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SUMMARY

1. Weeds are causing millions of dollars of loss every year to
Colorado farmers. A large part of this loss, which can be stopped by the
proper control and eradication methods, is due to noxious perennial weeds.
The root systems of perennial weeds must be killed if eradication is to
be effected.

9. Eradication of perennial weeds with a single treatment is highly
desirable.

3. Sprays have not yet proved to be a promising means of weed
eradication in Colorado because their penetration is not as great in the
dry climate of this state as in more humid regions.

4. Carbon disulfide injected into the soil has been used successfully
to eradicate perennial weeds with a single treatment. 1t can be applied
at times when there will be no loss of a crop. The method of applica-
tion is described in this bulletin.

5. The poisonous effect of carbon disulfide upon the soil is tem-
porary. After a few weeks the productiveness of the soil is increased.

6. The test plots of 1927 were established upon many kinds and
under many conditions of soil. There was a 90 to 100 percent kill on
four-fifths of them, and at least a 60 percent Kkill on the remainder.

7. In a number of cases the killing of the perennial weeds with
varbon disulfide was not noticeable for several months, but the final
results were as good as tho the killing ‘had been immediately apparent.

8. The use of carbon disulfide has formerly been attended with un-
certainty both as to the rate and the amount of killing when the liguid
was injected into the soil. In 1928 a chemical was found which would

' indicate the presence of carbon disulfide and which could be used to test
the penetration of carbon disulfide gas thru the soil. The simple method
of using this indicator is described in this bulletin.

9. Insofar as the experiments with this indicator have gone, it has
been found that when the penetration of the gas is indicated by the
chemical, there is immediate killing of the perennial weeds treated.

10. For eradication of perennial weeds, carbon disulfide has proved
to be more quickly effective and more dependable than any other method
that has been tried. It is the cheapest commercially made powerful plant
poison that cannot injure the soil.

N 11. Because of the present cost of the material and the expense of
injection into the soil, carbon disulfide should be used to kill perennial

weeds on small areas only, or on exceedingly valuable and productive
land.
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The search for a quick and economical means of eradication of
perennial weeds has led to the experimental and small-scale use of
carbon disulfide upon limited infestations for the protection of large
areas of weed-free land. The experimental work is by no means com-
pleted, but results have been so promising that they are being made
available to the people of Colorado in this progress report.

Ser1OUS NATURE OF PERENNIAL WEEDS IN (COLORADO

Perennial weeds are among the most serious and destructive pests
on cultivated land in Colorado. Their general distribution, their
capacity to grow and spread, and their persistence make control and
eradication a most difficult problem for every farmer who has in-
fested land. Perennial weeds are always spreading by their own root
systems and fragments are often dragged to new locations where in-
festations quickly establish themselves. The menace is increased by
the dissemination of seeds, for seeds of perennial weeds can travel
faster in wind, in water, or on implements than do the roots by their
natural spread or by being dragged. The damage caused by perennial
weeds appears as a decrease of erop vield on infested land, lowered
value of and increased expense in managing the land, and decreased
market value of the crops.

The noxious perennial weeds in Colorado make a formidable list.
Several wild morning-glories (Convolvulus spp.), also known as bind-
weeds, are without doubt the worst weed pests of Colorado because
of their general abundance and destructive nature. The poverty
weeds (Franseria tomentosa) and (Iva axillaris), are native to Colo-
rado and are nearly as widely spread over the state as the bindweeds.
In Northern Colorado they are more abundant especially in the dry-
land farming regions. Perennial peppergrass (Lepidium draba) is
known in every agricultural region of the state and is, as vet, the
most serious weed in eultivated and untilled fields in some parts of
Colorado, but unless Russian knapweed is held in check it will soon
supersede the peppergrass in importance.

~ Russian knapweed (Centaurea picris Pallas) has probably been
n Cplorado as long as imported Turkestan alfalfa seed has been used,
hut it has been known as a weed pest to farmers for only a few years.

