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E. Day, Assistant Plant Physioiogist
University of California

Riverside. California
I was asked %o talk to you on the subject of "Profits from Research®, Your
chairman asked me to try to pin this subject down in some way and avoid
talking in vague qsnerajitiec as much as possible. As a point of approach
I thought it might be best to see how the dictionary defines the words
fprofits" and Yresearch'. PProfit" is defined in a monetary sense as the
Yexcess of income over expenditure! in a particular transaction. It is

also defined as "to be of use or advantege!, "to benefit", and "to give
progressH, The word "rescarch” is defined as '"diligent and systematic
inguiry or investigation into a subject in order to discover facts or
principles”., Thus it seems I can remalin within my title if I discuss
any sort of benefit in the field of weed control that derives from studi-
ous inguiry.

I shall base my discussion on Onnvmit obtainod from research in our
area-~the eleven western states. It is obvious that these benefits do nct
all, or even in the most part, come from research carried out in the west-
ern area. Many of ouwr improved methods stem directly from research done
in other parts of the United States and in forelign countries, for research
in weed contrel as in mest other fields of 801ent1f1~ endeavor, is truly
a worldwide cooperative enterprise. On the other hand the findings by re-
search workers in our conference area are beneficial to persons in other
parts of the world. Therefore, if we assume that we are doing our fair
and proporticnate share of research work in weed control, then we should
bz able to make a valid assessment of the profits from research within our
own area.

Usually we gather at these conferences 1o enumerate and discuss the
many unsoived problems that confront us in weed control. These problems
are so numerous and difficult that I am sure many of us go away with the
couraging feeling that all we have is rroblems and no solutions to
blems. As a matter of fact, as we look back over the years, we find

hat research has solved many rrOszas in weed control, I do not proposs
hat we have obtained the ultimate solubtion to any problem, that is, a
solution that cannot be 1nrrOVDd upen. To accept such a point of view
WOUId be to close the aoor on further progress. Bub, we have developed
solutions-~important and valuable so&utloﬂgmwoclutians that are in every-
day use in weed control.

is
ro

N
a
Ty
\I
1

.

%

For example, wheat is the most extensively-grown crep in the eleven
western states--some twelve million acres being devoted to its production.
Currently about 70 percent of this acreage is treated annually with 2,L-D
for contrel of weeds. Estimates of the net dollar nrofit accruing o
growers in the various areas range from $1.50 to $12.00 per acre. Using
$5.00 per acrs as an average net profit from treatment it appears that the
income from this crop is enchanced by approximately 3L0,000,000 annually
1n the eleven western states. 2,4~D is a product of research, correspond=-

ingly this savings to the wheat grower is a profit from research.



I recently asked a number of my colleagues in research and extension
throughout the Western Weed Conference area to fill out a comprehensive
questionnaire on the extent of use and economic benefits obtained from
modern herbicides in their several states and areas. These workers were
asked to state the kind of herbicide treatments, the savings accruing to
the user, and the percentage of the acreage of each individual crop
treated. Further information was gathered from official publications of
the various states. I have used these estimates and statistics in an
attempt to draw an over-all picture of the extent of use and economic ad-
vantage obtained from modern weed control methods in the eleven western
states. I wish to point out that these figures in most cases are not
carefully documented statistics but should be classed as Yeducated guesses®,
In a court of law these might be called "expert opinion." Not being an
economist T have not felt compelled to use refined methods in assessing
the accuracy of the figures or in drawing conclusions from them. Thus
unencumbered by the actual information and unresiricted by training or
experience in such matters I feel free to tell you how much money agri-
culture and industry is saving each year through weed control methods devel-
oped by research in recent yesars.

As I have told you before wheat farmers save about $40,000,000 by
treating 70 percent of their acreage with 2,4=D., With the other small
grains, some LO percent of the oat acreage, 50 to 60 percent of barley,
and about 25 percent of rice, is treated. Growers of these crops are esti-
mated to save, respectively, on the order of $6,000,000; $18,000,000; and
$1,300,000 per year. The questionnaire and other figures indicate that
about 80 percent of the flax acreage in the West is treated with dne or
more herbicides each year. Dinitro, MCP, 2,4-D, and IPC are used. GBEsti-~
mates of savings through the use of these chemlca’s run as high as $40 per
acre., Using a conservative basis of $20. per acre the net profit to flax
growers in the West amounts to about $3,000,000.

Perhaps only five percent of the acreage of dried field peas is treated
with herbicide. The saving to the growers amounts to about $150,000 per
year. Nearly all of the acreage of green peas in the northwestern area is
treated with either dinitro or IPC. A lower proportion of acreage is treated
in other western areas. The annual saving from this source amounts to about
$8,000,000.

The acreage devoted to hay production is second only to wheat acreage
in the western states. Between five and ten percent of this acreage is
treated each year for a net savings of approximately $5 per acre and a total
proflt of @h 000,000, Treatment of about five percent of the acreage in
grain sorghums accounts for a profit of about $7,300 000. Herbicide appli-
cations are made to approtlmately ten percent of the sugar beet acreage for
a net profit of about $10 per acre amounting to over $5,000,000, Potato
growers do not make extensive use of herbicides. Approximately three per-
cent of the potato acreage was treated chemically for weed control last
year for a net saving of $300,000.

About 50 percent of the acreage of subtropical fruits was treated with
herbicides in 1957 for a net reduction in production cost of about $15 per
acre amounting to a $2,000,0000 increase in income to this industry. Car-
rots are almost universally treated with selective oil although the use
of herbicides in other vegetable crops is not extensive at present, amount-



ing to less than five percent of western acreage. I was surprised to
find that my panel of experts estimated that only about L0 percent of the
strawberry acreage was ‘treated with herbicide; however, 1t was the opine-
ion of the persons reporting that the net profit generally obtained from
the chemical weeding of strawberries amounts to about $60 per acre. About
five percent of the cotton acreage is treated with herbicides for a net
return of $5 to $10 per acre.

I was unable to find any reasonable basis for estimating the acreage
and economic value of herbicide use in range weed conirol for the entire
conference area, This is understandable when we consider the wide varia~
tion in climate and vegebtation. In California slightly over a million
acres of brush has been burned as a range improvement measure in the last
ten years. About L0 percent of this acreage has had follow-up treatment
with chemicals and a similar percentage has been seeded. The total cost
of burning, chemical treatment, and seeding amounts to $15 to $20 per acre.
Where burning alone is sufficient the cost is somewhat under 35 per acre.
Most of the range land subjected to this kind of reclamation produces about
0 pounds of beef per acre per year as compared to a production of 10 to
20 pounds prior to treatment. The net increase of 20 to 30 pounds of beef
per year has a market value of 3L to $6. Since the treatment remains sffec-
tive for ten or more years it is evident that range improvement of this
sort can return from 20 percent to 100 percent per year on the investment
over a period of many years.

Most of us who work with agricultural weed control do not fully realize
the magnitude of the weed problem encountered by industry. Although I can
find no relisble figures or even good estimates of the total consumption
of herbicides by industry, it is clear that this use of chemical weed
killers is substantial. There are advantages to industrial weed control
that are difficult to evaluate on a strictly monetary basis. For example,
what is it worth to a company to have a weed-free parking lot, working
area, or storage yard? This can result in improved customer relations and
employee morale, as well as generally more efficient operation that would
be difficult to evaluate in dollars and cents. For example, I do not see
how we can assign a monetary value for the beautification of our highways
that can be obtained by proper vegatation control. (Otherwise, unsightly
weed growth keeps us from seeing the layer of beer cans.) In most cases
a well-planned and executed program of weed control on industrial sites is
reflected in direct economic benefits. For example, reduction in fire haz~-
ard through weed control can result in reduced insurance rates to the
company.

For a specific example, let us take the railroads. It is sound econ-~
omy to keep roadbeds free of weeds and control vegetation around timber
trestles, buildings, telegraph poles, switches, and in yards and around
loading installations. If weeds are allowed to grow in the roadbed they
serve to collect wind~borne dust and debris in the ballast; alsc as weeds
mature and die organic material is continually being incorporated into the
ballast. Accumulation of this debris causes a condition called "fouled
ballast". This impairs drainage which in turn causes a spongy roadbed
making it necessary'to put a "slow order" on the affected section of track.
This means that fewer trains an be operated, these giving slower servics.
The accumulation of soil and organic matprla$ in the ballast creates a
condition increasingly suitable for further plant growth. The impaired
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drainage and moist vegetation create conditions conducive to the rotting
of ties and the corrosion of rails and tie plates. Dry vegetation accumu-
lates hecoming a fire hazard to trestles, communicabtion facilities, and
adjacent property. In addition to the direct losses from such fires,
servics is interrupted causing operational delays and further economic
losses.

A mile of mainline track on a class I railroad reguires an initial
investment of $50,000 to $75,000. To clean and replace fouled ballast
costs approximately 54,000 to $5,000 per mile. Without proper weed control
this expense becomes necessary every four to ten years depending upon local
conditions. The cost of herbicide treatment varies from 320 to $2070 per
two-acre track mile. The degree of weed control and residual activity of
the herbicides is usually directly related to the cost. Contact sprayvs
cost approximately $20 per mile and this treatment may be made two to four
times per year totaling $LO to 380 per mile. If a relatively permanent
type of soil sterilant is used the cost is about $200 per mile, Perhaps
four such treatments would be necessary over a ten-year period, or possibly
one treatment may be applied initially followed by several lighter, replen-~
ishing treatments at a cost of about $100 each. Again.the total cost
amounts to about $80 per year or $800 over a ten-year period. Obviously,
this cost compares very favorable with the alternative of cleaning and re-
placing the ballast every bten years requiring an expenditure of $L,000 to
$5,000 per mile.

D

The old method of cormbralling weeds around timber trestles by hand
cutting costs about $1.75 to $2.50 per lineal foot of bridge. This includes
cutting and removing the vegetation under the trestle far enough on either
side to eliminate the <fire hazard. By employing soil sterilants this cost
has been reduced to approximately 10¢ to 154 per lineal foot of bridge.

This cost differential of 10- to 25-fold can probably be generally appliied
to compare the economic benefits of soil sterilants with hand methods at
industrial sites.

There are about 40,000 miles of railroad in the eleven western states.
It is estimated that 90 percent of this trackage is treated with herbicides.
If the cost estimates previously mentioned are approximately correct rail-
roads in the Western Weed Conference area spend about $3,007,000 annually

for weed control and profit by this expenditure to the extent of four to
five times this amount.

Although there are a great deal more miles of highway than railroad
in the West it appears that weed control measures are applied along the
highways less uniformly and less rigorously than on the railroads. NHever-
theless, if we iaclude the highways, utilities lines, and industrial sites,
I should think onat an annual expenditure of $10,000,000 would be a conser=
vative estimate for money spent on weed controel by these other industrial
applications. Perhaps also we might include weed contrel in irrigation,
drainage, and flood control systems in this same category of industrial
weed control, However, few cost figures are available in these areas.,

In answer to my questionnaire I received forty estimates on the cosis
of modern weed control methods as compared to the savings mads over methods

formerly used, if any. I averaged the ratics of all of these figures and
found that on the average for every dollar spent on the purchase and



application of modern herbicides the grower gets a return of 33,90 for

his expenditure. This gives him a net profit of 32,90 on every dollar that
he invests in the products of weed control research., This is a direct pro-
fit from research. I ask you, where else can the investor secure such a
return on his money?

My overall estimate for agriculture and industry in the eleven western
states comes to $130,000,000 annual net savings that derive directly from
the use of weed control methods developed by research within the last 15
years. Perhaps this profit has amounted to $700,000,700 over the past 10
years., I think that the various weed-control research budgets for the
eleven western states during +this period including work done by the univer-
sities, governmental agencies, and the chemical industry has amounted to
no more than $7,000,000-~or at most one percent of the benefits derived
from work.

Although the figures I have given you are speculative and represent
at best only orders of magnitude, it nevertheless appears that research
has repaid its investment on the order of one hundredfold, There is no
reason to believe that research in weed control cannot be equally produc-
tive in the future.

I wish to give thanks to my friends and colleagues for supplying most
of the figures and other information given.

LA
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PROFITS FROM EXTENSION WEED CONTROL

E. P. Sylwester, Extension Weed Specialist
Towa State College
Ames, Towa

First of all T want to thank all of you, especially your program plan-
ning committee for inviting me to speak at your conference. In point of
time, this conference is the senior member of the L regional weed control
conferences now in existence. It is indeed remarkable to pause and reflect
as to how far we have come in the entire realm of weed control in research
in extension, in regulatory and industrial aspects. Again I'm grateful
to you to be able to participate in this conference. Thank you for your
kind invitation. It's nice to be wanted and invited.

The title, "Profits From Extension Weed Control® which has been assigned
to me as the subject for this talk has made it necessary for me to compile
some material, which I know I would not have taken time to assemble, had
it not been for this assignmment. All educational insitutions have essenti=-
ally three responsibilities; resident teaching, research, and extension.
The same essentially applies to industrial concerns. They must teach their
employees the know how that goes with the job, they must continually seek
to improve their product and methods of production, and they must adver-
tise or extend their knowledge and sell their product, if they are to suc-
ceed and survive. The most astounding discovery in any field of endeavor
is more or less useless unless its value is explained, and 1ts use put
into practice for the welfare of the individual, and mankind, The greatest
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discovery is of no use for the betterment of humanity unless it is put into
active use. It is true that some of these discoveries may have no immediate
or practical aspect. Many discoveries often remain laboratory curiosities
unless someone can forsee their usefulness for society. All of us can name
examples. But just as bad, as not extending the usefuvlness of a material

or discovery is the art of extending it to fast, before all facts and fac-
ets of its use have been thoroughly tested. In our research, extension,
regulatory, and industrial work all of us have the responsibility of act-
ing as Ybalance wheels’, not going overboard on certain things, yet being
sure that the worthwhile things are properly emphasized. In our dealings
with the public, there is much work that should be relegated to the area

of science for the sake of science, but such discoveries are valuable build-
ing stones for future endeavor.

Lets look at Extension weed control work, first of all from the mone=
tary profit angle. Better weed control, cultural and chemical. is reiflected
in more efficient farming, greater production, and consequently greater
profit. This in short is reflected in a higher standard of living. We
could compile figures as to how much the use of chemicals, all chemicals,
for weed control, in all areas, has increased. Such a compilation would
tell only a part of the story, because right along with that increased use
of chemicals has come bebtter cultural "know how", in weed control, better
stewardship of the land, more effsctive use of competitive and smother crops,
more agricultural readjustment. So we must look at the entire picture of
good conscientious weed control.

We have in Towa slightly less than 35,000,000 acres of agricultural
land.

Letts take corn. In Iowa that is our basic crop. It's important in
other states too. We had last year 10,168,000 acres of corn with a 40.5

bushel average and a total production of 515,164,000 bushels. About =

of that corn was sprayved for the control of weeds. If we take the minimum
figures for average weed losses which we know exist in Iowa, and this is
5%, such spraying could conceivably have increased production by at least
689,550 bushels., In addition you get increased yields from cultural weed
control. Those are minimum figures. Yet only our best farmers are using
better chemicals and better cultural weed control, the "innovators", the
modern, up to date farmers, actually the ones who have the least need for
it. If the poorer operators would adopt these practices. the increased
yields would be even more stupendous. Zdven 2-3/L million bushels increased
yield, at $1.00 per bushel means a lot of wmusic lessons, refrigerators,
new clothes and a better standard of living, had all of them sprayed to
receive minimum increases,

Let's bake our next biggest crop, ocats, with 5,234,000 acres, L1 bu-
shels per acre average yield, with a total production 217,252,000 bushels,
Good crop rotation and spraying for the control of broadleaved weeds in
oats enables us to raise the crop free of broadleaved weeds. About 7 of
our oat average is sprayed every year. By eliminating the minimum 5% loss
we could conceivably esbimate that cat production has gone up 2,715,550
bushels due to spraying for the control of broadleaved weeds. Again only
the best farmers use it, the ones that need it the least, The results
would again be much more astounding if the poorer operators used it, and
if all of them used more of it, Again this increased production, means
a higher standard of living
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Letls take soybeans. We have 2,792,000 acres with an average yield
y 3 3 553 J
of 26 bushels per acre or a total production of 72,592,000 hushels, We
advocate some pre~emergent spraving on critical areas, we advocate no past
iy 53 by 1 5ol b
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emergence spraying. Bubt we emphasize good cultural weed control, Again
if we take the minimum weed loss of 5%, we are positive that increased
stewardship of the land and better cultural, supplemented by bhetter chemi-
cal weed control in the critical areas has resulted in 907,470 increased
bushels, This transformed into money at $2.00 per bushel means a very
ninimum of $1,81L,800 for an increased standard of living. Again this was
harvested by the more aggressive and better farmers.

If we teke flax the story is much the same, We don't raise very wmuch
flax, It is notoriously a poor weed competitor. We raise only 1L,000
acres of flax with an average yield of 13.5 bushels and a total yield of
189,000 bushels. But about % of this is sprayed, and good cultural weed
control is practiced on at least half the area. By experience we know
that Iowa farmers take a two bushel per acre average loss on flax because
of weeds. Thus conceivably on & the area, good weed control has resulted
in 14,000 bushels increase due to weed control, azein harvested by the
best farmers.

Lett's take pastures. We have about 9,000,000 acres in rotation and
permanent pastures. Due to presence of legumes, weed control in rotation
pasture land is not too serious and is done entirely by cultural practices,
ie have however about 5,000,000 acres of permanent blue grass pasture land.
A1l of it needs fertilization in addition to weed control. About 1,000,000
of the 6,000,000 acres need spraying for the control of ragweed, ironweed,
goldenrod, Vervain, whorled milkweed etc., Ve know experimentally that
carryhg capacity can be increased by 1/3 by a zood weed control program.
Farmer. will pay around 10.00 per acre for good clean bluegrass pasture,
but only half thet much for poor pasture., If it's worth that on a rental
basis, it is worth that much to the owner for pasturage. A $F.00 per
acre loss on 4,000,000 acres means decreased carrying capacity, and a
monetary loss of $20,000,000 a year. This loss is suffered primarily by
farmers who would benefit much by good weed control and increased carrving
capacity in pastures. In fact, 1t is primarily borne by those least able
to afford it.

Now lets take brush control specifically under Northwestern Bell Tele~
phone lines in Towa. Brush control under those lines has progressed to
the point, where only annual '"policing® action is necessary. Service
dependability has increased to the point where dial phones are being in-
stalled on rural lines, an impossible thing 10 years ago because of brush
under lines interfering with dial impulses. From Ted Sullivan, former
outside plant manager of the N,W, Bell Telephcne Company in Towa (now re-
tired) comes this statement.

"There are about 18,000 route miles of pole line carrying wires, cables, or
both. This breaks down to 5,000 miles of long distance and 10,000 miles of
pole line serving farm customers, Spraying was done along 12,000 miles
both types of line, the rest being Dbrush free, The average cost of spray-
ing per mile was 1/3 of the cost of hand cubting. This is in line with
other utility Co. reports., There is no question about the overall effect
of reduced maintenance costs, labor conservation and trouble free lines
resulting in a decided service improvement. Had there been no spraying

program for the past 10-12 years it could be that the available limited



manpower could not have kept up with the brush growth and service would

be at a lower level, The gains from brush control are (1) improved ser-
vice through trouble free brush interference and (2) financlal improvement
where hand cutting would cost three times as much and be less effective,

Our brush control program is such that it required only periodic maintenance
treatment. As Charles Laverty, our biggest custom sprayer said at the North
Central Weed Control Conference last December he has about worked himself
out of a job with the Northwestern Telephone Company. There are no major
brush control problems under N. W, Bell Telephone lines in Iowa today.

" Brush under lines, elm and boxelder, sc thick you can't see the lines,
drains off and ground the line currents and interferes with dial impulses.
During wind the brush "balts" the wires together sending dial impulses into
the switching equipment, making it almost useless for normal operation.

Similar statements have come from Independent telephone lines and
from REA. Saving have been similar., County roadside weed and brush con-
trol programs have eventually pald off in cleaner roadsides, more visidn,
greater traffic safeby, greater cleanliness, easier maintenance in upkeep
and snow removal, and lower maintenance and upkeep costs by 1/3-1/2 of
the former costs.

The one single disheartening thing in the whole weed control Exten=
sion work is the slowness with which people adopt ideas. Dandelion control
is simple and effective with 2,L-D, yet less than 10% of the people use
it., As a result our parks, cemeteries, airfields, ebc. are masses of un=-
sightly dandelions. The same may be said of ragweed infested permanent
bluegrass pastures where $,50 worth of 2 haD per acre in 10 gal. of water
per acre, would kill every single last ragweed plant in the area for that
secason., The same thing may be sald aboubt cockleburs; velvetweeds and
sunflowers in corn., In small grain 12% cents worth of 2,4=D per acre will
control wild mustard to the extend of 95% in one treatment and 25¢ worth
will control it 100%--and yet we have fields yellow with wild mustard,
However, agricultural adjusitment is gradually taking its slow inexorable
toll. In Washington County in Iowa, 15-20 farmers are leaving the farm-
ing business every year. In Buena Vista County, Iowa, there were L06
fewer farms in 195k and compared to 1940, In Emmet County, Iowa, there
were 116 fewer farms in 195l as compared to 1940. When I first got into
Extension work in 1935, we ussd to speak of 225,000 Iowa farmers. Around
1950 we used to speak of 200,000 Iowa farmers., Now we speak of 190,000
Iowa farmers and the prediction is that around 1975 there will be in the
neighborhood of 175,000 Iowa farmers, with larger, more economical, more
efficient units. The borderline operator, who doesn't care, for whom weed
control meetings, insect control meetings, soil erosion control meeting,
better livestock production meetings, etc., have been a waste of time, for
whom farming as a way of 1life has been good enough under an ever rising
econony, is suddenly finding himself in an economic squeeze. Ycu just
cannot pay tribute of 10% to weeds, 10% to insects, 107 to soil erosion,
and expect to stay in business. So the people who remain, automatically
are the more progressive farmers and operators. So in the long run with
fewer, better informed farmers, we will see a more rapid adoption of modern
weed control methods. Heavy stands of weeds have seldom bought a better
standard of living, more music lessons, or a better way of life.

We have locked momentarily at Monetary Values of Extension Weed Control.
Let's look briefly at Aesthetic Value of weed control, What price can you




put on cleaner fence rows, cleaner roadsides, roadsides where more visicn
may mean the saving of lives etc, The man, woman or child, whose life

is saved by better highway vision wiil never thank anyone, because they
dont't know their 1life has been saved. No one knows exactly how much value
can you put on a ragweed free rocadside which in turn helps alleviate hay-
fever, How are you going to assess the value of having fewer cases of
poison ivy polsoning among youngsters and adulbts alike, whose play and
work bring them into contact with this nefarious plant. But ocut of all
this cultural and chemical weed control work is coming, slowly butbt surely
a better land stewardship, a new outlook for the weed besleged farmer, a
feeling that the time is now when we no longer have to take weeds for
granted, when we have to live with them, and when we can do nothing about
them.

Many well informed farm owners and operators are taking steps which
glowly and surely are bringing these weed sabateurs under control. TYou
have difficulty putting a monetary price tag on a clean lawn or clean
cemetary, or clean fence row or roadside. But in Iowa as elsevwhere, we
are at a place when we have to put a premiuwm on good stewardship in all

forms, on more conscientious effort, on a better way of life, on a phil-

where we are not satisfied with business as usual, or the philosophy that
its Ygood enough." We need to instill in our citizens a new sense of
stewardship and responsibility, and clean fields, weed free fence rows,
roadsides, lawns, and gardens is as good a place to start as any. And we
are making progress, slow but sure and it is coming more rapidly the last
few years than ever before., It's hard to put a money bag or profit tag
on it but it is there.

And besides these nebulous aesthetic values, there are some miscel-
laneous profits, some intrinsic profits or values which arise from Exten-
sion weed control. It makes you glad and happy to know that in some small
way you have been able to be of help to a weed besieged individual, to
whom 20 short years ago, the fight against weeds seemed like an endless,
back breaking never ending laborious effort. In the control of weeds,
lessons can be learned which have intrinsic values to the participants,
the rest of their lives. The control of many of ocur "weeds not of th
soil," falls into about the same cultural and chemical control patterns
as the control of weeds "of the soil", HMany such perennial problems are
like the contrel of noxious perennial weeds. In the pursuance of extension
work over the years there are other personal satisfactions that accrue.
You are trying to help make the lives of people easier and more comfortable,
Many of them realize that with less back breaking work they can control
weeds easier, than has ever been the case before. To many of them the
vision of a farm, roadside, county and state where weeds are easily and
adequately controlled, is no longer just a figmant of the imagination, but
a reality. And there is a lot of personal satisfaction in having been a
part of such work, and you can't put a price tag on it. And another
profit angle, not measured monetarily, is the fact that after 20 years
of work in a state, you are never alone. Someone knows you wherever you
go and appreciates what you are trying to do. And you can't put a profit
tag on that.

It's been my privilege and pleasure to talk to you on the subject the
Profit Aspects of Extension Weed Control work. I am deeply grateful for
the privilege and opportunity. Thank you.
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PROFITS FROM WEED CONTROL IN THE REGULATORY FIELD

Avburn L. Norris, Vice President
Chem~Air, Inc,
Seattle, Washington

As an ex-regulatory man, I should be able to defend their activities
from a dollars and cents point of view, and this was probably the thinking
behind the invitation to speak here today. I have chosen %o lock at it
as an invitation to publicly Jjustify my existance during the nine years 1
headed the weed branch of the Washington State Department of Agriculture.

As if plain justification were not enough, the title "Profits from
Weed Control in the Regulatory Field" would also indicate that T am expected
to point out where the State profited from its expenditure. I am certainly
glad T have another job now for any of vou in regulatory work may suffer
as a result of my remarks if the people who hold the purse strings happen
to hear of what I have to say, Never fear, though, for T will do my best
to Justify your existance, even if it is mostly in self-defense.

When I started to prepare this talk, I went back in my file of reports
to some of the first written after I joined the Department of Agriculture.
Here I found this information: "This year the number of March meetings
was increased, due to extreme bad winter weather and it seemed that all
the weed-minded wanted to get together in the month of March. During that
month I attended meetings of an educational nature iIn six counties, helped
with the programming and arrangements for the first Washington State Weed
Conference and assisted in organization of two weed districts." This rather
set the pattern during the first few months of my tenure and, as I recall,
those were the years when 2,L-D was new., The State of Washington did not
then have an extension weed specialist so it seemed T was called on the
£ill that job's requirements as well as those of regulatory import. This
as you know, is a bype of work that requires a lot of time and which Mr.

E. P. Sylwester has Jjust covered in his speech on Profits From Weed Control
in the Extension Field.

In those days we used to remind all utility districts, railroad main-
tenance officials, highway maintenance people and any others having rights
of way through weed districts or weed areas (the designation for a county-
wide compulsory control program in the State of Washington)that within these
areas it was illegal not to control specific weeds. These notices were
so timed as to arrive just prior to the dates at which these weeds could
be controlled and also suggested mean of contrel., In this type of work,
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who can assess a dollars-and -cents value?

In my first six months progress report to the director of agriculture,
I found the following statement written as of June, 1950: '"Weeds, when
growing in competition with agricultural crops, add considerable to the
cost of production." I must have copied that directly from Robbins, Crafts
and Raynor. This report goes to condemn the pestiferous group of perennials
I found infesting large areas of good agricultural lands and costing farmers
the expense of control, loss of production and the expense of farming an
area from which they gained nothing. How is it possible to develop a topic
of profits gained through regulatory work in weed contrel based on this
type of information?



As I continued to peruse the reports which constituted almost s weekly
diary of my work with the Departmeht, I found that basically it included
meetings, passing on advice, and working with weed districts formulating
programs.

I then began to wonder about the economic value of compulsory weed
control. I recalled having been told by a number of weed district dir-
ectors that whenever the per-acre assessments to finance a weed district
exceeded 10¢ the complaints from the land owners increased considerably.
Was this Justified?

I also recall that in one area in the state there was a number of
weed districts with an average estimated annual budget of ahout 38,000 to
$12,000. This budget was financed through a millage levy included with
the other so-called junior district levys and was rather well hidden with-
in the tax statements. Then a few years ago the state legislature changed
the method of financing for weed districts to a flat per-acre assessment
and thus there was a separate statement included within the tax statement,
showing exactly what the weed district was costing the land cwner. Although
budgets in all the cases remained approximately the same and in no case did
they assess more than 20¢ per acre, yet the ywyear after bthis change the
farm people in that community began to complain about the cost of their
weed districts and, as a result, they have nearly all become inoperative
I am really in no position to evaluate these districts but in this partl—
cular county the county commissioners have continued to maintain a fairly
efficient program on roadsides and this is probably the only place in the
state that roadsides are more free of weeds than are the farmers! fields.

This county's roadside program has consisted primarily of spraying
with 2,4-D. Many acres of cereal crops adjacent to these roads are either
left unnarves+ed or fail to pay the costs because of the patches of Canada
Thistle within the fields. Since we all know that thistle can be sprayed
in cereals or pastures, I believe this comparison of field and roadside
serves to indicate what could have been done, had a strict compulsory
weed program been followed. The program had been gaining some headway
before the difficulty over taxation and, as for the increase in revenue
to the farmers of that area, for what could have %“@n gained we will let
you compare the aforementioned cost of the weed districts with information
vet to be given this afterncon by Mr. Friesen in hls speech on The Ef ”euus
of Weed Competition in Cereals. T

In connection with compulsory weed work, I began to think in terms
of what other states have accomplished, as the work under existing laws
in the State of Washington is Somewhat different from that found elsewhere,
I recall talking with Walter Ball of California about a shipment of oats
that were so weedy they would not allow them to be utilized for feed in
California until they were processed and laboratory checks showed them to
be free of live weed seed of the so-called noxious species. How much did
this one act of regulatory nature save the State of California? 0OFf course,
no one knows for sure and I doubt if Mr. Ball remembers what weeds and how
meny seeds were in that oat shipment, but let us, for the sake of example,
nresume that these oats were to be fed in a feed lot and there was enough
Canada Thistle seed to infest every acre on which tve manure from the feed
lot was spread. This, we will say, could be at leas acres and with a
little figuring on this basis it is not at all diffi cult to determine that
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on fairly good agricultural land the total loss could add up to at least

$5.000 per year on this 80 acres.

Now, considering that the regulatory act of stopping the sale of one
shipment of weed-infested ocats resulted in a $5,000 per year saving to the
pecple in the State of California, and that the 35,000 would at least pay
half the salary and expenses of most regulatory men for a year, you can
see that a regulatory man does not have to work too hard to justify his
existance.

Another intangible result of regulatory work is the stopping of im-
ports of new weed species and hampering of their spread. I understand
that Halogeton has a foothold in Northeasitern California but without a
regulatory program, both federal and state I believe in this case, there
would probably be many more acres infested than now. I doubt that many
of you would disagree with me in this statement that "the infestation would
be greater without regulatory measures” and I also doubt that any of you
will hazard a guess as to how much greater, so why should I be different?

Another area in which regulatory work is of benefit and helps build
profits is in the control of the use of herbicides that are hazardous to
either crops or people. We might even include the control of sale as well
as the control of use, as all of you know there are those who will sell
herbicides with utlter disregard for possible benefits from their use. Such
a fellow went through the Palouse a few years ago selling arsenic tri-oxide
for selective weed control in wheat.

In my experience, I think probably the greatest trials with regard to
regulating the use of herbicides came about as the result of damage to
grapes and other susceptible crops from drift of 2,4~D, Realizing that
these sensitive crops were a source of wealth, as was the increased wheat
yields resulting from the weed control possible by utilizing 2,4-D, the
Washington State Department of Agriculture attacked the problem with the
view that both groups should be allowed to produce their maximum returns
as long as they did not jeopardize the production of others. With this
approach and after a few years of trial and error, a program was evolved
under which most of the wheat area could be sprayed with but an insigni-
ficant amount of symptom appearing on the grapes. To assay the profits
from these regulations is nearly impossible, yet certainly the increase
in grape production where 2,L-D injury is at a minimum and the increased
wheat production due to utilization of 2,4-D within those regulated areas
must be at least partially attribubed to a regulatory benefit.

Throughout this talk I have been bringing in intangible profits that
result from regulatory work and to which I doubt that any set dollars and
cents value can be attributed. I know of no better way to develop this
topic, therefor another example from the State of Washington. This, the
control of imports of Canadian screenings., Granted they were still coming
in when I left the employ of the Department but the amount was much re=-
duced, the quality was much better from the standpcint of feed values and
the control over their handling was much better than was the case when a
regulatory program was initiated., This was all accomplished without addi-
tional laws or, I might add, without adsquate laws to entirely cover the
problem, and though it is not 1009 effective, T am certain that the pro-
gram has been beneficial,



I could go on giving sxamples and maybe should mention as an additional
example the Faderal quarantine on Striga (witch weed), the parasite that
atbacks corn. It is useless, however, to continue sighting these examples
to which I cannot attach a dollars and cents value, but taking my previous
example of a $5,000 gain from one regulatory act and realizing that these
figures may be far from accurate, I still believe I have demonstrated that
a tremendous good is derived from regulatory type of work.

I used to explain to weed supervisors that in my thinking the good
they did was best represented by grafically portraying the decrease in
weed infestation over what would have been, had there been no one working
on the problem. I would give them this illustration when tole, as is so
often the case, that no progress was being made and that the areas in-
fested were increasing each year. There are few areas of weed control
that include a broader scope than a good regulatory program,

Let us go back and again review a few of these points of approach.
They include regulation of sales of herbicides, use o herbicides, compul-
sory weed control programs, quarantine approaches such as control of im-
portations, and within each of these must be included an education progranm
in cooperation with other weed-minded people to make sure that the values
derived from such programs are sufficiently understood to be accepted
by the general public,

Probably one of the best examples as to what the public can do to
a program even though we know it to be beneficial is represented by the
decreased roadside spray program in effect because of the relatively few
but potent complaints that sprayed dead weeds and brush along roadsides
are unsightly and thus create poor tourist attraction. We who are gath-
ered here all know that if these people were educated sufficiently on
weed control they would realize that with a year or so of spraying the
asthetic values would improve and they as well as every one else would
benefit from such a program.

