D. A. Industry does not employ the necessary staff of agricultural and biological scientists
for extensive field production research.
The mutually supporting research and development
programs of industry and the agricultural experiment stations have worked well in the past, and
agriculture and the public have benefited greatly from it. There are now signs of serious stress
in this cooperative research effort.
The progress of scientific knowledge potentially applicable to vegetation management is so
rapid that it has created an imbalance between our known potential and its application.
Our
greatest need is for a national force of applied biologists and agriculturists
adequately supported
and motivated to exploit to the fullest advantage the potential of new chemical and biological findings in the interest of vegetation management.
This is new technology and requires new and
fresh approaches.
Existing agricultural experiment stations have shown only limited capability
to approach such problems effectively.
The agricultural experiment stations constitute our oldest
organized research efforts.
Now in their maturity, faced with static or declining budgets, we
find that the traditional departments of agronomy, horticulture,
soil science, entomology,
pathology, and others have captured and established vested interests in the annual allocations of
public funds. However moribund and unproductive may be the research programs of long standing,
their supporting funds cannot be dislodged and reallocated to new and more productive fields of
research.
Although no field of agricultural research is currently more productive, no field has
greater immediate or long-term potential, and none has more enthusiastic acceptance and appli cation of its finding, weed science and technology remains unrecognized as an independent
discipline in American agricultural colleges.
I would like to say that I foresee a marked improvement in the level of support of weed research in the experiment stations and the U.S. D. A., but there is little basis for such a forecast.
I foresee only modest expansion of the public effort in weed and chemical vegetation management
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research,
and this largely in the U.S. D. A. There is little prospect for development of a program
of adequate magnitude within the state agricultural experiment stations.
It is increasingly evident
that if an adequate job of applied research in chemical vegetation management is to be accomplished it will have to be done by the chemical industry.
Some chemical companies have begun to
recognize this and are now taking steps to organize and staff networks of agricultural experiment
stations throughout the nation and the world. This has already led to the recruitment by industry
of some of the leading experiment station weed scientists, a move which threatens to lead to a
mass exodus of weed-research
personnel from the public agencies.
This threatens to create a
situation in which the nation's agricultural experiment station system will no longer have a working expertise in a major technology of agriculture.
Such a shift of research leadership from the public experiment stations to industry would not
be entirely without benefits.
Intensive specialization in the technology of proprietary chemicals
and groups of chemicals on a worldwide basis could be more efficient and would transfer the
cost of research to those having proprietary interests in these compounds. However, such reorientation of research efforts would inevitably lead to unbalanced research programs in which
the ecological and naturalistic management techniques so important in vegetation management
could be lost sight of. However, whatever the organization of research and however its emphasis
may be shifted, we are assured of substantial progress.
As research progresses,
we can expect many new herbicides of greater activity and diversity.
We can expect broad-spectrum
and narrow-spectrum
herbicides to differentiate against specific
target plants in the general vegetation and ones to eliminate nearly all species and leave only a
few beneficial ones that can then prosper under reduced competition.
We can expect herbicides
of long residual life for long-term benefits and short-lived ones for suitable purposes.
We are
still in the early stages of investigating the full range of vulnerability of the vital processes of
plants to chemical attack, and one exciting discovery is likely to follow rapidly upon another.
We must recognize, however, that the basic survival mechanisms of plants lie in the resistant
underground organs of reproduction and storage--seeds,
roots, tubers, and rhizomes.
Modern
herbicides have proven remarkably ineffective against these organs. Control of deep-rooted
perennials is still largely the result of repeated attacks upon the top growth. Despite a great
deal of research, the dormant seed remains largely immune to chemical attack. We can expect
steady progress in the battle against deep-rooted perennials as new methods become available
and as we develop a better understanding of the survival processes of roots and rhizomes.
I am
hesitant to forecast similar progress in the development of seedicides that can directly attack
the dormant seed in the soil. The seedicide would be the most useful of all herbicides and seems
least likely of realization.
It is now clear that the future of herbicide technology lies in the soil. We will extend our
ability to inexpensively, yet drastically,
modify the edaphic environment to make it totally unsuited to the growth of undesirable target species without adverse effect on desirable plants.
We can visualize treatments making the soil suitable over long periods for the growth of only
one plant species.
We can imagine soil treatments,
renewed from time to time, that convert a
forest to a self-perpetuating
monoculture of Douglas-fir,
or so specific that only one kind of
turfgrass could survive in a location and none other. Possibly, a chemical can be found that
will make rangeland incapable of supporting plants other than grama grasses.
Available chemicals have made the first step in these directions for some of our crop plants.
However spectacular the herbicide may be, it will still remain only one tool among many
in vegetation management.
Manipulation of harvest procedures, whether direct ones or through
the agency of grazing animals, environmental control and modification methods of all kinds,
mechanical methods, biological control measures, protection of beneficial plants from insects
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and diseases, and the full application of management procedures based on thorough knowledge
of the competitive relations between plants, will retain an important role as the years go by. I
fear that in the excitement of chemical discovery and application there will be, and in fact we
can see already, a tendency to neglect the complex but rewarding application of ecological principles in the management of plant cover on our forests, ranges, and watersheds.
Vegetation
management must bridge all technical gaps--chemical,
engineering, and biological--and integrate
these methods to make them mutually supporting toward accomplishing objectives.
In addition to technical and managerial problems, vegetation management also faces major
social and esthetic barriers.
· We live in a time when only a small proportion of the population
comes in direct contact with the land. The city dweller looks out with suspicion from his towering
steel and concrete cages upon the thinly populated countryside and sees vast changes being wrought
by aggressive and energetic men armed with powerful chemical, mechanical, and biological tools.
Scrub forests disappear and fenced-off grasslands materialize in their places. Endless acres of
the skeletons of chemically killed juniper and mesquite assail his eye along the highway. Former
vistas of weedy "wild flowers" are now monotonously populated by perennial forage grasses.
He
does not understand what he sees. He suspects that the land barons of the countryside are robbing
him of his heritage.
He feels he should be consulted and yet cannot counsel wise decisions.
His
reaction is through his power in the electorate to say through one regulation or another, "Stopl
Go no further!"
We must increasingly recognize that as the effectiveness and general acceptance of vegetation
modification procedures increase among land managers public alarm will increase.
Managers
of forests and ranges have been slow to recognize the need for educating the public on the necessity and desirability of what they are doing. They must assume this task over the coming years
or else be prepared to face an outraged public having determination and power to enforce restrictions, however unwisely.
There is more to maintaining good public relations than advertising budgets and press re~
leases.
We must first of all be sure we are right. The public has seen enough of overgrazed
ranges, eroded lands, and devastated forests to know that we have not always been right in our
vegetation management in the past and suspects that our present actions may be equally unwise.
We can easily see our mistakes of the past, for their consequences are now all around us. The
question is, do we clearly see the consequences of present action? My answer to this is that we
do, indeed, see the ecological meaning of our vegetation management procedures more clearly
than ever before, and many of them are aimed at correcting the mistakes of the past, but we
still do not see them clearly enough. Our vegetation management practices are wise in terms of
our present knowledge, but our present knowledge is not enough. We have long neglected the
thorough pursuit of the ecological knowledge necessary in large-scale vegetation management,
and it is urgent that we greatly expand our acquisition and dissemination of knowledge of these
relationships in vegetation management and their impact on man.
We have already incurred the wrath of the public in the form of complex and irrational regulations on the use of herbicides.
These relatively innocuous chemicals are now regulated as if they
were the most dangerous of poisons ready at the slightest lapse of caution to snuff out the lives
of man, his livestock, pets, and wildlife. No scientific proof of harmlessness,
no length of experience of safe use, no feeding trials, however long carried out or whatever degree of safety
shown, no benefit of use, however worthy, can secure the release of a herbicide from these unreasoning regulations.
The mechanism of this regulation is the absurdity that the manufacturer
of a chemical can publish on his label all of the details of how to use his product, and this, and
no other source of information, becomes the basis for its use. The chemical industry acquiesces
in these restrictions
because the label has some aspects of a patent, and the prestige of the
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government procedures behind the label serves to protect industry from lawsuits resulting from
miscalculations and misuse. The user of herbicides has no voice in these regulations, and his
needs have no effective means of expression under existing procedures.
We who work in the smaller segments of agriculture have "occasion to feel the irrational bite
of regulation perhaps more sharply than the corn, wheat, or cotton grower. The citrus industry
in which I work does not present a big enough market to stimulate a chemical company to go to
the expense of the legal procedures necessary to get a label clearance for a herbicide for some
of our specialized needs. These potential uses, although of urgent importance to us, are evi dently of small interest to others. For example, tuberous oxalis is a serious weed on two or
three thousand acres of citrus in southern California.
It is spreading and threatens our industry.
Chemical procedures for controlling this weed are worked out, yet we cannot use them, however
thorough our research has been and however economical and efficient our procedure may be,
because the procedure does not appear on the label and the market is so small that no one wishes
to go to the expense of putting it there.
We have another absurdity in that it is legal to spray the
citrus tree with 2, 4-D and to dip the fresh fruit in a 2, 4-D solution prior to marketing, but
regulations restrict us from spraying weeds in the citrus orchard.
The farmer is mystified by
these proceedings.
Agricultural research and extension personnel are frustrated by them.
Regulatory officials are uninterested, and the chemical industry conforms with occasional weak
protests.
I recognize that these regulations in all their absurdity do solve certain problems.
They prevent certain abuses, but my complaint is that in so doing they remove the decisionmaking process from those closest to problems and most able to solve them. I can illustrate this
with a hypothetical example in the drug industry.
Let us suppose that physicians were no longer authorized to write prescriptions,
but that
the country still has drugstores.
Suppose that each time a person becomes ill he can go to the
drugstore and explain his symptoms to the druggist. All drugs on the shelves would bear a label
telling exactly how to use them in order to cure certain symptoms. The pharmacist then sells
you the drug having a label claiming to alleviate your symptoms, but he is not allowed to prescribe
any variation from the procedures listed on the bottle. Let us further complicate the picture with
the consideration that few, if any, of the drugstores
have a complete line of all the drugs by all
manufacturers,
but typically stock only a limited number of brands, and the profit on some is
great and on others is small. Let us suppose that the patient feels that the general directions
given on the label might not exactly fit his particular syndrome of aches and pains and goes to a
physician for further advice. The physician agrees with this and feels that the dose should be
increased, decreased, or otherwise changed, but he is forbidden to make recommendations beyond the label. My contention is that this example is closely analogous to the situation now existing
in the regulation, handling, and use of herbicides and other agricultural chemicals.
We have fundamentally a prescription industry in which the general practitioners are not allowed to write
prescriptions.
Technical decision has been removed from the local decision maker and placed in
the labelling agency of the central government.
I would like to abe able to forecast to you that these strange aberrations of behavior will pass
away along with the summer heat, but on the contrary I fear that things are likely to become a
great deal worse before they get better, if ever. We have not carried our case to the public or
to the public's representatives
in government.
The farmer, the forester, and the rancher do not
speak out. The agricultural chemical industry has mixed emotions on the matter, and the
regulatory bureaucracy has a vested interest to protect.
In conclusion, I wish to be the first to admit my shortcomings in appearing here by your
invitation to speak to you on the future of vegetation management and then ungratefully pull the
skeletons out of the closet rather than speaking in glowing terms of the bountiful future. The
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future is indeed bright. We can see every sign of important technological progress.
We cannot
forecast it in detail, for the fact will surely exceed the best that our poverty of imagination could
foretell.
Who, 30 years ago, could have forecast the present? Progress over the next 30 years
equal to that over the past 30 years is beyond our ability to grasp; yet accomplishment will surely
be greater.
Our science and technology will move to new heights.
We can hope without equal
assurance that our public recognition and acclaim will advance as well.
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TREA1MENTS AND RESULTS OBSERVED DURING FIELD TRIPS
Michael Newton
Assistant

