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SUIVIlVIARY

1. Weeds are ca using millions of dollars of loss every year to
Colorado fafin1ers. A large part ·of t'his loss, 'which can ,be stopped by the
proper control and eradication methods, is due to noxious perennial weeds.
The roo-t systenlS of perennial weeds nl ust be killed if erad'ica tion is to

be effected.

2. Eradicatton of perennial \veeds \vith a single treatnlent is highly

desirable.

3. Sprays have not yet proved to be a pro'111ising m·eans of 'weed
eradL~ation in Colorado because their penetration is not as great in the
dry climate of this state as in 1110re humid regions.

4. Carbon disulfide injected into the soil has been used success,fully
to eradicate per,ennial weeds \vHh a single trea tn1ent. It can be applied
at times \vhen there 'will be no loss of a crop. The Inethod of applica­
tion is described in t'his bulletin.

5. The poisonous effect of carbon disulfide upon the soil is ten1­
porary. After a few w'eeks the productiveness of the soil is increased.

6. T'he test plots of 1927 \vere established upon 111any kinds and
under n1any conditions of soil. There \Vlas a 90 to 100 percent kill on
four-fifths of them, and at least a 60 percent kill on the relnainder.

7. In a nun1ber of cas,es t,he killing of the perennial \veeds ,vith
carbon disulfide \vas not noticeable for sever,al 1110nths, bu t the fina 1
results were as good as tho the killing 'had been in1n1ediately apparent.

8. The use of carbon disulfide has forn1erly been attended ,vith un­
certainty both as to the rate and the al110unt of killing \yhen the liquid
was injected into the soil. In 1928 a chelnical \vas found \vhich \vould

. ind'icate t,he presence 'of carbon disul>fide and \vhich could be used to test
the penetration of carbon disulfide gas thru the soil. The sirnple nlethod
of using this indica tor is descrihed in this bulletin.

9. Insofar as the experirnents with this indicator have gone, it has
been found that \vhen the penetration of the gas is indica'ted by the
chenlicaI, there 'is inHnediate killing of the perennial \veeds treated.

10. For eradication 'of p,erennial weeds, carbon disulfide has proved
to be 1110re quickly effective and r1101'e dependable than any ot'ller Inethod
that has been tried. It is the cheapest cO"llllnercially lllade po\verful plant.
pois'on that cannot injure the soil.

11. B,eca-use of the present cost of the ruat.erial and the expense of
injecti:on into the soH, carbon disulfide should bel used to kill perennial
weeds on slnall a)'e~ts only, or on exceedingly valuable and productive
land.
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The search for a quick and economical means of eradication of
perennial vveeds has led to the experimental and small-scale use of
carbon disulfide upon limited infestations for the protection of large
areas of ,veed-free land. The experi11lental 'York is b~y no means com­
pleted, but results have been so promising that they are being 11lade
available to the people of Colorado in this progress report.

SERIOUS NATURE OF PERENNIAL ,VEEDS IN COLORADO

Perennial ,veeds are among the 1110st serious and destructive pests
on cultivated land in Colorado. Their general distribution, their
3apacity to grow and spread, and their persistence make control and
eradication a most difficult problem for every farmer who has in­
fested land. Perennial ,veeds are always spreading by their own root
systems and fragments are often dragged to ne'v locations ,vhere in­
festations quickly establish themselves. The menace is increased by
the dissemination of seeds, for seeds of perennial weeds can travel
faster in ,vind, in water, or on implements than do the roots by their
natural spread or by being dragged. The dalllage caused by perennial
"'Teeds appears as a decrease of crop yield on infested land, lowered
value of and increased expense in lllanaging the land, and decreased
111arket value of the crops.

The noxious perennial ,veeds in Colorado lllake a formidable list.
Several ,vilcl 1110rning-glories (Conrolrulus spp.). also known as bind­
weeds, are vvithout doubt the vvorst ,veec1 pests of Colorado because
of their general abundance and destructive nature. The poverty
weeds (Franseria ton~e'ntosa,) and (Iva ((milla-ris) , are native to Colo­
rado and are nearly as ,videly spread over the state as the bind,veeds.
In Northern Colorado they are lllore abundant especially in the dry­
land farming regions. Perennial peppergrass (Lepidhl1n draba) is
kno,vn in every agricultural region of the state and is, as yet, the
most serious ,veed in cultivated and untilled fields in SOlne parts of
Colorado, but unless Russian knap",:reed is held in check it ,viII soon
supersede the peppergrass in importance.