———

1- Deputy State Entomologist, in Charge of Weed Control.
2. Fellow in Botany 1927-1928, assistant in weed control summer of 1928.
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It has become well established and will probably invade all parts of
Colorado. The knapweed is extremely pernicious because of its hardi-
ness and its vigorous, dense growth. Canada thistle (Cirsium arv-
ense) has made steady but generally unnoticed advances thruout
Colorado, and is only now coming to the attention of many farmers.
Perennial sow thistle (Sonchus urvensis) has entered the state re-
cently from the north and northeast and is not widespread, but can
quickly become so unless every precaution is taken against it. On
some range and agricultural land, milkweeds (4sclepias spp.) are
abundant. They are troublesome in the same way as other weed pests.
The whorled milkweed (Asclepias verticillata), which persists wher-
ever it gets started. is highly poisonous to livestock as well as being
so fast and vigorous a grower that it can crowd out desirable erop
and forage plants.

Ecoxoarrc LosseEs Frody PERENNIAL WEEDS

The losses from perennial weeds in Colorado are enormous when
they are counted in money values alome. In 1917, H. R. Cates, a
United States Department of Agrieulture weed expert, estimated
that one-sixth of the market value of a cultivated crop is expended
on cultivation. Ie savs that at least half of cultivation is made
necessary by the presence of weeds. Aeccording to the 1927 Colorado
Yearbook the market value for the 1926 crop of corn, potatoes, beans
and sugar beets was $47,984,000. If one-twelfth of the market value
13 accepted as the amount expended upon these four crops in 1926
for weed control, then $4,000.000 is the estimated toll of weeds upon
these four crops in one yvear. On the whole, perennial weeds are
more destructive in uncultivated than in the cultivated crops men-
tioned above, but one-fourth of the loss on these crops due to peren-
nial weeds is not too much to allow for increased expense in the pro-
duction of corn, potatoes, beans and beets. A yearly loss of $1,000.000
on four crops is too much to take without any effort to stop the leak.

The question is raised as to whether or not the cost of killing
the weeds to stop this loss is not greater than the return. On the
basis of the returns from a single year’s crop it probably is, but when
the expense is taken into account for the same number of vears that
returns are inecreased, the cost of eradicating perennial weeds is not
so great. Expensive measures against weeds are not justified upon
large areas because the larger the area the lower the cost per umit
area if mechanical means of eradication are employed. When, how-
ever, it is desirable or necessary to remove from a large area a men-
ace in the form of a relatively small patch or patches of a perennial
weed, more expensive means of eradication are permissable. The
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cost should be assessed against the whole area to be protected. It
should also be assessed against the time during which a successful
treatment or treatments will protect the land when normal precau-
tions are taken against reinfestations and the reestablishment of nox-
ious weeds on weed-free land.

VALUE OF A SINGLE-TREATMENT METHOD FOR
PERENNIAL WEED ERADICATION

The ever increasing menace of perennial weeds to crops and agri-
cultural lands has created a demand for effective measures of eradi-
cation, single-treatment methods being preferred. The advantage of
eradication of a perennial weed by a single treatment is that no more
attention is likely to be required after the killing agent is applied.
It is also possible that the agent may be used upon the pest at a
time when no crop will be lost, and there will be no interference
with the regular rotation of the crops. The killing agent whether
put upon the tops only, or used on the roots by injection into the soil,
should act in a relatively short time, and leave the soil in as produe-
tive condition as when it was applied. Whatever such a material
would be, and however it is used, the roots of perennial weeds must
be killed before any satisfactory and permanent control or eradica-
tion is aceonmplished.

IMPORTANCE OF ROOT SYSTEMS IN THE
Lire oF PEreENnNIsL WEEDS

Annual and perennial herbaceous weeds behave alike above
ground, and cannot be distinguished by their general habits of growth.
There are both annual and perennial weeds which behave as do the
morning-glories or bindweeds, and many annual or biennial plants
are mistaken for perennials. The way to determine the perennial
nature of a weed is by its root system, or by its behavior from year
to year.