Prof. , OSU, School of Forestry

H. A. Holt
Research Assistant,

OSU, School of Forestry

Two field trips were taken into the Oregon Coast Range. These emphasized forest rehabilitation and chemical silviculture.
The field trip scheduled for noncrop lands was cancelled on
account of the fire danger.
This recapitulation will summarize the major points observed,
important related research, with current results.

and list some of the more

FOREST REHABILITATION
Practices observed by this group were largely for the establishment
on sites occupied by well-established
noncommercial vegetation.

of commercial

species

ApQlication Equipment
At the first stop, Corvallis Municipal Airport, Corvallis Aero Service gave an excellent
demonstration of spray application with a Piper Pawnee fixed-wing spray aircraft.
This airplane
showed itself capable of precision spraying, which, along with its capability for fire-bombing,
exemplified its versatility for forestry work. Following the aircraft demonstration was an
application of particulated sprays with special equipment provided by the Dow Chemical Co. The
truck and equipment used in this display provided clear evidence of close control of particle size,
swath coverage and distribution of spray within the swath. Dow representatives
pointed out the
versatility of this type equipment for roadside brush control, programs, and other uses in high
hazard areas.
Vegetation Management

in Christmas

Tree Culture

The second stop involved Christmas tree culture on H. L. Schudel' s Christmas tree farm.
Schudel pointed out the merits of clean fields to obtain good survival on all sites, including
marginal ground, and to maintain growth and tree vigor throughout the rotation.
Atrazine is the
mainstay of his spray program and is applied by fixed-wing aircraft.
Weed control throughout
the rotation reduces or eliminates the need for fertilization,
speeds growth, improves quality
of all species and brings along a far more uniform stand. Atrazine has been screened out as
the most successful herbicide for selective work in Schudel' s plantations, based on tests of
various substituted ureas, simazine, and other materials.
Aerial Dormant Spray for Conversion

of Old Alder

Old farm woodlots, part of Bruce Starker's furnt Woods ownership, were sprayed with 4
pounds per acre of 2, 4-D in 9 gallons diesel four years earlier.
Plantations of 2-0 Douglas-fir
were established throughout the patchy vegetative cover with variable results.
Some of the area
supported grass cover between alder and salmonberry types. Grass was sprayed with Amizine
in strips before planting; the dormant 2, 4-D was directed specifically toward alder control, and
was also applied before planting.
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Vegetation control with both 2, 4-D and Amizine was satisfactory.
Success of plantations
was apparently more related to animal activities than to weed or brush control.
Generally,
success was good in grass types where grass was killed; cost of this success was about $60 per
acre. Starker and Blanchard acknowledged that costs could probably be reduced on an operational
basis, since this trial was a first attempt.
Plantations in the alder type were less successful,
although first-year survival was probably not bad. Animal cover in the residual brush favored
browsing on the small planted stock. Damage to the alder was severe, but not total. Had the
plantation been able to develop without any restriction other than the brush it is expected seedlings would have needed no further release.
Browsing has prevented them from becoming dominant in much of this operation.
Foliage Spray for Conifer Release
Forest land belonging to the state of Oregon was visited for observation of old and new
foliage spray jobs. The old treatment was applied to alder in 1958. The operation involved
application of 2, 4-D before planting with 2-0 Douglas-fir.
As in the earlier stop on the Starker
property, there was little evidence of Douglas-fir plantings.
In the more recent treatments,
plantations were already established on recent clearcuts that were being invaded badly by alder,
salmonberry and thimbleberry.
Since the sprays were applied during the current year, it was
not possible to determine the effectiveness of 2, 4-D and amitrole on the various brush species,
but it was obvious that negligible damage had been done to the existing conifers.
This is one of the first examples locally of the use of a mixture of 2, 4-D and amitrole.
These two compounds, which are not compatible in the water-soluble forms, were mixed successfully in the spray mi ture as long as the emulsifiable ester form of 2, 4-D was used. Results of
this program should be most interesting.
Effects of Herbaceous

Competition

in Various Zones and Aspects

The 18 plots seen here were established to test the effects of herbaceous
survival of 2-0 Douglas-fir seedlings.
Similar plots are located at Corvallis
each location plots are located on three aspects, north, south, and flat.

competition
and Foster.

on
At

All vegetation was killed on three of the six plots in each group just before the trees were
planted in February 1966. Chemical treatment was supplemented by hand weeding throughout
the 1966 season. The plots were not retreated during 1967, and weeds have become reestablished. Vegetation was abundant on the control plots throughout the conduct of the study.
Table 1 shows the impact on survival of weed control at Burnt Woods for first and second
year observations.