R,ussian knap"Teed (Centa1Irea, pier-is Pallas) bas probably been
in Colorado as long as inlported Turkestan alfalfa seed has been used,
but it has been known as a weed pest to farnlers for only a few years.

1. Deputy State Entomologist, in Charge of "reed Control.
2. Fe-llow in Botany 1D27-1928, assistant in weed control summer of 1928.
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It has beeOll1e ,,'ell established and \vill probably inyade all parts of
(~olorado. The knap\veed is extreluely pernicious because of its hardi­
ness and its Yigorous, dense gTo\vth. (~anada thistle ((/ iJ"siu JJl arv­
CJlsc) has Inade steady but generally unnotieed advanees thruout
(~olorado, and is only no\v cOIning to the attention of lllany farIners.
Perennial SO\V thistle (~~onc7l'l('s arrcJlsis) has entered the state re­
eentl~y froln the north and northeast and is not \videspread, but ean
quickly beeolue so unless eyery preeaution is taken against it. On
SOlne range and agrieultural land, Inilk\veec1s (/lsclepia8 spp.) are
abundant. They are troublesollle in the saIne \yay as other \veec1 pests.
The \vhorled Iuilk,,-eed (~!8clepias rerticillata), \vhieh persists \vher­
ever it gets started, is highly poisonous to liYestoek as \vell as being
so fast and vigorouSl a gro\ver that it ean eTo\vd out desirable erop
and forage plants.

ECONOl\IIC LOSSES FRO:\I PERENNIAL WEEDS

The losses fro111 perennial '"feeds in Colorado are enorUlOUS \vhen
they are eountec1 in 1110ney yalues alone. In 1917, H. R. Cates, a
United States Departl11ent of ..L~grieulture \veed expert, estimated
that one-sixth of the l11arket ·value of a cultivated erop is expended
on eultivation. lIe say"s that at least half of cultivation is 111ade
neeessary by the presence of \veeds. According to the 1927 Colorado
Yearbook the Inarket yalue for the 1926 crop of corn, potatoes, beans
and sugar beets \vas $47,984,000. If one-t\velfth of the market value
is accepted as the anlount expended upon these four crops in 1926
for \veed eontrol~ then $4,000,000 is the estilnatec1 toll of \veeds upon
these four crops in one ~Tear. (In the \vhole, perennial \veeds are
more destruetiye in uneultiyated t han in the cultivated crops Inel1­
tioned aboye, but one-fourth of the loss on these crops due to peren­
nial \veeds is not too lnuch to allo\v 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 Il1uch to take \vithout any effort to stop the leak.

The question is raised as to \vhether or not the eost of killing
th~ \veecls to stop this loss is not greater than the return. On the
basis of the returns fronl a single year's ero}) it probably is, but \vhen
the expense is taken into account for the saIne nUlllber of years that
returns are increased, the eost of eradicating perennial \Needs is not
so great. Expensive lueasures against. \veeds are not justified npon
large areas beeause the larger the area the lovver the cost per unit
area if 111echanical lneans of eradication are employed. When, ho\v­
ever it is desirable or necessary to remove frol11 a large area a 111en­
ace in the form of a relatively Lsnlall patch or patches of a perennial
weed, more expensive means of eradieation are perlllissable. The
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cost should be assessed against the "\vhole area to be protected. It
should also be assessed against the tinle during "\vhich a successful
treatment or treatlnents vvill protect the land vvhen norlnal precau­
tions are taken against reinfestations and the reestablishlnent of nox­
ious ,veec1s on ,veed-free land.

\TALUE OF A SINGLE-TREAT:JYfENT l\rrETHOD FOR

PERENNIAL WEED ERADICATION

The ever increasing lllenace of perennial ,veeds to crops and agri­
cultural lands has created a dellland for effective measures of eradi­
cation, single-treatlnent nlethods being preferred. The advantage of
eradication of a perennial ,veed by a single treatment is that no nlore
attention is likely to be required after the killing agent is applied.
It is also possible that the agent lnay be used upon the pest at a
time ,vhen no crop ,viII be lost, and there ,viII he no interference
,vith the regular rotation of the erops. The killing agent ,vhether
put upon the tops only, or used on the roots by injection into the soil,
should act in a relatively short ti1ne, and leave the soil in as produc­
tive condition as ,vhen it ,vas applied. \Vbatever such a n1aterial
,vould be, and ho,vever it is used, the roots of perennial ,veeds lllust
be killed before any satisfactory and perlnanellt control or eradiea­
tion is aee01llplished.