If I get started on this vein, I am sure to exceed my alotted time,
However, T would like for you to think about pyramiding profits resulting
from a weed control program on roadsides as opposed to the tremendous cost
to a community due to failure to curb a single seed-producing plant grow-
ing from a seed that has been transported by truck, car or some other ccne
veyance and happens to reproduce in an area whers, though previously unknown,
it is exceptionally well-adapted., An example of what I mean might be the
starting of Witch Weed or Striga in the middle of the corn belt, due to
failure to control a single plant developing on wild millet. Characterist-
ically, a fairly large corn-growing area could become infested before the
plant was identified and brought to the attention of proper authorities.
Thus a great deal of time and money would be spent in curbing a menacs
that could have been stopped for a very nominal expense if killed where
it first started in a roadside barrow pit.

T hope I have managed to at least partically fulfill the responsibil-
ity handed me with the assignment of this topic, and if it helps to en-
courage a single worthwhile regulatory act, be it legislative or other-
wise, I shall feel that the time and effort put into developing the topic
and coming to Spokane for this meeting has heen well repaid.

Thank you,
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EFFECTS OF WEED COMPETITION IN CEREAL GRAINS AND FLAX

George Friesen,
Plant Science Division
University of Manitoba,
Winnipeg, Canada

In most published data on losses caused by weeds the greatest single
loss is attributed to reduced crop yields. Estimates and surveys on crop
losses due to weed competition have varied from 10 to 20 percent of the
total crop value.

Crop competition studies initiated at The University of Manitoba in
1952 were designed to (a) determine how many mustard plants per square
vard may be tolerated before yields of wheat, oats, tarley and flax are
significantly reduced, (b) demonstrate that spraying with a suitable
herbicide prevents loss of yield, (¢) obtain information on when in the
growth of cereal crops and flax does weed competition begin to take place,
and (d) determine the losses caused by weed competiton on farm fields over
a wide area.

Experiments were designed wherein wheat, barley, oats and flax were
grown alone or in association with varying densities of wild mustard
plants per square yard. It was found that as few as 10 mustard plants
per square yard were sufficient to significantly reduce yields of flax,
Oat yields were reduced by 2L mustard plants per square yard, whereas 50
mustard plants per square yard were required to reduce significantly yields
of wheat or barley. In addition the value of destroying mustard with
2,L-D or MCPA in these crops was carefully assessed. For the sake of
brevity the 1952 results with flax and the 1953 results with wheat are pre-
sented here,

Table I. Effect of mustard competition and 2,L~D treatment on flax and
wheat yields.

Mustard plants per Bushels per acre
square yard Flax 1952 Wheat 19573
Treated Untreated Treated Untreated
0 19.3 22.0 22.6 22.9
10 17.7 8.1 - -
25 17.1 6.2 - -
50 16.6 5.9 22.6 18.4h
100 15.3 3.6 23,2 15.7
200 13.8 3.2 22.4 13.4

As shown in the table, and considering the very low cost of 2,L-D or
MCPA, it obviously pays to spray grain crops even with very light infesta-
tions of wild mustard.

Further experiments were designed to obtain more information on when
in the growth of wheat, barley and ocats does mustard competition begin to
reduce yields. These crops were grown free of weeds and in association
with 100 and 200 wild mustard plants per square yvard. The wild mustard



was then removed at several stages of crop growth using 2,4-D sster at L
oz, per acre, For the sake of brevity only the results with wheat in

1954 are presented in Table II.

o

Table II. EBffect of time of removal of wild mustard competition on wheat
yields.

Weed density No. Stage of crop when ¢,L-D treated
per sq, vard. treatment lj-leal o-leal Shot-blade
bus/ac. ous/ac, bus/ac, bus/ac.,
0 L2.0 L5.8 3,9 Ll 2
100 18.0 h7.1 39.1 18.8
200 16.0 Lo.2 Lo.s 15,4

Similar results were obtbtained with oats and harley. Evidence from
four years?! experimentation indicates that the time compebition may he-
come effectiVD varies from jear to year (in 1952 the full competiﬁive

but when veads begln to tale thelr toll, thev do so very qUﬂcklv Tn buv
above table the full impact of competition was realized between the 6-leaf
and shot-blade stages~-a period of six days, The importance of early
spraying for weed control is therefore demonstrated.

The magnitude of crop losses due to weed competiton must of neces~
sity depend largely on the SUCCILS oresent and their concentration.
Percentage reductions in yield obtained in carefully controlled experi-
ments, involving in most cases only one o two weed species, may be Very
different from the actual losses occurring on the farm. The need f
a methed of determining the losses on farm fields over a wide area and an
accurete assessment of Tthese losses prompted the initiation on the follow-
ing project two years ago.

In 1956 and 1957 fifty fields were selected at random in an area with-
in a S0-mile vaﬁius of Winnipeg. The fields were suitable for study if
(1) they were seeded to wheat, oats, barley or flax, (2) the farmerts
mission could be obtained, and (23) they were at least 20 acres in size.
Immediately after seeding, 10 paired plots each L' X L' in size were staked
in the fields. One plot of each pair was kept weed-free by hand weeding.
The species of weeds present and the relative numbers were recorded, When
the crops reached maturity a one square vard sample from each nlot was
harvested and yield determinations made,

DEY =

Weed Counts

A total of over 30 different weed species were found growing in thes
fields. The "cleanest! field had only 13 weeds per square vard while th
"weediest" field had over 2,000 The average weed counts per square
vard for all fields were 283 ; in 1956 and 235 in 1957. Crops grown on stub-
ble land were L0 percent higher in weed count than crops grown on fallow
land.
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Weed Competition on Crop Yields

Yield reductions due to weed competition ranged from 0.1 to 47.2 per-
cent in 1956 and from 0 to 61.5 percent in 1957. As would be expected,
lowest reductions were recorded in fields having low weed counts. In gen-
eral, low weed counts followed a year of (1) highly competitive crops such
as sweet clover, (2) sugar beets or other intertilled crops, (3) summer-
fallow or (L) resulted from early soraying of the current crop. The great-
est losses and highest weed counts occurred in crops grown on stubble land
or where spraying was not a regular farm practice.

Yield reductions due tc weed competition in the various crops are pre-
gsented in Table IIT:

Table III. Yield reductions (bus/acre) due to weed competition, 1956 and

1957,
1950 1957 P
No. Weed-free Weedy  Losses due No, Weed-Tree Weedy iﬁzsig
of plots plots  to weeds of plots rlots weeds
Crop fields bus/A. bus/A., bus/A. fields bus/A, bus/A. bus/A.
Wheat 26 33.3 27.1 6.2 22, 29.8 26.1 3.7
Barley 3 35.1 31.0 L.1 12 27.6 22.8 1.8
Oats 19 65.1 58.0 0 7.1 5 L8.5 Ls.s 2.0
Flax 2 1h.1 10.8 3.3 8 7.4 5,2 2.2

The presence of many different weed species in most fields made it
difficult to measure the competitive effects of a single spscies. However,
in several fields where a single weed species predominated a rough estimate
has been made. Wild cats, wild mustard, and possible wild buckwheat showed
serious competitive effects. Green foxtail, on the other hand, was not a
serious competitor in wheat, oats or barley. Flax, on the other hand was
seriously affected by the presence of green foxtail.

m

Effect of Spraying on Weed Competition

To observe the effectiveness of 2,4-D and MCPA in reducing weed com-
petition, the cooperating farmer was asked to spray 5 paired plots and miss
the other five, providing he intended to treat the balance of the field,

In the two years 19 cooperators actually sprayed as instructed. Overall
losses due to weeds in sprayed and unsprayed plots were as follows:

Table IV. Effect of 2,L4-D and INCPA on weed competition

Losses due to weeds (bushels per acre)
Wheat(10)¥* Barlev(3) Oats(li) Flax (2)

Sprayed plots
Unsprayed plots

.0 L. 8 1
L L 7.9 1.2

> O
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#* number of fields in brackets,



It will be noted that spraying reduced weed losses to a considerable
extent, particularly in wheat and cats, However, yeild reductions were
not completely eliminated, probably for the following reasons: (1) spray-
ing too late, and (2) presence of resistant weeds, In both flax fields
the predominating weed was wild oats and comsequently no yield benefit
could be demonstrated from spraying.

Weed Competition on Crop Quality

In 1957, the percent protein was determined on wheat and barley from
paired weeded and non-weeded plots. To date, proteins have been run on

the grain samples collected from 10 fields and data is presented in table V.,

Table V, Effect of weed competition on protein,

Wheat Barley

Yield increase Protein increase Yield increase Probteln increase
(weeds removed) (weeds removed) (weeds removed) (weeds removed)

Location bu/acre percent bu/acre percent
1 2,9% SL12% 9o (% s
2 I, 5% .103 9,136k =,0l3
3 8, 5% L062 3.1 o 11lp
L 8,2 . 969% 8, 5% L28wt
S 10, 7 .002 2,2% L2

% significant at 5% level of probability
¥t gignificant at 1% level of probability

The limited data available indicates that controlling weeds not only
helps to increase yield, but often should increase protein content as well,

Summary

If we project the losses caused by weed competition on these fields
to the whole of Manitoba, then the overall losses for the province can be
calculated. The crop yields in the area under study have been about aver-
age for the province, and therefore such a calculation may be justified,
It is also assumed that weed populations in the balance of the provinge
are not greatly different from the area included in the study.

Using the loss figures in table III the following losses for the
province have been calculated.

Table VI, Losses due to weed competition in Manitoba Grain fields.

1950 1957
Total bushels  value of crop Toval bushels Value of
Crop lost lostst lost crop lostist
Wheat 13,633,000 $20,150,700 (,021,000 $11,732,700
Barley 6,3L6,800 5,712,120 8,179,200 7,361,280
Oats 14,576,300 8,845,780 5,100,000 3,240,000
Flax 2,603,700 7,811,100 1,903,000 5,709,000

2,715, 700 SOl

% Calculated from the number of acres seeded in the province and bushels

per acre lost through weed competition,

3% Based on the following value per bushel: wheat $1.50, barley $.90,
oats $.60, flax $3.00.
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This data does not measure accurately the losses due to perennial
weeds, such as Canada thistle, sow thistle and couch grass, all of which
are wide-spread in the province. Furthermore the staggering losses pre-
sented include only the four major crops; wheat, barley, oats and flax.
Undoubtedly weed competition is also significant in other crops grown in
the province, i.e. peas, sunflowers, sugar beets, potatoes, rye, corn,
Soybeans, etc. If we add to reduced yields, a decrease in crop quality,
the annual losses caused by weed competition become even more significant.
Fortunately these losses can, to some extent, be reduced by timely and
proper use of 2,L-D or MCPA,
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THE CHEMISTRY AND REACTIONS OF H®RBICIDES
AS RELATED TO THEIR USk

V. H. Freed
Agricultural Chemistry
Oregon State College
Corvallis, Oregon

A cardinal precept of scientific investigation is that any process

or system follows well-defined physical laws., It is the job of the inves-
tigator to discover what laws are operable on the system with which he is
dealing. In general, this knowledge comes through a series of successive
approximations. The investigators of a particular phenomenon first advance
a theory that appears to cover the general facts, Successive refinements
are then made in the theory until there is a close approach between what

is predicted by theory and the data obtained by experiment.

For a number of years we have been well aware of the subtle interac-
tion of herbibides with the enviromment in which they are used. Many ex-
periments have demonstrated the interaction of the chemical with the



envirenment. 7This started with some of the classical adsorption work done
by the grow Jifernia and others in the ninetsan-Twent «d %ao oale
ceeded to invest ’ i the
relation of e the re rarti ula? kerﬁiw
cide in which they are interested, L observed
behavior to the chemistry of the coqpoun and jart$vh1ar1y as this chenistry
reflects the physical properties involved have heen at best cursory.

iar discussion we wish teo begin considering the rels-
tionship of > chemistry of the compound to its behavior as a herbicide
wider different @PVLTOFWercL conditions. If we are successiul in devel-
oping some working concepts of this problem, it should make the work of
the field experimenter much easier. If our theories are correct, we should
be able to successfully explain some of the observed rthenomena and be able
to predict the probable behavior of herbicides under certain conditions.

We should not expect that in these early stages that we will have
exactly the right form or the most quantitative estimate of our problem,
Rather, we should recognize that we will need to improve our WOTklﬂg con-
cepts by successive approximation as more and betiter data become available,
However, our eXxcursion into the Youter space' of the field of herbicides
should be well worth while. It is only reasonable to expect that it will
provide us with more effective means of dealing with the problems encoun=
tered with these chemicals,

The concept of relating the behavior of a drug on or
system to physical laws has long employed in certain
ogy. A classical illustration of this is Lo be found in i
ple of the variation of bioiogical activity of caenlﬁaW@ L LY
tial saturation in a gas or 1liguld phase., In dealing with sclutions, we
find that there is a ceriain partisl sabur: n solubility required for
a given system in order to obtalin a serh: vel of bioclogical activity
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validity will cobtain in s large
poguulate for a mmber o e 1
demonstrated in figure 1. Here, th V3 1 per acre is n¢uQuei
against water solubility in moles per liber and the be tr alght line
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from the chemical, As a resulld of this principle, we sho uld be able to
jale] tuia te that as the wabter solubility of a compound increases the biolog-
ical ﬁtlvitj on & welght basis sho as it SEO“ld be recognized
that thers will be limitations thisz postulate, bubt its
s, '? i 4 %»‘
e

of herbicl

STr
through these cc*ntcﬁ based on the lation, is drawn,

squares caleulat
The correlation coefficient for this relationship was found to be ,ACTK which
is significant a? the 5% level,

Torning our attention now from the more general phenomena, let us con-
ider some of the specific problems with which we have to deal, Cne of
these problems is the behavior of chemicals in soil, This i3 of paramcunt
intereat to us in both soil sterilization and pre-smergence weed control
where soil active chemicals are used,
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As most of the chemicals used for the purpose of acting through the
pplied to the surface of the soll in the form of a spray, let us
start with a consideration of the problem at the soil surface,
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In asking ourselves what phenomena are of importance in achieving
naximum effectiveness, sbarting at the surface, we find that solubility
is of prime consideration, In other words, is the chemical being dissolved
by the water entering the soil or by the water already present as soil
moisture? In this case we are forced to turn our attention to two equa=-
tions describing the solubility phenomena. These are as follows:

N 5 -0 0 AT

(1) 1n g 7 TS

(2) rate of dissolving = Ce :£§%%_
L

In consideration of the consequences of these equations, we find that
they tell us that more chemical goes into solution with increasing temper-
ature, Further, that we more nearly approach the saturation point of the
solution as the surface concentration of the chemical increases. This means
that more chemical should arrive into the active zone of the soil, More=
over, we find that if the velocity of percolation or entry of water into
the soil is more rapid than the time rate of solution, there will be less
chemical entering the soil,

Once a chemical has reached the soil in solution, there is a tendency
for it to be adsorbed. The tendency for a given chemical to be adsorbed
is a function of some of the peculiarities of that chemical, We find great
differences in adsorption among chemicals, Certain of them will be adsorbed
physically by the soil colloids and organic matter., Others will be rather
specifically adsorbed, some of them through chemical bonds as is the case
with arsenicals, The strength by which the chemical is bound to the soil
can be determined by letting soil and a solution of the chemical equilibrate.
Knowing the amount of chemical available per gram of soil for adsorption,
we can then determine the eguilibrium concentration and calculate the energy
by which the chemical is bound to the soil to a first approximation. Deter=
mination of the amount of chemical adsorbed per gram of soil with varying
concentrations is shown for Amitrol in figure 2, The relationships involved
in the calculations are as follows:

(3) chemical adsorbed _
chemical in solu, ~

(L) apparent bond energy =-RTInK + T ( RTInK )
)

Now, the foregoing situation is actually much too simplified; because
we have a heterogeneous system these relationships do not give the whole
picture. Recent refinements in the consideration of this problem have led
to the use of what is called the integral heat of adsorption. However,
for purposes of our discussion, let 1 cntinue with the more simplified
concept.

The bond energy calculated from some of the foregolng considerations
gives us an index of the strength or degree of adsorption of the various
chemicals. As the chemical passes through the soil we find an alternate
adsorption=desorption process going on similar to that encountered in sta=-
tionary solid phase chromatography. Since we are primarily concerned with
the process of leaching or the movement of the chemical into the soil and



nto the zone where it will be active, we must rightfully consider adsorp=
tion in relation to leaching., Moreover, since continued leaching may re-
move the chemical to a depth to where i

it is no longer effective, 1t is
more important than ever that we have a betier understanding of this pro=-
cess,

. },Js

~

A few years ago in studying the problem of leaching of CMU in the soil,
we found the wave front phenomena that would be required by this line of
reasoning., We were able to calculate the depth at which we would Tind the
maximum concentration of chemical by the following equation:

= xe A H
7 RTx

You will note that in this equation we have introduced a term A H,
which is actually the bond energy between the soil colloid and the chem=
ical. Thus, we are able to relate the adsorption phenomena to the leachs
ing process, Manipulation of this equation tells us that the amount of
chemical entering into the soil and to be found at the depth under conside
eration will be a function of the surface concentration as shown by figure
3, and the rate of water percolation or the amount of water passing the
point under consideration which is illustrated by figure L. We find also
that this process will be influenced by temperature., Now in all cases we
find that the partial saturation of the solution by the chemical is impore
tant. Thus, while we may say that a compound of low water solubility is
more poorly leached than one of a higher solubility yet under a given set
of conditions, it is possible for a compound of low water solubility to
be of greater effectiveness because of its higher partial saturation.

Another phenomenon of interest in considering the scil behavior of
chemicals is the breakdown of these chemicals in the soil, We are gener-
ally agreed that there are several pathways by which the chemicals might
be destroyed in the soil and thus result in a loss of activity, but T think
again it is generally agreed that one of the major pathways of loss of
activity in the soil is by attack of the chemical by micro=organisms,

Study of this attack by micro-organisms has revealed that it may be describe-
ed by certain well-defined and meaningful equations., For our purposes, we
are primarily concerned with the rate at which the chemical breaks down

and we would like fo be in a position to predict ahead of time how long

a chemicar will last in the soil from rather generalized information. If

we will examine the Arrhenious relationship which is given in the followw
ing equation, we see that if we measure the rate of breakdown of a chemical
at two different temperatures, we should be able to calculate a constant
characteristic for that chemical known as the enthalpy of activation:

In ko . =A Ha(T2 =Tq
k R Tp Ty

The soil microbioclogists tell ws that the flors of the soil is
relatively constant gqualitatively and that quantitative changes may
occur rapidly. The microbiological reactions from place to place should
therefore follow the same pattern, hence the enthalpy of activation should
give us a reasonable estimate as to the length of fLine reguired to break
down a given amount of chemical under conditions of soil moisture adsguate
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for the action of these micro-organisms, This would probably cover a
range of 20 to 80% saturation, Measurement of the rates of breakdown of
three different chemicals in the soil at two temperatures has been made
and the enthalpy of activation calculated, It was very gratifying to
find that these laboratory determinations when used to calculate the soil
life of chemicals in the field gave very good agreement with field ex-
perience and showed a high correlation coefficient therewith. The results
are shown in figure 5.

Turning our attention now to the behavior of the chemical on the
plant above the soil surface, we consider first the matter of volatility
of the chemical. It should be remembered that the discussion on volae
tility is also pertinent to the behavior at the solid surface as it is
one of the means by which a chemical may be lost., We can start out by
saying that all chemicals have a vapor pressure, However, certain of
them have such a low vapor pressure that for all practical purposes it
may be ignored. It is in connection with the growth regulating and non=
polar herbicides that we become more interested in this phenomena, since
they tend to be active as a vapor. Vapor pressure is described rather
neatly for us by the equation given below:

dlnP = _AH
ar RT?

Again we encounter our old friend A H, which in this case is the amount
of heat required to change a molecule from a liguid to a gas. For all prac=-
tical purposes we can treat this as being an invariable parameter of the
molecule although in more refined work it actuwally is found to vary with
temperature. This eguation tells us that if A H is large there will be
a large change in vapor pressure with an increase or decrease in tempera=
ture. This suggests to us immediately that the vapor pressure measured
at only one temperature does not give us much information about the
probable behavior of a compound at another temperature unless we also
have the heat of evaporation, Thus, we may have the seemingly anomalous
situation of two compounds at a low temperature where compound A may
have a higher vapor pressure than B, but at another temperature finding
that compound A has a lower vapor pressure than compound B. We encoune
tered this situation with some of the esters of 2,L4~D. This is shown in
figure 6 ,

The constant A H or enthalpy of activation is an important item in
our consideration of the volatility of compounds. Actually, the rate of
evaporation of a compound is a function of the enthalpy of evaporation,
Having this information at hand, together with the vapor pressure of the
compound at the temperature at which we are interested plus information
on the surface concentration of the chemical, we are able to approximate
the rate of evaporation. Indeed, we have calculated the rate of evapor-
ation of the herbicide EPTC from its own surface at 25°C and compared this
to the measured rate of evaporation at this temperature and found agreement
within about 57, Another point of consideration in dealing with vapor
pressures is the relationship of vapor pressures of different particle
sizes as expressxl “in the Kelvin equation given below:

1 n P = 2]:“_{. z
8 Td AT
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This equation suggests teo us that as particle size becomes very
small, the vapor pressure of the chemlcal in this particle will incresase.
This conclu510n is of considerable importance in the application of 2,L«D

and other growtheregulating chemicals in as much as small droplets are
found in spraying.

Another law of considerable interest to us in dealing with herbie
cides is the one knowm as Raoult!s Law which is expressed in the equation
below:

P = PN

This equation tells us that if we decrease the mole fraction at the
surface of the chemical which we wish to apply by the addition of the
non=volatile substance, the vapor pressure of the chemical will be re=
duced proportionately. Tt also tells us that if we do reduce the mole
fraction of the herbicide that the evaporation losses will be less,
Thus, we should be able to extend the effective 1life of a volatile herbie
cide by introducing a non-=volatile diluent. Advantage has been taken of
this in the use of insecticides and 1 am sure that it can be of some
significance to us in the fubture in the formulation of more effective
herbicides, This principle is shown to apply in the case of herbicides
by the data in figure 7.

A final consideration of wvapor pressure is the relationship of vapor
pressure to volatility with steam. This relationship is expressed below
in a very common equation and illustrates to us how steam distillation
from the soil surface of the plant surface might occur. It should he
noted, however, that this principle of distillation involves not only
steam as a gas bubt i1t may also involve other gases such as air as well,

W ~ M. VP

1 = 1 1

Another phenomenon of extreme importance in the sffectiveness of

e ef
herbicides is that of the ionic behavior of the materials, Where we have
non=ionic molecules or non=polar molecules, this is of little consequence,
but where we are dealing with salts, acids or bases, lonic behavior becomes
important, This behavior is involved in solubilibty, formation of crystals,
hygroscopicity and numerous other ramifications, Many have had the exe
perience at one time or another of seeing the less of effectiveness of an
awine or sodium salt of 2,4=D due to the presence of calcium or magnesium
ions, Ionic behavior is also associated with the development of electroe
motive force, In connection with the study of the toxicity of sodium
chlorate some time back, it occurred to us to calculate the EMF of the
sodium chlorate as a function of pH., We found marked differences as a
function of pH and asked ourselves whether this would have any bearing
on the toxiclty of sodium chlorate, particularly in view of the observa=-
tion that sodium chlorate is generally less toxic on an alkali spot than
elsewhere, Upon testing this theory, we found a marked drop in biologie
cal activity as the pH increased above 8, which is shown in figure 8.

Finally, we turn our attention to the phenomenon of absorption of
the chemical by the plant. Herein, we find a number of working concepts
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that can guide us to more effective utilization of the chemical as well

as suggesting modification of formulations that may increase the effece
tiveness of the herbicide, First of all, in examining the rate of disape
pearance of a chemical from a leaf surface and assuming this disappearance
to be due to the absorption by the plant we find that the process follows
what we know as first order laws. This may be expressed by the following
symbolism:

This relationship immediately indicates to us that the amowmt of
chemical absorbed per unit time is a function of the amownt per unit
surface area on the leaf, and that this surface concentration must be
expressed in terms of an active form of the chemical. By further examine
ation of the relationships shown here, we see that absorption is an energye
requiring process, or in other words has a so=called energy barrier, In
order to make most effective utilization of the chemicals it is necessary
for us, then, to find ways and means of reducing this energy barrier,
This can be done by keeping the chemical in a liquid state since more
energy is required to absorb the chemicadl from a crystalline state,
Moreover, we are required to provide an additive that will help to over=
come the barrier to absorption at the leaf surface, This we do by the
addition of surfactants that not only tend to condition the chemical
to permit maximum absorption, but also increase the area of contact or
effective surface concentration of our chemical.

In summary, then, we can say that there are a number of physical
relationships governing the behavior of the herbicide wnder field
conditions. Knowing this, we can exploit the knowledge derivasble from
these relationships to increase our understanding of herbicidal action,
to increase the effectiveness of our chemical and to reduce the amount
of work necessary in the development and use of new chemicals,
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Fhgure 7

P =PN
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THE SELECTIVE ACTION OF CHLORDANE AND RELATED COMPOUNDS FOR THE
CONTROL OF CRABGRASS

. Jess Fultz
Colorado State University
Fort Cellins, Colorado

One of the first reports that the insecticide chlordane (1,2,4,5,6,7,
8,8=0ctochloro=li=T=methano=3a,k, 7, Ta=tetrahydro~-indane) can delay emer=
gence and prevent the germination of crabgrass with only slight effects
on the growth of established turf grasses was that of B. H, Grigsby of
Michigan in 1951, Since that time other weed control specialists have
tested chlordane as a selective herbicide against crabgrass and have ree
ported their results in various Jjournals and weed conference research
reports. Some of these workers are R, D, Shenefelt in 1952, M, R. Carleton
in 1953, D, Dybing, J. L. Fults and R. Blouch in 1954, and W, C. Shaw,

C. R. Swanson and R, L. Lovvorn in 1953,

In the tests so far reported, rates indicated to be effective have
been based on elther the agricultural grade of chlordane or of the techw-
nical grade. Rates originally indicated by Grigsby were 5 to 25 pounds
per acre for pre-emergence control of germinating crabgrass and 5 to 10
pounds per acre in kerosene for post=emergence control of crabgrass seed=
lings. A preliminary report of Shaw, Swanson and Lovvorn indicated that
chlordane applied as a water emulsion, pre~emergence spray did not produce
observable herbicidal or growth effects upon a number of crop plants and
weeds including crabgrass, However, later work by Shaw (correspondence)
indicated that 90 lbs. per acre of agricultural grade chlordane was
necessary for adequate crabgrass control with a single pre-emergence
application. The work of Dybing, Fults and Blouch was based on pounds
of active ingredient per acre and not on pounds of formulation per acre.
Tests were made under critical greenhouse conditions with seedlings grown
in flats and where turf of established perennial grasses was not a factor
affecting the distribution of the chemical, Under these conditions
chlordane at a rate of both 15 and 30 pounds per acre did not inhibit the
first stages of germination of crabgrass. At both rates as well as the
untreated controls, the primary root, the coleoptile and the first leaf
grew. However, after the initial appearance of the primary leaf and the
primary root, growth stopped. Subsequent observations have since indicated
that the primary leaf then becomes chlorotic and later turns red, then
brown., Tissue at the first stem node becomes swollen, secondary root
formation 1s inhibited.

In numercus field tests made on home owners bluegrass lawns and on
plots established on the Colorado State University campus at Fort Collins,
Colorado, during the seasons of 195L, 1955, 1956, and 1957, it has been
found that a minimum of 60 pounds per acre of actual chlordane were
necessary for successful pre-emergence control of crabgrass. This rate
is equivalent to 111 pounds per acre of L5 percent agricultural grade
chlordane as compared to the 90 pounds per acre indicated as necessary
in tests by W. C. Shaw. The equivalent of 111 pounds per acre is 2.8
pints of agricultural grade chlordane per 1000 square feetb.

Wher? these rates are compared to amounts of other crabgrass herbi-
cides being used, it is apparent that they are much tco high, This
suggested that sither chlordane had a low toxicity toward crabgrass or

1
'7;£e critical work reported in this papsr is based on tests with smooth
crabgrass, (Digitaria ischaemum).




that the agricultural grade chlordane contained small amounts of highly
selective chemical toxic to crabgrass., If it were possible to isolate
and test such a material it might have a great deal of wvalue,

The trend of these facts was apparent as early as the spring of
1955, If chlordane was to be successfully used and developed as a
selective crabgrass herbicide for wide use in competition with the
several other good to excellent chemicals now on the market, the actual
chemical in agricultural grade chlordane responsible for its selective
toxicity to crabgrass would have to be isolated and tested,

The objectives of the present investigation have been: (a) to
discover the chemical or chemicals present in agricultural grade chlore
dane which give it selective pre-emergence crabgrass herbicidal properties,
(b) to compare the toxicity of several different boiling point fractions
of agricultural grade chlordane and, (c) to evaluate the toxicity of
several isomers of crystalline chlordane and the related chemicals,
chlordane epoxide, heptachlor and heptachlor epoxide,

Materials and Methods

The materials used in this investigation were furnished by the
Velsicol Corporation of Chicago, Illinois and were received March 25,
1955, Twelve lots of chemicals were received which included reference
grade chlordane, five boiling-point fractions of reference grade chlore
dane and crystalline materials of high purity labeled chlordane, alpha
chlordane, gamma chlordane, chlcordane epoxide, heptachlor and heptachlor
epoxide.

A1l meterials were tested under critical greenhouse conditions where
the factors of soil, technique of application, temperature, light and
scoil moisture were kept as wniform as possible., Tesits were made both
pre=-emergence and post-emergence and evaluations were based on plant
counts, height measurements, arbitrary indexes of toxicity and photographic
records., In all cases three controls for each test were used, These were
deobase + Triton X-51 + water, Triton X=51 + water and water controls.

Summary and Conclusions
Pre-emergence tests

This summary and these conclusions are based on tests made in both
July and October, 1955,

1. The pure crystalline "chlordane® is entirely non-toxic to both
crabgrass and pigeon grass @ 90, 60, 30, and 15 lbs/acre=~if anything, the
30 and 15 1b, rates are growth stimulating to these grasses,

2. When technical chlordane is fractionated, cut 4, i.e,, lowest
boiling fraction (55-CS=124), Cut B (55-CS~12B), and Cut C (55-CS-12C)
are about equal in toxicity and equal to the toxicity of Reference grade
chlordane (55=CS=li=); Cut D (55-CS=12D=) and Cut E (55~CS«128~) are defi=
nitely less toxic than the first 3 cuts or the Reference grade chliordsane.

3. Cut E has very much the bestselective toxicity against crabgrass
of any of the 5 cubs or of Reference grade chlordane,

Li.Heptachlor is fairly toxic to crabgrass @ 90 lbs/acre but is only
very slightly toxic @ 60, 30, and 15 lbs/acre. It is not toxic to pigeon
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grass at all @ 15 1lbs to 90 lbs/acre.

5. Heptachlor epoxide is toxic to both crabgrass and pigeon grass;
its relative toxicity is about the same as reference grade chlordane
and Cuts A, B, and C., It has no selective toxicity against crabgrass
as compared to pigeon grass,

6. Alpha chlordane is almost entirely non-toxic to both crabgrass and
pigeon grass @ 15 to 90 lbs/acre; just very slightly more toxic than chlor-
dane (crystalline).

T. Boebth gamma chlordane and chlordane epoxide are more toxic to both
crabgrass and pigeon grass than alpha chlordane or chlordane., However,
the degree of toxicity is only moderate as compared to Reference grade
chlordane,

8, A1l three controls used in these tests were entirely non=toxic
to both crabgrass and pigeon grass with the exception of a very slight
toxicity toward pigeon grass in one series of tests. The three controls
were:

(a) HpO + Deobase + Triton X=51
(b) HoO + Triton X=51
(¢) Hp0

It was not possible to check H20 4+ Deobase because they are not
miscible without the Triton X=51, A pure Decbase control was not used
because it was only a small part of all formulations tested., Tests on
bean leaves of pure Decbase indicated it to have a little less contact
toxicity than kerosene,

Summary and Conclusions-=Post-emergence Tests

1, None of the 12 formulations tested appeared to have strong
selective toxicity against crabgrass as compared to pigéon grass, In fact,
there was greater toxicity against the pigeon grass than the crabgrass in
the case of Reference grade chlordane, chlordane~Cut A, chlordane=Cut B,
chlordane-Cut C, chlordane=Cut D, chlordane-Cut Z, In the case of the
pure crystalline compounds, after they were discounted for toxicity of the
deobase plus Triton, the trend was also toward greater toxicity against
pigeon grass as compared to crabgrass.

2. The chlordane=Cut E sppeared to have the greatest toxieity of
the five fractions tested and was somewhabt more toxic than the Reference
grade chlordane,

3, All six of the crystalline compounds were strongly toxic %o
both crabgrass and pigeon grass at the 60 and 90 pound rates., One unit
of these materials was also much more toxic than one unit of reference
grade chlordane or any of its 5 fractions.