Table 1. Survival in percent of 2-0 Douglas-fir seedlings on north and south slopes,
and flat ground, as the function of weed cover. Burnt Woods.
Survival,
Aspect

Percent
Without plant cover

With plant cover
1966

1967

1966

1967

North

98

97

97

95

Flat

75

58

93

92

South

68

53

95

90

Newton
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The obvious favorable nature of the site at Burnt Woods is made more clear if results
compared with those at Foster, which are summarized similarly in Table 2.

Table 2.

are

Survival in percent of 2-0 Douglas-fir seedlings on north and south slopes,
and on flat ground, as the function of weed cover. Foster.
Survival,

Aspect

Percent

With plant cover

North
Flat
South

Without plant cover

1966

1967

1966

1967

93

50

92

92

5

0

90

90

30

10

85

85

Note in both Burnt Woods and Foster, seedlings planted with weed control had almost perfect
survival through the second year of those that survived the first year. Much second-year mortality occurred even on the favorable Burnt Woods site; the plantation was virtually a failure on
all but the north slope in Foster after two seasons.
The Corvallis replication of these studies
was on a far more severe site, and nearly all seedlings died the first year without weed control.
Survival was substantially poorer in the absence of weeds than on the other locations, with survival of 38, 43, and 68 percent on north, flat, and south slopes respectively.
Despite the poor
survival in Corvallis, the plantations were not failures as they were in the presence of weeds
on a far better site.
Overall, seedlings growing in the absence of weeds on all sites were much more vigorous
than survivors in heavy cover and presented better prospects for animal damage evasion and
attainment of mature status.
Conversion

of Old-Growth

Brush Types to Conifer Plantations

The final stop included several
types.

approaches

to the reforestation

of high-site

coastal brush

Scarification six years ago was followed by planting with 2-0 Douglas-fir.
Scarcely a single
tree survived reencroachment
of brush, particularly blackberries.
Animal damage, largely
rabbits, accounted for most of the mortality.
The subsequent year some 10, 000 wildling seedlings, including a few hemlock, were planted in the same area. Seedlings were mostly in the
18" -30" height class.
Survival was excellent, but only the largest of these escaped serious
clipping damage. In the third year of operation, 1964, 25, 000 wildlings were planted, most of
which were 30 inches in height or more. Growth and survival have been excellent but inadequate
to provide for escapement from brush without herbicide assistance.
In the spring of 1964, the entire plantation,

of which some 65 acres were unscarified,
was
sprayed with 2. 2 pounds per acre 2, 4-D in 10 gallons diesel, applied as a dormant spray.
Application was with a Hiller 12E helicopter; coverage was only fair. This spray accomplished
several things. Scotch broom was virtually eradicated on south slopes, which are now dominated almost exclusively by Douglas-fir; vine maple was opened up but not seriously damaged
on lower stems; alder was badly damaged; bitter cherry became dominant in alder-cherry
types;
salmonberry and thimbleberry were enhanced in all types. Release was effective only in vine
maple and alder types.
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The entire job was resprayed in 1966 by fixed-wing aircraft with all conditions similar,
except that 2, 4, 5-T was used in place of 2, 4-D. Kill was much better on vine maple and
salmonberry,
but essentially no different on most species, and the job was essentially limited
in effectiveness to buying a couple more years release.
A summer foliage spray is probably
needed at present to knock down species that have gained in dominance by treatment of dormantsensitive species.

In the meantime, the plantations have held their own or gained somewhat.
All plantings in
openings have prospered; hemlock survivors have grown well under all brush conditions.
A
striking effect of both scarification
and herbicide treatments has been the animal response to
improvement in availability of browse.
Excellent browse habitat has apparently contributed to
an intensification
of the animal pressure,
and seedlings of all sizes are definitely being subjected to more damage than during the year of the first spray treatment.
Notwithstanding~ the
largest of the seedlings have sustained damage to the limit of deer and rabbit ability and have
not succumbed to reencroachment
of brush. Cost per established seedling has been lowest for
trees in the 30-40 inch class; costs for larger trees increase rapidly with physical limits of
men to carry a finite load. These costs were offset to some extent by use of a small crawler
and trailer to spot trees through the brush so that planters did not need to carry seedlings more
than two hundred feet. When planting weather precluded handling these large trees bare-rooted,
one of the planters became a packer, and kept planters supplied with small batches that could be
planted before roots dried. At no time were any of the trees bundled, and all were handled in
bulk. Costs today per live tree four or more years old approach 13 cents, and there are about
250 per acre still alive.
One of the serious problems following dormant spray operations has been the preponderance
of phenoxy-resistant
species that have flourished.
Bitter cherry, bigleaf maple, and others
have been released by the control of associates.
Injection has done an excellent job of cleaning
up some residual stands of weed trees.
Work with cacodylic acid has shown that alder can be
killed in mid to late summer, as can bitter cherry.
L-2505 has provided control of bigleaf
maple, vine maple and other species, as well as being suitable for conifer control, as is
cacodylic.
Trials of the mixture of these compounds have shown substantial promise for providing a wide spectrum of species control by injection with the Hypo-Hatchet.
Hopefully, the combination of large stock, aerial sprays and injection will maintain areasonable outlook for these plantations.
A few years ago the prospects of success would have been
hopeless.
CHEMICAL SILVICUL TURE
This field trip emphasized several aspects of individual tree treatment devoted to solution
of management problems throughout the life of the stand. These include: release, thinning, and
preharvest killing.
Preharvest

Drying

The study observed is a continuation of the results reported in the proceedings by Holt and
Newton. Trees have been treated monthly from February to September; treatments will continue
throughout a 12-month cycle. Arsenical solutions are being applied in bored holes in the basal
portion of the tree.
Holes containing 15-20 ml are spaced about 10 inches apart.
The two
chemicals used are cacodylic acid (Silvisar 510) and Experimental
Herbicide L-2505.
Treated
species include Douglas-fir and true fir, ranging from 8 to 18 inches d. b. h. A part of the experimental trees will be harvested this year, with the final harvest a year from now. At each

Newton
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cutting, the trees will be sampled and the logs weighed.
Applications of arsenicals in bore holes at breast height has enhanced killing effect in these
large trees.
Kill has been more uniform and more rapid, and the incidence of backfl.ash has
been reduced (see Table 3). The Experimental Herbicide L-2505 has given more complete and
quicker response than cacodylic acid. While it has not provided the initial insect protection
demonstrated by cacodylic acid, broad success is very limited. It was observed that the L-2505
had greater tangential movement; this may be responsible for the unseccessful insect attacks
because of its effect of rapid tissue collapse.
Table 3.

Response of Douglas -fir small sawtimber to bore-hole applications
L-2505 and Cacodylic Acid. Evaluated August, 1967.
Expt'l. Herb
(L-2505)
Degree
of kill

February

1

Insects
(%)

of

Cacodylic Acid
(Silvisar 510)

Root
Graft(%)

Degree
of kill

5.0

88

8

4.6

March

5.0

52

12

5.0

April

5.0

12

4

May 2

5.0

June 3
July

Insects

(%)

Root
Graft(%)