Il\1PORTANCE OF ROOT SYSTE1\1S IN THE

LIFE OF PERENNIAL \,TEEDS

l\nnual and perennial herbaeeous "reeds hehave alike a hove
ground, and cannot be distinguished by their general habits of gro,vth.
There are both annual and perennial ,veeds ,vhieh behave as do the
lllorning-glories or bind"\veeds, and lllany annual or biennial plants
are 1nistaken for perennials. The ,yay to deterllline the perennial
nature of a ,veed is by its root systell1, or hy its behavior fron1 year
to year.

Roots of perennial ,veeds send up frol11 their horizontal parts
vigorous sten1S that gTO'" faster than seedlings in early spring and
,vhen they are ull1llolested, usually lllature their fruit in the SUllllller.
Life resides for an indefinite period in the roots of most perennial
,veeds. The roots serve as storehouses of energy for the plant, and
perfOrll1 the ordinary function of conducting the neeessary ,vater and
Inineral nutrients from the absorptive region of the roots to the food­
luanufacturing 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 dra,vs upon the reserve in the
roots.

As soon as the leaves open to the sunlight they begin to nlanu­
facture food to replace that supplied by the perennial roots. .l-t\.ll
plants depend upon their roots for the absorption of ,vater and min­
erals from the soil. Perennial ,veeds depend upon the lo,ver parts
of their roots for their supply of ,vater and the tops die ,vhen 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 ,veeds, the
effects of the treatment or treatments upon the root systenl are of
primary importance.

THE USE OF SPRAYS

The nlost common method of attacking perennial ,veeds has been
by cultivation 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 ,viII 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 crop
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
lo,v 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 COll­

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 ,vhicn quickly reduces a liquid spray upon
the leaves to a dry film. Penetration vviII usually be sllfficient to
kill the leaves and stems, but does not continue to the roots ,vhere
life remains. Only under exceptional conditions do most sprays prove
to be efficacious in Colorado. Sprays nlust be applied to weeds when
their tops are fully developed, and in such quantities as will destroy
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all gro"rth above the surface, which results in loss of some crops in
one of two ways. Either no crop is raised upon the infested land
\vhere 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 new 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 can 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 been conclusively
proved.

When poisons are applied to the upper parts of plants, some of
it always falls upon the grollnd. 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 years.

USE OF POISONS INJECTED INTO THE SOIL

Contrasted \vith 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 \\rhen conditions are right has been found to result in the rapid
and usually complete death of the plant.

CARBON DISULFIDE.-Of the poisons used in the soil, carbon dis­
ulfide has been found to be the Inost 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 ,vas postponed for some time in a
fevv instances, even until the follo\ving spring.

There are a number of cases on record in Colorado where there
vvas 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 caIne up so weak­
ly that a few injections of carhon disulfide near the straggling plants
finished the job vvith no loss of crop and with relatively little repe-
tition of ,vork. .

Furthermore, the root system is always 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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BENEFITS OF C~ARBON DISULFIDE TO TI-IE SOIL.-Roots of perennial
,veec1s have been killed by carbon disulfide applied in the spring,
Sn1111ner, late fall and ,vinter. Other plants gre,Y nor111ally upon the
soil that had been treated "\vith carbon disulfide, a short tiIlle after
its injection either in the spring or summer. No difference in pro­
ductivity could be noted bet,veen treated and untreated areas se"veral
,veeks or months after the llse of carbon disulfide, unless it ,vas the
more vigorous and rank gro,vth of annual plants upon the carbon
disulfide plots. Far from doing harm to the soil there is evidence
fr0111 these plots and frolll much experimental ,york ,vith carbon dis··
nlfide in other states that in a short tillle after injecti~n there is a
definitely beneficial effect npon life of all kinds in the soil. (See
Figure 1.)