AMINO ACTD METABOLISM IN BEAN ROOTS AS AFFECTED BY IRYING AND 2,L-D

T. J, Mugik and J, M. Lawrence
Washington State College
Pyliman, Washington

Bean plants, Phaseolus vulgaris L. var, Black Valentine were sprayed
with 2,L=D at the Tates of 1 ib., 2 lb., and L 1b, per acre., Control
plants were either (1) untreated and allowed to grow naturally or (2)
uprooted and laid on the greenhouse bench, The plants were treated at
three weeks of age and the roots harvested at 1, L, 11, and 18 days after
treatment for study of the nitrogen fractions. Both the protein nitrogen,
the free amino nitrogen and the individual free amino acids decreased
much more rapidly in the roots of the 2,L=~D treated plants than in the
control plants growing without treatment. The change was however, as
much or more striking in the roots of the uprooted plants, suggesting
that the change is characteristic of damage or death and is not specific
to 2,4=D., The pattern of individual amino acid changes did not vary
between groups. (Washington Agricultural Experiment Station).
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THE INTERACTION OF GIBBERELLIC ACID AND Z,QwD

Floyd i, Ashton
Department of Botany
University of California

Davis, California

Numerous studies have been made on the translocation of 2,Lh=D. It
is generally accepted that 2,4-D is a more effective herbicide in plants
which are in a high state of mefabolic acitivity than those in a low state
of metabolic activity and also more effective i plants which are growe
ing rapidly than those which are growing slowly. This increased effect
in the wmore active plants 1s thought to be related %o an increase in
translocation. Since gibberellic acid is a dramatic growth stimulant,
a study of the effect of gibberellic acid on the translocation and toxicity
of 2,L=D was undertaken.

Methods

Uniform red kidney bean plants (Phaseolus vulgaris L.) with the
first trifoliate leaf just starting to unfold was selected for the
experimental material, One half of the plants were sprayed to "run-off'
with a 100 ppm solution of the potassium salt of gibberellic acid forty-
eight hours prior to the 2,4-D application., Forty-eight hours after the
gibberellic acid application a slight effect was noted by an increase in
the rate of elongation of the bean plants., Twenty-four hours after the
gibberellic acid application no increased elongation of the bean plants
was noted. Ten micrograms of radioactive 2,L~D in 10 lambda of ethyl
alcohol (95%) was applied to a six to eight sguare cm area in the center
of the upper surface of one oE the primary leaves of the bean plants,
The 2,L~D was labeled with ¢t in the carboxyl position and had a specific
activity of 0.47 millicurrie per millimole, The plants were harvested
twenty-four, seventy-two, and one hundred and twenty hours after the 2,L=D
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application., The plants were divided into two parts, the treated leaf end
the remaining part of the nlant, The experiment was replicated four times
for each treatment and harvest time, Autoradiographs were also prepared
from similarly treated plants,

The plants were harvested after the desired period of time by divid-
ing the plants into the two paris and immediately placing them into
boiling eighty percent ethyl alcohol. The sample was blended for five
minutes in a micro Waring blender, filtered through number one Whatman
filter paper and given two ftwenty-five ml washes with eighty percent
alecohol. The alcoholic extract and washes were combined and heated on a
steam bath untlil all of the alcochol had evaporated. The remaining agueous
portion (about three wml) was placed in a sixty ml separatory funnel; the
beaker was washed with two small portions of water (about three ml) and
added to the separatory funnel, the final volume was aboulb ten rl. One
drop of concentrated hydrochloric acid was added to the separatery funnel
and shaken; the pH was 1.8. Ten ml of anhydrous diethyl ether was added
to the separatory funnel. The mixture was shaken for five minutes. The
2,4=D quantitatively moved into the ether layer. When the two layers
separated the aqueocus phase was removed and discarded, Ten ml of a one
per cent sodium bicarbonate solution was placed in the separatory funnel
and shaken for five minutes, The 2,4=D guantitatively moved into the
bicarbonate phase. When the two layers separated the sodium bicarbonate
phase was placed in & fifteen ml centrifuge tube, four drops of concen-
trated hydrochloric acid was added, mixed and allowed to sit over night;
the pH was 1.8. The overnight period is necessary to allow the carbon
dioxide to escape prior to the addition of Norite A (activated carbon)
and stoppered shaking; without this delay the developed pressure would
dislodge the stopper. Ten mg of Norite was added, the centrifuge tube was
stoppered and shaken ten minutes; the 2,4=D was quantitatively adsorbed
on the Norite, The Norite was centrifuged down and the supernatant solu-
tion decanted off, The Norite containing 2,5i=D was suspended in two ml
of water and placed in a 6,25 sguare cm cupped planchet, The Norite was
allowed to settle to the bottom of the planchet and dried without moving
with an infra-red heat lamp; moving prior to drying disturbs the evenly
distributed Norite and could give inconsistent counts., The planchets
were counted with a thin window CGF tube and suitable scaler,

The use of activated carbon to adsorb the radicactive 2,4=D in pre-
paring planchets in very thin layers is an excellent method of obtaining
relatively high counts on micro amounts of material. This technique
gives a very wniform distribution of radiocactive material on the planchet
and the amount of Norite used reduces the counts only slightly, due to
self adsorption.

It has been demonstrated that 2,L-D is the only radiocactive substance
isolated from bean plants treated with radicactive 2,L4=~D when this method
is used. This has been shown by the appearance of only one spot on an
autoradiograph of a two=dimensional co=chromatogram of the final 2,heD
fraction and pure radiocactive 2,4=D,

.

Results and Discussion

Callus tissue was formed in the plants which were treated with
gibberellic acid forty=-eight hours before the 2,L=D application, no callus



tissue was formed in the plants which were not treated with gibberellic
acid, This callus tissue formetion was primarily in the growing point
area, but some lateral buds were also affected,

The relative amount of 2,L~D in the non-treated area of the plants
at the various harvest times is given in table 1. The percent of the
total recoverable 2,l=D in the non=treated area of the plants at the
various harvest times is presented in table 2, The relative amount of
2,li<D and the percent of 2,l=D in the non-treated areas of the plant
decreased with time in both the gibberellic acid treated plants and the
plants not treated with gibberellic acid; however, the decrease in the
amount of 2,L=D was substantially less in the gibberellic acid treated
plants, Twenty-four hours after the 2,L=D application, the amount of
2,L~D in the non~treated areas of the plant was essentially the same in
both treatments, but after seventy-two hours the gibberellic acid treated
plants contained twice the amount of 2,L-D, and after one hundred and
twenty hours, three times the amount of 2,4-=D.

These values are the result of two different processes, translocation
and 2,L=D breakdown, It is difficult to determine, with any high degree
of certainty, which of these two processes is acted upon by gibberellic
acid from the data presented, The gibberellic acid either increases
translocation or decreases 2,L=D breakdown in both. Perhaps gibberelilic
acid inhibits decarboxylation., Additional experiments are in nrogress to
further elucidate the interaction of gibberellic acid and 2,L~T,

Surmmary

The non=treated areas of the gibterellic acld treated plants cone-
tained three times the amount of 2,L=D as the non-gibberellic acid plants
five days after 2,L=D application, There was a callus formation at the
growing point of the gibberellic acid treated plants., The larger amount
of 2,L4=~D in the gibberellic acid treated plants is due to an increase in
transteeation, or a decrease in 2,L-D breakacwn, or both,

Table 1. The relative amount of 2,L=D in the non=treated areas of the bean
plant at vaious harvest times, expressed in counts per minute,

Harvest time 24 l1=D counts per minutbe
G.4. No G.A,
2L, hours 370 + 6l 289 + 66
' 72 hours 20h ¥ L6 111 % 27
120 hours 166 ¥ 57 57 + 17

Table 2. Percent of total recoverable 2,L=D in non=treated area of plant
at various harvest times,

Harvest time percent of 2,u=D
G. A, No G. A,
2l; hours 16,9% 15.,9%
72 hours 15.1 8.8
120 hours 12.8 5,1
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PHYSICAL AND CHEMICAL PROPERTIES INDICATIVE OF
GOOD HYDROCARBON SOLVENTS FOR AQUATIQ
WEED CONTROL IN IRRIGATION SYSTEM&:/

T, R. Bartley, Chemist
U. S, Bureau of Reclamation
Denver Federal Center
Denver, Colorado

Introduction

In 1947, personnel of the Bureau of Reclamation, United States
Department of the Interior and the Bureau of Plant Industry,Soils and
Agricultural Engineering, United States Department of Agriculture, work=-
ing cooperatively at Denver, Colorado discovered that certain coal tar
solvents exhibited a pronounced phytotoxic effect on cultures of submersed
aquatic weeds, Further studies verified the initial findings in that these
emulsified hydrocarbon solvents were effective at relatively low concentra-
tions and for short contact times on troublesome species of aguatic weeds.
As the preliminary investigations showed promising results, field trials
were made with these solvents and the results corroborated the laboratory
findings. From the results of the trial applications a joint report (8)%
was issued which outlined the method and tentative recommendations on
physical and chemical properties for use of these materials, A later
report (9) describes the hydrocarbon solvent method used for control of
aguatic weeds and the recommended requirements of the physical and chemi-~
cal properties of these soclvents.

It was recognized early in the developement of the solvents for
aguatic weed control that a high aromatic content was an important cri-
terion in their effectiveness. Thus the term aromatic solventsd is
commonly wused in referring to these hydrocarbens. In their work on cone
trol of submersed aquatic weeds, Seale, Randolph, and Stephens reported
(7) the herbicidal properties of aromatic solvents appeared to be directly
assoclated with their aromatic content. It was also learned that all
aromatic fractions did nol produce the same degree of effectivensss. The
more effective solvents were generally found to fall within a certain
distillation range. Hence, requirements covering certain points in ths
distillation range were established so that they would include the most
effective aromatic fractions.

The requirements of the physical and chemical properties of aromatic
solvent water weed killers as they appeared in the initial publication
(8) and in a later report by Bruns, Hodgson, Arle, and Timmons (L) have
been reviewed closely and the considerable additional data obtained from

L/ Contribution of the Bureau of Reclamation, U, S. Department of Interior
in cooperation with Agricultural Research Service, U, S, Depariment of
Agriculture, Denver, Colorado,

E/ A mixture of hydrocarbons consisting primarily of aromatic hydrocarbon
compounds .
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many analyses indicate certain changes would be desirable, Also, a

new method of determining aromatics (2) has been adopted and a require-
ment covering water content has been added to the specifications. There=
fore, this study has been made for the purpose of improving the specifi-

cations for the purchase of aromatic solvents used for control of
submersed aquatic weeds in irrigation systems.

Materials and Methods

American Society for Testing Materials (ASTM) methods were used
to determine the distillation range (1), hydrocarbon types (2) and flash
point (3). A method from a Federal Specification (6) is used for the
water content analysis,

The bio-assay test method used in evaluating the effectiveness of
the solvents consisted of treating cultures of aquatic weeds (rooted and
excised) with several closely spaced concentrations of the emulsified
solvents for a contact time of 30 minutes, At the end of the 30-minute
period, the treated water was emptied from the container and the plant
material rinsed thoroughly with tap water. Then the container was re=-
filled with tap water and allowed to stand for visual observations of the
plant material, An estimated percentage of plant kill was the criterion
used in the evaluation of the effectiveness of the solvents,

A suitable nonionic emulsifying agent was used at the rate of 2
percent by volume with each solvent in the bio-assay test.

Resulis and Discussions

The results of analysis of samples of proprietary hydrocarbon
solvents for distillation range and hydrocarbon types are shown in Tables
1 and 2. The flash point determinationsare also included.

The data included in Table 1 represent the properties of 10 samples
which produced good-to~excellent kill in the bio~assay test., The distil~
lation ranges varied considerably. However, they were rather consistant
in that they are in the same general zone, The 80 percent fraction of 10%=
90% of all 10 solvents falls within 266° to 3820 F,

The percentage of arocmatic hydrocarbons is at a high level in all
samples, No sample fell below 88.8 percent; the average for the 10 was
92.7 percent.

It is dinteresting to note that the flash point values although not

indicative of phytotoxicity are in close agreement with the average being



Table 1. Properties of effective solvents

The distillation ranges including initial boiling point (IBP), end point
(EF), and temperature at which 3 percentages by volume were recovered,
hydrocarbon types, and flash peint values of hydrocarbon solvents which
showed good=to=~excellent kill in the bloe~assay test.

Hydroe Distillation range
carbon Temperature Hydrocarbon types Flash
solvent OF at 760 mm pressure (vercent by volume) point
No, TBP 10 50 90 EP  Saturates Olefins Aromatics i
1 236 266 27h 282 302 5.8 3.6 90,6 87
2 267 271 276 279 289 6.6 2.0 91.L 78
3 270 277 277 277 278 11,2 0,0 88.8 8L
i 262 277 286 319 394 0,0 .5 95.5 78
5 271 276 276 277 281 2,1 0.0 97.9 81
6 253 281 292 31 330 8.6 0.0 914 80
7 278 287 294 312 329 11.2 0.0 88.8 90
8 282 303 320 373 394 7.1 0.0 92,9 100
g 269 283 305 358 11 0,0 9.0 91.0 8l
10 22 27l 331 382 L1l 1.5 0.0 98,5 89

Table 2 contains data on 10 hydrocarbon solvents which pro=
duces pooreto~fair kill in the bhio-assay test. The distillation ranges
of this group varied greatly. A few of them were similar to those of the
more effective solvents (table 1), but the majority of them had a higher
range.

Also, there was gulte a variation in the percentage of arcmatics,.
The lower percentage of aromatics in those samples (Solvents No, 13, 16,
and 17) which had a distillation range similar to the more effective
solvents 1s believed responsible for the reduced effectiveness in the
bio-assay test. The higher boiling aromatic fractions did not show the
same degree of phytotoxicity as did the aromatics having lower boiling
points (table 1),

Table 2. Properties of ineffective solvents

The distillation ranges, hydrocarbon types, and flash point values of
hydrocarbon solvents which showed pooreto=fair kill in the bio-assay test.

Hydro Distillation range

carbon Temperature Hydrocarhon types Flash
solvent OF at 760 mm pressure (percent by volume) point
o, IBP 10 50 90 BP Saturates Olefins Aromatics op
11 209 221 227 236 257 1.6 1.0 974 43
12 292 382 L4 L7L LB 0.0 1.3 98.7 1L6
12 29 288 333 358 391 L.8 17.5 7.7 74
1k 28 192 559 6LL 656 L3.5 0,0 56.5 1L
15 230 265 32 L33 L7o 6.4 6.1 87.5 63
15 271 295 316 35L 382 7.5 19.5 73.0 93
17 271 275 275 278 7291 18,0 5.1 76.9 75
18- 312 322 325 332 371 3.2 0.0 96.8 115
19 hes 139 LLs 451 Lsh 1.2 0.0 98,8 211
20 221 2Lh9 298 349 373 5,1 13,9 80,0 68




tentative spec: for us in purchase
of arcmatic hfcrcca”bom solvents for By X ¢ weeds in irrie
gation systems where short contact time fport to the economy of
the method are included in table 3, Changes made in the distillation
range requirements are based on data included in table 1 and those from

other samples of solvents not included,

The minimum requirement for aromatic content is left at 85 percent,
the same as that under Type A solvent (L, 8, and 9), because bio-assay
test results indicate that there is a decrease in effectiveness when the
aromatic content falls much below 90 percent and a significant reduction
when it falls below 80 percent. The minimun requlrement for aromatics
(75 percent) under Type B solvent (L, 8, and 9) is considered too low,

and therefore requirements for this type of solvent are omitted because
it does not have any advantages over the requirements listed in table 3,

A regquirement on water content was added to the specifications
recently because field experiences have shown that excess water in the
solvent may cause the emulsifying agent to separate from the solvent
and settle out with the water in the form of a viscous liquid,

Table 3. Revised tentative specifications,
Revised tentative specifications recommended for usein purchase of

aromatic hydrocarbon solvents for control of submersed aquatic weeds in
irrigation systems,

Flash point (%tag closed cup), not less than, OF 80

Distillation range, ASTM: D86=5L, OF at 760 mm pressure

Initial boiling point, not less than 210
Not more than 10 percent at 265
Not less than 50 percent at 32
Not less than 90 percent at 38@
End point, not higher than 120
Aromatics, ASTM: D 1319=55T, not less than, percent 85
Water content, Method L08,1, Federal Specification 0.2

TT-P-1L1b, not greater than, percent

In many biological tests where indust
was used as a standard, it has consistentl
son with other hydrocarbon solvents. s successful use in the field
corrcborates these findings, Therefore, it it recommended that the
quantitative requirements listed for grade B xylene under Federal Speci=
fication TT=X-916 (5) be used to purchase industrial grade xylene for use
in contrcl of submersed aquatic weeds in irrigation systems (table )

iral or technical grade zylens
shown good results in compari-

nf

37



-

Teble L. Specifications for Xylene,

Specifications recommended for use in purchase of industrial grade xylene
for control of submersed agquatic weeds in irrigation systems,

Reguirements
Characteristics Grade B

MIN, MAR.

Speciilc gravity at &0Y/000K 0,050 0,870

Distillation

Initial boiling point at 760 mm pressure 235°F -
Distillate below 2660F (percent by volume) - 5
Distillate below 293°F (percent by volume) 90 -

Dry point at 760 mm pressure - 311°F
Flash point (tag closed cup) 7507 -

Summary

Studies were conducted to debermine the correlation between the
biological effectiveness, and the distillation range and percent aromatics
of several samples of hydrocarbon solvents., The data presented represent
the properties of ten solvents which produced good-to-excellent resultbs
in the blo-assay test and of ten solvents which were pocr~to=fair in
effectiveness.

Revised tentative specifications, based on the physical and chemiceal
properties of the more effective solvents, are recommended for use’in
purchase of aromatic hydrocarbon solvents for submersed aquatic weed cone
trol in irrigation systems. Those hydrocarbon solvents producing the
most satisfactory results in the blo-assay test had an aromatic content
above 85 percent and a distillation range in which the 80 percent fraction
of 10% to 909 fell within 266° to 3820F, Also, 50 percent or more of
each of these solvents, except for one, was recovered at or before the
320°F boiling point., Those solvents having the lesser effect on the
aquatic weeds elther have a lower or higher distillation range, or a
reduced aromatic conbent.

The flash point values for the better hydrocarbon solvents were
relatively uniform, ranging from 78° to 100° F,

A water content requirement was added to the specifications to cover
excess water in the solvent, Excess water (greater than 0,2%) may create
a problem when the emulsifying agent is added to the solvent by causing
a separation and sebttling of the emulsifier and water.

The consistently goed kills produced by technical grade xylene in
bio=assay tests indicate the effectiveness of this hydrocarbon for use in
agquatic weed control., Federal Specifications covering industrial grade
xylene are included and recommenced for use in purchase of xylene for
aguatic weed control in irrigation systems.
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OPERATTON AND MAINTENANCE COST SAVINGS FROM USING AROMATIC SOLVENTS TO
CONTROL PONDWEEDS IN IRRIGATION SYSTEMS

W. Dean Boyle
Region 1, U, S. Bureau of Reclamation
Boise, Idaho

Saved $374,000 in operation and maintenance costs, the result of
chemical control of aquatic weeds during L1957. Fifteen cents of every
dollar spent in the operation and maintenance of the 160,000-acre project
operated by the North Side Canal Company at Jerome, Idaho, represents the
cost of controlling pondweeds in laterals and canals according to a re-
port made by Manager Carroll F, Wilcomb. This report was presented at
the Region 1 Annual Irrigation Operaters! Conference held at Boise, Idaho,
Febraury 13 and 1L, 1957. Mr. Wilcomb's report compares the cost of con-
trolling pondweeds with chemical treatment of aromatic solvent and by
chaining, Chains, disks, and similar equipment, drawn along the bottoms
of the streams by horses or tractors on each bank, have been used since
the beginning of irrigation in the West in breaking pondweeds loose from
the bottom of irrigation streams. Such weeds and other debris torn loose
from the stream bed are floated tec a central collecting point for removal
by hand, dragline, or by flushing into some wasteway area. In the event
laterals or canals are not provided with roads, which is oftfen the case
on some of the older projects, operating forces must resort to removal
of the pondweeds by hand or by drying the ditch for 3 to L days. Chem-
ical control is accomplished by introducing aromatic solvents into the
infested stream at concentrations of 600 to TLO ppm over a period of 30
minutes. Disintegration and sloughing of the pondweed leaves and stems
are usually slow, and conseguently, removal from the stream is unnecessary.
Under most conditions chemical control is more complete and lasts one-
third longer.

In 1956, Mr. Wilcomb adopted the practice of controlling pondweeds
with aromatic solvents in all laterals carrying 30 cubic feet per second
or less, which required 7,335 gallons of aromatic solvent, The increased
use of this chemical method made it possible to eliminate one complete
chaining crew (2 caterpillar tractors and 7 men) during the entire moss-
ing season and to release another chaining crew three weeks earlier than
usual, all of which resulted in a saving of $13,709.

In commenting on this saving, Mr. Wilcomb pointed out that, while
this saving was substantial (approximately 28 percent of his total cost
of removing pondweeds), probably the greatest savings and one which was
difficult to measure in dollars was the improved service that he was
able to give in the delivery of water, savings in water losses, and
increased crop yields.

Savings of this kind through the use of aromatic solvent have re-
sulted in the adoption of this practice by irrigation projects through~-
out the Pacific Northwest. While some projects continue to chain their
larger laterals and canals, others use this method in controlling pond-
weeds in canals which carry as much as 100 to 150 cubic feet per second,
Some projects rely entirely on chemicals for removal of these weeds from
their laterals and canals.



If we assume that esach of the 200,000 gallons of aromatic solvent used
on irrigation projects in Idaho, Oregon, and Washington during 1957 was
as effective as that used by the North Side Canal Company and resulted in
an equal saving to the users, we have an estimated total saving of
$374,000, calculated as follows:

$13,709 total saving, North Side Cgnal Co.= $1.87 saving p/gal. of aromatic
1,335 gal. aromatic solvent used solvent used,

200,000 gal. used, Region 1, 1957
x $1.87 saving p/gal. of aromatic solvent used
,000 estimated total saving to reclamation projects through the use
of aromatic solvent in controlling pondweeds in irrigation
laterals and canals in Region 1 (Oregon, Washington, Idahc, and
western Montana.)

A word of caution.--Savings such as this can be had on most irriga-
tion projects if due caution is taken in selecting and applying aromatic
solvent. While methods used in selecting aromatic solvents for aquatic
weed control are not infallible, if they are adhered to, an effective
product can be selected. The best aromatic solvent on the market will not
give good kills unless it is free of water and mixed with a top=-grade
emulsifier and, like other chemicals, it must be applied in a manner that
will insure its reaching the plants in adequate quantities at the pro-
per time. This $374,000 saving through the adoption of this improved
pract%ce was made possible by research. (Bureau of Reclamation, Boise,
Idaho
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PROFITS FROM RESEARCH ON CONTROL OF AQUATIC
AND DITCHBANK WEEDS ON IRRTGATION SYSTEMS

F. L. Timmons, Research Agronomist
Crops Research Division, A.R.S., U.S5.D.A.
University of Wyoming, Laramie, Wyoming
in Cooperation with the Wyoming Agricultural Experiment Station

Profits from research on the control of aguatic and ditchbank weeds
are much more difficult to measure than are profits from research on con-
trol of weeds in fields, horticultural and pasture crops. Profits from
weed control in erops can be measured directly by the effect of improved
control methods on crop yields or animal gains and by the effects on cost
of production. The only "ecrop® produced by irrigation and drain canals
and ditches is water, and water is difficult to translate directly into
dollars and cents., Alsc losses of water from irrigation canals and reser-
voirs are hard to measure. It is difficult to determine accurately how
much of the water losses are due to weeds. However, such an attempt was
made by the Bureau of Reclamation in 1947, As the result of a survey
conducted in that year by the Bureau of Reclamation, 1% was estimated that
aguatic and ditchbank weeds in the 17 Western States were causin§ water
and crop losses and requiring weed control costs amcunting to 257 million
dollars on the approximately 130,000 miles of irrigation canals and ditches
in the West.

IR



Weeds cause losses on irrigation systems by reducing flow and de-
livery of water to cropland, by raising the water level and causing
increased evaporation and seepage, by transpiring large quantities of
water needed by crops, by interfering with the proper maintenance of
canals, by causing overflows and canal bank breaks, and by various other
means.,

At the time of the Bureau of Reclamation's survey in 1947 the methods
of weed control on irrigation systems were expensive, tediocus, slow,
and often not very effective, They included handcutting, forking and
shoveling, mowing, burning with oil, disking and chaining to control water
weeds, draglining and dredging to remove cattail and other aquatic growths
and silt from channels, spot treatment of noxious perennial weeds with
sodium chlorate and a few other soil sterilants. 2,4-D was used only
on a limited trial basis. With these methods the best that irrigation
districts and water user organizations could do was to fight a defensive
battle against weeds. Despite their best efforts, weeds were gaining
on many or perhaps most areas.

Research on control of aquatic and ditchbank weeds was begun in 1947
and 1948 by the Agricultural Research Service and by the Bureau of Recla-
mation, working cooperatively. Some research had been done before
by a few state experiment stations. The research on aquatic and ditchbank
weeds was only a small fraction of the research on cropland and range
weeds but several improved methods were developed and immediately adopted
by federal and private irrigation organizations. There has been great
improvement in weed control on irrigation systems during the past 10 years
and much of that improvement is due to betbter methods of control developed
by research.

There are no overall figures available on the amount of water and
crop losses that have been prevented by the better methods of weed control
or on the reduced costs of weed control. However, at the present time
our aguatic and non-cropland group of the Agricultural Research Service
and the Bureau of Reclamation regional offices are conducting a survey to
obtain information on the extent of different kinds of weed infestation
on irrigation systems, on losses from different kinds of weeds, on compar-
ative costs of different methods of control, and on the benefits from
wead control. We hope to develop regional and national summaries from
this information that will add greatly in evaluating the progress that
has been made and in revealing problems that require further research.

A year from now it should be possible to make a much better report on
the profits from research on control of aguatic and ditchbank weeds on
irrigation systems.

Despite the lack of overall statistics on present losses from weeds
and on profits from improved methods of control, considerable information
5 available as examples of rather startling profits from improved meth-
ds of controlling weeds on irrigation systems. Sources of such informa-
tion are the annual weed control reports of Bureau of Reclamation regional
ffices. Other sources are the reports of private irrigation companies
hat keep cost records on their operations.
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Cne of the examples of the benefits and profits from improved methods
of weed control on irrigation systems is prov;deu by the Imperial Irriga-
tion Distriet of southern California. This District has 3,100 miles of
canals and drain channels which irrigate and drain approximately LO0O,000
acres of land. Superintendent Oscar L. Fudge reported at the joint meeting
of the 15th Western Weed Control Conference and the B8th annual California
Weed Conference at Sacramento, California, in February 1956, that during
the S-year period, 1945-1949 inclusive, when burning with oil burners
was the only method of weed contrcl, the Imperial District spent $1,318,000
on weed control, The operation was confined tc the inside of channels but
it was still necessary to burn an average tobal of 22,000 acre-miles of
ditchbanks each year because of the frequency of burning required. During
the next S-year period, 1950-195l, inclusive, the Imperial District spent
$1,388,500 on spraying with 2,4-D and with contact oils and on burning,
with chemical treatment being the major operation. This combined opera-
tion was not confined to the inside of chamnels but covered & major part
of the right-of-way. Despite the increased scope of the program, it was
necessary to cover only 10,700 acre-miles per year because of the fewer
treatments required.

Mr. Fudge stated that the improved chamlical methods made it possible
for his District to change from a defensive program to an offensive control
program and to make important gains in eliminaiing agquatic and ditchbank
weeds at very little increase in cost despite ri%ing prices., During the
years 1947-1954, rapid progress was made in eliminating the jungle-like
growth of arrowweed, salt cedar, willows, Johnson grass, and other weeds
from the ditchbanks and redublng cattall and waler We@ds in the chamnels,
As Mr, Fudge expressed it, "We are now able to shut down our equipment
for 60 days or more each vear for a complete overhaul. We can drive down
the roads and see the fields veyond our ditchbanks and we are helping the
farmer to reduce his insecticlde expenditures. "

During 1955 to 1957 the Imperial Trrigation District was able to extend
its improved chemical methods to begin the successful eilimination of several
serious weed problems that had resisted all contrel efforts before., The
District sprayed an average of L,729 acre-miles of cattail and woody growth
with a 2,4-D-TCA mixture and sprayed an average of 3,729 miles of phrage
mites with dalapon. In 1957 only 602 acre-miles of ditchbank were burned
as compared to 6,500 acre-miles in 1955 and 22,000 miles per year during
1945 to 1949, Thus, improved chemical methods have replaced o1l burning
and spraying almost completely. Mr, Fudge did not fepart any statistics
on the amount of water and crop losses saved in his District due to the
improved weed control butbt these sawvings must have been congiderable,

The Bureau of Reclamation Region 1, which comprises the status of
Washington, Idaho, most of Oregon, and a small part of Wyoming, has re-
ported some outstanding reductions in weed control costs due to improved
methods developed by research. Mr, Dean Boyle of Region 1 in his report
at this meeting has shown that on the basis of accurate records kept by
the North Side Canal Company at Jerome, Idaho, the estimated saving from
the use of aromatic solvent for waterweed control in Region 1 during 1947
was $37L4,000 25 compared with mechanical methods of control. If we project
the figures developed by the North Side Canal Company to the total usage
of aromatic solvents in the entire country in 1957, we get an estimated

savings of $1,08},600 due to the use of 580,000 gallons of arcmatic solwent.



This saving in one year is approximately 18 times the total cost of all
research expenditures by federal agencies during the period 1947-1952 when
the aromatic solvent method of controlling submersed aquatic weeds in
irrigation channels was discovered and perfected by laboratory and field
research,

Cost figures compiled by the Bureau of Reclamation Region 1 showed
the average cost of spraying ditchbank weeds with 2,L-D was $L4.55 per
acre as compared to the cost of $10.42 per acre for spring burning and
$2l,.67 for seasonal mowing. The cost figures compiled by the Bureau of
Reclamation Region 2, which comprises most of California and part of
southern Oregon, show the average cost of spraying ditchbank weeds with
2,4=D to be $5.63 per acre as compared with the average cost of $1k.31 per
acre for mowing, $16 per acre for oil spraying, and $20.23 per acre for
spring burning. The average saving from using 2,L4-D as compared to the
older methods was $9.88 per acre or $23.82 per mile of irrigation ditche
bank. If this average saving were projected to the total mileage of
irrigation canals and laterals in Regions 1 and 2 it would indicate a
potential total saving of $1,187,856 annually in the cost of controlling
ditchbank weeds in the two regions.

The average cost of controlling cattail with 2,L4-D in oil-water emul-
sion spray in Regions 1 and 2 has been $24;,12 per mile. The average cost
of cleaning cattails, tules, and other aguatic growths and accumulated
silt out of canals and drains with a dragline was $LO7 per mile. It was
reported that in heavily infested channels it was necessary to dragline
every 3 to 5 years and in some instances, every year to remove obstructive
weed growth. Draglining was reported to be necessary at least twice as
often where cattail and other weed growth was present as when no weed
growth was present, Thus, even if chemical treatment of cattail were
necessary once every three years, three such treatments at a total cost
of $72 per mile each 10 years would save one dragline treatment costing
$LO7 per mile., No statistics are available on the total mileage of canals
and drains that are infested with cattail and tules but it is considerable
in California and parts of the Pacific Northwest. Our survey now being
made should provide information on that subject.

Cost figures compiled by the Bureau of Reclamation Region L, which
comprises Utah, Nevada, western Colorado, and southwestern Wyoming,
revealed some interesting comparisons of costs of different methods of
controlling aquatic and ditchbank weeds. The average cost of spraying
with 2,L4-D in that region has been $7.16 per acre or $15.28 per mile,

The average cost of spraying with 2,4,5-T for control of woody plant growth
has been $31.36 per mile. The average cost of the common practice of
spring burning to eliminate dead weed growth from the ditchbanks and
accumulated weeds from the channels has been $41.91 per mile. Experience
has shown that where weeds are controlled with 2,L4-D during the growing
season it greatly reduces the amount of weed burning necessary the next
spring. Comparable costs indicate that controlling ditchbank weeds with
2,L4~D instead of letting them grow and then burning the dead growth each
spring saves $26.63 per mile in operating costs in addition to eliminat-
ing or greatly reducing weed seeds produced to reinfest ditchbanks and
adjoining farmlands. If this average saving were projected to the tetal
mileage of irrigation and drain canals in Region L, it wouwld suggest a
total potential saving of $469,598 annually in the cost of controlling
ditchbank weeds in that region.
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for cattail control, draglining at a cost of $418 per mile was the only
available method of removing cattail from drains and low velocity delive
ery channels, Now the cattail can be eliminated just as effectively
with the 2,L4-D in oil at an average cost of only $L3.L2 per mile.

In the 1956 report from the Riverton, Wyoming, project it was stated
that "One of the main benefits of 2,4=D spraying has been the virtual
elimination of weed burning on the project. Weed burning has been costing
as much as $18,000 in one year. There has been much damage done to farms
and other property in past years by fires that got out of control when
burning weeds in ditches. The willow infestation which was a serious
priblem on the project in 1948 as now been completely eliminated by
29 =D.,“

The limited cost figures from Bureau of Reclamation Region 7,
comprising eastern Colorado, eastern Wyoming, western Nebraska, and
western Kansas, indicate similar cost relationships between different
methods of weed contiol to those reported for Region 6. The survey study
now under way is expected to provide reliable information for Region 7.