5.0

25

5.0

5.0

10

3.2

1. 3

25

1
25 trees per treatment
2

12 and 13 trees per treatment

3

4

10 trees per treatment
Trees

14. 3 - 19 inches d. b. h. , 20 trees per treatment

The possibility of fungicidal properties of the herbicides is under limited study. It presently
appears that restricting insect attack reduces the incidence of fungi. It is not known how the
drier trees will affect spread and development of fungi.
A second stop, focusing on related insect problems, was made at a recently harvested area.
The tree tops remaining after conventional logging were both a fire hazard and a source for insect breeding, which was in contrast to the type of material to be left after cutting prekilled
timber.
Maple Control and Test Plantations
The purpose of this study was to determine the most feasible means of rehabilitating maple
areas in terms of cost and successful Douglas-fir regeneration.
Three methods are contrasted:
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felling the maple, felling the maple and spraying the stumps, and basal spraying the standing
trees.
Felled plots were 150 feet square with a 60 x 60 foot planted area in plot centers.
Planting stock was 2-0 Douglas-fir at a 6 x 6 foot spacing, 100 trees on each plot. Spraying was
at the rate of 2 oz. fluid per inch of diameter using 16 aehg of silvex.
Basal spraying was the least costly of the three methods; planting was easier with the hardwoods standing than with the slash on the ground; and basal spraying can be accomplished by the
same crew and in the same operation as planting. Sprouts from the untreated maple stumps are
now about 30 to 35 feet in height and will probably totally occupy the site in the near future.
Planting success on the chemically treated plots has been limited because of herbaceous vegetation encroachment, although maple control has been adequate. This is an indication of the
advantages to be gained by planting larger stock, such as 2-3 seedlings.
It was also pointed out that the growth response from hardwood control in the smaller trees
is much more pronounced than on larger trees.
The larger trees, while not responding with
great increases in annual increment, can maintain a growth rate close to optimum for the site.
Operational

Maple Control

Some 80 to 90 acres were logged in 1962, followed by chemical treatment in the next two
summers.
Costs were kept for a comparison of basal spraying and frilling methods. As a
result, this was the last operational basal treatment on the forest, and all work since has been
done with frills or injections.
Marvin Rowley, thinning contractor, explained that picloram had not been as successful in
maple control as the silvex formulations, indicating that subtle influences exist that give good
results on one location and poor results on another. Present maple control is accomplished with
individual tree injection of potassium salt of silvex diluted with one-half water to reduce the
viscosity.
The diluted material contains three pounds per gallon at 50 percent strength.
Oak Basal Spray
This study was to evaluate the effectiveness of 2, 4, 5-T and 2, 4, 5-TP basal sprays on
Oregon white oak. Chemicals used included 25 aehg 2, 4, 5-T ester and oil, and a 25 aehg formulation of 2, 4, 5-TP ester. The trees were basal sprayed in 1959 at 2 fluid oz. per diameter
inch. The 2, 4, 5-T gave a highly significant better control of the oak. Conifer release has
been spectacular.
Injections for Control of Several Species
This study is to determine the relative efficiency of several herbicides in chemical thinning
Douglas-fir and for cleaning up other species, when applied with the Hypo-Hatchet.
The
chemicals tested and the season of application are evaluated as preliminary findings in the
tables that follow. Each tree was treated with one injection for each inch d. b. h. unless specified otherwise.
An Appendix to this summary explains chemical terminology, rating systems
and equipment used in this research.
Chemical Silvicultural

Research

Not Seen

Numerous experiments are in progress that were not accessible
4 - 15 and Figure 1 summarize preliminary observations on several
various aspects, in western and central Oregon.

Newton

during this tour. Tables
species studied from
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Chemical terminology, rating systems
explained in the Appendix to this paper.

and equipment used throughout this research

are

CHEMICAL SILVICULTURE - APPENDIX
Chemicals
Producer

Chemical
Cacodylic acid
(Silvisar 510
Tree Killer)

5. 7 pounds dimethylarsinic

Ansul

Experimental
Herbicide
(L-2505)
2, 4-D Ami.ne
(Dow Formula

Acid Equivalent per Gallon

acid

Ansul

40)

Dow

4 pounds 2, 4-D

Picloram
(Tordon 22K)

Dow

2 pounds 4-amino-3,
acid, K-salt

Silvex
(Kurosal)
(Silvex Silvacide)

Dow
Miller Products

6 pounds silvex, potassium

Endothal

Pennsalt

3 pounds K -endothal
2

Pennsalt

1. 4 pounds K silvex and 2. 1 pounds
K -endothal
2

5, 6-trichloro-picolinic

salt

Endothal

+
Silvex
(Aquathal-

Plus)

Dilutions
Ratios of diluted chemicals
number of parts of another.

are expressed

as the number of parts of one mixed with the

Dosages
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High

- - 1 injection per each inch d. b. h. or cuts spaced approximately
apart about the circumference.

3-inches

Medium

-- 1 injection per every 2-inches
apart about the circumference.

d. b. h. or cuts spaced approximately

6-inches

Low

- - 1 injection per every 3-inches
about the circumference.

d. b. h. or cuts spaced approximately

9-inches

Field Trips

Approximately 1/2 - 1 ml has been injected at each cut with the earlier
most recent studies have involved 1 1/2 ml per injection.

equipment.

The

Preharvest drying treatments consist of boring one hole per each 3-inches d. b. h. with
10-20 ml placed in each hole. This probably constitutes a substantial overdosage, but is used
to reduce risk of nonkill for this experimental design.

All injection tests have used undiluted chemicals

unless specified otherwise.

Equipment
All screening tests and experimental thinnings, except the two most recently initiated
studies in the ponderosa and lodgepole pine, have been conducted with a prototype or experimental model of the Hypo-Hatchet.
The most recent studies are being conducted with the commercial production model of the hatchet.
The results of the tests conducted with the experimental model Hypo-Hatchet are probably
conservative because of inconsistent dosages and sporadic delivery by the hatchet, together with
shallow bark penetration.
Treatments on the preharvest drying study are being applied with the Little Beaver Auger
with a 3/ 4-inch drill adapted to fit the chuck.
Rating Scale
The hardwood species are rated according to the percentage
species are rated according to the following five-point scale:

of defoliation.

The conifer

1. Healthy tree.

2.

Tree appearing abnormal;

foliage discoloration.

3. Tree with top whorls dead, or crown appearing
4.

Tree having only a few branches

discolored

and deteriorated.

with viable needles on them; death imminent.

5. Tree completely devoid of live crown; considered

Newton

seriously

dead.
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Table

4:

Response
herbicides
Evaluated

of Douglas-fir
to injections
in spring
and summer.
August,
1967.
20 trees
per

August,

Expt' 1. Herb,
L-2505
Picloram
{Tordon 22k)
Picloram
+
Water {1: 2)
Picloram
+
Water { 1: 5)
Picloram
+
Water {1: 10)
Silvex
{Kurosal)

Degree
of Kill
4.75

of

observation.

1967

Chemical

Mean

Root
Graft~

Degree
of Kill
4.74

Root
Graft~

March,

1966

Degree
of Kill
4.74

Root
Graft.~

4.95

several

4.90

2

4. 75

4.70

2

4.55

3.95

4.25

4.20

3.95

4.08

3.85

4.60

4.22

Endothal

3.40

4.35

3.88

Endothal
+
Silvex
JAmiathol-Plus)

3.70

3.95

3.82

Season

4.26

4.39

4.85

4.65

Mean

Table

5

5.

5

Response
of Douglas-fir
to
cacodylic
acid of neutral
and
acid pH, in comparison
with
L-2505 experimental
herbicide.
Rated August,
50 trees
per

1967.
observation

Degree

Formulation

of Ki11 1

Cacodylic
(Silvisar
Neutral

Acid
510)

2.82

Cacodylic
(Silvisar
pB 4.0

Acid
510)

2.70

Expt'l.
(L-2505)

1 - Kill

Herb.
3.46

rating

of

1 to

51 1-Normal
5 -Dead

Remarks:

Low dosage
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- 1 cut for each
d. b. h. and 1/2
cut

2-inches
ml. per
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Table

61

Defoliation
of pole-size
bigleaf
maple injected
with various
herbicides
spring
and summer.
Evaluated
August,
1967 - Twenty trees
per observation.
August,
1966
months lapse)
OefoliSproutRoot
at ion
ing
Graft
(%)
(%)
{%)

(11

Cacodylic
( Silvisar

Acid
510)

March,
1967
(4 months lapse)
OefoliSproutRoot
at ion
ing
Graft
{%)
(%)
(%)

Chemical
Means (%)
SproutDefoliing
ation
(%)
(%)

(-)

88

85

90

Root
Graft
(%)

43

49

38

in

2

Expt'l.
(L-2505)

Herb.