Roots of perennial weeds send up from their horizontal parts
vigorous stems that grow faster than seedlings in early spring and
W.hen they are unmolested, nsually mature their fruit in the summer.
Life resides for an indefinite period in the roots of most perennial
weeds. The roots serve as storehouses of energy for the plant, and
pgrform the ordinary function of conducting the necessary water and
mineral nutrients from the absorptive region of the roots to the food-
manufacturing parts above the ground. The tops of these plants
may be killed repeatedly, but buds are formed upon the roots and
shoots quickly develop to replace stems and leaves that have been
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destroyed. The replacement of shoots draws upon the reserve in the
Toots.

As soon as the leaves open to the sunlight they begin to manu-
facture food to replace that supplied by the perennial roots. All
plants depend upon their roots for the absorption of water and min-
erals from the soil. Perennial weeds depend upon the lower parts
of their roots for their supply of water and the tops die when they
are cut off from the vertical portion of the roots, even if they are
left attached to the horizontal roots. Whatever the material or method
used in the attempted control or eradication of perennial weeds, the
effects of the treatment or treatments upon the root system are of
primary importance.

Tue USE oF SPRAYS

The most eommon method of attacking perennial weeds has been
by eultivation of the soil to a depth sufficient to destroy the shoots
but not to drag the horizontal roots about. If this is repeated often
and long enough the roots will eventually be starved out. Use of
poisonous sprays involves less labor for each treatment than cultiva-
tion or the killing of roots by injecting poison into the soil, but sprays
which require many applications result in increasing damage to the
soil, and the destruction of all top growth whether of weeds or erop
plants.

It is possible and even probable that in the future spray poisons
will be developed which can kill the roots of perennial weeds far be-
low the surface of the ground every time one of them is applied to
the leaves and stems. At the present time, spraying is easy, quick
and convenient, but as it is generally practiced upon weeds the results
are extremely variable. The effects of sprays cannot as yet be con-
trolled, much less predicted under Colorado conditions. Fortunately
when they are used it is not generally expected that they effect eradi-
cation of perennial weeds in a single treatment.

Highly favorable conditions are necessary for the maximum ef-
fectiveness of sprays. There must be sufficient moisture in the air
to keep the sprays from evaporating quickly. This is one of the least
common conditions in Colorado. The air is usually dry and has a
high evaporating power which quickly reduces a liquid spray upon
the leaves to a dry film. Penetration will usually be sufficient to
kill the leaves and stems, but does not continue to the roots where
life remains. Only under exceptional conditions do most sprays prove
to be efficacious in Colorado. Sprays must be applied to weeds when
their tops are fully developed, and in such quantities as will destroy
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all growth above the surface, which results in loss of some crops in
one of two ways. Rither no crop is raised upon the infested land
where the pest is developing to the stage necessary for application of
the spray, or if one is planted, it is lost at the time of spraying.

A pew spray, sodium chlorate, is being advertised which it is
claimed will kill perennial weeds after early crops are removed and
before a late crop is put in the next season. Only under such condi-
tions ean a spray be used without loss of a crop. At the time of
writing of this bulletin, however, the superior value of this spray
over others already tried in Colorado has not heen conclusively
proved.

When poisons are applied to the upper parts of plants, some of
it always falls upon the ground. Almost all spray poisons that are
used in quantities sufficient to eradicate perennial weeds have a
residual more or less permanent effect upon the soil. The results

even after an eradication with sprays is decreased productivity of the
soil for several vears.

UsE oF PoisoNs INJECTED INTO THE SOIL

Contrasted with the relative impotence of most sprays as now
applied for the eradication of perennial weeds in a single-to few-
treatment procedure, the injection of poisonous materials into the
soil when conditions are right has been found to result in the rapid
and usually complete death of the plant.