RESl;LTS OF THE lTSE OF CARBON DISULFIDE
IN COLORADO

Altho carbon disulfide has been used in lllany places in Colorado
to learn its po,vers of eradication of perennial ,veeds, 11l0st of the
tests upon ,vhich this bulletin is based have beeIl! set up in the San
Luis Valley, and in Sedg"vick, Washington, Weld and Larinler coun­
ties. The test plots of carbon disulfide in the San Luis Valley ,vere
put in during June, 1927; those in Sedg,vick and Washington coun­
ties the first part of July, 1927, and those in Larimer and Weld coun­
ties in l\iay, July, September and November of 1927, and June and
July of 1928. Heavy and sandy, as ,veIl as moist and dry soils ,vere
treated. IVlost of the tests in the San Luis Valley "\vere in nloist soil.
Altho some of the plots ,,,ere in open, light soil, many of thenl ,vere
put upon heavy clay or wet sand "vhich gave little promise of satis­
factory results. The soil in northern Alall10sa county was dryer and
lllore open, lllaking injection easier, giving pro111ise of better pene­
tration and better killing effects.

In allnost all of these cases the ill1111ediate killing ,vas nearly per­
fect, but one treatment in southern Alanlosa county "vas not so ef­
fective as most of the others. Inspection in 1928 of this and the
other tests in the San Lllis Valley revealed that in all but this one
ease there ,vas a high percentage of killing. The effectiveness on the
small area, ho,vever, 111ay have been more than "Tas apparent. W11en
earbon disulfide ,"vas applied to this patch in June, 1927, four nox­
ious perennial "Teeds, Russian knap"Teec1, poverty ,veed (IVCt (uJJillaris) ,
common ,vild morning-glory and perennial peppergrass v\Tere gro,v­
ing together. After practically 14 lllonths "rithout disturbance, and
,vith every chance for recovery there "vas an apparent killing of 75
pereent of the growth on this area.

T,vo test plots ,vere established in Weld county, on IVlay 13 and
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16. n 'wa: n th ; lora 1 otato Exp rim nt .'tatioll 4 mil
north ~fit and the otll l' n a farm thr -fourth.' mil a. 't of Gr ley.
Th plot on th Potato Exp rim nt 'tation wa: a rath l' damp, but
hard ~nd compact" ra ell loam. P n tration of th arbon di ul­
fide O'a. thru th oil O'av eff .t.... qui kly that th .plant· poi. one 1
in the morning howe:l.. 'i n of wilting b for th W rk wa toppe 1
in the ev ning. Th other pat'h tr at 1 with arb n li ulfide gave
few iO'n' of any damag durinO' th ,'umm l' an 1 fall f 1 27, but in
the pring of 12th morning- lori . fail 1 to l' app ar xc pting
for a few truggling plant ov l' the treat 1 ar a.

The plot· in edO'wick county were for the mo. 't I art in 'et oil
altho two were on rather dry oil. one of the pI to' wh re the moi ­
ture content wa extrem ly hi h gave immediate evidence of any !ITeat
effect 01 the poi on but inspection in AuO'u. t 192 . revealed that t"o
oil them were alma t completely killed; wherea in th third plot a
ViTet h avy oil gave indication after a year of only a 7- P I' nt killing.
The drie t oil treated in Sedgwick count3 wa al nO' a road north­
we t of Sedgwick. Here the killinO' wa perf t with no return growth
of the common wild morning-glor} during 13 month.

Figure l.-Ab~ndant, vigorous growth of v getation upon gr und tr at d with car-
~gil. dIsulfide the y ar befor , sbowing that tbis cb mical d not injure the
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The photoO'raplr of the area in Figure 1 how that no damage
'a done to th oil. rank 0'1'0\ th of weet clover ma be een
in the background and in the foreground pigweed are coming up
thru a yigorou tan of w t loy l' which had be n cut on when
the picture "a taken.

Four plot wer tabli hed in kron olorado. Two were on
the Experiment tation ea t of Akron and t, 0 were on an inter ec­
tion in to, n. The hard dr compact oil of the parking at the in­
ter ection mad the work of injection omewhat tediou but the re-
ult '''ere quick and perman nt. The plot were completely bounded

by morning-glory-infe ted land. To how the re ult more clearly,
the photograph in FiO'ure ~ wa taken in u u t 19",. It how
the , eed extending a 1'0 the foreO'round and into the . tr et from
the edO'e of the parking. There i a matted ma of "ine in the back­
grO'Und next to the walk but the area of parking adjacent to th walk
and to the street where the common wild morning-glory is growing, i
conspicuou ly free from thi perennial weed altho other plant have
made rapid, vigorou and normal growth. They had however, been
cut down before the picture wa taken.

Figure 2.-The effect of carbon disulfide on morning-glories or bindweeds one year
after treatment. Note the absence of bindweeds in the treated area A, and
the abundance of vines in the untreated area B.