75

2, 4-D Amine
(Dow Formula

Picloram
(Tordon

42
40)

84
20

65

(-)

so

(-)

15

87

20

(-)

35

(2)

12

22

98
10

10
Picloram
+
Water (112)

70

63

100

97
22k)

96

92

100

35
92

90
15

10
15

Picloram
+
Water (1: 5)

76

68

83

18

35
10

Picloram
+
Water (1110)

8

54

10
20

0

37

25

12
5

Silvex
(Kurosal)

90

Endothal

96

92
55

91

18

100

(-)

65

5

Endothal
+ Silvex
(Aquathol-P
lus)

92

so
70
5

5

62
36

53

8

4

Newton

(-)

82

45

78

1.

(-)
5

7

95
5

Season
Mean

45

35

Potential

grafting

in which

picloram

treatment

is

not

implicated.
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Table

SPRING
(March,

7:

Defoliation
of several
trees
per

of big leaf maple
herbicides
at four
observation.

CACODYLIC ACID
( Silvisar
510)
Root
SproutDefoliation
% ina % Graft%
4
33

--

1966)

10

1966)
18

--

(%)

--

89
20

13

--

Root
Graft%

10
58
40

---

10
62
10
7

20
58
7
30

87
50

DefoliSproutation % ina %
54
38

30

--

66

--

SEASON MEAN%

20

83
20

--

PICLORAM

(Tn.-nrm 22k)
DefoliSprout
Root
ation
% ina % Graft%
89
10
30
86

90

76

12
CHEMICAL
MEANS

--

88
10

WINTER
1966)
(Dec.,

(L-2505)
Root
DefoliSproutation % ina % Graft%
65
70

--

17
FALL
(Sept.,

injections
1967.
Ten

EXPT'L. HERB.

84

6
SUMMER
(June,
1966)

mature trees
in response
to
seasons.
Evaluated
August,

8
28

10

Table

8:

Defoliation
of Oregon white
oak by spring
and summer
injections
of various
herbicides.
Evaluated
August,
1967.
Twenty trees
per treatment.

August,
(11 months
Defoliation

Root
Graft

!~l

!~l

94

Acid
510)

Expt' l.
(L-2505)

Herbicide

Defoliation

!2!il
93

20

Sprouting

!~l

Root
Graft

!121

Defoliation

Sprouting

!~l

!2ll

94

30

98

72
55

(-)
5

45

81

2

5

2

100

90
16
82

(1: 2)

91
2

5
79

68

+

3

5

(1: 5)

8

17

70
Picloram
Water

10

+
92

Picloram
Water

8
5

100
Picloram
Water

95
15

22k)

(2)
8

89

40)
5

picloram
(Tordon

!~l
8

65
(5) 1
10

35

Root
Graft

25
10

5
80

2,4-D Amine
(Dow Formula

Chemical
Means

May, 1967
(2 months
lapse)

Sprouting

!~l
Cacodylic
(silvisar

1966
lapse)

53

36

+

13

5

21

3

5
80

87

74

49

50

45

Endothal

93

92

95

5

25

75

90

17

15

season
Means

3

6

1.

Newton

80

61

99
Silvex
(Kurosal)

Endothal
+
Silvex
(Aquathol-Plus)

2

5

(1: 10)

Potential

grafting

in which

picloram

treatment

is

not

implicated.
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Table

9.

Cacodylic
(Silvisar

Defoliation
of Oregon
during
four seasons.
trees
per observation.

Acid
510)

White oak by herbicide
injected
Evaluated
August,
1967.
Twenty

SPRING
(March.
1966)
92
30

Defoliation
Sprouting
Root Grafts

--

Defoliation
Sprouting
Root Grafts

70

100

22k)

Defoliation
Sprouting
Root Grafts
Defoliation
Sprouting
Root Grafts

88

2, 4-D Amine
(Dow Formula

Defoliation
Sprouting
Root Grafts

88

Expt' 1.
(L-2505)

Picloram
(Tordon

Season
Means

Herb.

40)

SUMMER
(June.
1966}
70
20

(10) l
20

-

96
10

--

96
10
88

10

--

75
28

grafting

---

-96

-74
20

--

--

treatment

not

implicated.

5

2
20

10
85

-5

is

35

97

5
5

picloram

-

--

87
8

2

in which

--

Chernica 1
Means
90
12

62
20

85
15

8

Potential

--

-78

30

--

92

--

WINTER
(December.
1966}
100

1966)

58
30

10

10

--

--

41
60

1.

FALL
(Seotember
99

5
5

Table

10:

Defoliation
of large
pole-size
of several
herbicide
in spring
Twenty trees
per observation.

red alder
in response
and summer.
Evaluated

August,
1966
!10 months la2sel
DefoliSproutRoot
ation
ing
Graft
Insects

,~1 ,~1
82

Cacodylic
(Silvisar

Acid
510)

,~1

,~1

to injection
Augustp
1967.

Defoliation

March,
1967
months la2sel
SproutRoot
ing
Graft

,~1

,~1

p
27

,~

Insects

,~1

Defoliation

Sprouting

121:1

,~1

55

5

Root
Graft

,~1

,~1

3
15

63
MSMA
(L-2505)

Insects

8

6

35

11

5
11

72

5

8

31

52

73

87

2, 4-D Amine
(Dow Formula
40)
5
99
Picloram
(Tordon

22k)

3

25

13
6

94
Picloram
(112)

46

+ Water

3
70

5
5

3
11

8

5
89
Picloram
(1: 5)

43

69

+ Water
5

11

8

5
87
Picloram
(1: 10)

3
26

56

+ Water
10

8

5

10

21

16

5

10

Silvex
(Kurosal)
2

5

16
(-) 1
6

Endothal

(-)

3
8

15
6

15
Endothal
(Aquathol

+ Silvex

(-)

15

5

Plus)

28

63
Season

10

3

1
3

5

Mean

5
1 - Potential

grafting

with

no pie lor-

in~lved.

8

(-)

2

Table

11:

Rating
of ponderosa
pines
treated
at four seasons
and
three
dosages
of cacodylic
acid,
(Silvisar
510, 1/2 cc/injection).
Evaluated
June~ 1967.
Ten trees
per observation.
Insect
rating
pertains
to percentage
of trees
with evidence
of one
or more insects
reaching
phloem.
All attacks
very light.

Dosage

l cutLl-inch
Degree
of Kill

Season

SPRING
(March,

diameter

Insects
(%)

4.6

Degree
of Kill

diameter

Insects
(%)

(%)

4.2
20

1966)

SUMMER
(June,
1966)

Root
Graft

l cutL2-inches

4.6

Root
Graft

l cutL3-inches
Degree
of Kill

(%)

Insects
(%)

Root
Graft

4.3
50
3

3.9

DOSAGE
MEANS

4.4

13

10

30

WINTER
1965)
(Dec.,

3.7

3.4

3.8

13

20

20

4.o

4.0
30

4.2

4.3

3.8

4.5
1966)

30

(%)

27

10
FALL
(Sept.,

Root
Graft

4.2

40

40

Season
Means
Insects
(%)

10

4.0

4.4

Degree
of Kill

(%)

4.o
50

70

diameter

17
2

Table

12.

Response of ponderosa pine to origanic
arsenical
herbicides,singly
and in mixture.
Treated June,
19671 Evaluated
August, 1967.
Twenty trees per
observation.
Dosage was 1 1/2 cc per injection.

1 Cut/1-inch
diameter
(Degree of Kill)

1 Cut/2-inches
diameter
(Degree of Kill)

Expt' 1.
Herb.
(L-2505)

4.9

4.8

4.4

4.7

Expt'l.
Herb.
(L-2505) +
Cacodylic
Acid
(Silvisar
510)
(1: 1)

4.8

4.7

4.4

4.6

4.8

4.6

4.4

4.6

4.8

4.7

4.4

Cacodylic
(Silvisar

Acid
510)

Dosage
Mean

Table

13.

Chemical
Means
(Degree

of Kill)

Response of lodgepole
pine to injection
of cacodylic
acid
(Silvisar
510) during four seasons,
and at three dosages.
Evaluated
August, 1967.
Ten trees per observation.
Insects
expressed
as percentage
of trees with one or more beetles
reachirg phloem.
All attacks
very light.