The examples given were, in some instances, based upon direct com-
parisons and accurate reccrds and in other instances were based on rather
rough indirect comparisons. For the most part the measurements. or esti-
mates of profits from improved methods of weed control in irrigation
systems were conservative, If all of the examples reported were projected
to the total mileage of irrigiation and drainage canals and ditches in
the 17 Western States, it would indicate a potential annual profit from
improved weed control methods develcoped by research of approximately L1/2
million dollars, This figure does not include the saving in costs from
improved methods of controlling cattail and woody plants or the walue of
water and crop losses prevented by improved methods of weed control on
irrigation systems. BEven so, this amount is more than 18 times the total
amount spent for research on control of aquatic and ditchbank weeds in the
17 Western States during the 10-year period, 1947-1956. It is more than
70 times the cost of the much expanded federal researgh program on aquatic
and-ditchbank weeds in the western region in 1958,

Despite the rapid progress during the past 10 years in improving
methods of controlling weeds in irrigation systems, much remains to be
done by research. Several methods of weed control still are too expensive
and we lack effective methods for some problems., We need more effective
and less expensive methods of controlling submersed aquatic weeds, especi=
ially in large canals with capacities above 100 efs,; including those of
1000 to 4500 efs in California and Washington where serious submersed
waterweed problems are developing in the extremely large canals, We need
less expensive and more efficient chemical methods for cattail. We need
much more effective chemical methods for controlling salt cedar without
hazards to cotton. We need better adapted grasses for ditchbank seeding
to provide competbition with ditchbank weeds and better grasses for com-
petition with weeds in seepage and other weed areas along irrigation
systems, We have promising leads for answering many of these needs, It
seems logical to predict that the profits from research on control of
agiatic and ditchbank weeds on irrigation systems will be even greater in
the future than they have been during the past 10 years,
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There appears to be no summarized information on the total amount of
sagebrush which has been sprayed in the western reglen the past 10 years.
A survey conducted in Wyoming in 1957 shows there has been approximately
60,000 acres of ssgebrush-grass type rangeland sprayed sinsce 1953, No
doubt several of the other states have equal sized programs in progress,

Even with the lack of overall statistics on the present acreage
under chemical control program, considerable information is available from
which to draw numercus examples of the benefits derived from controlling
sagebrush on our western ranges. Most of the sources of information have
been reporits by Experimental Stations, Bureau of Land Management, U. S,
Forest Service and individual cooperators.

A good example of the benefits and profits from chemical sagebrush
control is reported by A, E, Miller in the August 1957 Soil Conservation
publication, Mr, Miller reported that sagebrush spraying on a Washington
range resulted in a three-fold increase of grass forage. The sprayed area
produced 780 pounds of grass forage and the unsprayed 185 pounds of grass
per acre, To put it another way: He states, "If 50 percent of the total
grass production is utilized, the comparative stocking rates should be
one A, U, M. (animal wunit month) of grazing for each two acres on the
sprayed plot, and one A, U, M., grazing for 8,7 acres on the unsprayed
plot.® For each 500 acres sprayed this would mean there had been an in=
crease in grazing capacity from 58 to 250 A, U, M.'s, It was also reported
increased gains on yearlingsfrom 5.6 to 17.6 pounds per acre, This gives
an increase of 12 pounds of beef per acre., If we can value each pound
of beef increase at 25 cents per pound this would be $3 per acre return
each year contributed to the chemical control program. The original cost
of $li for chemical and application could be realized within a span of two
years.,

Mr. E, R, Jackman, Oregon State College, reporting in the August 1957
Farm Journal, 1lists several ways a rancher can spend $1,000 to increase
Ris grass production. Mr, Jackman states that $1,000 would pay for the
chemical spraying of 333 acres which would give sn additional LO tons of
feed each year,

Range improvement studies at the U, S. Southern Great Plains Field
Station, Woodward, Oklahoma show sammual net returns of $7.70 per acre
from sand sagebrush contrcolled pastures while the untreated pastures
made $4,52. Brush control increased profits $3.18 per acre,

The chemical control of sagebrush in various areas of the western
region vary little from the programs which are being carried out in
Wyoming,

Since I have been working with the Wyoming project the past five
yearg, I should like to evaluate our sagebrush control program, Two
areas in the Bighorn Mountains in northern Wyoming comprising approximately
310 acres was used to obtain data for the evaluaticn of a chemical sage-
brush contrel program. The experiment was initiated in 1952 and production,
uhilization, and sagebrush seedling studies have been conducted each year
gince that time,



The common native grasses can be expected to increase production
from 100 to 150 percent the first year following spray application.
Production of these grasses have increased over a five-year pericd to
where the range is showing a three=fold forage yield. Average of the
five~year period shows the unsprayed areas producing 526 pounds of air-
dry forage per acre as compared to 1,668 pounds where 75 percent or more
of the sagebrush has been controlled. In addition, this increased pro-
duction has been shown to be more accessible for livestock use., In such

areas, livestock have utilized 60 percent of the forage production compared

to only 25 percent where the sagebrush has not been controlled,

Average Pounds of Alir=Dpy Grass Production Per Acre l/

Percentage Sagebrush Control Areas

Date 0 50=15 T76=95 56=100
1953 478 659 774 1128
1954 480 769 1013 1347
1955 331 1254 1950 1938
1956 590 960 1762 2340
1957 758 1104 2026 2413
Average 526 L9 1505 1633

A Figures represent the total air-dry grass produced per acre within
sagebrush controlled areas based upon random 2.5 sq. foot clipped
quadrate,

In spite of the high percentage of utilization on the sprayed areas,
more grass is left at the end of the grazing season than was originally
on the area,

In evaluating a chemical control program, one must determine the
economic value from the standpoint of whether the land is privately
owned or whether the land is govermment controlled. The United States
Forest Service, Bureau of Land Management and the Agricultural Stabili-
zation and Conservation groups have accepted the use of herbicides to
control sagebrush as a range-improvement technique and are cooperating
with the individual operators throughout the western region. However,
there is still some opposition by individual ranch operators, They can-
not see investing $3 to 3L per acre into any control program when they
only pay 19 cents per head of cattle per month for the privilége of
grazing their livestock on these lands,

Grazing Fees on Government Controlled Land

Grazing Area Ecres/Mol/ Return/A
Unsprayed 3.0 $ .06
Sprayed .8 023

LY Refers to nurber of acres required to carry one cow and calf one
month.,
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The cost of controlling sagebrush with 2,4-D compounds average $3 to
$3.50 per acre, With the 3 and Li=-fold increase in forage production on
the experimental areas, it requires three acres of untreated land to carry
a cow and calf for one month compared to .8 of an acre of treated land.
This would represent a return to the government of 6 cents per acre from
the unsprayed lands and 23 cents per acre from sprayed land, or an addi-
tional 17 cents per acre, per year credited to the chemical sagebrush
control program. When other benefits are not taken into consideration,
one can readily see where the remark, "It will take twenty years to pay
for such a program,” comes from,

Now letfs look at the same sitwation only from the standpoint of
private land=owners. Many of these operators have a limited amount of
acres from which to base their operations. They are interested in increas-
ing the carrying capacity of their lands and in many cases this is nec-
essary for them to remain in business., If we project the results of the
experimental data and that from private ventures we get a completely
different picture than the one presented above,

Five=Year average forage production and return per acre.

Pounds Pounds Pounds Return/Acre
Grazing Area Forage Utilized Gain/Day Gain/Acre Per Year
Unsprayed 263 10 20 $ 5.00
Sprayed 916 36 72 18,00

If we work with average figures such as: two pounds of beef animal
gain per day, a feed requirement of 25 pounds of air-dry forage per day,
and a value of 25 cents per pound of beef, the following figures can be
presented: (1) With livestock utilizing 50 percent of the available for=
age on both areas, the unsprayed range would yield 263 pounds of air=dry
forage, as compared to 92l pounds on the sprayed range., (2) The require-
ment of 25 pounds of air-dry forage per head per day would give 10 and
36 days of grazing for the respective areas. (3) Two pounds of gain per
day would show 20 pounds of beef produced on the uncontrolled area and
72 pounds on the controlled area. (L) With beef selling for 25 cents
per pound, there would be a return of $5 per acre and $18 per acre, or
an additional $13 credited to the chemical sagebrush control program each
year,

The examples I have given you have nob been subjected to severe
serutiny or economic analysis. For the most part the estimates of pro-
fits resulting from sagebrush control programs are conservative and are
not as ficticious as they may sound,

In closing I would like to include a March 1958 news release by D.
W. Bohmont, Wyoming Agricultural Experiment Station, entitled, "Research
Pays Dividends.”

If someone were to offer you four dollars for each one dollar you
have you would accept the offer and look for more. That is the situation
which has resulted from the experiment station research project on sage=
brush control. Of some 20 million acres of sagebrush in Wyoming, a large
part woild profit from the chemical removal of this low=productive and
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unpalstable shrub. For an investment of $3 to $3.50 per acre the rancher
can realize a forage yield ine @aaﬁ of SGG to 40O percent each year.
With an assumed value of $10 per ton of forage increase, the total spray
©ill is paid in one year. The following years are pure profit., At
present over 50,000 acres have been Sprayade This has given a profit,
in any one year, of over 34 for each $1 @viginally invested in the re-
search program, and the end is not in aight! Many ranchers have
embarked upon a long<erm spray program 1o krppave a small part of their
range each year. In addition, the federal management agencies have
started to utilize the spray program as a means of Improving spring=-
fall rangeland, Chemical sagebrush control is an example of the profite
able improvement of our rangeland through research, as well as a lasting
return.

#h

BIOCHEMICAL AND PHYSTIOLOGICAL PEOPERTIES OF BROWN AND BLACK
SEEDS OF HALOGETON GLOMERATUS

M. Coburn Willi amss Plant Physiologist
U, S, D, A., A. R. S, CO Ro Do,
Utah State University
Logan, Utah

Halogeton glomeratus is a poiscncus member of the Chewnppodiaceae
which Immigrated to the Western United Sitates from fsia., Its dissem=
ination has been extremely rapid. Drought and range wisuse have combined
to hasten its spread and halogeton has now invaded each of the 11 western
states except Washington, Avizona, and New Mexico, Halogeton now infests
an area exceeding 1lx million acres and its spread continues at a rate
of oneethirdmillion acres per year., The extremely high oxalate content,
particularly in the leaves, makes this plant guite toxic. Losses in
the sheep indusiry are now infreguent primarily because shesp no longer
graze in heavily infested areas. The acreage rendered unsafe for grazing
because of the presence of halogeton now consitutes a much more severe
economic loSs than the number of sheep killed.

Halogeton produces two types of achenses (hereafter referrved to simply

as seeds) commonly termed black and brown. The black are actually a

dark chocolate brown and appear smaller }an the brown seeds because
the embryo is incased in only the integ q&s and ovary wall, The
brown seeds have nobt only the $nuegummn 38 gnd ovary wall but § adherent

bracts which entirely surround the ovary wall. The aversge black seed
weighs 500 micrograms while the brown weighs 804 micrograms, The avers=
age black embryso weighs 390 micrograms, b"wﬂvers versus 352 micrograms in
the brown, The black thus weighs 1,11 times the brown,

The black seeds exhibit strong viability and excellent germination,
When seeds of this type are placed on moist filter p@ﬁcf at 3 a.m,,
emergence and uncoiling occur so rapidly that it is fregquently possible

to plant the resuliing seedlings the same day. The brown se&éay on the
other hand, have rarely been cbserved to germinate under lahoratory
conditions, They appear tc swell only i‘”rgglv in water and appear, for
reasong yet unknown, unable to burst through the probtective ovary wall,
They do not, however, seem to absorb water as rapidly as the black types

51



A% ]

D

wnder 13
time 2 ¢

even wh ght brown embryos rarely
reen D

waeoll in fewsr b ‘ n }igme?t zssumed to be
chlorophyll begins to aﬁpeay in the cotyledons., Excised black embryos
uncoil at once, BRed pigment forms rapldiy in the hypocotyl if the sesde
lings are under light., Chleorophyll is present in the colyledons before
smergence.,

Brown seed producticn by the plant is not, as some suppose, merely
a last effort by the plant to produce ancther black seed--an effort which
is mwtimely nipped by frost cor some other factor causing the death of
the plant. The brown seeds are produced firsit and are already hard and
brown as soon as early September in Northern Utah., They camnot, there-
fore, be termed immature since they are able to complete their normal
physiological growth before the black have fully matured., TYeb the brown,
though fully viable, are so wezk, and exhibit such lﬁw germinability
that it is unlikely that they are more than a slight factor in range
infestation. Some have thought brown seeds were merely dormant and that

this was nature's way of extending the number of years seed from a given gant

could germinate., On the basis of germinaition of laboratory samples this
appears unlikely. Both Types of =sesds lose thelr viability at the same
rate, Our 1953 samples of brown seeds have no viability at the present
time while 1953 black seeds still germinate 27 percent, Viability and
longevity are being studied in more deball through & 10 year burial
study in Nevada, Utah, Idsho, and Wyoming.
brown sesds have thus far
ich had a gewmlnazlou of 50
%
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Germination and establishment trls
ended in failure, Seeds harvested ir h

percent when excised were placed in metal falts at depths of 3, £ and O
inches in Curlew Valley during the spriy d summer of 1957. The flats
were perforated across the bobbom and bu&i@d so that the tops were flush
with the scil surface, The soil had been carefully sifted to remove
gseeds of any other species, No seedlings werse observed in the flats at
any time, This experiment is being repeated using seed from 1951 through
1957, In *his latter test, however, the flats were placed between the
greenhouses on bhe Utah State campus so thab dﬁ”ﬁW'ObuwﬁVQUIOﬂS could

be made. Since the trials were begun December 23, 1957, nec brown seeds
have been cbserved to germinate, Black seeds, pi?ﬂa@d aadb? the qame
circumstances and at the same time began germinating during the Christmas
holidays. As of February 18, germination in 4 ack type has f&nged
from 22 percent in 1953 qoeds to 80 percent in Establishment has
been particularly good from black seeds placed 5 inch beneath the soil
surface.

iochemical analyses of major embryonic constituents have been come
pleted during the past year in an effort to determine the factor or
factors responsible for the wast differences in appesarance; germination,
and establishment between the two types, The analysis for various ele=
ments was done by the Soil Lagboratory at Utah State. The analyses for
reducing sugars, sucrose, starch, protein and oxszlic acid were accom=
plished by the author using standard colorcmetric methods or, in the case
of oxaliec anid, by calcium precipitation.

Brown and black seeds were socsked in disﬁi
time as thelr embryos could be sxcised, g 5
each type were digested separately in 1:3

led water until such a
r s dried embryos of

nitric and
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perchloric acid, evaporated to near dryness, and brought to a final volume
of 100 cc with distilled water. The samples were analyzed for sodium,
potassium, calcium, magnesium, strontium and iron.

Table 1, Inorganic constituents of brown and black embryos of Halogeton

glomeratus
Parts per million in plant material
Na K Ca Mg Sr Fe
Black embryos 1290 5800 2400 3L60 7 2l
Brown embryos 1580 5870 620  3Loo 15 53

The only difference of importance is in the calcium content of the
two seeds, It would appear that this element is déficient in the brown
seed. It is, of course, impossible to say whether this quantity is
sufficiently low to interfere with the normal metabolism of the seed
gince there is no way of determining what minimum requirements are.
Efforts to stimulate germination by placing the seeds in solutions con-
taining soluble calcium were not successful.

In the remaining experiments, entire seeds were used, The reasons
for this were twofold: The excision of embryos was laborious and costly,
and the organic constituents to be analyzed were almost entirely confined
to the embryo.

Since it seemed possible that poor germination in brown seeds could
be traced to lack of carbohydrate materials, both types of seeds were
tested for reducing sugars, sucrose, and siarch, Standard colorometrie
methods were used. The seed used was harvested in late October and early
November 1957 from west of Snowville, Utah,

Table 2. Chemical analysis of brown and black seeds of Halogeton glomer-
atus for reducing sugsars, sucrose, and starch

Micrograms
reducing Micrograms Micrograms
sugars sucrose starch
per seed Ratio per seed Ratio per seed Ratio
*Black 3.93 1,70 31,5 2,05 20,0
*Brown 2.20 18.3 68.3 2,55
#ean of 5 semples Black Brown
Average % of sugars occuring as reducing sugars T.01 $,80
Average % of sugars occuming as sucrose 92,99 91.20
Average % of carbohydrate reserves occwinng as
sucrose or reducing sugars 59.00 21.90
Average % of carbohydrate reserves occwrrng as
starch L1.00 78,10

Average total carboyhdrate reserves in micro-
grams per seed 6l Lo 86,60




s than 1 374 times as much reducing sugars
the brown. Since these sugars are availle
J r b In the bl ﬂk seeds, i% is nob surprising that they
are able o espond so readily favorable conditions feor growth.
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It was asswumed that this favorable excess of reserves would be found
when the seeds were amalyzed for starch but the opposite resultfwere
obtained, Ths brown seeds contained more than twice as much starch and
spparently store their reserves chiefly in this form. About 78 percent
of the total carbohydrates in the brown seeds are found as starch and 22
percent as reducing sugars and sucrose, with the reducing sugars consti=
tuting a relatively small pordion of the total. Black seeds, on the other
hand9 have sucrose as their principal reserve, Nearly 60 percent of the

otal reserves are in the form of sucrose or reducing sugars, and only Lo
erCQnt are found as starch. Agsin, reducing sugars constitute a2 rela-
tivelj small portion of the tetal sugars initially available to the embryo.

Protein snalysis of the two sesd types again revealed striking dif-
ferences, Black seeds usually had at least twice as much protein per
seed as the brown and frequently samples exhibited even stronger ratios.
Black seeds contained aromnd 165 micrograms of protein per seed while
the brown averaged 80 miecrograms per seed.

A test was next run on both seeds to determine whether -enzymatic
catabolism of starch was slower in the brown seeds because of the smaller
guantities of protein. Seeds were ground in a 0,02 M nhosphate buffer,
oH 6,9 and in a chilled morter, The extract was incubated in an agueous
solution of soluble starch for 1, 2, and 3 minutes at 20 degrees C, One
ml of solution was removed for analysis at each of the above tlﬁés, 2 ml
of Somogyi sclublon added at once, followed by 5 ml of distilled water
The remainder of the reactlon was completed according to the standard
analysis for glucose,

Teble 3, B Amylase sctivity in brown and black seeds of Halogeton
glomerau

Micrograms Increase in Mierograms red.

red. sugar micrograms sugars per mg

30 seeds red, sugars protein

30 seeds

Blacke=control 106 e Lo,77
Browne=control sl e 50,90
Blacke=1 minute 164 58 63,07
Browne=el minute 110 56 101,80
Blacke=2 minutes 176 70 67,67
Brown=-2 minutes 116 62 107,20

lack==3 minutes 186 80 71,47
Brown==3 minutes 120 B6 110,90




B. amylase from the brown seeds catabolized encugh starch to result
in an increase of 60 micrograms of reducing sugar per mg of protein while
black seeds only produced 30.7 micrograms on a protein basis, This could
be partly due to the fact that there is less starch in the black seeds,
hence a smaller enzyme concentration., The brown seeds are sufficiently
capable of breaking starch into reducing sugars to justify the conclusion
that lack of enzyme activity, at least B amylase activiiy, is not the
cause of Jlow germinating viger.

Both types of seeds are very low in oxalic acid, Some investigators
have found as much as 8 percent in the seeds, but in the samples analyzed
in this laboratory the oxalate content was much lower. Brown seeds
averaged 1,80 percent water soluble oxalates while black had 2,13 percent.
Correcting the brown seeds for weight and thus increasing the number of
embryos, they would have contained 2,00 percent on this basis., This would
be little different from the black.

To determine whether any of the differences noted between the two
seed types is a significant factor in the inability of the brown seeds to
germinate and grow vigorously is difficult to answer. We, of course, do
not know the minimum requirements of a seed for these various elements
and organic compounds. The brown seeds do not respond to additions of
calcium, or calcium and gibberellic acid combinations, Sugar solutions
have no effeet on germination. Perhaps the most striking of the differ=
ences noted here is the nature of the carbohydrate reserves. Starch is
the primary product in the brown seeds while sucrose is the major reserve
in the black.

Several conclusions can be drawn as to the potential of brown seeds
in natural revegetation of halogeton on the ranges. It is wery doubiful
that halogeton would survive under natural conditions if only brown seeds
were produced. We almost never find embryos of brown seeds emerging in
the laboratory and have yet to germinate them in soil either in flats on
the desert or in the area between greenhouses. Seedlings started from
embryos excised in the laboratory must be given about the same amount of
attention as a human infant if they are to survive. One cannot rule out
the possibility that they may remain viable for long pericds of time
mder desert conditions but vigor of germination is so low that estabe
lishment is almost predestined to failure except under long periods of
most favorable conditions.

Studies will be conducted during 1958 at this station to determine

the effect of nutrition, 1ight and salt concentration on the ratic of
the production of brown and black seeds,



PROFITS FROM RESEARCH ON CONTROL OF WEEDS IN FASTURES AND RANGELANDS
Dayton L, Klingman, Research Agronomist
Crops Research Diwvision, A.R.S., U.S.D.A..

Beltsville, Maryland

Introduction

Weeds and brush infest most of the 536 million acres of grazing
land in the 11 western states, Because the losses from these un=
wanted intruders have not been accurately assessed the data on total
losses cannot be presented, However, we know that for each pound of
dry matter produced by weeds about an egual amount of more desirable
forage could be raised. Partial control of brush on rangelands has re=-
sulted in three to eight times as much forage as grown on comparable
untreated sites. In addition, poisonous plants cause more financial
loss by killing livestock than by crowding cut useful forage plants.
Limited areas of poisonous weeds kill livestock worth infinitely more
than the useful forage the same area could produce.

Other losses from weeds include the reduction in efficiency of
managing and handling livestock, In addition, there is less water
from springs, wells and streams in many areas because of the brush on
the watershed,

Weeds have some value, To maintain proper perspective one should
recognize their usefulness. Weeds, except poisonous cne, if they are
eaten, contribute to the diet of livestock. Weeds cover denuded lands
and provide some protection ageinst wind and water erosion., Some weeds
and brush even provide a measure of protection for native grasses and
prevent their cemplete extinection by severe overgrazing., However, these
values are nct sufficient to justify perpetuation of weeds on rangelands,
Indeed, in spite of our best possible contrel efforts, we probably shall
continue to have more weeds and brush than are wanted cn the rangelands,

Simply controlling weeds that have invaded a range will not corresct
injuries to vegetation resulting from mismanagement.,

Poor range management reduces the wigor of desirable native vege-
tation and allows invasion of weeds. Vigor of these desirable species
can be improved only by good grazing management,

Therefore, for efficient production of forage, good grazing manage=
ment and production practices must accompany any brush or weed control
program., Brush and weeds, however, have encroached even on areas given
relatively good management., The infestation of brush and weeds in our
grazing lands is a problem that must be solved,

Herbicides may be useful tools in shortening the time required for
secondary succession from a weedy range to one of good or excellent cone
dition., Selectively removing competing weeds and brush leaves more moise
ture, light, and nutrients available for desirable plants. Thus, the
recovery and spread of desgirable plants can be propertionately much more
rapid. The effect of herbicides upon the rapidilty of successional changes
needs much more research,
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The use of insects for control of range weeds should be further
exploited. Interrelated studies of the need for revegetation or
supplemental herbicidal treatments along with establishment of insects
for weed control under some situations may give useful information.

Examples of Potential Returns from Weed Control

Weed control practices must be profitable before an operator will
adopt them. However, finding adeguate date from which to calculate re-
turns from weed control practices is not simple. Eventually such data
must be accumulated, The yield, quality, and other effects resulting
from new weed contrecl methods must be compared with those from methods
presently used, Such data are essential for evaluation of new techni-
ques.

By using information sent to me or by taking it from publications,
I have developed a table giving some examples of potentially increased
returns to ranchers who adopt the herbicide treatments available, Table
1. In this table the ammual increase in yield of forage resulting from
treatment, as well as the estimated costs of treatment, are shown. From
this information are developed figures showing annual net gain converted
to the annual return if all acres adapted to spraying were sprayed.

Data from D, N, Hyder and F, A, Sneva indicate that spraying big
sagebrush increased production of forage 400 pounds per acre in Oregon.
B, W. Bohmont and H, Alley got similar results in Wyoming. The value of
the increased forage was assumed to be $10 per ton. The cost of spraying
was pro-rated over a l0«year period, The annual net gain was thus $1.68
per acre, This multiplied by the 2L million acres of sagebrush land
adapted to spraying equals an annual return of 40.2 million dollars,

Similarily, spraying low larkspur and sagebrush land potentially
would return 1.8 million dollars snnually, This value was determined
by adding 15 cents per acre, the average loss from poisondrig on these

lands, to the annual net gain value indicated for spraying sagebrush,
Spraying rabbit-brush would return 1.5 million dollars, spraying sand
sagebrush (much of which is not in the 11 western states) 16.5 million
dollars, and spraying mesquite 10,5 million dollars. Good returns in
increased forage resulted from controlling juniper in Arizona, but a
practical herbicide treatment has not yet been developed. Mechanical
methods of burning have been used, but cost figures vary widely. Also,
in mountain meadows a good annual net gain, $1.89 per acre, was calcu=
lated for control of plantain leafed buttercup.

The examples are indicative of profits possible from weed contrel in
grazing lands, Many weed problems have not been covered. Downy brome
has invaded most of the rangeland in the northern twosthirds of the wese
tern region. What gain would result if it could be replaced with desirable
perennial vegetation? What are the losses from halogeton, other poison-
ous plants, chaparral species, and many others? There are insufficient
data to answer such questions.
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Table 1. Some estimated potential returns for spraying.

Annual Cost For Acres
Increased Treat- Annual dapted to Annual
Weeds Yield ment Net Ga’_}VSpraying Return
{1b/4A) (ofA) (S/4) (millions) (millionms)
Big sagebrush Loo2/  $3.25 $1.68 2l $10.2
{Oregon)
Low larkspur &
sagebrush (Oregon) 3,25 1.83 1 1.8
Rabbitbrush
{Oregon) LOoG 5,00 1,56 1 1.5
Sand sagebrush -
{Oklahoma) 1,000 QESGif 1,10 15 16,5
Mesquite .
(Arizona)d/ 170 7.00 .15 70 10,5
Juniper (Arizona) Lo 25

Plantain leafed
buttercup (Califor-
nia) ke 3,28 1,89

4

Increased gross return less the cost of treatment spread over 10
years. Assumed $10 per ton dry weight for forage.

t

D. W, Bohmont and H, Alley show about the same results for 2,L-D on
ig sagebrush in Wyoming.

B, H., McIlvain has indicated $2.50 for treatment and $2,00 cost of
defarred grazing for 2 vears, -

e

i

M

Ji

Extrapolations from F. H, Tschirley's data. Climatic conditions differ
widely in aréas infested with mesquits. “

Three methods of weed conirol are compared in an experiment conducted
in Nebraska, Table 2. Results of this experiment may be representative
of areas in favored gites of the West. All methods of control resulted
in an increase of forage eaten by cattle. Mowing annually gave a net
return of $0.85 per acre annually; spraying with 2,4=D, $2.60; and plow=
ing, reseeding to a warm season grass mixture, plus spraying with 2,4-D-
for weed control returned $8.90 annually. All methods gave good returns
on the investment but the most expensive method (plowing, reseeding, plus
2,li=D), gave the highest net return. Comparisons such as these should
be useful to operators, Actually there are more differences between the
treatments than evidenced by the data. The condition of the pasture was
tremendously improved by the ast treatment. The second treatment, spray-
ing with 2,L=D, also gave high percentages of killed weeds and improved
grass that will continue to be manifested in yields sfter annual treat-
ments are disconbtinued., There was 1ittle reduction in perennial weed
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population by mowing, and benefits in pasture.condition from this treat-
ment were slight, Annual mowings will be required to realized even a small
improvement in production.

What losses in establishment of new seedings of forage species can
be attributed to weeds? It is well known that moisture supply is critical
to seedling establishment., How many weeds does it take to exhaust the
moisture and cause meortality of the seeded species? Even where moisture
is plentiful, iusses often result from shading by weeds., '

Interacting effects of weeds upon seedling establishment of forage
species need study,

Table 2, Estimated returns for weed control in a pasture in Nebraska
(28=inch rainfall)

Armual Annual
Annual
Tnerease in Cost of 1
Treatment Forage Eaten Treatment Net Gain_/
T1o/8) (%/X) (/%)
Mowed 280 $1.25 $ .85
Sprayed with 2,L=D 680 2,50 : 2,60
Plowed, seeded to
warm season grasses
+ 2,L=D 1,830 .85 8.90

}éncreased gross return less the cost of treatment pro-rated over 10
years, Assumed $15 per ton dry weight for forage eaten,

New specific herbicides that control broadleaved weeds in legume
seedings with benefit to stands and vigor of the legume are becoming
available, Certain other chemicals will selectively remove annual weed
grasses from perennial grasses; for instance, downy brome from smooth
bromegrass, It may ‘- be possible eventually to remove selectively annual
weed grasses from perennial pasture grass seedlings. However, such
chemicals are not yet known., That this is within the realm of possibility
is evidenced by the true tolerance of corn, an amnual grass, to simazin,
Most other grasses are severely injured by simazin,

In table 3 are shown data from Ithaca, New York, showing the
relative returns from birdsfoot trefoll and alfalfa subjected to dif-
ferent methods of weed control. Similar data may be available for irri-
gated conditions in the western states, It is notable that in New York
when both broadleaved weeds and weed grasses were killed there was a
good net return., With birdsfoot trefoil L pounds per acre of 2,2«
dichloropropicnic acid (dalapon) plus 1% pounds per acre of L-(2,L-
dichlorophenoxy)butyric acid (4=(2,L=DB) gave good control of weed
grasses and broadleaved weeds. Increased yields of birdsfoot trefoil
the first summer were 2,100 pounds per acre giving a net gain of $13,25
per acre as compared with the untreated check. Increasged yields were
smaller for dalapon or L=(2,L4-DB) used alcne.



Table 3. Return for weed control in seedling establishment, New York.

Increase Net
In Yield Cost/aY  Gain/a%/
Crop Over (dollars) (dollars)
plant Treatment Check
Themical T6/A (1bs/A)
Birdsfoot Dalapon + - L 1b, 2,100 $20.75 $13.25
trefoil i(2,L=DB) 1% 1o,
Birdsfoot
trefoil Dalapon L 1b, 700 12,00 1,00
Birdsfoot
trefoil L(2,L=-DB) 1% b, oo 10,68 -2,18
Alfalfa Dalapon + 2 1b, 1,050 16,25 3,25
4(2,h-DB) 1% 1b,
Alfalfa Dalapon 2 1b, =650 L, 50 -13,58
Alfalfa L(2,L~DB) 1% 1b. oo 11.94 -2,19

2/—Includes all costs of producing and harvesting crop.
2/ Net gain over return from check treatment, Hay valued at $30 per ton.

Results from herbicidal weed control in alfalfa follow the same pat-
tern as with birdsfoot trefoil in that it was important to control both
the weed grasses and broadleaved weeds, These data pertain only to the
hay yield during the seedling year. The advantages of weed control should
bhe enhanced by improved performance in succeeding years.

Sometimes weed grasses are also a problem in established alfalfa,
Results from experiments at Prosser, Washington, on the control of downy
brome in alfalfa are shown in table L. All herbicide treatments gave
over 90 percent control in the two years reported. Returns are strike-
ing when the value of the hay is figured at $30 per ton. However, if
the value of hay were reduced to $15, the return would be reduced more
than ohe=half, For instance, the return for the first treatment would be
reduced from $17,60 to $4.25. For the second itreatment, the gain for
treatment would be reduced from a gain of $9.50 to a loss of $2,15 for
treatment.

The eccnomics of weed control can fluctuate widely with prices. Also
economists would be critical of the inadequate treatment of costs in this
report., Therefore it is important for you to report enough basic data
from your research so that new evaluations can be made by specialists
in economics or so that new calculations can be made when economic
conditions are changed.



Table i, Downy bromegrass control in alfalfa, two year average, Prosser,

Washington.
Yield in
Pirst Cost of 1/
Treatment Rate Cutting Treatment Gaine
(1b/A) (T/A) (3/4) ($/4)
Endothal 6 3.33 9,10 17.60
Endothal 8 3,15 11.80 9,50
Dalapon 5 3,12 6.00 1,55
Dalapon 10 2,95 11,00 4,30
Check 0 2,4k 0,00 0.00

E/increased yield times $30 per ton, minus cost of treatment
Conclusion

Pata on the profits from weed control on grazing lands indicate
high potential return but available data are fragmentary.

Dollar profits from weed control to the producer must be a high con-
sideration in taking research results to the rancher. Nevertheless, many
other considerations are also deemed important by enlightened ranchers,
Among these are: (1) the improved quality of forage, (2) the improved
condition of the range, (3) the reduction in hazards from poisoning or
mechanical injury, (L) the increased water yield on some watersheds from
brush control, and (5) the increased ease of managing livestock on ranges
relatively free of weeds and brush., All these are considered as profits
from weed control.

A great deal of research must be planned and comple ted to develop
information on the values of weed control, It is obvious that improved
methods of control of serious weeds are of paramount importance., It is
important that data be accumulated so that the economic profits and other
benefits from use of control methods can be calculated, The effects of
weed control on other vegetation and the interrelated ecological effects
must be thoroughly assessed. In arid regions, changes in vegetation may
come slowly and the margin of profit is small, A firm foundation of
knowledge for decisions on expenditure of funds for improvement of range-
lands is thus of major importance, Such foundation must depend upon
careful research.

I
PROFITABLY CONTROLLING CANADA THISTLE

D, 0. Chilcote
Oregon State College
Corvallis, Oregon

In keeping with the theme for this year's Weed Control Conference,
"Profits from Weed Control Research," T would like to present some of
our findings at the Oregon State College Experiment Station on chemical



control of Canada thistie, The title of this report is rather broad;
however, I would like to 1imit the scope of this presentation to results
with ATA and comparisons of ATA with 2,4=D,

In general, profitable control of Canada thistle revolves around the
use of a nonesterilant, highly effective material which will give a high
degree of control in a short time, In my estimation, only one chemical
fits this category-=the amazing new herbicide, 3-amino=1,2,li-triazole,
2,L=D, which is used widely for thistle control and has been our only
non-sterilant treatment in the past, is less than satisfactory., Under
western Oregon conditions, we have been able to obtain only temporary
control of Canada thistle with 2,L4-D, even at rates up to 80 pounds per
acre, This material, of course, can be used effectively to provide
temporary control in grains and grasses; however, since the thistle is
treated at an early stage of growth, it often regrows and is a problem
in the crop at a later date, In addition, constant retreatment is nec-
essary to effect control. Any lapse of control measures which might
arise in crop rotation can well undo the good previously accomplished,
2,li=D has been rather discouraging to the farmers in our area since they
become somewhat perturbed at treating what appears to be the same amount
of thistle each year,

Extensive tests have been conducted in western Oregon the past
three years with ATA and 2,4=D, In all tests ATA has been most out-
standing. Stem counts have shown considerable reduction in stand
from ATA treatments at the bud stage of growth. Farly applications
have also been effective. A summary of resulis from three separate
experiments shows that ATA at 1, 2, and L pounds active ingredient per
acre, applied at the late bud stage, gave an average of 60%, 78%, and 93%
stand reduction respectively from cne application as evaluated the follow=
ing year. In comparison, 2,4=D at 1, 2, and L pounds gave average stand
reductions of 18%, 33%, and L6% respectively.