May) 19 9 ER DI ATIO OF PERE IAL WEED 13

plot of imilar 'ize, but on the. outh . ide of thi inter ection
"a' infe ted with the common wild morning-glory or bindweed, and
a fe, plr nt of povert weed (Fran. e1'ia tom nto.·c£). The bindweed
wa tr ated in the ame way a the other plot b making the hole.
1 in he deep. The r ult \ a a perfect killing of the morning­
glorie without injuring the much hallower-rooted povert weed,
which by Augu t 1928 had taken complete po e. ion of the . oil
previou ly held by it competitor the common wild mornin -glory.

Thi indicate that the depth of hole ha a bearing on the kind
of root kill d. Two plot on the Experiment tation ea t of Akron
re ulted in imperfect kill on both morning-glor and povert weed.
The morning-glori were on 100 e oil alonO' a railroad grad where
the liquid carbon di ulfide could go do\ n for ome di. tance in tead
of preading out horizontall. The povert) weed wa growinO' in a
road"ay upon the farm where the. oil wa compact. Hole 12 inche
deep were made in the roadwa. The fir t effect were hopeful but
in AuO'u t 192 , there had be n . orne r covery.

In eptember, 1927, the central part of everal patche of com­
mon wild morning-glory or bindweed were treat 1 with carbon di ­
ulfide. The ground was exceedingly' dr and hard. even to the bot­
tom of the hole made for the injection of the liquid I oi on. There

Figure a.-Appearance of cultivated plot 10 months aft r treatm nt with carbon dis­
uI!lde. Btefore treatm nt with this chemical. the w d-fr ar a wa infe ted
with morning-glori s similar to th area hown in the for ground.
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\vas an abundance of flo,,'er~, and healthy gro\vth, 11luch like that
sho,vn in the foreground of Figure 3. Several days after injection,
the plants close to the holes ",vithered and died. On the whole, even
until frost, it appeared that no great harm had been done to these
perennial \veeds. '1'he grou~l(1 ,vas plo,ved early in the spring, so that
no observation \yas possible at the first of the gro\ving season. The
soil ,vas not disturbed again, and as the plants appeared, it quickly
becanle evident that there \vas no return gro\vth of the bind\veed in
these plots ,vhere the carbon disulfide had been injected. The photo­
graph in Figure 3 sho\vs mature plants on both sides of a bind\veed­
free area, th~ result of the treatlnent in Septelnber, 1927. ....L\.ll the
plots treated in September behaved in the saIne \vay.

RBsults froln another trial under different conditions Inake the
use of this 11laterial for the eradication of perennial \veeds 11lore prOIn­
ising. On Nove111ber 11, 1927, an area of R,ussian knap\veed \vas
treated ,vith carbon disulfide. The infestation \vas on lo\v ground
southeast of Grover, Colorado, ,vhere the \vater table \vas only 4 or
5 feet do\vn and the heavy clay soil \vas exceedingly Inoist at 5 or 6
inches belo\" the surface. When this plot "vas inspected on June 5,
1928, the ground ,vas al1110st bare of all gro\:vth, and only one Rus­
sian knap\veed sprout ,vas found upon the 'Nhole treated area. Large
and healthy plants ,vere growing thickly on all sides. Excavation
for roots revealed that they \vere black and decolllposed, and that
only the "voody parts of the root could be follo\ved; the rest had
disintegrated. Altho this 111ay be an unusual case" it sho"vs that the
poison may kill under what ,vould be ordinarily considered unfavor­
able conditions for penetration of the vapor.

Thirty-t\vO of the tests on the killing po\ver of carbon disulfide
made in 1927 have! been observed during the SUlnll1er of 1928. Of
this nUlllber, 7 \vere neither perfect nor high-percentage kills, altho
none of thell1 vvas belo"v 60 percent effective. Approxin1ately 80
percent of the tests gave results that 111ay be considered satisfactory.

There must be, ho\vever, a greater dependability than this for a
method as expensive as this one has proved to be, if it is to have
a vvidespread use. IVluch labor is expended in treating even test plots
\vith carbon disulfide, and a necessary partial or cOlnplete repetition
of the treatn1ent of an area of any size \voulcl Inake the use of earbon
disulfide for the eradication of perennial ,veeds, inlpractieal and un­
econon1ical.