Dosage

SPRING
(March,

1 Cut/3-inches
diameter
(Degree of Kill)

1 Cut/1-inch
diameter
Degree
Insects
of Kill
%
4.1

1 Cut/2-inches
diameter
Degree
Insects
of Kill
%

1 Cut/3-inches
diameter
Degree
Insects
of Kill
%

Season Means
Degree
of Kill

3.8

3.7

3.9

3.2

3.2

3.6

Insects
%

1966)

SUMMER
(June, 1966)
FALL
(September,
WINTER
(December,
Dosage
Means

Newton

4.2
10

3

a. 5

4.4

3.0

3.6

20

1966)
4.9

7
3.6

3. 2

30

1965)
4.4

3.9
10

3.5

3.3

15
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Table

14.

Response
of lodgepole
pine to injections
of
arsenical
herbicide
individually
and in mixture.
Treated
June,
1967r evaluated
August,
1967.
Dosage was 1 1/2 cc per injection.

1 Cut/1-inch
diameter
(Degree
of

Chemical

Expt'l.
Herb.
(L-2505)

Expt' 1.
(L-2505)
Cacodylic
(Silvisar
( 11 1)

1 Cut/3-inches
diameter
(Degree
of Kill)

4.2

4.0

3.6

3.9

4.3

3.7

3.8

3.9

4.0

3.9

3.6

3.8

4.2

3.9

3.7

Kill)

Acid
510)

Acid
510)

151

3.0
(2.9)

18

2.4
( 2. 6)
42

40

2.8
(2. 9)

Recovered (~\

2.8
(2. 7)

2.3
( 2. 4)
45

2.5
( 2. 5)
28

1 - Evaluated

Degree
of Kill

20

2.6
( 2. 8)
22k)

Chemical
Mean

2.6
( 2. 6)
10

Means
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1 Cut/2
inches
diameter
Degree
Recovered (~\
of Kill

1

510)

Picloram

Dosage

Kill)

Responses
of Western
Juniper
(Juniperus
Occidentalis
Hook)
to summer injections
of picloram
and cacodylic
acid.
Treated
August,
1966r evaluated
August,
1967.
Twenty trees
per observation.

1 Cut/1
inch
diameter
Degree
Recovered (~\
of Kill

(Tordon

of

+

Dosage
Mean

Cacodylic
Acid
(Silvisar

Chemical
Means
(Degree

Herb.

Cacodylic
(Silvisar

Table

1 Cut/2-inches
diameter
(Degree
of Kill)

December,

32

1966

(4 months

time

lapse)

Field Trips

Figure

1.

Time requirements
in man-hours
to treat
designated
densities
at the rate
of one
inches
diameter
in:
Northern
hardwoods,
lodgepole
pine,
and ponderosa
pine.

one-acre
plots
injection
per
spruce-hemlock,

of
two

500

1-1400

g

::r::

1-1

CD
~ 300

i.µ
,a
CD

1-1200

E-t

100

4

3

CD

1-1

~

1-1

CD

2

~

Ill
1-1

:,

g
1

500
All

Newton

Species

1000
- Treated

1500
Trees

Per

2000
Acre
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OUTLINES
OF PRESENTATIONS
It is intended that this proceedings be used as a guide
for field instruction.

Accordingly, each section has been

outlined and is presented in a much abridged form for use
in development of lesson plans.
as subject headings.

All major topics are listed

Specific details of subject matter must

be sought from the text of each section.
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Outlines

VEGETATION MANAGEMENT AND THE WELFARE OF SOCIETY
A. S. Crafts
I. Basic Needs

----

Education

A.

B. Literacy
Technology

C.

D. Research
II. Problems

A. Population
B. Food shortage
Water shortage

C.

D. Air pollution
E.
III.

Housing shortage

Solution

A. Land development
B. Increased

efficiency

IV. Responsibility

A. Government
1. Departments

2. Agriculture
B. Educational
C.

Industry

D.

Land owners

V. Ve~tion

of agriculture
experiment

stations

institutions

Management Practices

A. Forestry
B. Rangeland
C.

Noncrop land

VI. Multiple Usage

Outlines
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VEGETATION MANAGEMENT--A SYSTEM OF OPERATION
Michael Newton

I. Introduction
A.

Ecological problems

B. Future deliberate

management

II. Problem Analysis
A.

Relationships
1. Resident vegetation and land use

2. Plant and animal communities

and problem species

B. Objective
III. Undesirable
A.

Vegetation Approaches

Eradication

B. Utilization
C.

Favoring

D.

Land use management

IV. Treatment
A.

desirable

system alteration

Evaluation

Percent kill success

B. Undesirable
V. Operational
A.

species

qualities

reduced

System Development

Ecological

approach

B. Responsibility
1. Universities

2.

State and federal agencies

3. Private chemical
4.
C.

concerns

Land managers

Plans considered
1. Vegetational

manipulation

2. Public relations
3. Personnel training
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Outlines

CHEMISTRY OF HERBICIDES
V.H.

Freed

I. Herbicide
A.

Categories

Inorganic

1. Arsenic

trioxide

2.

Sodium arsenate

3.

Ammonium

4.

Borates

5.

Sodium chlorate

sulphamate

B. Metallo-organic

(organic arsenicals)

1. Cacodylic acid
2.
C.

MSMA

Organic

1. Oils
2.

Aryloxy alkanoic acids (phenoxy herbicides)

3.

Benzoic acids

4.

Picloram

(picolinic acid derivatives)

5.

Triazine

herbicides

6.

Substituted

uracils

7.

Substituted

ureas

8.

Amino triazole

II. Environmental
A.

(Amitrole)

Behavior

Plant absorption

B. Plant translocation
C.

Environmental

Outlines

persistence
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UPTAKE AND MOVEMENT OF HERBICIDES IN PLANTS
Herbert Hull

I. Herbicide

Uptake

A. Basic mechanisms
1. Stornatal

2.

Cuticular
a.

hydathodes

b. trichornes

(hairs)

B. Entry route
1. Age

2. Development
II. Herbicide
A.

Movement

Syrnplastic movement

B. Apoplastic
C.

movement

Leaf maturity

D. Active root growth effect
E.

Time effect

F.

Unequal herbicidal
1. Different

2.

Absorption

Molecular

B. Herbicide
IV. Herbicidal
A.

genera

Sarne genus

III. Herbicide
A.

uptake and distribution

and Translocation

structure
mixtures

Adjuvants

Surface active agents

B. Phenoxy herbicides
V. Herbicide

plus ammonium salts

Droplet Size, Spac!!!g and Contact Angle

VI. Conclusions
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Outlines

THE PHYSIOLOGICAL AND BIOCHEMICAL BASES OF SELECTIVE HERBICIDE ACTION
Logan A. Norris
I. Herbicidal

Selectivity

A. Many species,

~

one herbicide,

and different responses

B. One species,

many herbicides,

C. One species,

one herbicide,

and different responses
and different responses

II. Chemical Agent Requirements
A. Absorption
B. Translocation
C. Detoxification
III. Factors
A.

Influencing Absorption,

Translocation

and Detoxification

Formulation

B. Application rate
C.

Intercepting

surface orientation

D.

Leaf wax and cutin

E.

Plant development vigor and stage

F.

Water stress

G. Plant metabolism
IV. Hypothetical
V. Selectivity

Selectivity

~

Determinants

A. Absorption and selectivity
B. Translocation
C. Degradation

and selectivity
and selectivity

VI. Concept Reinforcements

Outlines
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THE FORMULATION AND APPLICATION OF HERBICIDES
John H. Kirch
I. Formulating

Objectives

A. Herbicide form
B. Herbicide performance
1. Penetration

2. Trans location
3. Accumulation
II. Formulations

A. Esters
1. Volatility

2. Selection
a.

volatility

b.

field performance

c.

commercial

3. Emulsifiers,

surfactants,

B. Water- or oil-soluble
C.

Emulsifiable

production
and wetting agents

amines

acids

D. Wettable powders
III.

Inverted £!. Thickened Sprays
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Outlines

DISCOVERY AND DEVELOPMENT OF NEW HERBICIDES
Charles T. Lichy
Stages of development:

All stages in sequence lead to a product with a registration
which describes effective and safe usage

I. Exploratory-

-Discovery

II. Quantitative
the field

measurement

and a label

of potential usefulness

III. Detailed and comprehensive
of production

of activity and preliminary
research

on performance,

evaluation in the laboratory
limitations,

safety,

and

and methods

IV. Confirmation and extension of practical applications which result in the recommendation
of a new pesticide by state and federal research agencies

Outlines
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RESPONSE OF VEGETATION COMMUNITIES TO MANIPULATION
Michael Newton
I. Introduction
II. Normal Plant Succession

A. Pioneer species

characteristics

B. Climax species
III. Man-Caused

characteristics

Succession

A. Agriculture
B. Nonagricultural

lands

1. Herbicides
2.

New species

IV. Four Climatic

A.

introduction

Zones Succession

and Manipulation

Desert
1. Natural succession
2.