CarBoNn DisurripE.—Of the poisons used in the soil, carbon dis-
ulfide has been found to be the most economical to buy and the simp-
lest and safest to use. Its killing effects have generally become evi-
dent in from 4 to 10 days after application, but in some soils, due per-
haps to the slow penetration of the poison or td the persistent nature
of the plant, death of the tops was postponed for some time in a
few instances, even until the following spring.

There are a number of cases on record in Colorado where there
was no apparent killing of common wild morning-glory during the
summer or fall of 1927, but death was almost complete by the spring
of 1928. The pests either failed to appear at all or came up so weak-
ly that a few injections of carbon disulfide near the straggling plants

f.in.ished the job with no loss of crop and with relatively little repe-
tition of work. .

Furthermore, the root system is alwayd in the ground, and can
be treated at any convenient time when the conditions are right for
penetration of the poison thru the soil.
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BexEFITS OF CARBON DISULFIDE To THE SoiL.—Roots of perennial
weeds have been killed by carbon disulfide applied in the spring,
summer, late fall and winter. Other plants grew normally upon the
soil that had been treated with carbon disulfide, a short time after
its injection either in the spring or summer. No difference in pro-
duetivity could be noted between treated and untreated areas several
weeks or months after the use of carbon disulfide, unless it was the
more vigorous and rank growth of annual plants upon the carbon
disulfide plots. Far from doing harm to the soil there is evidence
from these plots and from much experimental work with carbon dis-
nlfide in other states that in a short time after injection there is a
definitely beneficial effect upon life of all kinds in the soil. (See
Figure 1.)

RESULTS OF THE USE OF CARBON DISULFIDE
IN COLORADO

Altho carbon disulfide has been used in many places in Colorado
to learn its powers of eradication of perennial weeds, most of the
tests upon which this bulletin is based have been set up in the San
Luis Valley, and in Sedgwick, Washington, Weld and Larimer coun-
ties. The test plots of earbon disulfide in the San Luis Valley were
put in during June, 1927 ; those in Sedgwick and Washington coun-
ties the first part of July, 1927, and those in Larimer and Weld coun-
ties in May, July, September and November of 1927, and June and
July of 1928. Heavy and sandy, as well as moist and dry soils were
treated. Most of the tests in the San Luis Valley were in moist soil.
Altho some of the plots were in open, light soil, many of them were
put upon heavy clay or wet sand which gave little promise of satis-
factory results. The soil in northern Alamosa county was dryer and
more open, making injection easier, giving promise of better pene-
tration and better Kkilling effects.

In almost all of these cases the immediate killing was nearly per-
fect, but one treatment in southern Alamosa county was not so ef-
fective as most of the others. Inspection in 1928 of this and the
other tests in the San Luis Valley revealed that in all but this one
case there was a high percentage of killing. The effectiveness on the
small area, however, may have been more than was apparent. When
carbon disulfide was applied to this pateh in June, 1927, four nox-
ious perennial weeds, Russian knapweed, poverty weed (Ive awillaris),
common wild morning-glory and perennial peppergrass were grow-
ing together. After practically 14 months without disturbance, and
with every chance for recovery there was an apparent killing of 75
percent of the growth on this area.

Two test plots were established in Weld county, on May 13 and












14 CoLoraDO EXPERIMENT STATION Bulletin 347

was an abundance of flowers, and healthy growth, much like that
shown in the foreground of Figure 3. Several days after njection,
the plants close to the holes withered and died. On the whole, even
until frost, it appeared that no great harm had been done to these
perennial weeds. The ground was plowed early in the spring, so that
no observation was possible at the first of the growing season. The
soil was not disturbed again, and as the plants appeared, it quickly
became evident that there was no return growth of the bindweed in
these plots where the carbon disulfide had been injected. The photo-
graph in Figure 3 shows mature plants on both sides of a bindweed-
free area, the result of the treatment in September. 1927. All the
plots treated in September behaved in the same way.