If the method of application could be 111ade less laborious, or
the certainty of killing be made greater, the nse of a carbon disul­
fide for the eradication of small infestations of perennial ,veeds "vauld
become entirely practical. This ,voulcl save much time that is no~,v

spent in prevention and control measures vvhich are some times not
aB effectiYe as the use of carbon disulfide at present.
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rl h m t11 1. n w mploy dare appli 'abl only t ..mall area'
out wh n th u..e f -arbon 1i..ulfid i.. att nd d ,ith rtainty of
l' 'ult., m hanieal m an. for it.. more ra i 1 inj ction into th ..oil
-an b dey lop d.

~IETH D F PPLI 'ATI
T,,'o oun .. of liquid arb n li. ul£i 1 ar appli 1 in hIe. <-J f t

apart ea h way. 1h alt rnat row.' ar ..taO' l' 1. that th hole.
form triangl .. as shovi III in Figur 12. The hoI .. may be made by
1riyinrr . harp n d st 1 tal\:. into the O'round to th de. ired depth.
Th lepth to which th . tak .. ar lriven lep nd.. upon the oil type'
for heavy oil.' 18 inche ha b en found to b . u c . ful and for
liO'ht coal'. e .-andy 'oil , 12 in h . will ·uffiee. Eyen tho the co t of
application of the carbon di ulfid can b l' due d by makinO' the
hole. a di. tanee greater than 2 fe t apart th b. t r ..ult haye be n
obtained in 1 lora 10 ex. rim nt .. wh l' th :"-f ot li..tan ha.. b n
net

Figur 4-a and b
;-,h w the m tho 1 f ap­
plying carbon di ul£i 1 .

funnel i. pIa d in
th hole an 1 th liquid
arbon 1 i u 1 f ide i

conveyed from a bu ket
to the funn 1 b. man.
of a dipper that hold.
xactly 2 oun .' of th
hemical. In order to

pre' ent th arbon li..­
ulfide from e' aporatin '
thnl the op nin in­
. tea 1 of diffu inO' thru
th .'oil, t h hoI
. hould be 10 e 1 with
lirt imm liat Iv aft r
the liqui 1 ha. b' n a ­
pli d. In ..oft . oil thi'
may be done with the
h el but wh re the oil
1. dry and hard it may
b nece ary to u e ~
h a,y ham~ r. If ther
i.. IanO'er of the I cap , Figur 4a

caving in, it i.' nec . ar to fill th hole b for tampin . "\ hen a ur­
pIu.. of th liquid carbon cli. ulficl I l' main unu d in an open on-
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tainer, it e aporation can be topped by covering with a hallow
layer of water.

Figure 4a and 4b.-Photograpbs showing the metbod of application of carbon dis­
ulfide.

LIMITATIONS OF THE E OF ARBON DISULFIDE
THE COST

Altho carbon disulfide ha proved to be effective in Colorado for
the eradication of perennial weeds, it ha orne di"advantage. Any
method of underground application of a poi on require con iderably
more labor than doe a ingle treatment with a spray or dust, and the
work of injection will therefore be more expen ive. When the price
of carbon di ulfide in large quantitie i $5. 0 per 100 Ib ., the freight
not more than $2.00 per 100 lb. and the co t of injection $1. 0 to
$1.75 per square rod, the range of cost per acre of perennial weed.
destroyed will have a maximum of from $260 to $400.

It mu t be remembered however, that infestations of an acre in
extent can be more economically destroyed in other ways. If the
area covers 10 square rods, the co t would be from $22.50 to $25.00
fo~ the infe tation, and if 20 acres were protected from and freed
of perennial weeds, the cost per acre would be from $1.125 to $1.25,
which should be charged over as many years as the land remains free
from weeds of the kind killed. The increase in crop yield and in land
value will more than repay the cost.

Carbon disulfide is much cheaper when purchased in large quan­
tities than when it is bought by individuals from retailers. When a
number of farmers need a large q.uantity, they should pool their order
with the county agent who can procure it from the manufacturers
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Figure 5.-Vial and
c<?rd fl;lr holding the
11 qUI d alcoholat
used in making the
tes~ for carbon dis­
ulfIde gas diffusion.

at the whole 'ale price quoted above.
UN ERTAINTY OF RESULTS WITHO T A INDICATOR TEST

A the 'work of 19 7 ha. hown, not ev ry application of the
chemical ha given a perfe't kill. Little i known a. to the exact
oil condition nece ar for obtaining maximum re ult. The recom­

mendation.. from alifornia are that the liquid be applied while the
oil i "quite dry" but under different oil con Etion which prevail

in Idaho ' quite moi t' oil i.. nece. ary for favorable re ult. Good
and un. ucce ful re ult have been obtained in olorado in both dry
and moi toil. Because of the need for' a better knowledge of the
proper time to apply carbon di ulfide, a chemical te t wa developed
that would indicate the penetration of carbon di ulfide vapor thru
the oil and correlate well with the killing.