Artificial

manipulation

B. Savanna
1. Natural succession
2.
C.

Artificial

Temperate

manipulation

forests

1. Natural succession
2.
D.

Artificial

manipulation

Rain forests
1. Natural succession
2.

Artificial

manipulation

V. General Principles
A.

Plant succession

B. Information
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available

Outlines

EFFECTS OF VEGETATION MANAGEMENT ON WILDLIFE
William H. Lawrence
I.

Introduction - -Relationship
A.

Vegetation vs. carrying

B. Herbicides
C.
II.

capacity

vs. vegetation

of Habitat

Temporary

nature of optimum conditions

B. Uses of herbicides
1. To promote

to set back succession

several

species

2. To promote commercial
III.

System

Land use effects on wildlife habitat

Maintenance
A.

of Animal Ecological

for animal habitat

forest species

Habitat Conversion
A. Replacement

of browse species

B. Replacement

of browse and most species

C.

of browse species

IV.

Maintenance

Ecological
A.

C.

nonpoisons,

consideration

Selective elimination

Outlines

by conifers

for wood fiber production

Control of Animal Population

Use of habitat,

B. Ecological

by range grasses

to regulate

population

basic to population

of forage to discourage

dynamics
certain

animals
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RESIDUES OF HERBICIDES AND DIESEL OIL CARRIERS IN FOREST WATERS
R. F. Tarrant

and L. A. Norris

I. Introduction

A.

Water supply importance

B. Herbicide need
C.

Forest manager responsibility

II. Herbicide
A.

Residues

Field studies
1. Water

2.

Soil

B. Laboratory

degradation

studies

1. Chemical formulation

2.

Litter types

3. Other factors
III. Diesel Oil Residues
A.

Water

B. Soil
IV. Conclusions
A.

Water supply effect

B. Ecological considerations
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Outlines

CHEMICAL BRUSH CONTROL AND HERBICIDE RESIDUES IN THE FOREST ENVIRONMENT
L. A. Norris
I. Introduction

A. Herbicide need
B. Herbicide

availability

II. Environment

Receiving Herbicides

A. Air layer
B. Vegetation

layer

1. Amounts absorbed

and translocated

2. Amounts reaching the forest floor
3. Herbicidal

breakdown

a.

chemical

degradation

b.

soil volatilization

c.

leaching and surface

d.

biological degradation

runoff

C. Deer
III.

Stream Contamination

A. Experimental

findings

B. Contamination

magnitude

1. Formulation

2. Geographical
3.

Treatment

location

layout

C. Toxicity to stream

inhabitants

D. Toxicity to mammals
IV.

Conclusions

Outlines
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ECOLOGICAL CONSIDERATIONS IN BRUSH CONTROL
H. Gratkowski

I. Interactions

~ ~

Ecosystem

II. Climate of the Pacific Northwest
III. Solar Radiation

A. Light intensity
B. Light quality
IV. Radiation Environment

A. At high altitudes
B. Under overcast skies
C. In the understory

D. At night
E.

Importance

to plants

F.

In release

of conifers

G. In brushfield reclamation
V.

~

A.

Competition for Moisture

~

Nutrients

Root systems

B. Competition for nutrients
C.

Competition for moisture

VI. Silvicultural
A.

Implications

Brush as nurse crops

B. N-fixation by woody plants
VII. Fire

A. In regeneration
B. Prescribed
C.

of brush species

burning

Role ih brush seed germination

VIII. Plant-Animal

Interaction- -Browsing

IX. In Closing
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Outlines

CONTROL OF GRASSES AND OTHER VEGETATION IN PLANTATIONS
Michael Newton
I. Weed Control Problem
A.

Unfavorable seedling environment

B. Total planting effort
II. Weeding Practices
A.

Scalping

B. Furrowing
C.

Scarification

D. Cultivation
E.

Chemical weed control
1. Application

2. Dosage rates
III. Plantation Effects
IV. Summary
A.

Moisture conservation

B. Nutrient competition
C.

Seedling temperatures

D. Animal movement
E.

Economic benefits

Outlines
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CHEMICAL WEEDING AND RELEASE OF CONIFERS IN WESTERN OREGON AND WASHINGTON
P. G. Lauterbach
I. Aerial ~raying~

A. Dormant or bud- break
1. Species
2.

Formulations

B. Foliage
1. Precedures
2.

Formulations

II. Results

A. Hardwood control,

1956-57

B. Ceanothus

1961

C.

336

control,

Confier release

from other species

Outlines

CHEMICAL WEEDING AND RELEASE OF CONIFERS IN SOUTHWESTERN OREGON

P. A. Theisen
I. Problem

A. Conservation
B. Maximizing contributions
II. Phenoxyaceti c Acid Methods

A. Axe frills
1. Species
2.

Season

B. Backpack mistblower
1. Species
2.

Season

C. Aerial application
1. Season
2.

Contract

III. Factors

A.

Influencing Formulation

Selection

Time

B. Target species
C.

specifications

percentage

composition

Brush and weed control desired

D. Desired

Outlines

species present
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PRECOMMERCIAL THINNING WITH CHEMICALS
J.M. Finnis
I. Problem
A.

Tree entry

B. Amounts
C.

Seasons

II. Equipment
A.

One-shot method
1. Tree injector

2.

Hypo-hatchet

B. Two-shot or hack-squirt

method

III. Crew Selection
IV. Season
V. Chemical and Results
VI. Chemical Thinning Advanta~
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Outlines

PREHARVEST KILLINGOF COMMERCIA.LTIMBER
H. A. Holt and Michael Newton
I. Problem

A. Small trees

B. Limited economic value
II.

Treatments

A. Chemical

B. Sour-felling
III.

Results

A. Moisture and weight reduction

B. Morphological

response

1. Chemical treatments

2. Felling treatments

3. Insects

4. Backflash
5. Degree of kill
6. Logging

7. Fire hazard
8. Bark loss
9. Stain
IV. Conclusions

Outlines
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BRUSHFIELD RECLAMATION IN CALIFORNIA

J. R. Bentley
I. Introduction
A. California

brushfield types

B. Ponderosa pine plantation herbicide

techniques

II. Initial Brush Removal
A.

Bulldozing and windrowing

B. Prescribed
C.

burning

Wildfire bums

III. Brush Regrowth Control
A.

Ponderosa pine plantation needs

B. Spray number

C.

Kinds and rate

D. Dates
IV. Pine Seedling Damage
A.

Rate

B. Time

V. Tree Competition
A.

Reduction

Sprayed areas

B. Unsprayed areas
VI. Summary
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Outlines

BRUSHFIELD RECLAMATION IN THE PACIFIC NORTHWEST
J.P. Johnston
I. Problem
A.

Species

B. Objectives
II. Economic Considerations

A. Acreage true value

B. Expected crop

C. Managed acres

III.

D.

Site qualities

E.

Desired species

F.

Site preparation

Doing the

Outlines

~

potentials

and Followup
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CONVERSION FROM WEEDS TO PRODUCTIVE GRASS COVER
J. A. Young, R. A. Evans, R. E. Eckert,

Jr.

I. Problem
A.

Sagebrush grasslands

invasion

B. Annuals disturbance
II. Basic Solutions
A.

More efficient weed control

B. More efficient seedbed preparation
III. Herbicide Potentials
A.

Contact herbicides
1.

Weed control

2.

Seeding perennials

B. Soil active materials
1. Preemergence

2.
C.

Reseeding preparation

Seed set prevention

D. Physiologically

E.