The thistle plants which regrew in the ATA treatments were extremely
stunted, chlorotic, and of very low vigor. In contrast, the regrowth
in the 2,L4-D treated plots appeared normal in all respects. With the
low percent control from 2,L=D treatments and normal regrowth, complete
stand recovery could result in a short time,

Another factor which the percent reductions in stand do not show is
the variation in control between the various experiments and replications.
For instance, with 2,L4<D at 1, 2, and L pounds per acre, there was a
range in control of from 7% to 38%, 1L% to L9%, and 24% to 60% for the
respective rates, This can be compared to a range of LL% to 70%, 73%
to 84% and 87% to 97% control with ATA at 1, 2, and L pounds per acre
respectively. These results further substantiate the effectiveness of
ATA for Canada thistle control,

One limitation of ATA has been its non-selective nature with most
of the usage for spot treatment, Research directed toward finding more
effective ways of using this herbicide in crop production has uncovered
promising leads which should make for even more profitable control of
Canada thistle in the future. The most oubsianding methed and one which
I would like to discuss at length is the selective use of ATA on oats.



In our evaluation trials conducted at the Central Station, the
extreme tolerance of oats to post-emergence applications of ATA was
observed. Since oats are grown rather widely in many areas of the coun=-
try, a method of using this chemical to selectively control perennial
weeds such as Canada thistle in an cat crop would have wide application.,

Since the use of ATA for thistle control has been fairly well estab-
lished, an experiment was set up to test the effect of ATA on growth and
yield of Victory spring oats where weeds were not a factor. ATA at 1,

2, and L pounds active ingredient per acre was applied to oats at the
six to eight inch stage, boot stage, and headed stage of growth, These
stages were periods of growth during which treatments might be applied
for control of perennial weeds., Although the ocat plants displayed a
chlorotic striping following applications of ATA, the effect was quite
transitory and was rapidly outgrown. There appeared to be no stunting
in growth or reduction in stand from any of the treatments,

The following table summarizes the yield results for Victory oats.

Yield==Victory Oats

Growth Stage Average yield
Treatment Rates/Acre Treated in 1bs/plot
ATA 1, 2, & L# 8=10" 2,83
ATA 1, 2, & L# Boot, 2,78
ATA 1, 2, & L# Headed 2,99
Untreated Check 3,20

These results show slight yleld reductions from ATA treatments, How-
ever, statistical analyses showed no significant differences between any
of the treatments,

To further evaluate possible effects of ATA, seeds from each treatmemt
were planted in the greenhouse in soil and allowed to grow to a height of
approximately eight inches so that the germination and growth could be
evaluated, The average germination percentages for Victory ocats are given
in the following table,

Germination-~Victory Oats

Growth Stage Average
Treatment Rates/Acre Treated % Germination
ATA 1, 2, & L# 8-10" 87.3
ATA 1, 2, & L# Boot 89.6
ATA 1, 2, & L# Headed 90,2
Untreated Check 86.2

There was no injurious effect of ATA on the growth or germination of
the ocat seed, although seed from treated plots gave a somewhat higher
percent germination.

63
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The same results were not true for spring barley which happened to
be a contaminant of the oalt seed and was sparsely but evenly distribubed
throughout the experimental area, Applications of ATA at all rates come
pletely killed the barley at the eight to ten inch stage. Beot stage
and headed stage treatments injured but did not kill the barley plants.
The following table summarizes the barley yield information,

Yield==Hannchen Barley

Growth Stage Average Yield

Treatment Rates/Acre Treated in Grams/Plot
ATA 1, 2, & b 810" 0
ATA 1, 2, & L# Boot, L, 0k
ATA 1, 2, & L# Headed 75.36
Untreated Check 97,61

Although ATA caused a reduction in barley yield, the later stage
treatments appeared promising for possible selective control of perennial
weeds with at least a partial crop yield. As a result, germination tests
were conducted in the greenhouse to check for possible effects on the
seed, The following table presents these germination percentages.

Germination==Hunnchen Barley

Growth Stage Average

Treatment Rates/Acre Treated % Germination
ATA 1# Bootb 23.0

ATA 2# Boot 25,1

ATA Li# Boot 16,1%

ATA 1# Headed 16.6

ATA 2# Headed 1,1

ATA Li# Headed 2, L
Untreated Check 95,8

The barley seed from ATA treated plots was greatly reduced in germie
nation., In addition, the few plants produced were gquire chlorotic and

stunted, with headed stage treatments the most severe,

These results

would discourage use of ATA in barley, particularly if grown for seed.

The results with ocats are quite promising and, I believe, point the
way for more effective and profitable control of Canada thistle in the

future,

HA##HH



SINGLE AND COMBINED EFFECTS OF HERBICIDES AND FERTTLIZERS ON THE
CONTRCL OF SPURRY AND THE YIELD CF
OATS

Lambert C. Erickson

Weed Investigations,

University of Idaho
Moscow, Idaho

In our earlier years as a nation, spurry, Spergula arvensis L., was
spoken of as a field weed of the "0ld World," common to England, France,
Germany and Scandinavia, in fact all of northern Europe. Growing in the
grain fields of England it was named corn spurry.

Sinze nearly all weed migrations to this continent are hidden in
ambiguity, one can only surmise that spurry arrived prior to 1700, possi-
bly with the Dutch, English, French, or Swedish settlements or possibly
with the Pilgrims, Who knows,

We do know that it has plagued the north Atlantic states for several
generations, In 191l Ada Georgia wrote in Manual of Weeds, "So rapid is
the growth of this weed that a field of young turnips or carrots may be
swiftly smothered by it." And, peculiarly, it does the same thing today!

Further, Ada Georgia said, "“Among crops in which hand hoeing is
impracticable; a S=percent solution of copper sulfate, applied when the
plants are about half grown or even in first bloom will prevent seed
production,™

So almost exactly LO years later we find spurry also generally dis-
tributed throughout the upper north central states and in localized con=
centrations in the western states. In Idaho alone there is an infestation
covering about 50,000 acres, FEach year there are several new small in-
festations quite remote from the generally infested areas, This could
be a caution sign of the potential future problem.

Our studies on the germination and growth show that spurry is best
adapted to an acid soil,

Present observations show that our infestations are limited to acid
soils ranging from pH 5.0 to 6.5, Our greenhouse studies indicated that
spurry growbth decreased progressively as the soil pH increased. This
indicates that it may never be a weed of any consequence in soils approach-
ing a pH of 7 or greater. Precisely we had 12, 22, 31, and L5 centimeters
of growth after 12 weeks in soils ranging in pH 8., 7.4, 6.4, and 5.8
respectively,

Germination of the preceding years crop will range from 7 to 15 pere
cent by midwinter, The small black seeds seldom germinate from soil
depths exceeding % inch. Field counts show that dense stands produce
100 to 1,000 seedlings per square foot., Accordingly, such stands are
the result of a soil seed infestation of 2,400 to 24,000 seeds per square
foot of furrow slice 6 inches deep, assuming 100 percent germination in
the upper % inch of soil. Actually, we have found seed concentrations
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approaching 70,000 per 1/2 cubic foot of soil. Under field conditions
germination continues throughout the first half of the growing season,
At this point the early plants are in blossom and all of them continue
to grow, mature, and shatter seeds until killing frosts arrive., Con-
sequently seeds are produced in such abundance that the soil surface may
be completely covered, giving a blackish coating to an otherwise light
colored soil,

Between the era of Ada Georgia and the present little has been learned
about better methods to control this weed. Farmers learned a few years
ago that the conventional 2,4-D post-emergence applications were ineffec-
tive. The germinating seed is sensitive to 2,4-D, but the seedling
becomes suddenly resistant. The naturs of this sudden resistance has not
been determined. The thick cuticle may be a dominating factor. Korsmo
in his Anatomy of Weeds notes, "several layers of thick walled strengthen-
ing cells exterior to the vascular tissues." The latter may also be a

factor, Whatever the nature of this resistance, it is sudden and spectac-
ular,

Ada Georgia noted the "sudden smothering effect,” which spurry has on
associlated crop plants., We have noted that this factor is pronounced on
tall growing oats while scarcely evident on low growing dutch or alsike
clover. We suspicion a selective toxic root exudate but this remains to
be investigated.

After observing the spotted nature of spurry infestations we filled
greenhouse benches with four soil types ranging in pH from approximately
5 to 7.5, The growth response of spurry to these soil types is illustrated
in the following diagram,

Figure 1. The growth of spurry in 4 scil types.
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The growth performance shows a distinet preference for the more acid
soils, Its persistance in an alkali soil with or without crop competition
is questionable.

The following field study was conducted at Donnelly, Idaho, on an
irrigated granitic alluvium soil having a pH of approximately 5.5. The
experiment was designed to test the effects of two variables; herbicides and
nitrogen fertilizer,

The land was spring plowed, followed by disced in applications of am-
monium nitrate at 0, 20, 35, and 70 pounds per acre, A smooth seed-bed
was prepared and sown to Overland oats,

On the following day the herbicides were superimposed on all the
different nitrogen rates., This equaled: ) ’ -

i nitrogen rates x 3 replications = 12
L herbicides x L rates x 3 replications = L8
or 576 plots,

To avoid a mass of figures, the data hereafter have been reduced to
show the average performance of each herbicide as influenced by each nie
trogen rate. Further, the data hawve been catagorized to show the influence
of time on the results obtained, I believe that most of you will agree
that readings and observations made a few days after treating are valuable,
but data obbained as we approach harvest is of much greater value., It
is the evaluation the user ultimately places on the product.

Table 1. The average effectiveness of l herbicides on the stand (% soil
surface covered) of spurry in oats L and 8 weeds after treating.
(Pre-emergence applications)

{ A7, Tate Rate OF N1tropen 1h 105/ K.

W Herbicide per acre 6] 20 35 0 Av,
E "Check 0 23.0  L6.0 33.0  32.0 33
E 2,L~D % 1bs, 1.7 1.8 1.9 2.3 1.9
K PE 5 qts. 1,0 2.0 1.0 1.0 1.3
S _MCPA 1% 1bs, 0,2 0.6 0.5 _ _0.5 _ 0.k

Ay, T TTTTEET TS T ey TIZE T TS ET T T T
W Check 0 56 50 o) 5T 78
£ 2,L-D 15 1bs, 1L 18 31 9 18
K PE 5 gbs. 6 11 3k 9 15
S MCPA 1% 1bs. 8 5 7 2 5
TEi.TTTTTTTEETETEETET ZTTTITTTT W T TR T T T

In brief the data show the following:

1., That spurry is extremely efficient in wtilizing available nitrogen.

2. The spurry cover had increased 2 to 3L fold between the L and 8
week interval,

3. That MCPA maintained its position as the most effective herbicide,
and that the alkanol amine salts INOSBP and 2,li-D were of egual
effectiveness,



1t was conspicuous that the nitrogen applications consistently in-
of spurry. This was especially distinctive between

creased the growth

the check and the 20 pound rate,

The plots were later harvested to deter=

mine the interrelated effects of spurry control and nitrogen levels upon

the yields of oats,

Table 2. The effects of L pre-emergence herbicides and L nitrogen rates
on the yields of oas (bushels per acre).

Av, rate Rate of Nitrogen in Pounds Per Acre
Herbicide per acre o 20 35 70
Check 0 33 29 36 3k
PE 5 qts, 31 L2 68 h1
2,4-D % 51 L9 66 61
MCPA % L8 5L 75 77
Av, L1 L3 59 53

These data show that the highest yields were obtained with 35 pounds
of nitrogen per acre, and that the MCPA treatments were most consistent
in increasing oat yield. Actually the most satisfactory treatment applied
was 2 pounds of MCPA and 35 pounds of nitrogen per acre, This combination
yielded 91 bushels of oats per acre and resulted in approximately 98
percent spurry control.

Finally, what are the possible profits that can be gained from spurry
control., In addition to the benefits of just plain weed control for the
sake of cleaner fields, easier and more economical harvesting, and re=-
duced dockage, what is there to gain?

Figuring the oats at $L0 per ton, this gives a gross income of $20
per acre for the non-~treated check which ylelded 33 bushels per acre.
From the remaining treatments there must be subtracted the cost of the
nitrogen, or the herbicides, or both; what ever the additional production
costs might be. The following table shows the approximate returns from
each treatment.

Table 3. The average gross returns per acre, after subtracting the
additional costs of nitrogen and herbicides.

Av. rate Rate of Nitrogen in Pounds Per Acrs
Herbicide per acre 0 20 35 70
Check 0 $20 “$15 $18 $12
PE 5 gts, 9 13 26 6
2,L=D 1% 1bs. 28 2h 31 23
MCPA 1% 1bs. 2l 25 35 32

The results show that the pre-emerge dinitro compound with 35 pounds
of nitrogen gave a net increase of $6 per acre. All the 2,l=D and MCPA
reatments were profitable giving gains of $4 to $15 per acre. The



greatest profit obtained from any treatment, was obtained using 2 pounds
of MCPA combined with 35 pounds of nitrogen per acre., This yielded a

net gain over the non-treated check of approximately $23 per acre. In
other words this treatment more than doubled the income of the non~treated
check., Does weed control pay?

i
GERMINATION STUDIES WITH WILD OAT SEEDS

L. O. Baker & D, H, Leighty
Montana State College
Bozeman, Montana

Wild cat seeds were collected from several locations in the fall of
195}, These seeds differed considerably in color and in the amount of
dormancy they possessed. In fact considerable variation occurred in
individual samples. Pubescence differences were difficult to observe
because most had been threshed clean. In most cases seed was limited
which in turn limited germination tests made, It was determined that cone-
siderable differences existed between various seed lots in the dormancy
they possessed,

Table 1. Source of wild oat seeds used in this study.

Sample Number Location of Seed Source

1 Bozeman, Montana

2 Bozeman, Montana

i Fairfield, Montana
5 Choteau, Montana
6
7
8
9

Valier, Montana
Bozeman, Montana
Williston, North Dakota
Moscow, Idaho

10 Logan, Utah

11 Stavely, Alberta

12 La Combe, Alberta

1L Fargo, North Dakota

17 Pullman, Washington

19 Regina, Sask.

22 Fort Collins, Colorado
23 Corvallis, Oregon

2L Logan, Utah.

Seeds from each source was planted in 1955 so that uniform climatic
conditions were secured. It was found that considerable differences also
oceurred between vegetative characteristics. Plants differed in leaf
size, growth habit, heading date, height and ripening date. Several
pounds of seed were harvested for future testing.

There are numerous accounts of instances where sod fields have been
plowed up after many years, and wild oats appeared, presumably from seed

- in the soil. We have usually blamed the seed used for the first crop after

breaking, or manure or some other source for the contamination, It does
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noet seem possible that a wild oat seed with the poor seed cover it
possesses could exist for any length of time against soil micro-organ=-
isms attempting to decompose it. However, it seems that there are too
many accounts of wild oats living in the soil for long pericds of time
to discredit them. Consequently one of the first tests undertaken was
to initiate a study to determine just how long wild ocats can remain in
the soil, Accordingly 100 seed samples of the most dormant strain avail-
able (No0.9) were enclosed in Lumite plastic (32 x 32 open weave) screen
and buried at 2,6, 12 and 18 inches under a blue grass sod and in a
cultivated area, Three replications were used and enough samples were
provided so that they could be removed during each of the 5 succeeding
years.

Samples were removed during each of the last three years and the
results shown in the following table were secured.,

Table 2, Wild oat seeds recovered from samples buried in Bozeman silﬁ
loam soil at wvarious depths for 1, 2 and 3 years, Bozeman,
Montana.

No, of seeds recovered of 300 buried at each depth
under each condition ’

Depth in 1 year 2 years 3 years
inches Sod  Cultivated Sod Culitivated Sod Cultivated
2 171 137 88 19 Lo L
6 182 149 116 28 L3 1l
i2 184 126 112 L5 58 1l
18 170 120 90 39 39 8

These results show that after one year 59 percent of the 300 seeds
under sod, and L5 percent of those under the cultivated area were recoverw
ed, The others had either decomposed and/or germinated, Differences
between depths were not large., Twenty one percent of those under sod and
25 percent of those under cultivated area germinated when dug up, The
seeds that did not germinate were not tested for viability, but it is
agsumed they were viable, but dormant.

After two years 3L percent and 11 percent of the buried seeds were
recovered of which 37 percent and 63 percent respectively germinated.
The ungerminated seeds were hulled and the endosperms pricked after which
almost all of them germinated indicating they were still dormant prior
to the pricking and hulling,

Three years of burial left only 15 percent of the seeds buried under
sod alive., Only 3 percent of those under cultivation were alive., Of
those recovered 52 percent of those under sod and 58 percent of those
under cultivation germinated., Almost all the remaining seeds were in-
duced to germination by hulling and pricking thus indicating viability.

Tt is not uncommon to f£ind 15 to 20 bushels of wild ocat seed mixed
in the soil., Seventy bushels have been reported. While only 15 percent
of the seeds were alive after 3 years under sod it still leaves 3 bushels
if 20 were there to start with., Three bushels are ample to provide rather
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effective competition to crops if they followed a sod crop, This test
will continue for two more years,

Our aim in studying wild ocats has been to discover the factors that
affect dormancy and if possible to make practical application of the
information in controlling this weed, While no one has been able, as yet,
to determine what the inhibiting substance is, several investigators have
studied the problem., It was pointed out by Johnson in 1935 (5) that
primary seeds are much less dormant than secondary wild ocat seeds and
that tertiary seeds are most dormant of all, While all dormancy is
overcome with time it is possible to destroy dormancy in certain ways.

The easiest and also a fairly effective way to cause germination
of dormant wild oat seed is to moisten them with a .2 percent solution
of potassium nitrate and then chill them for 10 to 1L days at a temper-
ature of LO=45CF,

Atwood in 191L discovered that if he (1) ruptured wild oat seed
coats by pricking with a needle he was able to inerease germination from
35 to 65 percent up to 95 to 100 percent, In our tests we have also been
able to increase the germination percentage by pricking the wild oat seeds
through either the endosperm or the embryo. We have found that removing
the hull was an even more effective means of causing the wild oat seed
to germinate, Results of one test is presented in table 3,

Table 3. Effect of mechanical treatments on seeds from three wild cat

strains (L)

Strain and

av. % germ,

7 Ll 1
Seeds punctured with a needle through embryo 27 86 52
Hulls removed 5l 97 89
Hulls removed, caryopsis punctured il 99 93
Check (no hulling or puncturing) 1 35 1l

It is evident from these results that the hull plays an important
role in preventing germinabtion. However, it is also evident that some-
thing else is involved, because in no case have we been able to get strain
9 to germinate more than 50 or 60 percent irregardless of what we do with
it. There are other strains that do not respond even as well to hulling.

* We can theorize that the hull acts as a barrier against the entrance
of water or oxygen and in that connection holds the products of respir=-
ation in contact with the seed and thereby impairs the germination process.
It is also quite possible that there is a germination inhibitor in the
hull, We have demonstrated that the hull does not serve as a barrier in
keeping water away from the caryopsis. For the first several hours after
applying water dormant and non-dormant seeds absorb water at the same
rate, and it is not until the germination process actually gets underway
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that this rate of water absorption changes.

To test the theory that hulls serve as an oxygen barrier we have
germinated wild oats in various concentrations of oxygen from that in the
air to 80 percent. Increases have resulted with each increase in oxygen
concentration, An average increase of 17, 18, 21, and 23 percent resulted
from 50, 60, 70, and 80 percent oxygen concentrations respectively,

This agrees with results obtained by Bibbey (2) several years ago.
The discrepancy in our results is that all strains are not affected in the
same way., In fact strain 9, the same one that responded only partially
to hulling and pricking, did not respond by increased germination to
increased concentration of oxygen.

Elliott and Leopold (3) have shown that there is a substance that can
be moved from a dormant Avena seed to a non-dormant one that can prevent
germination of the latter., Our first attempt to accomplish this was
made by removing the hulls from three strains and then putting the hulls
around and over the naked caryopsis, Trealments and results are recorded

in the following table:

9 1t 12
Hulls loosened 5 bl 20
Hulls removed caryopsis covered with hulls L3 88 65
Hulls removed L6 87 71
Check (Intact seed) 3 3k 7

These results indicate a definite advantage to germination by remove
ing the hulls, With the caryopsis simply loosened inside the hulls a
considerable inhibiting effect remained. It is possible that the inhibit=
ing substance diffuse so slowly through the hull that when the caryposis
is removed from the hull it germinates before the germination inhibitor
can make its effect apparent. To test this theory non-dormant caryopsis
were placed inside the hulls from dormant seeds., Results did not sub-
stantiate the theory since they germinated as well as the non-dormant
check samples.

If this germination inhibitor is water soluble it seems logical that
it can be removed by washing. Several samples of a dormant wild oat
strain were washed in running tap water for varying lengths of time,
Results indicated a secondary dormancy was induced by washing and it was
not possible with the techniques employed to determine whether washing
had removed a substance that interfemed with germination., In other tests
we have not been able to reduce the percent germination of non=dormant wild
oat seeds by water extracts from dormant strains. Testing continues along
this line, ‘

Helgeson (6) recently reported stimulation of dormant wild oat seeds
by the use of gibberellic acid. In preliminary tests conducted in Montana
using gibberellic acid we have found considerable stimulation resulted
when dormant seeds were soaked in various concentrations of gibberellic



acid for 30 minutes, Results are given in table k4,

Table li, Effect of various concentrations of gibberellic acid on germin-
ation of wild oats, Bozeman, Montana

Concentration Average percent Average percent
in ppm germination after germination
10 days after 13 days
0 2l 26
1 26 31
10 50 52
100 6L 76

The most interesting result was the increase in germination that
occurred between the 10 and the 13 day., Another trial was initiated in
which concentrations were varied and soaking the seeds was compared to
placing dry seeds on blotter paper moistened with the gibberellic acid
solution,

Table 5., Effect of various concentrations of Gibberellic acid on germi-
nation of wild ocat seeds,

Wild oat Concentration Av, percent germination after--

strain in ppm 10 days 1, days 23 days
124 0 N 18 18
124 5 L3 52 55
124 10 L1 L9 53
124 100 50 77 88
124 1000 not soaked Ll 73 91
124 10 not soaked 25 3l 36
9A 10 soaked 0 0 1

Of particular interest was the increased germination with increased
time and the effect of gibberellic acid concentration on germination.
Soaking the seed was more effective than moistening the blotter paper.
The most dormant strain did not respond to gibberellic acid,

Our germination studies have shown that:

1. Genetic differences cause strains to react differently to
various treatments. Several factors may be involved. They
may act individually or collectively. Thelir effect may be
expressed in the embryo, the endosperm or the hull,

2. Dormancy in wild oats is overcome with time.

3. Wild oat seeds live longer under sod than in a cultivated
soil.
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Potassium nitrate plus chilling, removing the hulls
and/or rupturing the seed coat, increasing the concen-
tration of oxygen and the use of gibberellic acid
have all been helpful in breaking the dormancy in
wild ocats.,
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A NEW AFPROACH IN CEREAL WEED CONTROL

W, R. Furtick
Oregon State College
Corvallis, Oregon

Cereal crops have played the leading role in the development of
selective herbicides. Both in dollar volume and acreage, cereal crops
represent today's biggest weed control industry. The early work with
such selective compounds as sulphuric acid, iron sulphate, and dinitro
compounds was largely devoted to selective post-emergence weed control in
cereals. The first large use of selective herbicides was the spraying of
dinitro compounds for selective removal of mustard and other annual broad-
leaf weeds in small grains,

Since the introduction of the phenoxyacetic acid compounds 2,4-D and
MCPA, there have been no new developments in the selective control of weeds
in cereals. There are several reasons for the lack of change in the basic
weed control practices in cereal crops. The cost per acre of 2,4-D is so
minor that it is unlikely that new herbicides with the same high efficiency
could replace 2,4~D on the basis of price, Since 2,4~D can be applied in
low volume, at low dosages, under a wide range of conditions post-emergence
when the weed population can be assessed, it is difficult to find a superior
material.

In spite of the merits of 2,4-D for selective weed control in cereal
crops, this compound does have several disadvantages. There is danger of
drift injury to susceptible crops. This has caused lawsuits, legislation,
and hard feelings. The annual use of 2,4-D for the past ten years has
caused changes in the weed complex found in cereal fields. In some areas
grasses have become a major consideration as weeds in cereals. It is also
known that yield reduction is caused by competition of young weeds in
cereals prior *to the time they are killed with the normal 2,4-D treailment.
Although thes¢ are all good reasons why further work might be done to
replace 2;4-D, the major reason for such work has come about as a result
of new developments in cereal production.

The production of cereals, primarily wheat, in the Pacific Northwest
has been undergoing a number of changes. Trashy fallow has been adopted
in many areas subject to severe erosion. The trashy fallow system offers
excellent protection against soil erosion by wind and water, but it has been
ideal for the build-up of cheatgrass, Bromus tectorum. The seriousness of
cheatgrass as a weed in wheat has been magnified by another major change
in production. This has been the introduction of inorganic nitrogen
fertilizers for cereal production in both the summer fallow and the annual
cropping areas of the Northwest. The use of high nitrogen fertility has
also greatly increased the problem from many 2,4~D resistant weeds west
of the Cascade Mountain range in Washington and Oregon., This area has a
substantial acreage of winter cereals. The winter weed complex of the
west slope consists heavily of annual ryegrass, several annual bromes,
annual fescue, annual bluegrass, chickweed, dog fennel, and a variety of
other winter annuals., These weeds form a dense carpet in many of the wheat
fields and use much of the nitrogen during the nitrogen-short winter period.




The introduct ern fertilizer has brought about
the need for ancther - change 1 preduction. This is the need
for short-gtrawed, nigﬁm;J&lding wheats, The addition of high nitrogen
fertility on the west slopes of the Cascade Mountain

in range has caused
excessive straw height which has led to seriocus lodging. ZEast of the
Cascade Mountain range, in the drier areas of the Pacific Northwest, the
use of nitrogen has frequently caused so much straw growth that moisture
wasg depleted pricr to the maturity of kernels. This frequently results

in shriveled grain, The plaut breeders have been working on this problem
and have introduced short-strawed genetic material from Japan which has
been bred onto the high-ylelding wheats of the Pacific Northwest. Medium-
strawed crosses are already in commercial production chamnels, Extremely
short-strawed varieties are approacning release. Test work with the
short-strawed varieties has indicated where weed and disease problems do
not interfere with thelr production, they are capable of produc¢ng in
excess of one hundred bushels of wheat per acre. Under high fertility,
grasses such as ryegrass and cheatgrass overiop the short-strawed wheats
and seriously intefere with yield.

These changes in producticn practices necessitate a new approach to
cereal weed control. This was undertaken in early work by Mr. David E.
Bayer at the Pendleton, Oregon, Experiment Station. is work centered
largely around pre-emergence compounds that might selectively remove cheat-~
grass. Although his work was largely wunsuccessful, it did lead into exten~-
sive research by D. 0. Chilcote and D. G. Swan of Oregon State College
which produced new practices that promise to scive the knotty problems of
grass and broadleaf wesd control in short-strawed cereals,

The major portion of this work has been pre-emergence weed control;
however, recent work indicates the same practices can also be used
effectively post-emergence under many conditions. Although a variety of
compounds have been tested that were more or less effective for removal
of weedy grasses from wheat, ocats, and barley, the work has been narrowed
down to two basic chemicals, The cone that hasg been given the greatest
amount of werk is diurcan, known wunder the trade name Xarmex DW. This
material when applleu immedistely after péani#ng of winter wheat, oats,
and barley, has been selective on all varleties in four years of test
work. The weed control in western Oregon hag been consistent and highly
effective without any reduction in yield on a varlety of soil +y;up»
Recent work has indicated that pu&t”emeﬁgan“e applications can be made
effectively. The pre-emergence use of this material elimipates practlically
all weed problems in the three major cerseal crops and oat-veteh mixtures
for the producticn season without any detrimental residuss in succeeding
crops. The only major weed control problems not sclved are the control
of wild ocats and ripgut brome., BSince this practice has been thoroughly
explored for four years including state-wide off-station trials at a
large number of loeations throughout western Oregon this year, the chances
are good this will soon become an accepbed practice

The prcblem in eastern Oregon has been complicated by the lower
efficiency of diuron herbicide on cheatgrass, particularly where the
cheatgrass may establish a fairly extensive roct system before rain
occurs in sufficlent dguantity to carry diurcon into thes root zone. Work
by Dean Swan at the Pendleton Experiment Statioca has shown, however, that
cheatgrass as well as the other major weeds such as tarweed are quite
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sensitive to both pre- and post-emergence applications of Simazin and
related triazine herbicides. Simazin appears to be the most selective
on wheat. This material gave highly effective results last year and
appears equally promising in trials so far this year for selective re-
moval of cheatgrass in wheat. Trials in western Oregon also indicate
wild oats are quite sensitive to this material and there may be enough
selectivity under some conditions to remove wild oats from barley and
wheat, This work is still in the experimental stages and has not been
recommended for field use, Residue data are now being collected so
that application may be made for clearance under the Miller Amendment
to the Food, Drug, and Cosmetic Act for these practices, The new
approach in cereal weed control would appear to offer excellent promise
of solving problems brought about by the new approaches to cereal
production,

HttiA

PANEL ON WEED CONTROL IN FIELD CROPS

Panel Leader - L, 0. Baker
Montana State College, Bozeman, Montana

CONTROL OF WEEDY GRASSES IN SMALL GRAINS

R. N. Raynor
The Dow Chemical Company

The successful and widespread control of broad-leaved weeds in small
grains with 2,4-D has led to an awakening of interest in the control of
weedy grasses in those same crops, i1f indeed it has not actually increased
the acuity of the grass problem through reduction of competition in 2,4-D
sprayed fields. This may not be true of wild oat, the grass weed that is
probably more wide-spread and detrimental than any other occurring in
grain fields on the North American continent; but it is doubtless true of
cheatgrass or downy brome in the major wheat areas of the western United
States,

On the assumption that wild oats and cheat grass are the two species
of most interest to those attending this conference, discussing the proven
and promising methods, both cultural and chemical, for each of them
separately will perhaps be the most immediately valuable method of present-
ing the general subject. At the same time, the application of these
methods to other grass weeds will be apparent.

Cultural methods of alleviating the wild oat problem may be listed
as:

1. Use of clean seed - This is more of a prophylactic than a therapeutic
measure, since fields when once infested have a lot more seed in the soil
than would conceivably be planted, Soil screening measurements show as
high as 70 bushels of wild oat seeds per acre in old infestations.

2. Preplanting tillage with delayed seeding - Wild oat stand reductions
of 85 to 100 percent are attainable with this procedure., Till lightly
in early spring to aerate the soil and promote wild cat germination,
Tillage in this and later operations should be no deeper than 4 inches.
Till again to destroy seedlings when they are in the two or three leaf
stage.
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Pick a hot day to imsure & good kill. Seed as shallowly as is practiecal,
to promote early crop emergence., Heavier than normal seeding rates plus
fertilizer are helpful. An early-maturing variety of barley, seeded
heavily and fertilized, has been most successful,

3. Pre-emergence tillage -~ Shallow cultivation with a rod weeder, flexible
harrow, or drag harrow may be done before the crop sprouts are one-half
inch long.

4e Fall cultivation - The object here is to shallowly cover wild oat
seeds after they are fully dried out, so germination will be stimulated.

5. Crop rotation - Either row crops or forage crops will reduce seed
populations in the soil. At the same time, wild oats may be quite trouble-
some in early planted crops such as peas and sugar beets.

6. Fallowing - This is just an extension of the practice of early tillage
and delayed planting. Since wild ocats are not ordinarily as serious in
low-rainfall areas where alternate fallow and cropping is practiced for
moisture storage as they are in areas where precipitation is sufficient
for yearly cropping, fallowing obviously is effective. However, the
economics may be gquestionable where the practice is not necessary for
moisture storage.

Chemical control methods applicable to wild oat control in small grains,
and that have given some degree of success experimentally, are preplanting
soil applications, pre-emergence soil applications, and postemergence
spraying with systemic grass herbicides when wild oat seeds are in a stage
of maturity susceptible to having their viability impaired.

1. Preplanting - A4 wide variety of soil-active germinative toxicants

has been tested, generally as fall application on land to be spring
planted. Compounds tested include IPC, CIPC, EPTC, dalapon, endothal,
monuron, napthylphthalamic acid, CDAA, CDEA, 2,4-D, 2,4-D acetamide,
3,4-D, and chlorobenzoic acids., The general conclusions seem to be that
all of these compounds are most efficient when worked into the soil; that
certain of them are more efficient when applied in the spring and seeding
delayed than when applied in the fall; and finally the reduction in wild
oat stands is not consistently great enough to offset the hazard of crop
reduction from residues that may still be present at planting time. Appli-
cations in the spring of CDAA or EPIC with delayed seeding have been the
most promising of chemical treatments.