Results from another trial under different conditions make the
use of this material for the eradication of perennial weeds more prom-
ising. On November 11, 1927, an area of Russian knapweed was
treated with carbon disulfide. The infestation was on low ground
southeast of Grover, Colorado, where the water table was only 4 or
5 feet down and the heavy clay soil was exceedingly moist at 5 or 6
inches below the surface. When this plot was inspected on June 5,
1928, the ground was almost bare of all growth, and only one Rus-
sian knapweed sprout was found upon the whole treated area. Large
and healthy plants were growing thickly on all sides. Excavation
for roots revealed that they were black and decomposed, and that
only the woody parts of the root could be followed; the rest had
disintegrated. Altho this may be an unusual case, it shows that the
poison may kill under what would be ordinarily considered unfavor-
able conditions for penetration of the vapor.

Thirty-two of the tests on the killing power of carbon disulfide
made in 1927 have been observed during the summer of 1928. Of
this number, 7 were neither perfect nor high-percentage kills, altho
none of them was below 60 percent effective. Approximately 80
percent of the tests gave results that may be considered satisfactory.

There must be, however, a greater dependability than this for a
method as expensive as this one has proved to be, if it is to have
a widespread use. Much labor is expended in treating even test plots
with carbon disulfide, and a necessary partial or complete repetition
of the treatment of an area of any size would make the use of earbon
disulfide for the eradication of perennial weeds, impractical and un-
economical.

If the method of application could be made less laborious, or
the certainty of killing be made greater, the use of a carbon disul-
fide for the eradication of small infestations of perennial weeds would
become entirely practical. This would save much time that is now
spent in prevention and control measures which are some times not
as effective as the use of carbon disulfide at present.
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Figure 12.—Diagram of the plot photographed in Iigure 11, showing the correla-
tion of indication and killing.

From the experimental data collected from a number of such
plots, a good killing always followed a good color indication, and
when there was no indication of the penetration of carbon disulfide,
the plants survived the treatment.

RECOMMENDATIONS

Carbon disulfide can be recommended as an effective and eco-
nomical means of eradication of small patches of perennial weeds
when large areas of weed-free land are to be protected from invasion.

Treatment with carbon disulfide can he made at times when
farm work is slack, provided that the soil is in proper condition for
penetration of the poison.
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The chemical indicator diseussed in this bulletin may be used for
determining the penetration of carbon disulfide gas thru the soil
and the probable effectiveness of this material for the eradication
of perennial weeds under existing conditions. It should be put in
representative places in each plot to be treated. Only when it shows
penetration of carbon disulfide gas should the poison be used upon the
whole area. It is well to treat the plot immediately after a satis-
factory test, because soil eonditions may change and modify the rate
of penetration and the killing power of the poison.

Some of the material for this test is not readily available. Tt is
therefore well to have the county agent or one who is familiar with
the handling of chemicals make these tests. Indicator solutions ready
for use, are available at the college for county agents. They may be
had upon application by the county agents to the Botany department.

Two ounces of liguid ecarbon disulfide should be applied in holes
2 feet apart in the manner suggested in this bulletin. These appli-
cation holes should be 18 inches deep for heavy soils, and 12 inches
deep for light, coarse, sandy soils.

When carbon disulfide is purchased in quantities of more than
1000 pounds there is a material saving over the price paid for small
lots. Farmers should unite their orders into a single large purchase.

‘When a number of farmers desire to purchase carbon disulfide,
their county agent can obtain it at wholesale price direct from the
manufacturer and at a material saving for them.

WARNING

Carbon Disulfide is Highly Inflammable and Explosive, Hence Ex-
treme Care Should Be Used to Keep It Away From
All Free Flames.

Its vapor has an injurious effect upon the human system. Large
quantities of the fumes should not be inhaled and care should be
taken to avoid getting the liquid into the eves or mouth. Tt does
not damage elothing or shoes.

In order to prevent loss by evaporation, the carbon disulfide
should be kept in a tightly closed container.
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