A I DI ATOR F R ARBO DISULFIDE
During the early part of 192 a number of chemical indicator

were tried out. The chemical finally adopted as an indicator depend
upon the formation of a deep yellow color when odium alcoholate ha
been expo·..ed to the vapor of carbon di ulfide and treated with a
solution of cupric ulphate lightly acidified with acetic acid.

odium alcoholate i prepared by allowing
m tallic odium to react ith ab olute alcohol and
for te t purpo e the alcoholate i u ed in the fol­
lowing way. Small gla vial. are filled with the
al oholate and a 100 ly wound cotton cord is par­
tially in erted into the open end of the vial a
hown in Figure 5. Soft cord pro e more ati­

factor than gauze paper or tton wool and af­
ford a medium upon which to make th te t. A
the cord wick i ne er pu hed to the bottom of
the vial, there remain a mall quantit of the
liquid alcoholate which a ure a check te t if the
reaction on the wick i n t con Iu i,'. Th iai
that have been u ed are 3 inche in lenO'th and
3A of an inch in diameter. They are placed in
wire cage a hown in Figure 6. The cage are
made from hardware cloth which i rolled into
a c linder. The e cage afford upport and pro­
tection for the vial and furni h an ea method
for injecting them into the oil. The wire A is
u ed for in ertinO' the cage into the oil and for
r moving it at the time the te t for the forma­
tion of the ellow color i to be made.

In order to te t the distance of diffu ion of
arbon di ulfide gas thru the oil, the cages are
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A

B

c

pIa d in hoI .' arranO'ed a. liaO'ramlU I
in Fi ure 7. The c nt I' hoI mark I
indicat the 10 a e hole th point of p­
pli ation f liquid arbon di ulfid. Thr
piral lin . of hoI . are u. ed, for it i.

adYantaO' ou to di. tub the . oil a littl
a po i 1. Th dot on the curye mark d
1. OJ and indi at th point.· wh r th
t t ar pIa d. In a h of th

of t t hoI. the fir t i 4 in h from
the nter th and i. in h " the
third 1..., inche an 1 the fourth 16 in h .

The len th of time int r"ening be­
t\: een the application of the arbon Ii. ul­
fide and the time of t tina' for th y 1­
low color depend upon h Ii tan of
the indicator from the do ag hal. It i
convenient ho\v y I' to apply th carb n
di ulfide one lay an 1 to 1 ave th t. t
"ial in th ground until th f 11m, ino' day
before makina' th t. t. . Thi. u uall} al­
low ample time for the arbon di ulfid
a'a to rea h appro~'imat ly it. maximum
Ii 'tan of liffu. ion.

The cage are pulled up th "ial.
remo' ed from th m, and with a . mall
quantity of the aci lified cupric ulphate
teo t are mad . eparatel up n the wi k
and the liqui 1 odium alcoholate in the
bottom of the vial. The change of th
\\ i k. l' alcoholate to a deep y llow color
how that th arbon di ulfide 'apor ha p n trat 1 th oil from

the do. aa'e hoI to the indicator. If the trina' or liquid alcoholate
take on a blu ·O'reen tint in tead of the deep yellow, it i. not
likel. that carbon di, ulfide ha. penetrat d the. oil in quantitie. uf­
fici nt to kill root.· f p l' nnial ,\ d..
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•
3

Figul' 7.-.-\1'1'311 PJU('lIt of (p t hoI for
d t rmining th liffu j n of arbon
di ulfid ga thru th oil fr 111 " ",
th point of application.

•
••

•

o

•

•

•
•

••

Exp rim ntal lata. h \v tha
th u, of thi. indicator meth­
od i.. a Iv nta ou, for in th
teo t plot. of 192 th l' i.. hiO'h
correlation b tween indication
by the alcoholate and the killin
of the w ed tr ated with car­
bon Ii. ulfid. rn the t plot.
,,,h l' th indi ator fail 1 to
r i. tel' p netrati n, appal' nt­
ly the w 1 w r not kill d
but whenever a briO'ht color
chanO'e wa. obtained, a O'ood kill
follow 1.