Since the compounds listed above are what may be described as germin-
ative toxicants, rather than seedicides, there is no reduction in the seed
population of the soil over that resulting from normal germination, and
so the benefits and economics of using any of them must be balanced against
the efficiency and economy of delayed seeding. The efficiency of preplant-—
ing chemical treatments would be greatly improved if a germinative stimulant
were available that would overcome dormancy and cause all buried seed to
germinate simultanecusly. So far, none have been discovered; although I
understand giberellins are heing studied for this purpose,

A pre-planting application of a seedicidal compound would appear to
have a better chance of success, and 1,2,4,5-tetrachlorobenzens offers
promise in this area of investigation. Properties, procedures, and results



will be presented in another panel at this meeting, so it suffices to say
now that 10 to 15 pounds per acre, worked into the surface 4 to 6 inches
of soil, will kill a high percentage of the dormant as well as germinating
wild oat seeds. However, there i1s some trouble with this compound from
residual toxicity to grain crops.

2. Pre-emergence - Most of the compounds tested as preplanting treatments
have been included in pre-emergence trials also, None show sufficient
selectivity to be worthwhile.

3. Postemergence - Maleic hydrazide, sprayed on an infested grain crop
when wild oats are in the early milk or full milk stage, at dosages of
1/2 to 1 pound per acre, will reduce the viability of those seeds by 95
percent or more.

Unfortunately for the commercial acceptability of the maleic hydrazide
treatment, the viablility of wheat, oats, barley, and flax is likewise im-
paired if they also are in the milk stage when sprayed. In Canadlan tests,
the 011i variety of barley was found to differ from wild oats sufficiently
in phasic development to permit a high degree of selectivity.

Dalapon, too, affects the viability of wild oat and small grain
seeds when sprayed on plants in the reproductive stage. The effect is
different than from maleic hydrazide, which inhibits germinstion., Dalapon
does not necessarily reduce percentage germination, although rate may be
retarded, but it does cause the seedlings to be abnormal and of low vigor,
with many not surviving past the coleoptile stage. Some affected seed-
lings may later recover, but their development is such that it is much
behind that of the crop.

Evidence so far accumulated shows that the timing in relation to
reproductive development is not as critical as with maleic hydrazide,
At dosages between 2 and 6 pounds dalapon per acre, the reduction in
numbers of normal seedlings is not greatly different for sprays applied
at late tiller, early boot, boot, early head, milk, or dough stages. Small
grains, including flax, are similarly affected at comparable stages, but
yields are not greatly reduced when spraying i1s done after they are in
the dough stage. Further experimentation on timing of spraying in
relation to development of wild oat and crop plants is suggested, using
rates in the range of 2 to 4 pounds per acre,

The increased abundance of cheat grass in wheat fields in the Pacific
Northwest and the Northern Great Plains has been attributed in part to the
decreased competition of broad-leaved weeds where 2,4-D is consistently
used. Stubble-mulch farming may also be responsible in part, since tillage
shallow enough to destroy cheat also tears out much stubble. (In a recent
summary of research experiences with stubble-mulch farming in the western
states, Zingg and Whitfield (U.S.D.A. Technical Bulletin 1166, October,
1957) state that "Cheatgrass or downy brome (Bromus tectorum) caused more
trouble than other weeds at locations where these studies were conducted.")
A poor job of subsurface tillage, especially if db ne when the soil is moist,
certainly permits survival of cheat grass. Least trouble was experlenced
in the studies reported by Zingg and Whitfield in semi-arid regions and
under an alternate fallow-cropping system. Most trouble from cheat occurred
in sub-humid to humid areas, and under continuous cropping. Under contin-
uous wheat, the most trouble occurred in years when insufficient rainfall
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When they
controlled

In additicn to the cbvicus applicaticn of thorough tillage on
summer fallow and in preparstion fo chemical methods show
promise. One such is zhemical L]

Although perhapﬂ no more effective tham tillage in controlling
cheat grass and cther weads, chemical fallow does offer advantages in
the way of fewer opsraticng and increased molsture storage., Herbiecides
being evaluated ineclude both residual and foliage-appiied systemic
types. Soil residual COK“OQﬁd” may have an advantage in that theoretically
a 51ngle applicaticn Sb@uld guffice for the season, but there is the
serious limitatlien that such @ompauna@ must be toxle to the crop in order
to control volunteer growth, and yet must be detoxified by the time the
next seeding is made a few months later,

Foliage systemics having transient scil residues offer less hazard
to the succeeding crop, and considerable aype?imeﬁtal work has been done
with combinaticns of dalapown and 2,4-D, and with amino triszmcle. One
properly timed spraying in the spring will generally take zare of cheat
grass and volunteer grain, but summer anpual bread-leaf weeds may require
one or two additionsl sprays of 2,4-0.

o

The second chemical method showi promise for control of chealt grass

and other sha ?1owmgwrmgqauawg weﬁdw the pre-emargence applleation of
monuron or simaszin., Work aﬁomg ; ne at th gon Agricultural
Experiment Station bas already b srbed Conference by W. R.

Furtick.
Ve e

WEED CONTRCL IN FURROW IRRIGATED COTTON

of Botany

Two points shot ring the use of chemicals
or special metheds ¢ ntTo ow irrigated cotton. (1) Mech~
anical sweep @@iulvat1‘~ g still the s single method of provmdﬂng
overall weed econtrol, g’ﬁ Chemicals and otb pecial metheds generally
will not do a thorough euuponﬁc al wead control Job by themselves and
should be considered only as supplements to normal sweep cultivatlon.

igite to good weed conbrol
Elimination of plant residues,

Good farming practices ar
regardless of tge mﬁﬁ b

s X v sted squipment - all are
esqentlal 1f ﬁood wved control is te b a\mampilﬁbed
Since mechanical eguip w:ﬂ atil L bhe g st control of
weeds in the irr igated southwest it sl iia ve the most

attentioa her Howe VQT alin Sher O Lﬁ;iuﬁ in how any
one of i mert E 2 futile
to ngge%t amv one *e»4 ﬂaJ i ”ﬂc;udey

however, some of *19 WUQJ plement
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extent. The Bye hoe and rotary hoe find some favor, and in the
West Texas area and southwest New Mexico, capping is quite popular,

Special methods of weed control which are finding more favor of late
and perhaps which should bepushed ¢ven more, involve the use of oils as
directed sprays on early cotton followed by flaming until layby. Non-
selective o0ils are directed on the cotton beds using care to prevent
them from contacting the apical meristem of the young cotton plants,
Later, flaming is used on the beds in the same manner, Thus, excellent
economical control of annusl grasses can be provided from the cotyledonary
stage until layby by combining these two methods. Cloddy soils, non-
uniform emergence, large perennial weeds and/cr poorly adjusted equipment
may limit the effectiveness of these operations,

Herbicidal control of weeds in cotton has shown little economic
promise to date except perhaps when used as a layby application, or
when used in spot treatments on certain perennial weeds,

Monuron has been recommended at 1-2 #/A rates in cotton at layby by
the University of Arizona for control of annual grasses, morning glory
and some other weeds. Research at the Shafter Cotton Station indicates
that diuron at similar rates, granular CIPC at 9 #/A or NPA at 6-9 #/A
provide good control of weeds. The value of the treatment is gained by
(1) eliminating 1 or 2 cultivations and (2) by preventing seed production
of subsequently maturing annual weeds. No increases in cotton quality
or yield due to control of late weeds by August 1 treatments were found;
however, improved cotton grades were found with July 1 treatments,

In areas of no summer rainfall, the value of layby applications is
directly dependent on irrigation management. Unless the beds are com-
pletely moistened, the chemicals will not be activated.

It should be noted that the substituted urea herbicides will leave
a residue which is toxic to winter-sown grains, an important considera-
tion in some cases.

Treatment of spot infestations of Johnson grass has been successful
in most research studies when dalapon, dalapon-TCA combinations and
fortified oils are applied in repeated applications to the Johnson grass
foliage. The fact that cotton plants sprayed with either dalapon or
0il will be injured or killed, limits this practice only to spot treatment.

In short, one can consider herbicidal control as a supplement to
normal mechanical weed control practices, but one must be aware of the
limitations involved. Ordinary sweep cultivation or directed oil
sprays must be relied on for the early part of the season, Flame
cultivation can be started when the cotton becomes 6-8" tall, and will
provide good control of annual weeds until layby.

R



BROADLEAF WEED CONTROL IN SMALL GRAINS
Lambert C. Erickson
University of Idaho

Moscow, Idaho

Effects of Crop Rotations and Cultivation

The role of land management, that 1s, crop rotation, use of commercial
and barnyard fertilizers, and fallow have in the past occcupled considerable
space in the literature on weed control. This was especially true of
Agronomy texts of 20 years ago. In brief these texts said, "crop rotation
is weed control." Farm management texts sald, "farm management is weed

control." And, thus ended the concrete detailed information on weed control.

I happily have some data on 11l crop rotations which have been contin-
uous for the past 42 years, at the University of Idaho. The weeds now
present reveal a bit of information on the subject although I am certainly
not prepared to say the results obtained would occur elsewhere. There are
three replications for each treatment under a upniform management system.
That is, the 3 plots in the wheat-oat-pea rotation are all in wheat in
the same year.

Table 1., The effect of 11 crop rotation systems on weed population after
42 years (Data from 41lst and 42nd year).

Rotation Crop sequence Total weeds per
square ft.
No, 1 W. Wheat-oats-manure 5T + peas 26.0
"2 W, Wheat-oats-peas 5.2
3 W. Wheat-cats-manure 5T + fallow 3.7
LA W, Wheat-oats~fallow 2.4
" 5 W. Wheat-cats-manure 5T 4 corn 5.5
w6 W. N. Wheat-N20# + cats-corn 2,6
" 7 W, Wheat-oats-corn 2.1
"1l W. Wheat-wheat-manure 57 + W. wheat 13.6
w12 Continuous W. wheat 11.3

Fanweed was the dominant rotations No. 1, 2, 5, 6, 7 and 11. Tumbl-
ing mustard was dominant in rotations 3 and 4, and henbit was dominant
in No. 11. Rotations with manure averaged 4 times more weeds than those
without manure. It further appears that fallow or cultivation aids in
weed control.

Table 2, The effect of 5 crop rotations on weed populations after 19
yvears (Data from 18th and 19th year).

Rotation Crop sequence Total weeds per
square ft,
No. 10 Alfalfa grass 4 yrs.-S. wheat 9.7
W. wheat-peas-wheat
13 Peas-wheat 11.4
w14 Peas-Sw. Cl.-S. wheat 15,0
W. wheat-peas-W. wheat
w16 Peas-alfalfa 3 yrs.- 12.9
W. wheat-W, wheat
w17 Sw, e¢l., grass 2 yrs.-S. wheat-N30# W, wheat 8.7

peas=-N20# W. wheat
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Fanweed was dominant in all of the 19 year rotations. As an
average the weed population is higher in this study where fallow has
been omitted from the cropping sequence. Data on the weed populations
in these rotations must be gathered for several more years conclusive
results,

Factors in Chemical Weed Control

Any partial review of the now massive literature, on chemical
weed control of broad leaved weeds in small grains, or any evaluation
of one's own results over the years, brings one to this substantial
conclusion., There i1s no one uniformly best; whether it be material,
rate, method or whatever category one may choose to name. This is
because of the multitude of ecological, anatomical, and physiological
variables which we have no time to develop here, Most difficult of
all is the constant mixture of weed species,

There are I believe a few principles which we can utilize in
selective control so soon as we know something of the 3 following factors:

1. The herbicide which you are going to use, Most commonly you
will consider these factors in reverse order,

2, The susceptibility of the dominant, the most detrimental, or
the most undesirable weed species; which do we wish to control?

3. The tolerance of the ecrop.

Theorizing now, that without weed competition your potential crop
yield is 100 percent. But, the estimated weed competition will reduce
your yield 50 percent to give you the following diagrams

Yield
100% Potential yield without weed
50% _____Estimated yield because of weeds _

Now we will construct another diagram to illustrate the probabilities
that may occur as a result of herbicide treatment. We know the followings

1. That herbicide toxicity is relative between weeds and crops.

2. That the amount of crop damage will depend upon how much we use.

3. And that the degree of weed control we obtain will depend on
the quantity we use.

Let us assume in this third instance that we wish to treat with
that quantity which gives us the highest crop yield., We will call this
quantity, "one herbicide unit.®™ We can't reach the 100 percent yield
because of our known herbicide damage to the crop. Furthermore, the
weeds have already lowered the potential yield. We also know that we
can't kill all the weeds, but we can do a relatively satisfactory job.



Previous experience in this hypothetical instance shows us that our
chosen Yone unit" of herbicide will in itself reduce the grain yield
10 percent and 2 units will reduce the yleld 25 percent. Previous ex-
perience shows us also that 1 herbicide unit will reduce the weed stand
93 percent, and 2 units will reduce the weed stand 98 percent.
From this background we can construct our final diagram,
Effects of units of herbicide on weed and crop stand
Crop and
Weed Stand
100%~
90 -
80 -
70 -
60 -
50 -
40 -
30 -

20 -

10 -

1/4 1/2 3/4 1 11/4 11/2 1 3/4 2

The diagram is self-explanatory. The indicated, "area of personal
preference™ may at times be much greater than that which I have indicated.
However, I believe the unit area indicated is rather average. Personally,
I tend to favor the high side because from experience it results in (1) a
reduction in highly erratic results, (2) a higher percentage of satisfied
users, and (3) a more stable weed control program.

HHH#HEH
RECOMMENDED WEED CONTROL PROCEDURES IN GRASSES AND LEGUMES
W, 0. Lee, Research Agronomist
Crops Research Division, A.R.S., U.S.D.A.
Oregon Agricultural Experiment Station
1. Seedling Grasses and Legumes

Management - In planting small seeded grasses or legumes special
attention should be given to make conditions as favorable as possible



II.

for a rapid development of the crop species, Proper land preparation,
fertilization,.etc. cannot be emphasized too greatly. Any practice
that will speed up the establishment and growth of these small seeded
crops will aid in solving weed problems.

Chemical Controls

a. Seedling grasses - For control of susceptible broadleaved weeds
in seedling grasses, the amine or sodium salts of 2-methyl-4-
chlorophenoxy acetic (MCPA) or 2,4-dichlorophenoxy acetic (2,4~D)
at rates of 1/2 to 3/4 pound per acre can be used with safety if
applied 6 to & weeks after emergence of the grasses. Bentgrass
is an exception and should not be sprayed with these herbicides.
Treatments should be made while the weeds are small and growing
rapidly,

b, Seedling legumes - For control of seedling broadleaved weeds in
legumes or in legume-grass mixtures, apply the amine salts of
dinitro-secondary-butyl-phenol (DNBP) at rates of 1.0 to 2.0
pounds in 30 to 40 gallons of water per acre. This treatment
can be applied without serious injury to grasses or legumes if
made at the time the legumes have four or more leaves. When
high temperatures and humidities prevail, use the lower rate of
this material,

New materials which show considerable promise as pre-emergence

appl ications for control of weedy grasses in seedling legumes are:
2-chloroallyl diethyldithiocarbamate (CDEC), 2-chloro-N, N-diallyl-
acetamide (CDAA) and ethyl-N, N-di-n-propylthiocarbamate (EPTC).
Rates of application range from 2 to & pounds per acre, Promis-
ing materials for post-emergence control of certain broadleaved
weeds in seedling legumes are: 4-(2,4-dichlorophenoxy) butyric
acid (4-(2,4~DB) and 4-(2-methyl-4-chlorophenoxybutyric) acid
(4~(MCPB). Rates of application range from 1.0 to 3.0 pounds

per acre,

Established Grass - Legume Hay Mixtures.

Management - Meking conditions favorable for growth of the crop plants
can-be very effective in controlling certain perennial weeds, Fertiliza=~
tion, timely cutting of the hay crop, irrigation, etec., can do much to
prevent the spread of certain perennial weeds and may even result in
their reduction or elimination, Most annual weeds can also be control-
led or at least reduced by such practices.,

Chemical Control - Several chemicals are being used successfully for
control of annual weeds in legumes and grasses hay crops.

a. Weed control in perennial grasses =~ Chemicals being used for weed
control in perennial grasses are: 2,4-D at rates of 1/2 to 1
pound for control of broadleaved annusl or perennial weeds, fall
application of isopropyl-N-phenylcarbamate (IPC) or isopropyly-N-
(3-chlorophenyl) carbamate (CIPC) at rates of 2 to 3 pounds per
acre for control of weedy grasses or certain broadleaved annuals
as chickweed and dormant season application of 3-(3,4~dichlorophenyl)-
1, 1-dimethyl urea (diruon) at rates of 1.0 to 3.0 pounds per acre
for control of all annual weeds,

85
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b. Weed control in established legumes -~ Chemicals being used for weed
control in legumes are: dormant season applications of IPC and CIPC
at rates of 3.0 to 6.0 pounds per acre for control of weedy grasses,
dormant season applications of diuron to alfalfa at rates of 1,0 to
3.0 pounds for control of all annual weeds, spring applications of
2,2-dichloropropionic acid (dalapon) at rates of 6 to & pounds
for control of weedy grasses, and DNBP at rates of 2.0 to 3.0
pounds applied in the winter, spring or summer (after removal of
a hay crop) for control of annual broadleaved weeds. Chemicals
which look promising for weed control in legumes are: 4-B,4-DB)
and 4-(MCPB) at rates of 1.0 to 3.0 pounds for control of certain
broadleaved annual and perennial weeds and disodium 3,6-endoxohexa-
hydrophthalate (endothal) for control of annual grasses.

Established Grass-Legume Pastures,

Management - Good cultural practices will do much to control weeds
in pastures. Fertilization, grazing management, clipping of weedy
growth, etc., should be emphasized in any pasture program.

Chemical Controls - Where weeds persist even under good management,
applications of 2,4-D at rates of 0.5 to 1.0 pound will control most
broadleaved weeds without too much injury to Alsike, ladino, and white
clover. Such treatments may cause severe injury or even ergdication
of most other legumes. Applications should be made in the late spring
after the legumes have made their original rapid growth but while the
weeds are still small. Where certain perennial broadleaved weeds

are present, a spring and fall application each year may prove to be
much more effective than a single treatment,

4~(2,4-DB) and /4-(MCPB) at rates of 1.0 to 4.0 pounds also shows con-
siderable promise for control of certain broadleaved peremnial weeds
infesting pastures.

Established Grass or Legume Crops for Seed Production.

Chemical Controls - For control of annual and perennial broadleaved
weeds in grass seed crops, apply 2,4-D or MCPA at rates of 0.5 to 1.0
pounds per acre, Applications should not be made at the early seedling,
boot or early heading stages of growth. Bentgrasses are sensitive

to these chemicals and thus they should not be used unless a crop
failure would result without treatment.

In the Pacific Northwest fall applications of IPC, CIPC and diuron

at rates of 2.0 to 3.0 pounds per acre are being used for control of
weedy grasses and some annual broadleaved weeds in perennial grass
seed crops. Timing is of great importance since treatments made after
the first of November have caused reductions in seed yields and may
cause the loss of the entire seed crop if delayed much beyond this
date. Grass species differ in their response to these chemicals and
thus the tolerance of specific grasses to specific chemicals should
be known before making applications. For weed control in legumes IPC,
CIPC, DNBP, dalapon and diuron are being used. IPC and CIPC are
applied during the dormant season at rates of 1.0 to 4,0 pounds for
control of weedy grasses and certain broadleaved weeds., They are
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especially useful where winter annual weeds are a problem., DNBP can
be applied at rates of 1.0 to 3,0 pounds during the dormant season,
early spring or following removal of a hay crop for control of annual
broadleaved weeds, At the present time diuron is being used only

on alfalfa and should be applied at rates of 2.0 to 3.0 pounds during
the dormant season, Delapon is applied at rates of 6.0 to 8.0 pounds
in the early spring soon after the grasses emerge or while they are
still in the seedling stage.

Many of the recommendations covered in this paper apply to control

of weeds in particular areas of the western states and cannot be

given wide spread application without the consideration of many factors,
Thus treatments should not be made unless recommended by the state or
extension agencies in your area.
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PANEL ON WEED CONTROL IN RANGE LAND

Panel Leader - H. Alley
University of Wyoming, Laramie, Wyoming

PERENNIAL WEED ERADICATION BY TILLAGE

C. I. Seely
University of Idaho
Moscow, Idaho

Cultivation is one of the oldest and yet one of the most useful
methods of perennial weed eradication. Cultivation has a number of ad-
vantages as a method of eradicating creeping perennial weeds. Perhaps
the three most important are: (1) the relatively small amount of cash
money required, (2) it uses equipment generally available and familiar
to the farmer, and (3) the procedure is simple and sure. Probably the
greatest disadvantage of cultivation is that it predisposes the soil to
erosion and much of this disadvantage can be eliminated by proper manage-
ment.

Basically the principle involved in weed eradication by tillage is
killing the weed by starvation., In order to most efficiently do this we
attempt to (1) prevent food manufacture for plant use and (2) speed up
the use of foods already stored in the roots by encouraging growth,

Five questions are usually asked about cultivation as a method. These

are: (1) when should cultivation start? (2) how frequently should
cultivations be made? (3) what depth of cultivation should be used?

(4) how late should cultivation be continued in the fall?; and (5) how
long will eradication take? FEach of these questions will be discussed
briefly. It should be mentioned, however, that while cultivation tests
have been run on all five of the weeds being discussed here, that is Canada
thistle, Russian knapweed, bindweed, leafy spurge, and white top, the tesis
on leafy spurge are not comparable to the others and hence little will be
said about this species,

Many tests have shown that the sooner cultivation is started the sooner
the kill is obtained and the number of cultivations is not materially dif-
ferent irrespective of when 1t is started. As a consequence, cultivation
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should be started as soon as the land is available which normally is as
soon as the crop is harvested, A realization of this fact would improve
most cultivation programs more than any other single thing since it would
frequently reduce the period of cultivation by as much as a season,

The best frequency cf cultivation is determined by many factors but
theoretically the closer one can come to the point where the reserve food
is at its lowest level the less cultivations will be required for eradica-
tion., The time required to reach this low point, however, is a variable
since it is influenced by *temperature, moisture, day length, species,
depth of cultivation and reserve food supply. This makes it practically
impossible to always cultivate at this time. In general, however, the
point of lowest reserves on these weeds has been about 12 days after first
emergence at the narrowest, and tests have shown that cultivations based
on this frequency have generally resulted in the least culiivations being
regulred for eradication. Usually this frequency has also reguired the
least time for eradication although getting the frequency too wide has
more effect on the time required for eradication than it does on the
number of cultivations., It is primarily because of this latter factor
that recommended frequencies are generally narrower than might be con-
sidered ideal., Different species have different growth rates and hence
require varying periods of time for emergence., This mskes the ideal
frequency vary from species 1o species., Frequency of cultivation tests
where the frequencies were spaced at 7-day intervals have been run under
comparable conditions on bindweed, Canada thistle, Russian kanpweed and
white top, and these tests have shown that the best frequency for bindweed
was between 14 and 21 days, for Russian kanpweed 21 days, for Canada
thistle between 21 and 28 days, and for white top 28 days. Since constant
frequencies based on a multiple of 7 days are much easier to handle than
variable frequencies, most recommendations call for elther 14 days on all
species, 21 days on all species, or 14 days on bindweed and 21 days for all
others. Either the first or third alternatives are to be preferred since
with intervals of every 21 days the margin of safety on bindweed is so
small that this frequency normally does not give satisfactory results.

The problem of depth of cultivation is relatively simple since tests
have shown that although less cultivations are required for eradication with
deep tillage the time required for eradication rises materially as the depth
is increased and this combined with the high cost of deep tillage makes deep
cultivation impractical for general use., Generally for the cheapest and
quickest eradication, cultivations should be made only as deep as is
necessary to do a thorough job with the implement being used. Where deeper
than normal cultivations are used the frequency of cultivation may be
widened to allow for the slower rate of emergence. Theoretically the
frequency may be widened 2 days for each inch of depth greater than 4 inches,

The problem of how late in the fall cultivation should be continued
has not been adequately studied. However, the studies which have been made
and field observations indicate that cultivations should continue to within
at least one month of the end of the growing season for that particular
weed and that stopping too early is a frequent source of trouble.

The period of time required for eradication of these gpecies is a
variable depending largely on (1) the amount of stored food in the roots,
(2) growing conditions, and (3) the thoroughness of the cultivation job,
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and hence only general statements can be made. From tests which have been
made, the period of time for a complete kill of all the plants is about

as follows: Canada thistle 1 to 2 seasons, Russian knapweed and leafy
spurge 2 seasons, and bindweed and white top 2 to 3 seasons. It should be
mentioned that by spot treating the few remaining plants with a chemical
such as sodium chlorate the period of eradication can frequently be
materially shortened and sometimes by as much as a season.

Cultivation as a means of weed eradication well fits into the present
farming situation and this no doubt contributes to a renewed interest in
this method. With acreages of many surplus crops being reduced, the re-
moval of the infested acreages from production and the placing of these
areas under good weed control measures seems to be an excellent management
practice both from the standpoint of the present and the future. The
small amount of cash outlay required by this method is especially appealing
when farm incomes have been reduced by both reduced acreages and reduced
income per acre. As a consequence of these two factors it would appear
that further increases in interest in cultivation as a weed eradication
method may be anticipated,

L

SELECTIVE CONTROL OF PERENNIAL WEEDS WITH HORMONE-TYPE HERBICIDES -~
DALAPON AND AMINO TRIAZOLE

W. R. Furtick
Oregon State College
Corvallis, Oregon

A discussion on control of deep-rooted herbaceous perennial weeds
would not be complete without mention of methods where herbicides may be
used at the same time a crop is raised in the area infested. The control
of perennial weeds without serious interruption of crop production has
been made possible primarily through the introduction of the hormone-type
herbicides 2,4~D, MCPA, and 2,4,5-T. This has been due to the selectivity
these materials exhibit towards the grass family which permits their use
in such crops as the small grains, corn, and grasses, Unfortunately,
most of the deep-rooted perennial weeds are not readily killed by a single
application of these selective herbicides. A carefully planned program for
their use is needed to get the maximum reduction in the primary weeds
under discussion, In many ways, the use of the hormone-type herbicides
ig closely related to cultivatlion or mowing since they aid in carbohydrate
reduction in the root systems, In other words the chemicals act in one
sense as a means of chemically mowing the weeds. That is why generally
the use of these materials is suggested at the time the plants reach the
bud stage., This is the stage at which depletion of carbohydrate re-
serves in the roots has progressed to the maximum. The use of chemicals
in most cases, however, also gives a certain amount of root damage, which
is an additional benefit over carbohydrate starvation alone., Similar to
carbohydrate starvation, however, the use of selective herbicides must be
carried out on a planned schedule to prevent the weeds from recovering
and bringing their reserves back up to an improved level, There are
several systems that may be used to accomplish this, but the method will
be dependent on the growth habits of the individual weeds., Many of the
weeds will recover enough to send up new growth during the summer or fall.
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Maximum damage can be done to these species by using more than one spray
per year. This can be accomplished by spraying the regrowth in the crop
stubble after harvest. In all cases 1t is necessary to plan the program
so annual treatment can be given the perennial weed patches either with

chemicals or other control methods.

Some of the perennial weeds are more sensitive to newer materials,
such as amino triazole and dalapon. This presents a real problem in selec-
tive weed control because these materials are not selective on most crops.
Fortunately they can be used selectively in crop production because of
their short residual life in the soil. This is particularly true of amino
triazole, Research indicates that if it is applied a week or two before
plowing and seed bed preparation, it is highly effective in killing or
injuring many of the perennial weeds, both the broadleaf types like thistle
and grasses such as quackgragss., There will not be soil residues to injure
the crop planted,

Dalapon has been found highly effective as a pre-planting treatment
in much of the Midwest on grasses, It is used in the spring as soon as
quackgrass has six to eight inches of new growth. Two weeks after treat-
ment, the land is plowed and prepared for seeding. In most cases an
additional 2-3 weeks 1s allowed after plowing to permit the dissipation of
dalapon residues. The more tolerant crops such as corn, beets, oats, and
a number of vegetable crops may then be planted. These chemicals offer
concrete means of reducing the population of serious perennial weeds on a
farm,

With any chemicals, a planned approach must be carried out to keep the
plants from ever getting a chance to recover and to prevent seedlings from
buried seed to re-establish the infestations.

it

CONTROL OF PERENNIAL WEEDS BY
COMPETITIVE CROPPING AND CULTURAL MANAGEMENT

Jesse M, Hodéson, Research Agronomist
Crops Research Division, ARS, USDA, Bozeman, Montana .

Perennial weeds can be controlled and eradicated by competitive crop-
ping and cultural management even without the use of chemicals, Several
researchers (3)(4)(7)(8) have demonstrated the effectiveness of certain
crops and the necessary cultural management in control and eradication
of perennial weeds such as Canada thistle, field bindweed and others.
This fact is often overlooked in this day of increasing emphasis on weed
control with chemicals. This report will deal specifically with field
bindweed (Convolvulus arvensis L.), leafy spurge (Buphorbia esula L.),
Canada thistle (Cirsium arvense L. (Scop.)), and whitetop (Cardaria draba
(L.) Desv.). Some of the principles of competitive cropping and cultural
management will be discussed in relation to their control.

Competitive crops have growth habits that make effective use of their
environment to the disadvantage of a particular weed. They are often called
smother crops (6). These crops have important characteristics such as ex-
tensive root systems, vigorous dense topgrowth, rapid development, and
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ability to become established,

Cultural management includes the timely performance of all practices
necessary for the best growth of the crop and for the greatest interference
with the growth of the weed. The cultural operations such as plowing,
fertilizing, planting, cultivating, mowing, spraying, etc. are therefore
planned to accomplish this,

An understanding of the growth habits of the roots and annual shoots
of perennial weeds is of primary importance in developing the best cultural
management and competitive cropping program. Apparently very few formal
studies of growth habits of these perennial weeds have been made (1).
However, some information has been gathered in connection with other studies.

Field Bindweed

This weed begins emergence much later in the spring than whitetop,
leafy spurge and usually slightly later than Canada thistle. It makes its
most vigorous growth in our western area during the warmest part of the
growing season (7).

The most effective competitive crops found to combat this weed are
fall sown cereals and vigorous summer crops. The fall sown cereals have
the advantage of prior establishment of a heavy competitive growth before
the emergence of bindweed shoots. The summer crops are managed so that
they effectively compete with the bindweed,

Experiments conducted by Timmons in Kansas from 1936 to 1945 (8) showed
the effectiveness of these two types of crops. Some of his data is shown
in table I. In all of the treatments listed, cultivation was performed
every 14 to 21 days for the remainder of the growing season following crop
harvest or before planting as designated in the table. Eradication of
bindweed was obtained in 2-4 years depending on the amount of cultivation
the first year. Winter wheat, sorgo and sudan grass were effective compe~
titive crops under conditions of this experiment., The advent of 2,4-D has
provided another control measure which supplements competitive crops and
tillage in bindweed control but does not replace them., 2,4-D should be
applied at 3/4 to 1 pound per acre in cereal erops for control of bind-
weed. Cultivation or spraying again between harvest and planting the
crop are necessary in eradication of this weed,

Leafy spurge

The annual shoots of this plant emerge very early in the spring and
grow rapidly during cool weather (2). In a study of various control
measures in Montana, Krall (5) reported that good competing crops were
essential to obtain favorable results with 2,4-D spraying. Table 2 con-
tains data showing the most effective treatments he found. Winter wheat
was more effective than spring wheat or barley in this experiment., The
cultivations were made 10-14 days after emergence of new shoots each time
and are considered an important part of the cultural treatment in control-
ling leafy spurge on crop lands.,

Whitetop

Whitetop was one of the first plants to begin growth in the spring
in southwestern Idaho (3). This weed grows rapidly during the cool spring
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weather and usually causes serious yleld losses in early spring sown annual
crops. The combination of competitive crops, 2,4-D spraying and tillage
were tested in Southwestern Idaho for control of whitetop. Several of the
combined treatments were effective, some giving eradication.

Table 3 lists results of some of the treatments., Spring wheat cropping
alone did not control whitetop. However, the use of 2,4-D spray in the
spring wheat crop caused eradication of whitetop in 4 years. 2,4-D spray-
ing alone without cropping did not give as good kill of whitetop in the 4
year period,

Silage corn also proved to be an effective competitive crop when com-
bined with 2,4-D spraying,

One of the big advantages to using silage corn in the control of
whitetop is the difference in growth habits of the two species. White-
top was found to begin growth very early and make its maximum growth during
the cool spring weather before corn can be grown, Also the high tempera-
tures of the summer under which corn makes its greatest growth result in a
slow-down of whitetop growth. Cultural management in this situation allows
2,4~D spraying and/or cultivation of whitetop before corn is seeded. One
of the better control methods of whitetop that has developed because of
these growth characteristics consists of allowing whitetop to begin growth
and proceed to the early bud stage. 2,4-D at 2 pounds per acre is applied
at this time (usually early May)., The ground is plowed 10-14 days later
and the corn, or late barley, is sown. As shown in table 3 almost complete
eradication of whitetop was obtained with this cropping and cultural manage-
ment procedure,

Canada thistle

Canada thistle begins growth later in the spring than whitetop and
leafy spurge, but earlier than field bindweed., It mskes rapid growth
after emergence and has the abllity to grow tall and is a vigorous com-
petitor to other plants.

The most effective competitive crops for control of Canada thistle
are alfalfa, forage grasses, and winter wheat. Crops such as alfalfa and
forage grasses are especlally effective since they attain the proper stage
for mowing at the same time Canada thistle is in the bud stage and somewhat
depleted in root reserves, Canada thistle also does not recover after mow-
int as rapidly as alfalfa which gives this crop further advantage.

In a five year experiment that was just completed at two locations,
Bozeman, Montana and Newdale, Idaho (4), several competitive crops and
cultural management practices were combined for control of Canada thistle,
table 4.