F.
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application

selective

1.

Weed control

2.

Seeding resistant

Annuals selectively

herbicides

perennials
removed

1.

Native perennials

2.

Seeded perennials

Annuals removed from other annuals

Outlines

CONVERSION OF SAGEBRUSH RANGES TO PRODUCTIVE GRASSLANDS

D. W. Hedrick

I. Introduction
A.

Big sagebrush

B. Conversion:
C.

covering range land
A clarification

Soil and watershed

interrelationships

II. Big Sagebrush Control Methods

A.

Chemical

B. Mechanical
C.

Fire

D. Appropriate
Ill. Improvement
A.

method selection

Practices

and Results

With and without seeding

B. Sagebrush burning and forage response
C. Mechanical treatment

and forage response

1. Different methods

2.
D.

Seeding after treatment

Sagebrush spraying
1.

Results

2.

Risk

3. Expenditure
E.

Ecological changes and management

response

IV. Grazing Management Following Sagebrush Control
V. Summary
A.

Importance

B. Necessity

for grazing management

C.

Methods used

D.

Gains resulting

Outlines
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CONVERSIONOF CHAPARRALAND SCRUB HARDWOODTO PRODUCTIVE RANGE
F. W. Pond
I. Introduction

A.

Topography and climate

B. Species present
II. Conversion

of Watershed Vegetation Cover

A. Burning
8. Chemicals
III. Conversion
A.

for Rangeland and Grazing

Tonto Springs study area

B. Comparison
C.

'l 1111

of herbaceous

Economic potentials

and animal production

with chemical control

Outlines

HERBICIDAL CONTROL OF NONCOMMERCIAL CONIFERS ON RANGELAND
T. N. Johnsen,

Jr.

I. Problem

A.

Rangeland pinyon and juniper

B. Herbicide
IL Present

use

Herbicidal

Control Measures

A. Tree characteristics
B. Regional characteristics
C.

Potential users

acceptability

1.

Effect

2.

Selectivity

3.

Toxicity

4.

Residual problems

5.

Competitive

methods

IV. Summary

Outlines
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RESIDUES OF HERBICIDES AND IMPACT ON USES BY LIVESTOCK
L. E. Warren
I. Herbicide

Residue Areas

II. Forage~
III. Water Sources
IV. Herbicides
A.

and Uses

Improving forage production

B. Soil sterilants
C.

Conifer release

D.

Rights-of-way

V. Factors
A.

and site preparation
and fuel breaks

Affecting Possible Residues

Chemical intensity

B. Mammalian toxicity
C.

Residual nature

D. Environment
VI. Herbicide
A.

Fate

Soil

B. Plants
VII. Herbicide

Grazing Preferences

VIII. Forage Residues
IX. Tissue Residues
X. Herbicide Toxicity
XI. Herbicide Effects on Poisonous Plant Material
XII. Conclusions
A.

Livestock hazard

B. Recommended use
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Outlines

IMPACT OF RANGE IMPROVEMENT PRACTICES ON WIIDLIFE HABITAT
E. R. Brown
I. Danger _!£Wildlife

II. Impact of Ecological Changes
A. lntermountain

region sagebrush

control

1. Sage grouse
2.

Mule deer

3.

Elk

B. Open plains and range improvement
1. Antelope
2. Sage grouse

Outlines
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BRUSH AND STUMP CONTROL ON NEW RIGHTS-OF-WAY
A. Wetsch

I. Introduction
II. Seeding Method

A. Seeding mixture

B. Application time and rate
III. Foliage Spraying
A. High volume spraying with orchard type sprays
1. Place
2.

Spray formula

3.

Season

4. Application technique

8. Helicopter

spray application

1. Place
2.

Spray formula

3.

Season

4. Application technique and contract inspection
C. Air blast sprayer

application

1. Where to use
2.

Spray formula

3. Application technique
IV. Conifer Control
A.

Spray formula

8. Application

V. Deciduous Stu~
A. Application time

8. Formulation

VI. Conclusions
A.

Man hours

B. Chemical quantities
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Outlines

BRUSH AND DITCH WEED CONTROL IN POPULATED AREAS
W. R. Furtick
I. Problem

A. Available

water

B. Vigorous perennial
II.

grass and weed growth

Control Means

A. Periodic burning

B. Fencing and grazing

III.

C.

Mowing

D.

Contact herbicides

E.

Systemic herbicides

Complicating

Factors

A. Safety
1. Plants
2. Animals

8. Some herbicide

potencies

1. Drift
2.

Outlines

Residual activity
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SELECTIVE VEGETATION CONTROL TO FAVOR ATTRACTIVE AND NON-OBJECTIONABLE
COVER

' Jr.
8. F. Roche,
I. Weed Definition
II. Crop Definition
Ill. Vegetation
A.

Climate

B. Parent material
C. Topography
D.

Time

IV. Species Limiting Factors

A. Interspecific

competition

B. Induced change
V. Vegetation Control Advantages

A.

Reduced water and wind erosion

B. Higher quality irrigation

water

C.

Mowing and brush removal costs cut

D.

Visibility improved

E.

Reduces fire hazard

F.

Rodents' food minimized

G. Higher esthetic

value

H. Cover consumes less water
I.
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Cover self-maintaining

and self-renewing

Outlines

PROGRAMEDRIGHT-OF-WAY MAINTENANCE
H. R. Johns
I. Programing

Right-Of-Way Maintenance

A. Brush control of brush elimination
B. Management plan
1. Mechanization

2.

Ground methods

3. Work continuity

4. Aerial methods
5. Proper application
6. Volume

7. Ultimate cost
8. Public acceptance
9. Hazards
10. Desirable
II. Commercial

species

Program

III. Summary

Outlines
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SPECIA.L HERBICIDE COMBINATIONS FOR RIGHT-OF-WAY BRUSH CONTROL

J. H.

Kirch

I. Problem
A. 2, 4-D and 2, 4, 5-T resistant
B. Predominant

rights-of-way

plants
species

II. Aerial Brush Control

A. Invert emulsion substitution
1. Test A--Binghamton,

New York

2. Test B--Rutland,

Vermont

3. Test C--Canton,

Georgia

4. Test D--Coalwood,

West Virginia

B. Results
III. Ground B~h
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Control--Poplar

Bluff, Missouri

Outlines

RESPONSIBILITY OF SOCIETY TO LAND MANAGERS
W.C. Leth

I. Public Education --Dissemination

of Knowledge

II. Acceptance of Risk for Technological

Advances

III. Realization of Importance and Facets of Agricultural

Chemicals

IV. Adequate Funding for Research
V. Alertness!!?_ New Substitute Development
VI. Seek Improved Controls Other Than Chemical

Outlines
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LEGAL RESPONSIBILITIES OF PESTICIDE USERS
S. W. Tomer

I. Statu~

and Common Law

II. Liability Aspects
A. Joint liability
B. Casual and involunta'ry
C. Hold harmless

indemnities

and government immunity

D. Bodily injury from drift

E. Attractive nuisance doctrine
F.

Liability for new technology

G. Products liability
H. Strict liability doctrine
I.

Warranty disclaimers

III. Damage Claims

A. Do not admit liability

B. Be friendly
C.

Know where and when of past operations

D.

Notify insurance

company

E. Others examine damage
F.

All witnesses ' names and addresses

G. Photographs

H. Up-to-date records
I.

Note adverse

J.

Preserve

conditions in crop or property

chemical labels

K. Know past chemical uses on the land or in the area
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Outlines

PUBLIC RELATIONS AND FOREST MANAGEMENT
S. T. Moore
I. Land Use Competing Demands
II. Siuslaw National Forest Public Relations and Reactions
A. Advance planning
B. Cooperative

assistance

C. Public education

Outlines
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THE FUTURE OF VEGETATION MANAGEMENT

B. E. Day
I. Vegetation Management
A.

Fostering

8. Supressing
II. Progress
A.

beneficial vegetation
undesirable

plants

Ingredients

Biologically active chemical supply

8. Detailed research

for land managers

potentials

C. Adequate financial support
III. Problems
A. Technical

B. Managerial
C.
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Social and esthetic

Outlines