Figur ,'h ".. a pI' fu.
O'ro,yth of common wild m rn­
in -O'lory or bin 1", d alon th
curbinO' on :JIath" . tr in

Fort ollin. Iorti n f thi ~ plot wa tr at d with arbon di ulfide
ant inlicator te t were rna 1. The indicat l' r ord d a hiO'h p r­
centao- of pen tration whi h ',ould ugo-e. t that a O'ood kill would
follo\,i'. Figure 9 "how th kill obtained.

1.

Figur 8.-Photograph of a 111' fu gr wth of ommon wild Dl rning-glory al ng
tr t curbing.
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Figure 9.-Pbot grapb of m rning-alory plot adjoining that of Figure ,aft r treat­
ment with carbon disulfide.

Figure lO.-Photograph of morning-glory plot 20 days after application of carbon
disulfide.



Jlay 19 9 ER 01 TI OF PERE I L WEED 21

n ther plot wa. . taked out on a piece of plowed ground and
the carbon di. ulfi 1 inj ted. arbon di ulfide penetration wa in­
dicated in every te t hole. Figure 10 i a photoO'raph of the plot

day after application of th chemical. n ach. ide of the pI t
may b n th den. e growth of th wild lliorning-O'lori " wh l' a'
in the treat d portion th I' i alread a trikinO' I' u ti 'n in th
number f plant.

furth I' xampl of the corr lation of indi ation with killing
i. 'ho\ n in Figur . 11 and 1..-. Figur 11 i a ph tograph f a II t
of poverty weed (Fran' ria tom nto~a) on irri ated Ian 1. ! d
indication and ati factory re ult , I' obtained aroun 1 th I

f the plot, but in th c ntral portion there wa no indi ation and
littl or no kill. Figure L.J i a diagram of thi ame plot. Th ir­
cl " mark the point of application of the carbon di. ulfi 1 and th
clot· de ignate where th indicator t t w I' made. T' i. pIa 1
be ide the dot wher p netration wa indicate 1, but a failur t O'e
at. t i marked T.' Irrigation' at r had r ntly t 1 up n
the area indicated b the hadinO' in Figure L.J' wh rea th r maind l'

of the plot, a quite dry. The te t how cl that th ran
pen tration in the mit ar a, and from FiO'ur 11 it may b n
that practically non of th plant. in thi. ar a wa kill

Figure ll:-P~otograph bowing 11 pov rty-w <l plot aft r tr atm nt with arb n
(11 'Ulfld, Th growth 8b wn in tb middl of tl ' pI t wa tb pint wh r
tb r wa Il illlli aOon :lnu n killing'.
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Figure 12.-Diagram of the plot photographed ill F'ignre 11, showing tlH.' correIa -

tiun uf ilHljcatioIl and killing.

Froln the experiU1ental data collected froll1 a nUlllber of such
plo:ts, a good killing al,vays follo,ved a good color indication, and
\vhen there was no indication of the penetration of carbon disulfide,
the plants survived the treatlllent.

RECOMIVIENDATIONS

Carbon disulfide can be recoll11nended as an effective and eco­
nOlllical means of eradication of small patches of perennial ,veed~

when large areas of weed-free land are to be protected fron1 invasion.

Treatment with carbon disulfide can be Inade at times vvhen
farm work is slack, provided that the soil is in proper condition for
penetration of the poison.
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rfhe chen1ical indicator discussed in this bulletin may be used for
deternlining the penetration of carbon disulfide gas thru the soil
and the probable effectiveness of this material for the eradication
of perennial ,veeds under existing conditions. It should be put in
representative places in each plot to be treated. Only when it sho,vs
penetration of carbon disulfide gas should the poison be used upon the
'vhole area. It is ,"veIl to treat the plot immediately after a satis­
factory test~ beca\lSe soil conditions may change and modify the rate
of penetration and the killing power of the poison.

SOIne of the material for this test is not readily available. It 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.

T,vo ounces of liquid carbon disulfide should be applied in holes
2 feet apart in the manner suggested in this bulletin. These appli­
eation 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 luore 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.

WAR,NING

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 hnnlan system. Large
{o\uantities of t,he fnnles should not be inhaled and care should be
t~,ken to avoid getting the liquid into the eyes or nlonth. It does
not c1alnage elothing or shoes.

In order to prevent loss by evaporation, the carbon disulfide
~houlc1 be kept in a tightly closed container.
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