The results show that Canada thistle is not controlled by spring
wheat cropping alone, in fact, the infestation increased in spring wheat
in both experiments, When 2,4-D spray was used with spring wheat as a
crop, control was quite effective. However, eradication was not obtained
in the five-year study using 2,4-D and spring wheat. One year fallow
and continuous wheat sprayed with 2,4-D also gave effective control but
not eradication, Alfalfa and mowing gave very effective control of Canada
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Table 1. Summary of the effect of competitive cropping and tillage on con-
trol of Field Bindweed, Hays, Kansas, 1936 to 1945.%

Years to Yields per

Crop and tillage Eradicate year in
practice Range Ave, 4-Yr. period
Alternate fallow and wheat,

wheat seeded Oct, 5-10 2=4 2,9 14.1 Bu.
Fallow 1 year and wheat 3 years,

wheat seeded Oct. 5-10 -5 3.8 16,0 Bu,
Wheat every year, seeded Oct. 5-10

(Int, Cult. from harvest to seeding) L% - 15.3 Bu.
Cultivate 1st yr. and up to July 1 2nd yr.

Sorgo seeded July 1 2-4 2.5 2.4 T.
Cultivate lst yr. and up to July 1 2nd yr.

Sudan seeded July 1 Rty 3.0 1.5 T,
Cultivated May 1 to July 1

Sorgo seeded July 1 36k —— 2.4 T,
Cultivated May 1 to July 1

Sudan grass seeded July 1 3= _— 1.5 T,

¥  These data represent a reorganization of data from Phillips and Timmons,

1954

#% FEradication not complete after 6 years.

Table 2, The effect of competitive crops, tillage and 2,4~D on control of
Leafy spurge, Judith River, Montana, 1949 to 1952.%

Leafy spurge One yield

Crop and tillage and survival after. per year in
spraying practice 2 Yrs. 4 yrs, A4-yr. veriod
Percent

Alternate cultivation and
winter wheat with 2,4-D spray 15 T 12,0 Bu.

Alternate cultivation and
spring wheat with 2,4-D spray 15 3 10,1 Bu.

Alternate cultivation and
barley with 2,4-D 15 5 R4t Bu.

Cultivation lst year and fall sown
intermediate wheat grass, sprayed
with 2,4-D each year 50 10

¥ These data represent a reorganization of data from Krall, 1955,



Table 3. The effect of competitive crops, tillage and 2,4-D on control of
whitetop, Meridian, Idaho, 1948 to 1952,%

Survival of Whitetop each year

Cropping practice after treatments begun

and other treatment 1 2 2 4
Percent

Spring wheat 81 97 57 109

Spring wheat, 2,4~D spray 34 8 1 0

2,4-D spray only 28 82 40 17

Whitetop sprayed at budstage
seedbed prepared 7 days later

and barley seeded 20 11 7 0
Whitetop sprayed at bud stage

seedbed prepared and corn planted T4 10 1 T
Corn cropping 81 95 100 102

lst year spring wheat and 2,4-D
pasture mixture and 2,4-D after
first year 93 6 No data No data

* These data taken from Hodgson, 1955.



Table 4., The effect of competitive cropping and 2,4-D spray on control of
Canada thistle, ¥
Experi-  Survival of Canada thistle each
Crop and/or ment year after treatments were begun
Culture A & B¥ 1 2 3 4
Percent
1. Spring wheat A 119 146 156 218
B 196 219 170 168
2, Spring wheat & 2,4-D A 14 2 »9 6
spray each year B 152 125 57 33
3. Spring wheat, nitrogen A 8 2 1 A
fertilizer and 2,4-D B 99 25 8 3
spray.
4o Alternate fallow and A 2 VA 0 .6
wheat sprayed with 2,4-D B 8 1 o3 a2
5. Alfalfa and mowing A 14 5 .5 0
B 121 11 11 o3
6. Seeded pasture and A 13 3 ol 0
2,4~D spray B 19 8 3 3
7. Potatoes and 2,4-D 1st yr.,
Silage corn and 2,4-~D
each succeeding year A 18 0 0 0
8. 2,4-D only A 28 49 39 25
*  Experiment A located at Bozeman, Montana, B located at Newdale, Idaho.
#* These data taken from Hodgson, 1958 (4).
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THE USE OF SOIL STERILANTS IN CONTROLLING PERENNIAL WEEDS

I. Extended Tests with Established Soil Sterilants.
II. Exploratory Tests with the Benzoics.

Bruce J. Thornton
Colorado State University

I. The soil sterilant tests on which the first part of this report
is based were conducted over a perlod of five years and were subject to
a wide range of conditions, being located in twenty-six counties repre-
senting five major regions in the state of Colorado. Altitude varied
from 3,500 to 7,500 feet and the soils involved varied from light to
heavy, but were characteristically alkaline, Precipitation during the
period of the tests was generally below normal.

The overall results are summarized below, the herbicides and the
weeds treated being listed independantly, with the comparative general
effectiveness of the herbicides and the comparative general suscepti-
bility of the weeds to these herbicides being indicated by index numbers
by which total reduction would be respresented as 100 and no reduction as O,

1/Pounds
Herbicide Sq.Rd. 2/Index Weeds Treated 3/Index
1. Sodium chlorate 6 20 1. Woolly-leaved povertyweed 89
2, D.B.Granular 8 89 (Franseria tomentosa)
3. 2,4-D (Amine) 1/2 88 2, Canada thistle (Cirsium arvense) &0
4. Polybor-chlorate 12 87 3. Quackgrass (Agropyron repens) 76
5. Chlorea 8 86 4. Tall whitetop(Lepidium latifolium)7l
6. Chlorax 8 84 5, Field bindweed 69
7. Polybor 15 64, (Convolvulus arvensis)
8. Borascu, conc. 15 59 6. Russian knapweed{Centaurea picris)éz
9. Karmex W. 1/2 56 7. Whitetop (Cardaria draba) 62
10. Ureabor 5 52 8, Leafy spurge (Euphorbia esula) 67

1/ Rates used were those generally recommended for the respective herbicides.,
2/ Comparative effectiveness as based on weeds treated.
Comparative susceptibility as based on herbicides used.

It may be noted that the presence of either sodium chlorate or 2,4~D
characterized the soil sterilants that were most effective against the
deep-rooted perennials treated in these tests. The formulations lacking
these materials were considerably less effective, this being contributed
to in part, no doubt, by the generally sub-normal precipitations, as
associated with their characteristically lower solubilities. Although
woolly~leaved povertyweed proved to be the most susceptible to soil treat-
ments it has been one of the most resistant to foliage treatments. A
similar lack of direct correlation between susceptibility to soil and
foliage treatments appears to characterize certain other deep-rooted per-
ennials,

II. Although the benzoics are indicated to be largely effective through
the soil, the first Colorado tests were applied as foliage sprays in the
spring and early summer at rates of 5, 10, 15, and 20 pounds per acre. Soil
treatments were applied in the fall at 20, 40, 80, and 160 pounds per acre.
In all instances where comparisions were possible the foliage applications



of the 2,3,6-trichlorobenzoic at 20 pounds per acre were more effective
than the soil applications at the same rate, and in several instances 10
pounds as a foliage application were supsricr to 20 pounds applied as a
soil sterilant in the fall, Five pounds per acre as a foliage spray took
field tindweed out of bearing tomatoes without injury to the tomatoes,
The same rate was equally effective in onions, but had the same injurious
effect on the onion bulbs as 2,4-D.

With foliage applications at the lighter rates the 2,3,6~trichloroben-
zolc was far superior to the polychlorobenzoic, the 15 and 20 pounds per
acre rates of the former each giving 100% reduction of field bindweed
as compared to 10% and 60% reductions with the latter at these same rates.
With soil applications this difference was not so marked, 20 and 40 pounds
per acre giving 90% and 100% reduction for the 2,3,6~TBA and 60% and 90%
reduction for the PBA.

In these exploratory tests a single foliage application of 2,3,6~TBA
at 10 pounds per acre reduced Russian knapweed 98%, field bindweed 95%,
Canada thistle 90%, mouse-ear povertyweed 90%, and leafy spurge 85%. At
20 pounds per acre the reduction varied from 95% to 100% for these same
weeds. Whitetop was more resistant, 5, 10, and 20 pounds per acre giving
0, 20, and 70% reduction respectively. As already indicated scil treat-
ments at the 20 pounds per acre rate were inferior to the foliage treat-
ments, Soil treatments at the 40 pound rate reduced bindweed and knap-
weed 100%, whitetop 90%, Canada thistle and leafy spurge 80%. At the 80
and 160 pound rates all species were reduced 100% except Canada thistle
which was reduced 80% and 85% respectively. It appears that some advant-
age may result from foliage applications although the time of application
may also exert am influence.

Results of treatments were determined one year after application in
all instances, The 2,3,6-TBi was DuPont?s HC-1281~3, the PBA was American
Chemical Paint Company's Benzac 103-A.

#itH
METHODS OF CONTROL OF JOHNSON AND BERMUDA GRASS

W. A, Harvey
Extension Weed Control Specialist
University of Celifornia, Davie

Johnson grass {Sorghum halepense (L.) Pers.) and Bermuda grass (Cynodon
dactylon (L.) Pers.) have long been weeds of major importance in the warmer
areas of the U. S. There appears to be a steady extension of their range
northward. This is especially true of Bermuda grass which is appearing in
some of the Northern States.

These two weeds are unusual, in that they were introduced as useful
plants. Johnson grass was introduced as a forage plant into the U. S.
about 1830 and into California as Evergreen Millet about 1884. It had be-
come a pest by 1890. Bermuda grass was offered for sale as a lawn grass
in San Francisco in 1858 at $5.00 per flat. It had become abundant in
Southern California by 1900. Both specles continue to have important
economic uses for forage and for ground cover bub our concern today is
with control in areas where they are not desired.
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Bermuda grass is drought resistant, tolerant of alkali and perhaps
the more persistant under unfavorable conditions. Johnson grass flourishes
on most of the warmer irrigated soils but will persist, once established,
on roadsides, ditchbanks and waste areas.

Cropping Methods. Both of these perennial grasses are vigorous
plants and are difficult to eliminate through cropping methods alone.
Bermuda grass is not tolerant of dense shade and spring plowing or cul-
tivation followed by a crop such as sudan grass, millet or cow peas that
grows rapldly and produces heavy shade will result in production of a erop
plus some weakening of the grass. Johnson grass is better controlled in
a crop such as alfalfa where frequent timely cuttings prevent seed forma-
tion and reduce root reserves. In orchards or vineyards frequent culti-
vation between the rows plus the effect of shading later in the season and
some hand labor or chemicals in the row serve to keep the weeds in check
in these crops.,

Cultivation, Hand digging of individual clumps of Johnson grass is
often the practice used on scattered infestations. This method has been
successful in many orchards and vineyards in California. Bermuda grass
is often controlled the same way in lawns and flower beds., On large field
infestations Bermuda grass is controlled by shallow plowing in the spring,
raking and burning as many rhizomes as possible and repeated cross cultiva-
tions throughout the summer with a spring-tooth harrow. The rhizomes of
Bermuda are killed by exposure to the hot sun. One season of such persis-
tant cultivation in a hot dry climate will virtually eliminate this grass
and is the method commonly used throughout the Central Valleys of Califor-
nia. It is not as successful on heavy moist soils and does not prevent
reinfestation from seeds already in the soil,

Johnson grass may be controlled in the same way by dry cultivation
during hot weather or by repeated discing and irrigation. This latter
method is used on heavy, molist soils and depends on decomposition of
the chopped rhizomes by fungi and bacteria. The soil must be kept moist
and the discings thorough and frequent. In general, discing is not
sufficient for control of these grasses and the dry cultivation method
is preferred.

Chemical Methods. Repeated oil sprays have been used for many years
to control these perennial grasses in orchards, vineyards, roadsides,
ditchbanks and other non-crop areas as well as for spolt treatment in
cotton and other row crops. The oils used have included orchard heater
cil, diesel oil, diesel plus crude oil and more recently the weed oils of
high aromaticity. Six or more thorough sprayings a season are required
at intervals of two to three weeks or whenever there is sufficient re-
growth to justify retreatment. It is sometimes possible to get eradica-
tion in one season, but usually some retreatment is necessary the follow-
ing season,

Soil treatment with sodium TCA has been effective where rainfall or
irrigation has been sufficient to carry the chemical into the area of
absorbing roots when the roots were active. Because of the rapid break-
down of this chemical in solls and the high solubility that favors leach-
ing, results have been satisfactory only under a limited range of moisture
conditions. Nevertheless, sodium TCA is an excellent grass killer when
it can be properly used. :
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More recently, control of Johnson and Bermuda grass with dalapon has
become an accepted practice not only as a general spray on non-crop land
but also for spot treatment in row crops such as cotton, in-the-row treat-
ment in vineyards and around-the-tree treatment in orchards. This trans-
located grass-killer has quickly become a major weapon in the battle against
these perennial grasses. Repeated sprays are necessary for eradication of
the grass, Optimum dosage and interval between treatments vary with con-
ditions but something in the order of 10 to 20 pounds per acre applied 2
to 3 times during the season usually gives a high degree of control.
Fradication may require additional spray the following season, with of
course, some provision for control of seedlings from seed in the soil.

Amino triazole is another of the newer translocated herbicides that
shows promise on these grasses. Again, repeated treatments are necessary
for a high degree of control or for eradication. Optimum dosages and re-
treatment intervals are not as completely worked out as for dalapon. A
possible advantage for the aminc triazole on crop land is the limited soil
effect, For non-crop land, the broad range of species susceptible to this
chemical may be an additional advantage.

Soil sterilants are widely used for control of these grasses on non-
crop areas and for spot treatment of limited infestations on crop land.
If rainfall is low, irrigation or flooding may be required to carry the
sterilants into the soil, In general the chlorate herbicides have been
highly effective. Combinations of chlorate with other sterilants to
lengthen the period of effectiveness in the surface soll have proven
valuable.

Soil fumigants, properly handled, provide yet another answer to Johnson
and Bermuda grass. Methyl bromide under a plastic covering is highly effec~
tive, Vapam in two treatments with a plowing or spading between has been
used. Some of the newer fumigants have not yet been thoroughly tested.

In general these grasses present a problem in control by fumigants in
that the surface rhizomes as well as the deeper rhizomes and roots must
all be killed, Covering of some sort to retain the fumigant at the sur-
face, double treatment with plowing to turn the surface growth under and
surface treatment with a translocated material such as dalapon followed by
fumigation have all been used.

While not sttempting to cover all possible control methods in this
brief time, I believe I have shown you something of the array of methods
avallable for control of these grasses. Johnson and Bermuda grass are
serious perennial weed pests in many regions. They can be controlled and
even eradicated by proper choice and application of control methods now
available,

g
PANEL ON PERENNIAL WEED CONTROL

Panel Leader -~ W, R. Furtick
Oregon State College
Corvallis, Oregon



THE PLACE OF HERBICIDES IN RANGE RENOVATION

- R No Raynor
The Dow Chemical Company

At the risk of seeming to over-emphasize the obvious, I think it
bears repetition that chemicals are just one of the tools for suppression
or removal of weeds and brush from range lands; and that brush and weed
removal is just one of the practices that must be considered by range
managers in the restoration of deteriorated range.

In many cases, brush removal, followed by suitable grazing manage-
ment, may be all that is needed to restore a particular range to maximum
productivity. In other cases additional, more basic steps, such as re-
seeding and fertilization, must be taken in order to restore full pro-
ductivity. Where this is true, the choice of brush removal method may
be dictated in part by the primary decision on whether or not reseeding
is to be done. That decision generally rests on the kind and abundance
of the resident herbaceous forage. On a sagebrush range for example, if
the ground cover of desirable grasses is less than 2 to 4 percent, re-
seeding is generally considered desirable., In some sagebrush soils, re-
seeding may require the preparation of a seed bed, and where this is so,
disking or plowing is the method of choice;, as a single operation performs
the double function of destroying brush and preparing the seed bed,

In other situations, reseeding by drilling into unprepared soil
may be accomplished after burning off sagebrush., Moreover, where reseed-
ing is to be done, there may even be merit in chemically killing the brush.
The California Forest and Range Experiment Station has used a specially
constructed, heavy duty drill for reseeding in standing dead sagebrush
after spraying, and reports that the brush debris agids in establishing
grass stands by protecting the seedlings,

Where the residual grass stand still provides a good ground cover,
and all that is needed is release by removal of brush and weed cover,
plowing or disking are inadvisable because they destroy the grass. The
choice of tool then lies between spraying, burning, beating and railing.
The cost for spraying or beating lies in the range of $3 to $6 per acre;
while burning or railing costs $1 to $2. Railing is cheap but the percent
kill of sagebrush is lower than from the others, even when dragging is
done in opposite directions. Neither burning, railing nor beating have
any permanent effect on sprouting species assoclated with sagebrush, such
as rabbitbrush and horsebrush, and burning delays the recovery of many
of the desirable perennial grasses., Spraying, on the other hand, kills
not only sagebrush and many forbs that also compete with grasses, but also
retards recovery of sprouting brush species; and does this without hurting
the grasses. A second application at a more appropriate season will
largely control sprouters too. Thus, spraying alone of range not deterior-
ated beyond the point of recovery, frequently results in a three-fold in-
crease in forage production from sagebrush range; and at a very nominal
cost.

As another example of proper versus improper use of chemical tools,
and their relation to other tools for brush control, I cite the experience
on chamise and chaparral control in California. Beginning about ten years
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ago, after it was discoversd that full volume spraying with sultable
concentrations of 2,4-D or 2,4,5-T would kill practically every species
involved in the chaparral complex, sprouters as well as non-sprouters,
many attempts were made to kill mature steanding chaparral by aerial
spraying. Unfortumately, these attempts were not all experimental. Quite
a number of them were commercial, and disappolnting results led to a
partial rejection of the concept.

It was later discovered, largely through the researches of Dr, Oliver
Leonard of the University of California, that chamise and the various
other sprouting chaparral species could be controlled by aerial spraying
if (1) the mature stems were first destroyed by prescribed burning, (2)
the crown sprouts were sprayed within a year after burning, and (3)
spraying was done in the spring while soil moisture was still adequate for
growth,

Here, then, we have an example of the necessary and proper integra-
tion of fire and of chemicals as brush removal tools., One without the
other is futile. It should be mentioned alsc that burning provides an
ash seed-bed in which grasses and legumes are broadecast without further
preparation or follow-up. Reseeding is a must, since in most chamise
and chaparral brushfields there is practically no understory of grasses,
even annual ones,

A final example, again from California, will bring out further con-
siderations on choice of methods. In the Slerra Nevada foothills, just
above the walley floor, is a vegetation type called the grass-woodland,
with scattered ocaks, mostly livecaks, and in the upper elevation of the
type, blue oak and digger pine. These are all medium to large trees, so
foliage spraying with ground equipment is impractical, and aerial spray-
ing 1s ineffective.

The individual trees may be felled, using chain saws, at a nominal
cost per acre in the usual density of stand, and where there is a market
for firewcod, this method may even be profitable, Falling alome, however,
is not the end of it with livecak and blue oak, which crown sprout.

Stump spraying concurrently with falling is therefore necessary,

Where there is no incentive for salvaging the wcod, falling alone,
without trimming, piling, and burning, results in a concentration of
debris that suppresses grasses in that spots; and, of course, the stumps
must be sprayed. With no more labor cost than for falling, the standing
trees can be frill-girdled and the frill filled with undiluted 2,4-D
amine, The grass is adequately released, and as the tree decomposes,
the dropping limbs scatter and fragment, with but minor smothering of
grass.

In summary, chemicals alone may be the best tools for control of
weeds and brush on range land in some situations. In others, either
fire, mechanical removal, grazing mansgement, or, as in the case of St,
Johnswort, bioclogical methods, may be more advantagecus, In still a
third category are situations where a combination of chemical with other
methods is the best solution,
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THE CONTROL OF SOME CALIFORNIA RANGE WEEDS

Lester J, Berry
Extension Range Improvement Specialist
University of California

For purposes of this discussion Californials range weeds will be
grouped into the following four broad classifications: (1) broad leaved
plants (2) weedy annual grasses (3) summer growing annuals and (4)
poisonous plants. These are of necessity broad classifications and it
is conceivable that any particular plant might be included in one or more
of these groups.

Italian thistle is a good example of the broad leaved weeds and can
be controlled by two pounds of 2,4~D acid equivalent per acre in enough
water to afford satisfactory coverage. While 2,4~D applications either by
ground rig or by aircraft has afforded good control the scattered nature
of the plant's infestation and the terrain on which it occurs has made it
a relatively expensive operation, and most range operators have not con-
sidered the control of Italian thistle to be economically feasible.

Two oubtstanding examples of weedy annual grasses are Medusa Head
(Elymus caput-medusae) and Goat grass (Aegilops species). These grasses,
particularly Medusa Head have become wide spread throughout most of the
range areas in northern California and constitute one of the major range
problems. Burning in order to prevent seed production, or damage the
already produced seed so as to prevent germination, appears to be the
most feasible control so far developed for these plants. Some recent
work done by staff members of the Department of Agronomy of the Univer-
sity of California and by county farm advisors show that very striking
reductions in seed germination occur as a result of a slow hot fire after
the plants have matured and seed has dropped. The slow firing can be
best accomplished by backfiring against a slight wind., The fire should
be hot enough to consume nearly all of the vegetation but should not be
so cold that it merely burns the stems off and and lays the plants on the
ground. Treatment by this method has reduced the germination of Goat
grass by about 97 percent and that of Medusa Head by about 80 percent over
unburned seed., A hot fire which merely singes the awns has 1little effect
in reducing germination. Apparently the awns have to be more than half
consumed by the fire to have any appreciable effect in reducing germina-
tion, In many areas striking control of both Medusa Head and Goat Grass
has occurred by first reducing the population of these plants either by
burning or by use of contact spray and then establishing an annual legume,
particularly subterranean clover, and encouraging its development and
growth by a phosphorus fertilization program. In this case the sublterran-
ean clover, and to a lesser extent Rose and Crimson clover, act as a
competitive crop and afford excellent control.

Tarweed species are good examples of our summer growing annuals,
These plants can be generally controlled by properly timed application
of from one and a half to two pounds of 2,4~D acid equivalent per acre
in sufficient water to afford staisfactory coverage, It has been noted,
however, that striking control of plants of this type has occurred where
a range fertilization program has enabled the earlier growing grasses
to increase their growth and thus extract nearly all of the soil moisture
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thereby making 1t almost impossible for the later growing plants to survive.
7 i¢

Larkspurs, Lupines and loco weeds are common California poisonous
plants, Partial control of larkspur can be secured from 2-3 pounds of
2,4-D acid in the ester form per acre applied in five or more gallons of
water. Lupines respond to the same treatment., The only effective control
which we have found for the loco weeds comes from the application of two
pounds of 2,4,5-T low volatile ester per acre 1n ten or more gallons of
water. Some mention should be made here of Halogeton. This plant occurs
only in a small isolated section of north-sastern California with the
majority of the infestation being confined within the boundaries of the
Sierre Ordinance Depot of Herlong in Lassen county., While it is not
yet considered to be a serious pest in California the large Nevada in-
festations adjacent to California pose the threat of possible future
infestation on similar type lands, Satisfactory kills of this plant have
occurred from the use of both 2,4-D and the dinitros. The principal
problem of control in California, so far, has been one of a matter of
adequate survey and positive identification of the areas of infestation.

It can be seen from the foregoing discussion that adequate control
of most range wseds by herbicides are far tooc expensive for our present
economy. The nature of our range operations and the extent of the in-
festation of the common range weeds limits present methods of control to
those which can be accomplished by range management practices rather than
from the extensive use of chemical treatments. Such practices as range
fertilization that permit mid-season grasses to more completely use the
available soil moisture thereby preventing the growth of summer weeds
have considerable promise. Early concentrated grazing followed by a
reduction of grazing pressure discourages the early maturing grasses which
include many of our weedy specles and encourages the development of the
mid-season grasses which contain few weedy species, The introduction and
establishment of a legumenous species which will respond to phosphorus
or sulfur fertilization and thereby crowd out some of the weedy grasses
offer good possibilities, Burning of weedy grasses before seed production
or at a time when seed viability will be impaired has much the same re-
sults as contact sprays and at much lower costs. All of these methods can
be incorporated intc range management systems with little added cost and
will greatly reduce the range weed problems,

So far it appears that under our present economy chemicals can play
only an auxilary role in most of our range weed comtrol problems. We
need refinements in techniques both as to manufacture and use so that
herbicides may more readily fit into the extensive type of management
that will always exist on range lands,

HAHH
SELLING RANGE WEED CONTROL
Robert E. Higgins, Extension.Agronomist
University of Idaho

Boise, Idaho

Results of research on weed control have little or no real walue to
the people who are paying the bill unless the results are put into practice



on the land. We can say that generally, a fine job has been done, but
there is still a long way to go. We, who are working to get practices
for the control of range weeds and brush into action by land operators,
often feel frustrated. The apparent lack of interest, slowness in adopt-
ing practices, or failure to recognize individual responsibility for weed
control on public and private ranges, mskes us wonder if we are doing the
job.

Much of the range land in the West is publicly owned, As a result,
we expect the public administrator of the land to control weeds and brush,
and provide, at a very minimum cost, good range for our livestock, Weeds
and brush are a problem on these lands, as well as on our own private
ranges., Selling weed and brush control to the farmers and ranchers who
use these lands is often more difficult than getting it across to those
who administer the public lands,

Selling weed control methods may not be as 1life and death critical
as the message to Garcia, but it 1s important to the long time value of
our range lands. We want the people respomsible for, and using, the range
lands to go out, use the good methods available, and actually control weeds
and brush. Just knowing about the problem and its solution is not enough.
Ken Warner, formerly of the Federal Extension Service, often pointed out
thats "If there is no action, there has been no learning or no teaching.”

A Jand operator who knows he has a problem and can recite a good
control program, but who actually never does anything about it, perhaps
doesn't have the idea of weed and brush control., He isn't sold on the
need for, or the method of control. On the other hand, the man who
sprays sagebrush or wyethlia to improve the range, or the man who uses the
3-point control program for halogeton on his own land, and encourages the
range associatlon or the public land agency into doing weed control and
prevention work, is the man who has received the message and has learned,

Teaching methods used, have to be adapted to the area and the people
in order for them to be effective. Let me tell of some of the successful
ways and means of getting range weed control practices across to the
farmer and rancher.

Demonstrations have always been the backbone of the Extension Service,
Both method demonstrations and result demonstrations are effective., Many
times, we think people can understand and visualize what we are telling
them to do. Just as often, the people can't gquite see what we mean so we
have to actually show them,

George Hoffman, range speclalist in Texas, gives us the following
experiences: quote, "It appears to me that any new method of weed control
or practice takes lots of effort and hard werk on the part of the specialist
to get it over to the rancher and the various land owners. The method I
have used in Texas, to get range weed control across, is by working with
the county agents. I have the county agent make arrangements for a place
to spray weeds., We have a method demonstration to show how to mix the
chemicals, the kind of chemical to apply, the time of year the weeds should
be sprayed, and some of the prospective results to be expected, After the
results show up, we have a result demonstration field day at the same ranch.
We go over the plot, describe the resulits, and show the results we have



ocbtained from chemical weed control,?

To make the demonstration more effective and to clinch the case for
weed control, Mr., Hof fman says, quote, YIf at all possible, we make grass
clippings on the sprayed and unsprayed plots to show a comparison of the
amount of forage that can be produced with weed control as compared to non-
control. Then we convert the forage production inte air-dry forage and
then illustrate that it takes so many pounds of air-dry forage to maintain
a 1000~pound cow, We put this into days of grazing or forage supply for
the cow as compared to the unsprayed plots.”

Mr, Hoffman is polnting out that it is important to cover the field
compietely - tell them, show them, show them the results, and then dis~
cuss it with them. But, dontt stop here, Continue by showing them what
the results mean in terms of dividends of more grass, better grass, better
fed livestock, and finally, in more money in the pocket of the range
operator, At the same time this is being dcune, range management is
stressed. Hoffman points out that here is a chance to show the need for
deferring grazing for a season or a year so that the grass has a chance to
grow in order to develop top and root growth and make a seed source before
grazing starts. He says, quote, "Although these methods may seem slow,
they have been very successful in getting weed control across in Texas.
These demonstration discussions are usually eye-openers to the farmers and
ranchers attending the field day."

It seems to me, and many others have expressed the same opinion,
that any method or approach that shows and emphasizes the profitable
egonomics of weed and brush control is the key to success in stimulating
farmers to adopt the practices necessary.

As I have mentioned, showing results is one of the best ways to get
action on range weed control., In Clark county, Idaho, spraying of wyethia,
and sagebrush, has been well accepted, Ranchers in that area have seen
the results of a spraying program and realized the profitable return from
increased forage following spraying. An enterprising forest ranger, along
with the county agent, demonstrated this prineciple effectively. A tour of
result demonstrations scon convinced the Clark county stock growers of the
merit of the program. Their asscciation sponsored the spraying program
that has followed.

Good crowds turned oub for halogeton tours in Idaho, As a result,
many countles and individuals conducted control programs on spot infesta-
tions. Advisory groups assisted the public land agencies in grass plant-
ings and other control and prevention measures on the range,

An important item in demonstrations, tours, and meetings, is the
9 » 2
cocperation necessary from other public and private agencies involved.

Demonstrations, tours, and meebtings, need supporting work to make
them most effective, We have to get the people to the demonstrations and
meetings with some smattering of knowledge on the subject. It's like the
story of the farmer trying to break his first mule. He was having a dif-
ficult time. Made no progress at all, Finally, an old sharecropper,
with years of successful experience with mules, offered to help, The
farmer turned the mule over to his new-found friend and sat back to see



how to de it. The first thing the sharecropper did was to take a 6 foot
length of 2 ¥ 4 and knocked the mule down with a blow between the ears.
This, of course, brought the owner of the mule around with concern. "Hey",
he shouted, "I just wanted you to bresk my mule, not kill him." The old
fellow responded with, "Son, the fust thing you does when breaking a mule
is to get his attention.”™ This is also the first job we have to do before
we can teach weed control methods,

Newspaper, radio and television offer the best way to reach a lot
of people. Through one of these media, we may get the attention of the
farmer or rancher who has been a little slow to accept. Some states are
using open end tape recordings prepared by the state office and completed
by the county workers., Short, precise information programs and interviews
have good listener response. Interview the farmer or rancher who is prov-
ing that range weed control does pay. Interview the research workers who
have developed the control program for the problem.

Newspapers are always eager for pictures and stories on how to do it.
Halogeton made the headlines regularly. The fact that halogeton killed
4000 sheep made 1t very easy to get lots of publicity and rancher interest.

Magaszine articles on how to control range weeds are important cogs
in the chain of information reaching the people who are putting these
methods into practice.

Bulletins and leaflets giving explicit control programs provide an-
other way to get the message across. Sent out through the mail, used as
hand-outs at meetings, demonstrations and tours, and handed out at the
office, they offer another effective means of teaching,

Posters, maps, displays, plant mounts, and pictures, are great alds
in reaching people., To get the halogeton story across in Idaho, a display
was developed showing pictures and plant mounts of halogeton. This was
coupled with publications and information on how to control it., It was
displayed in county exbtension offices, at county fairs, and at livestock
meetings.

An exhibit showing plant mounts of medusa head, pictures showing the
results of control practices, maps showing the infestations of medusa head,
halogeton, and goatweed, were displayed at the state wool growers! meeting,
the state farm bureau meeting, and the cattlemens'® association meeting.

Weed control exhibits at local fairs offer opportunity to sell methecds
of range weed and brush control. Many county weed control departments
have developed good exhibits promoting weed control.

The use of color slides is particularly valuable. Slides showing
before and after situations,; control results, prevention results and
methods, all carry impact., Since it is difficult for the rancher to
visualize what it was like before treatment, we need to show all of the
story in order to bring people inte the situation, and help them see how
they can do something about it. By using a good set of color slides, the
summer demonstrations can be brought into the winter meetings. Farmers
and ranchers unable to attend the summer demonstrations and tours can be
reached by this method. This is another place where research workers can
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contribute. When they are doing a piece of research on methods of weed

and brush control, perhaps they can prepare before and after i1llustrations
that could be made up for use by county agents and others doing weed control
educational work.

To get range weed conirol methods across is challenging to all workers.
Everyone here can tell of success in getting farmers and ranchers to adopt
recommended practices., Many methods are necessary and all have thelr place.

#Htt#
WEED CONTROL ON RANGELANDS OF THE INTERMOUNTAIN REGION

Robert H. Haas, Research Agronomist
Idaho Agricultural Experiment Station

The range weed problems of the Intermountain West compare with those
of other western areas in one important respect; The major problems
generally exist on low-value lands. Thus, the major limiting factor of
weed control on rangelands in this region is the economics of control. Yet,
there are situations in which we must attempt to control the unwanted and
harmful plants on our ranges, regardless of cost, This is especially true
of poisconous plants and noxious weeds new to an area.

Time does not permit the discussion of specific control measures for
each of the 15 or 20 range weed problems encountered in this area. Further-
more, successful control methods have not been worked out for many of these
problems. Therefore, I will discuss several of the means available for
range weed control in this region.

In this era of mechanization and "chemicalization", it is hard to sell
the idea of grubbing or hand hoeing as a successful means of weed control,
However, in the case of some peisonous weeds, where the plants are found in
scattered or small remote patches; this method is effective and should be
used. Yet; the amount that can be accomplished by hand methods is definitely
limited.

Biological control by insects is characteristic of the type of control
that we would like to have for all of our range weed problems. It is
economical, and where it is successful, it is self-perpetuating. The control
of goatweed or St. John's Wort (Hypericum perforatum L.), by beetles which
feed specifically on this plant, has been spectacular in Idaho as well as
California and other states., However, this method is limited by the number
of situations for which specific predators can be found that will do the
job successfully and safely.

The successful revegetation of our ranges, whether it be alone or
in conjunction with other control methods, has a great potential in bring-
ing serious weed problems in check. The successful revegetation of our
ranges with perennial forage plants not only provides competition to the
invading weeds; but alsoc increases forage production,

Many acres of low-producing sagebrush lands have been reseeded with
crested wheatgrass (Agropyron cristatum (L.) Gaertn.) in southern Idaho in
commection with the halogeton (Halogeton glomeratus C.A.Mey.) control pro-
grams. Although it is not apparent that this method has delayed the spread




of halogeton, the seriocusness of the problem has been diminished in some
infested areas. In ths first place, the halogeton is not rsadily eaten
when the more desirable forage is available. Secondly, the increased
forage production has allowed the deferment of grazing on the sali-desert
shrub vegetation types. Subsequently, the condition of the perennial shrub
vegetation has been improved and these areas are less vulnerable to the
invasion of halogeton.

It is also known that the Mediterranian sage (Salvia aethiopis L, )
and some of the other perennial weeds move tardily into vigorous stands
of perennial grass., Thus, where it is possible %o improve the condition
of desirable range forage plants, serious weed problems are less likely to
develop. Yet, the usefulness of revegetation in range weed control is
limited from two respects: (1) The revegetation of many of the very poor
vegetation types is not feasible, and (2) once a weed problem has developed,
it often is not controlled by mere improvement of range conditions.

Many of the possibilities for herbicidal control of range weeds
have not as yet been explored. However, sufficient examples are avallable
%o show that herbicidal materials can be put to practical use in combating
range weed problems, especially when used in conjunction with other pracitlces.
When used properly, 2,4-D will successfully kill such problem plants as
halogeton, rabbitbrush, larkspur, lupine, loco, water hemlock, and others.
The recommended rate of application varies. In most cases, the esters
of 2,4~D are superior to the amine 2,4-D formulations.

Regardless of the rate of application, the formulation, or the volume
or type of carrier, one very important factor in obtaining good results
from herbicides on our ranges is the time of application. For example,
one week's delay in applying 2,4-D for halogeton control can mean the
difference of obtaining a good kill or no appreciable kill. The timing
of spray applications on rabbitbrush (Chrysothamnus spp.) is equally
important for obtaining satisfactory results. Likewise, a herbicidal
trial in Idaho has shown that dalapon applied in April at 2.0 pounds per
acre gave 90 percent control of medusa head ryegrass (Elymus caput-medusae L.).
However, when applied in May, one month later, the 4.0 pound rate gave
a 50 percent control. This was no better than the 1.0 pound rate applied
in April.

In summary, I want to point out two fundamental factors which I believe
have created situations favorable to the development of serious range weed
problems in the Intermountain Region, The most prominent is the introduction
of plants from other parts of the world which are aggressive and which have
few natural enemies. However, the primary reason for the extensiveness of
the problem is due to the generally depleted condition of the rangelands of
this area. This has not only allowed new weeds to spread more rapidly,
but it has also caused existing problems to become more serious., I believe
that the general improvement of our range weed problems in this area will
come only after we have taken two major steps: (1) Through well organized
survey and control programs we seek out and then eradicate, at any cost,
new weeds prior to their becoming widespread; and (2) through management,
we team-up the control methods with other cultural practices to give last~
ing and economic control of existing problems.

Hiitt
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PANEL ON BrUSH CONTROL

Panel Leader - R. H. Ruth
U. S, Forest Service
Oregon State College

Corvallis, Oregon

BRUSH CONTROL PROBLEMS IN ARIZONA

Thomas N. Johnsen, Jr., Range Conservationist
Crops Research Division
ARS, USDA

There are approximately 30 million acres of grazing land in
Arizopa which are infested to some extent with undesirable woody plants,
In order of importance the major woody plant problems of Arizona are:
junipers, mesquite, chaparral, cactus, and the tarbush-whitethorn-
creosote bush complex.

Chopping, dozing, and chaining or cabling have all proven effective
for controlling junipers. To date almost 600,000 acres have been cleared
using these methods in Arizona. However, these methods are limited in
use so other methods are being sought. The uses of fire and chemicals are
being studied. The resulis of these studies are still preliminary.

Basal applications of diesel oil around each stem 8 to 10
inches above the ground line is veryeffective on mesquite., Foliage
applications of herbicldes with airplane or ground equipment may be used.
Spring treatments in two successive years with an ester of 2,4,5-T
have given adequate control, but the cost is moderately high.

Effective methods of controlling chaparrszl, cholla cactus, and
the tarbush-whitethorn-creosote bush complex have not been developed
yet for use in Arigona.

G g
THE CONTROL OF BRUSH ON CALIFORNIA RANGE LAND

Lester J. Berry, Extension Range Improvement Specialist
University of California

The control of brush has been a long time problem to California
range operators. Until recently only the range operators, fire suppression
organizations, technicians and the research people of both public and
private institutions were really concerned with the range brush problem.
Lately there has been a general realization that these low elevation
ranges are also watersheds and that the control of brush and its re-
placement with a grass cover increases the water yielding capacity of
these areas as watersheds, Brush control and range improvement in general
is now recognized as having public benefits as well as results accruing to
the land owner or operator.

Controlled fire 1s probably the oldest and certainly the most widely
used method of brush control in California and many thousand acres of
brush land sre sc treated each year.



The degree of brush conbtrol by fire is influenced by several
factors which include {1) the type of brush involved, (2) the
intensity and completeness of the burn and (3) the type of management
practice applied after the burn. Of the many factors which influence
the completeness of a burn, the type, age and distribution of the brush
itself, the terrains and the changing climatic conditions which exist
at the time of the burn are most important.

Most stands of brush are actually difficult te ignite unless almost
explosive fire conditions exist at the time the fire started. Much
research work has been dome to find out how to successfully burn brush
without high temperatures, low humidities or high wind conditions,

Mashing the brush down with a bulldozer or other suitable equipment six
months or more prior to the burn produces a dry fuel that is rapidly
ignited and burns cleanly under conditions of much lower ltemperatures

and higher humidities than is required on non-mashed brush. It also leaves
a good ash bed free from brush stubble for subsequent seeding to range
grass mixtures.

New techniques have been developed to provide rapid ignition of
areas prepared for control burning. %Fire grenades", which can be thrown
by hand, projected by sling, dropped from air craft or ignited electri-~
cally after previous placement in areas of fusl concentration, make it
pessible to fire the interiocr of a burn very rapidly and thus create
indrafts which are beneficial in keeping the fire within the control
lines., This adds greatly to the safety as well as to the success of the
burn.

Once the brush 1s removed it 1s imperative, both from the standpoint
of range and wabershed use, that it be replaced with a good stand of grass
in order to hold the soll in place and fto prevent the regrowth of brush
seedlings. Unless the original stand of brush contained more than a 25
percent grass stand it is necessary to sesd with a grass mixture. Seed
is usually applied by air or other broadcast methods. Mechanical cover-
age of seed either by dragging or drilling will greatly improve the success
of any seeding and is a necessity in southern California. Heavy duty
range drills are being developed to seed rough range areas,

A great array of chemicals have been tested in California for their
efficiency in controlling our common brush species. It is now apparent
that the primary place of chemicals in most California range brush control
is that of a follow-up treatment after the brush has first been removed
either by ccuntrolled fire or by mechanical means., It is also apparent
that unless chemicals are used as a follow-up treatment, particularly
where sprouting species are involved, the brush control job will not
be nearly as successful as the operator desires. The notable exceptions
are in the case of blg sage brush, coastal sage and coyote brush where
2,4~D does an excellent job of initial control. The most significant
advances in our recent knowledge of how to use chemicals in a range brush
control program has been in the matter of timing of the application. This
timing differs both with the type of brusb and chemical involved., Without
going into detail it is sufficient to say that most brush can be control-
led if the right chemical is applied in the right way and at the right
time.
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To glve a specific rvecommendation on mixed chapparel, use 3 guarts
2 pounds acid equivalent) of brush killer preparation {equal parts 2,4-D,
2,4,5-T) in 8 1/2 gallons of water and one half gallon of diesel oil per

i
acre applied as an asrial spray in the first spring following s fall burn.
This application must be made while the soll moisture is still high.
Usually a retreatment on an individual plant basis must be made in the
second or third year following the burn using three guarts of brush
killer, one gallon of diesel o0il and forty gallons of water.

Incomplete planning of the operation from start to finish has
been the cause of most of the failures in range brush control, Careful
thought should be given to all phases of the program., The treatment of
the brush prior to burning, the burning operation itself, the seeding
following the burn and the amount and timing of the chemical follow-up
necessary to control the regrowth. The size of the area fto be treated
can then be limited to that on which all of the necessary operations can
be performed properly. Too often, and sometimes toc late, the operator
finds that the area burn was composed largely of sprouting species and
that its size, or the cost involved, prevented the proper chemical follow-
up treatment., Because of the lack of chemical treatment or treatment at
the wrong time the brush comes back rapidly and little if any control is
secured., Only by careful thought and the planning of all details can any
job of brush control be successful,

We have many range areas where trees, in contrast to brush, are a
problem. Often heavy ripparian growth creates a problem around stream
courses and arcund springs and ponds., TFire does not provide satisfactory
control in these areas. Often, too, terraln factors prevent satisfactory
treatment by mechanical means. The use of undiluted 2,4-D amine applied
in fills around the base of individual trees affords complete economical
and selective contrel. This treatment results in a spectacular increase
in range feed with a high palatibility as compared with the feed growing
in the inter spaces betwesn trees, Aerial application of 2,4-D, 2,4,5~T
and mixtures of these two compounds in both the acetic and proprionic
formulations have not proven successful for the control of ozk ifrees
in California.

The Irrigation Department of the University cof California is carry-
ing out extensive hydrological tests to determine the effect on water
yvield when a brush cover is converted to a good grass cover., The conver-
sion methods which they have used are those which I have just outlined,
These investigations have used paired watersheds, one of which has been
treated after a sultable calibration period to determine the general
trends on both watersheds, These watersheds are now located in nearly
all the major areas of California although the ones of the longest period
of record are located in northern California., The data from these treated
watersheds indicate that if sufficient raeinfall occurs to prime the
watershed system, replacement of brush with grass will yield approximately
2 acre inches more water per year than from the similar watersheds left
in brush cover. These watershed treatment studies also indicate that
during the initial perlod of conversion the ercsion rate may be accelerated
28 a result of treatment but Thalt as soon as a grass cover is established
the erosion rate rapidly decreases to less than that which occurs under
brush cover,



JIf we have learned aunything from our years cf experience in brush
control in California it has been that the success of any countrol practice
depends upon careful planning and thoughtful analyses of the complete
program before it is undertsken., If the proper attention is paid to the
details that will allow the right things to be done at the right time and
in the proper sequence our brush control practices will be reasonsbly
successful.,

L g
BRUSH CONTROL PROBLEMS

Avburn L, Norris, Vice President, Chem-Air, Inc,
Seattle, Washington

When Bob Ruth asked me to participate in the program as a member of
this panel I thought it would be quite easy, as we have taken a number of
pictures of our brush control operations, and I expected to make a very
informal presentation with a few remarks while I showed the slides, About
two weeks before the meeting I got a letter asking for a copy of my paper.
This request disturbed me as formal papers pin one down so as to make it
very difficult to get out of any traps unintentionally set during the pre-
paration. To dodge this I am going to show my slides while making a few
comments, and then 1f any of you wish to get at those trapping statements
you will need to do sc during the question and answer period. Even if
I err giving extemporaneous answers, and they are printed, I than have a
pat excuse of not being correctly quoted or not being fully quoted, or. -
well you know, I worked for a Division of Government for nine years, and if
I learned nothing else, I learned to maneuver like a State Weed Specialist
tc cover my tracks,

The pictures I have are of operations and do not show much of results
of foliar applications. For this reason you will have to take my word
that on Alder and Willow, our resulis are excellent with little or no injury
apparent on the conifers found in the understory, and which we are relessing.

Siide #1

This is a picture showing a contrast in nozzles and resulting spray
pattern, both being operated from the same pump. There are uses for each
of these spray patterns, but here I prefer the fan type. Incidently,
this large sized Bean Sprayer is excellent to use in control of brush on
roadsides and doubles as a good plece of fire fighting equipment.

Slide #2

This picture is of an application at ten gallons total per acre at
bud break in April on Vine Maple.,

Slide #3
This slide shows results of an application such as shown in the pre-

vious slide using 2,4,5-T in diesal oil., In this particular case four
pounds of 2,4,5-T in nine gallons of diesal oil, and in this picture you
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can see the sprouting of Alder especially from the central stem, but the
Vine Maple still looks sick. This picture was taken in July following the
application in April, so don't be misled. This is, however, one of the
most encouraging of the applications we have made to date on this hard to
kill species.

Slide #4

This slide shows what may bappen to the Vine Maple sprayed in dormant,
This is however of resprouting after a foliar application of 2,4,5-T at
the same rate made in June, 1957 and the picture taken in 1958, The little
conifer has probably been given considerable help, but the Vine Maple may
still win out. At least we don't think this application quite good enough
for commercial development,

Slide #5

This picture was put in to show what we believe to be a very important
consideration in commercial applications of chemicals, that is the right
type of equipment. This demonstrates what we believe to be the best equip-
ment yet developed, as far as brush spraying in our area is concerned. This
truck makes it possible for us to keep chemicals ready to load and turn
the helicopter around in 30 seconds from the time it hits the ground.

Slide #6

This picture showg excellent distribution of chemicals over aboult a
35 foot swath, and also shows a typical release area with some conifers
sticking up through the brush canopy. Also note the close quarters for
flying and you will see what the helicopter is much safer than our fixed
wing ships for such work.

Slide #7

This final slide was put in to again show a typical type area and
also to show that we who work in this type endeavor have something to
enjoy along with our menial tasks.

#HfH

Arthur F. Wetsch
Bonneville Power Administration
Portland, Oregon

Brush control on Bomneville Power Administrationt's rights-of-way is
one of the biggest problems and expense in transmission line maintenance.
Uncontrolled brush grows into transmission lines causing outages and it
seriously impedes crews in restoring service and in performing routine
maintenance work.

Until 1953 brush control work consisted of hand cutting and burning.
Costs were excessive and regrowth followed guickly,

Herbicidal treatment properly employed offers the most promising
solution tc long range low cost brush control measures, B. P. A, employs
three baslc methods of control, These are:



1. OCutting, Disposal and Stump Treatment
2, Basal Treatment
3. Follage Spray Treatment

Cutting, disposal and stump treatment, because of its high cost, is
employed only in restricted areas. Significant is the fact that stump
treatment must follow cutting very closely to be effective, It is also
not effective when applied during a heavy rain.

A basal treatment ig effective on mnearly all species of brush if
properly applied, It is, therefore, used in mixed stands of brush con-
taining speciles resistant to foliage sprays, when near susceptible crops,
and in inaccessible locations.

B, P, A. has found that:s A dormant basal is not as effective as a
summer basal; girdling of the larger trees prior to spraying ensures con-
trol; and application with power spray equipment is preferable to back
pumps. Back pumps are used only in areas nolt accessible to power spray
equipment.,

Foliage sprays offer the widest variety in the method of application,
selectivity of control, and the unit cost. However, many species of
brush are resistant to foliage sprays. But because of its low unit cost
and the predominance of susceptible species on many rights-of-way it is
employed quite extensively. Applications by ground rigs is the accepted
practice,

Control can be secured on alder, willow, hazel and 1n some instances
cottonwood, However, by applying a more concentrated solution a top kill
can be secured on many other species.

Helicopter spraying is ideal from a management standpoint for
it does not tie up large crews for long periods of time, the cost is low,
and the spray is uniformly applied.

To illustrate, in Mgy of 1957, B. P. A. sprayed by contract 770 acres
in 10 1/2 hours flying time in a little over three days. This was done
on two different rights-of-way and over rough terrain, A preliminary
examination indicates that over 90% control was achieved on these pre-
dominantly alder infested rights-of-way. However, because of drift
hazards, helicopter spraying is very limited,

The Administration's experience with helicopter spraying indicates
that it can be successfully performed by adhering to the followings

1. Select areas for spraying in which alder predominates and not
near susceptible crops.

2., Spray only during mild weather and when the wind velocity is
less than three miles per hour.

3, Watch local air currents in deep draws and make corrections in
flying.

Lo Maintain helicopter speed less than 40 miles per hour.
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5. Apply spray in coarse droplets,
6. Use a spray solution that will not damage bordering tree crops.

Bonneville Power Administration specifies a 10 percent solution of
brush killer (low volatile esters of 2,4~D and 2,4,5-T 2 pounds parent acid
each) in water applied at the rate of 10 gallons total solution per acre.
This has secured control of alder without any material damage to bordering
timber,

The most recent experience is with the use of wind machines for
brush spraying. From the limited time that we have used these machines
it appears that they will play a prominent part in future brush control
work,

The advantages are the low unit volume of spray material required,
the ease of application and the thorough wetting action. At present the
average time for spraylng an acre of dense brush on a 100 foot right-of-
way is ten minutes. A total solution of 25 gallons per acre is all that
is normally required for adequate coverage, We hope to reduce this amount
as we gain more experience, It is too early to make positive statements
in regard to control, but it appears that a much wider variety of species
can be controlled by the selection of different chemicals and carrier,

The advantages of herbicidal treatment can be seen by examining
the rights-of-way treated a number of years ago. In most cases the re-
currence of brush is considerably reduced and low growing native vegeta-
tion predominstes.

B. P. A, plans on a respray cycle of five years to retain control,
but the costs will be substantially less than initially.

Htt
BRUSH CONTROL

John H. Kirch, Woody Plant Specialist
American Chemical Paint Company

Mr, Chairman, members of the Western Weed Control Conference. I
would like to talk with you for the next few minutes about invert emulsions.
Because of their low drift, improved marking, and better penetrating
qualities I think they may have a place in your area,

Basically, an invert emmlsion is a water-in-oil mixture, Unlike our
standard oil-water sprays, which have all the oil droplets surrounded by
water, invert emulsions have all the water droplets surrounded by oil.
The formation of this water-in-oil emulsion, keeping the proportions of
0il and water the same as in an oil-in-water spray, produces a viscous
emulsion with a consistency about like buttermilk.,

Being thicker than a conventional spray, an invert tends to form a
layer on whatever it strikes, like icing on a cake, Having oil on the
outside of the emulsion means that oil strikes the plant first. This oil
penetrates into plants faster than oil from sprays with water as the out-
side phase. Since the active chemical iz carried in oil, 1t penetrates



right along with the oil, There is some indication that substituting a
non=-phytotoxic oil for the diesel o0il and fuel oils we have been using,
may not only improve this penetration but may also increase trans-
location of the chemical within the plant.

The basic herbicide ingredients in the invert are the same as those
used in an oil-water or water-borne spray. Thus all the phenoxyacetic
and propionic esters of D and T, as well as any other oil soluble acid,
may be made into an invert emulsion.,

To mix an invert emulsion in the field, use a slightly different
procedure than for mixing an oil-water spray. Add your oil to the tank
first, then your chemical concentrate, While agitating this mixture,
add water slowly until the desired volume is reached,

Invert sprays may be mixed for either high volume ground or low
volume aerial applications. For ground applications we are using a
ratio of one gallon of chemical to 10 gallons of oil, brought up to
100 gallons total with water., On more resistant species such as your
vine maple, big leaf maple, salal, and salmon berry, I think a ratio
of 1 1/2 gallons of chemical in 15 gallons of oil brought up to 100
gallons with water will be more effective. These ratlos are most effective
and economical when applied as basal sprays.

For aerial applications we plan to use either 2 quarts of chemical
in 2 gquarts of oil brought up to 5 gallons total with water, or 4 quarts
of chemical in 4 qguarts of oil brought up to 10 gallons total with water.
These are per acre rates and volumes,

We had anticipated using invert emulsions primarily on woody plants,
applying them in volumes comparable to those used in ground applications
of oil-water sprays (200 to 400 gallons per acre). However, the major
advantages of the invert type of spray - low drift, marking characteristics,
faster penetration, reduced evaporation - have interested weed workers in
other fields,

Having oil on the outside phase may be an advantage in water weed con-
trol. 01l droplets containing the active ingredient may float on the
surface and make better contact with plant tissue. We are presently
comparing invert and oil-water aerlal sprays on water hyacinth in Florida.

Having talked with some of you men here and having seen the phenomenal
terrain over which you must make aerial applications, particularly in the
forestry field, I think the heavier droplets of invert may enable you 1o
fly higher swaths and still get your chemical down on the ground in a
good pattern. This should increase your safety margin.

We are currently working on a special rig cperating on the principals
of gravity flow and centrifugal force for making these aerial applications.
This is to be used in the event that we cannot get inverts through the
conventional equipment now used on helicopter and fixed wing aircraft.

I would like to leave you with this work about invert emulsions.
They are still very much in the research stage. They show great promise
in many fields, but they must be tried experimentally until we find Just
where they will fit into the overall weed contreol picture.

g
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BRUSH CONTROL ON FOREST LANDS IN THE PACIFIC NORTHWEST

H. Gratkowski
Pacific Northwest Forest and Range Experiment Station
Roseburg, Oregon

Brushfields and brush encroachment on forest land are causing serious
losses in timber production in the Pacific Northwest. The losses result
from delayed stocking, understocking, and reduced growth of trees at all
ages, In southwestern Oregon alone, brush is a problem on about 1 1/2
million acres of commercial forest land; and additional acreage is being
lost as brush invades some of the new cuttings., However, the problem is
not limited to southwestern Oregon, Brush is also reducing forest growth
on large areas of forest land 1n the ponderosa pine region of eastern
Oregon and in other parts of the Pacific Northwest as well. The nheed for
brush control and brushfield reclamation will become increasingly more
serious as the need for wood products increases with our growing popula-
tiOno

Two typical brush problems on pondercsa pine lands in eastern Oregon
are extensive, non-stocked brushfields and understocked stands with a
dense understory of brush. In the understocked stands growth is slowed
and stocking is delayed, for young trees under the brush may remain
suppressed for decades, The non-stocked brushfields are entirely un-
productive,

Three of the most troublesome species in eastern Oregon are pine
manzanita, snowbrush ceanothus, and a shrubby form of golden chinkapin,
Results to date indicate that pine manzanita can be controlled during
the period of active growth with low volatile esters of 2,4-D applied
as a foliage spray at a rate of 1/2 pound a.e. per acre in an emulsion
carrier. Aerial application has been successful with a 2 pound per acre
dosage of 2,4-D and a spray volume of only 3 gallons per acre. Aerial
parts of snowbrush have been killed with 3/4 to 1 pound of 2,4,5-T per
acre in an emulsion carrier; but treated plants resprout. Aerial parts
of chinkapin can also be killed with low dosages of 2,4,5-T. On one
plot, chinkapin treated in the fall of 1955 with 1 1/2 pounds of 2,4,5-T
per acre in an emulsion carrier has not resprouted after a lapse of 2
years,

Brush control is especially difficult in the extensive brushfields
of southwestern Oregon, where a single brushfield may contain 20 or 30
different species with extreme variation in susceptibility to herbicides.
Screening tests of herbicides on 13 of the more important brush species
showed that they could be classified into three categories on the basis
of degree of susceptibility to foliage sprayss (1) susceptible, (2)
moderately susceptible, and (3) resistant,

Susceptible, =-- Four species proved very susceptible to herbicides
and were readily killed with low concentrations of 2,4-D in water and
emulsion carriers. OSpecles in this group were hairy manzanita, hoary
manzanita, howell manzanita, and deerbrush ceanothus.

Moderately susceptible., -~ Aerial portions of four brush species
were readily killed with chemicals, but relatively few of the shrubs
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were completely killed., Most of the treated plants resprouted the year
after treatment., This group includes greenleaf manzanita, snowbrush
ceanothus, varnishleaf ceanothus, and mountain whitehorn ceanothus.
2,4,5-T was most effective on the three species of ceanothus, while 2,4-D
wa.s most effective on greenleaf manzanita.

Resistant. -~ Five species proved resistant to herbicides, Only
portions of the stems and branches died back after being sprayed with
herbicides; none of the treated plants were killed. Resistant species
were golden chinkapin, golden evergreenchinkapin, scrub tanocsk,
saskatoon serviceberry, and canyon live osk, The chinkapins were most
affected by 2,4,5~-T. There was little difference, however, between the
effects of 2,4-D and 2,4,5-T on tanoak and serviceberry. On canyon live
oak, 2,4~D was more effective than 2,4,5-T.

An aerial application of herblcides followed by a prescribed burn
in an evergreen brushfield in the Siskiyou Uplands did not control the
brush to a degree which would allow reforestation. Species composition
consisted of greenleaf manzanita, canyon live oak, mountain white-
thorn ceanothus, scrub tanoak, and a shrubby form of chinkapin. Low
volatile esters of 2,4~D at a dosage of 3 pounds acid equivalent per
acre proved as effective as brush killer mixtures of 2,4-D and 2,4,5-T
in this brush type. Extensive resprouting occurred following all
treatments. A second application of 2,4-D is planned during 1958 to
determine the effect of aerial sprays on the sprouts.
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REPORT OF THE RESOLUTIONS COMMITTEE
F. L. Timmons, Chairman
The Resolutiocns Committee moves the adoption of the following resolu-
tions and further moves that the Conference Secretary be instructed to
send copies of each resolution to the appropriate agencies and/or individuals

concerned,

Resolution No, 1

WHERAS, the Western Weed Control Conference has greatly enjoyed and
benefited from the excellent arrangements and facilities provided for hold-
ing this 16th meeting of the Conference,

NOW, therefore be it resolved that we express our appreciation and
thanks to the following:

Mr. A. W. Lange, Chairman, and other members of the Local Arrange-
ments Committee for much time and effort in ably working out the local
arrangements

The Spokane Chamber of Commerce which furnished without charge the
facilities and stenographic help necessary for registration

The Davenport Hotel which furnished without charge the meeting room
and other space and facilities for Conference meetings and registration,

Resolution No, 2

WHEREAS, our officers during the past biennium, Vice President, R. A.
Fossee, Secretary-ITreasurer, W. R. Furtick, and Research Section Chairman,
Jesse M, Hodgson, have spent much time and effort in handling Conference
business and in arranging the well planned and interesting program for
this 16th Conference meeting,

NOW, therefore be it resolved that we express to these persons our
deepest appreciation and thanks for their services.

Resolution No, 3

WHEREAS, research is the basis of advancement in weed control and
reports of research are important to the members of the Conference,

NOW, therefore be it resolved that this 16th Western Weed Control
Conference commend the Research Section for the contributions to and assemb-
ling of the Research Progress Report for this meeting, and

BE it further resolved that this Conference commend Jesse M, Hodgson,
Section Chairman, and the nine Project Committee Chairmen for their cap=-
able leadership in that effort.



Resolution No. L

WHEREAS, every effort should be made to make published information
on weeds and weed control available for reference purposes, and

WHEREAS, libraries of educational institutions with agricultural
interests are frequently found without copies of proceedings and research
reports of weed conferences,

NCW, therefore be it resclved that the Secretary of the Western Weed
Control Conference send notices to the libraries of said institutions in
the 11 Western States advising of the availability of Western Weed Control
Conference Proceedings and Research Reports stating the source and cost of
these reports, and

BE it further resolved that Conference members strongly recommend to
the libraries of their respective institutions that a file of these publie
cations be obtained and kept current,

Resolution No, 5

WHEREAS, the proceedings of regional weed conferences have limited
availability, mostly within the particular conference concerned, the pro-
ceedings are mimeographed, bound in paper covers and not suitable for
reference use more than 5 to 10 years, and

WHEREAS, WEEDS,the Journal of the Weed Society of America, is a
permanent reference with wide circulation throughout the United States,
Canada, and certain other countries,

NOW, therefore be it resolved that the Western Weed Control Confer-
ence request the Editorial Board of WEEDS to consider accepting for pub-
lication in WEEDS worthy papers that have been included previously in
the proceedings of a regional weed conference,

i
REPORT OF EDUCATION COMMITTEE

Eugene Heikes, Chairman

The Education Committee met with representitives from California,
Washington, Idaho, Utah, Montana and Nevada present .

It was proposed that a newsletter be prepared and exchanged among
Extension weed workers in the Western Conference, There being 11 west-
ern states, it was suggested it be a monthly newsletter-each state respon-
sible for publishing the letter once during the year., The purpose of this
letter would be to exchange ideas, learn more about each others problems,
teaching methods used and for all to become bebtier acquainted with each
others work., The chairman was insitructed to write each specialist and set
up an order for publishing the letter, probably on an alphabetical basis,

The committee also discussed the 1960 conference which will be held
in Denver., The Western Conference will be meeting with the National Cone-
ference at this time., As guest speakers it was suggested that Beal and
Bowland from Iowa State be considered. It was thought these men would be
very interesting to Extension people, as well as others attending the con-
ference.

It was also proposed that the Extension people meet one day before
the Conference began. This would give us time to become bettsr organized
and discuss our problems in more detail.,



REPORT OF THE TERMINOLOGY COMMITTEE~-WSA

Chemical Name

Designations accepted
for use in all publi-
cations of WSA

2,L~dichlorophenoxyacetic acid
2~methyl-b-chlorophenoxyacetic acid
2,L,5=trichlorophenoxyacetic acid
3,lL=dichlorophenoxyacetic acid
li-chlorophenoxyacetic acid®

2«(2,li=dichlorophenoxy) propionic acid

2«(2=-methyl=li=chlorophenoxy) propionic aecid

2~(2,4,5~trichlorophenoxy) propionic acid
2«(3,li~dichlorophenoxy) propionic acid
2=(li~chlorophenoxy) propionic acid
L~{2,L~gdichlorophenoxy) butyric acid
Li-(2-methyl-Li~chlorcphenoxy) butyric acid
L=(2,kL,5=trichlorophenoxy) butyric acid
Li=(3,li~dichlorophenoxy)butytric acid
L=(li=chlorophenoxy) butyric acid

sodium 2,L~=dichlorophenoxyethyl sulfate
2,4, 5=-trichlorophenoxyethyl sulfate
2=methyl=l=chlorophenoxyethyl sulfate
2,li=dichlorophenoxyethyl benzoate
trichloroacetic acid
2,2=dichloropropionic acid
2,2,3=trichloropropionic acid

dichloral urea
2-chloro=N,N-~diallylacetamide

2=chloro-N N=diethylacetamide

2,L4=D
MCPA
2,l,5=T
3,4-DA
Li=-CPA
2-(2,L=DP)
2-(MCPP)
silvex
2-(3,L-1P)
2«(L=CPP)
l=(2,L~DB)
Ly~ (MCPB)
=(2,L,5=TB)
Li-(3,L4-DB)
li~(L-CPB)
sesonea
2,l,5-TES
MCPES
2,L~DEB
TCA
dalapon
2,2,3-TPA
DCU
CDAA

CDEA
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Chemical Name

Designations accepted
for use in all publi=-
cations of WSA

isopropyl-N-phenylcarbamate

isopropyl Ne(3=chlorophenyl) carbamate
sec=butyl N=(3=chlorophenyl)carbamate
2=chlorocallyl diethyldithiocarbamate2
3-phenylel,l=dimethylurea
3=(p=chlorophenyl)=1,l=dimethylurea
3=(3,Lh=dichlorophenyl) =1,l=dimethylurea
len=butyl-3-(3,Lh=dichlorophenyl) ~1-methylurea
pentachlorophenol
li,6=dinitro=o~secondary butylphenol

li, 6~dinitro-o-secondary amylphenol
3,5=dinitro =o=cresol
2,3,6-trichlorobenzoic acid
2,3,5,6=tetrachlorobenzoic acid
Nel-napthylphthalamic acid
3,6~endoxohexahydrophthali¢ acid
sodium-N=methyldithiocarbamate
phenylmercuric acetate

potassium cyanate

hexachloroacetone

isopropyl xanthic acid

maleic hydrazide22

trichlorobenzenes

orthodichlorocbenzene
2=chloro=l,6~bis(diethylamino) =s-triazine

3eamino=1,2,l=triazole

IPC

CIPC
BCPC
CDEC
fenuron
monuron
diuron
neburon
PCP

DNBP
INAP

DNC
2,3,6=TBAP
2,3,5,6-TBAP
NPA
endothal
SMDC

PMA
KOCN

HCA

IPX

MH

TCBP

DCB

CDT

Amitrol



Chemical Name

Designations accepted
for use in all publi-
cations of WSA

octachlorocyclohexenone
ethyl xanthogen disulfide
monomethylarsonic acid2

2-(2,li,5=trichlorophenoxy) ethyl 2,2=~ °
ichloropropionate

polychlorobenzoic acid

2=chloroethyl N=(3=chlorophenyl) carbamate
2=(1~chloropropyl)N=(3«chlorophenyl) carbamate
ethyl N; N=di=n-propylthiolcarbamate

etheyl bis(2-ethylhexyl)phosphinate
P,P,=dibutyl=N,N-diisopropylphosphinic amide
disodium monomebthylarsonate
chlorate<borate-monuron mixtures
chlorate=borate-fenuron mixtures
chlorate-borate=diuron mixtures
chlorate-borate mixtures

borate-monuron mixtures

borate~2,l-D mixtures

ammonium sulfamate
2~chloro=l,b6=bis(ethylamino) ~s-triazine
2,3=dichloro=L=naphthoquinone

3,5=dimethyltetrahydro=1,3=5,2H thiadiazine-2-
thicne

OCH
EXD

MAA

érbon
PBA
CEPC
CPPC
EPTC
EBEP

DIPA

AMS
simazin®

dichlone

IMTT

&  Common names "tentatively accepted" by the Terminology Committee of WSA.

b These herbicides are usually available for use as mixed ilsomers. When
possible the isomers should be identified, the amount of each isomer in
the mixture specified, and the source of the experimental chemicals given.

© These abbreviations are used to designate mixtures used as soil sterilants.

The writer should indicate in a footnote the percentage composition of the

product. For example: sodium chlorate - 40,0%, sodium metaborate - 57.0%,

and monuron 1.0%.

25
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