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Use of Sodium Chlorate and Other Chemicals in Controlling
Turf Weeds
B)' Fred V. Gran

In the Bulletin for May, 1933 (page 47), a resume was presented
of observations made on the control of crabgrass and other turf
weeds with certain chemicals in the first season's experiments in
this problem, as conducted in 1932 simultaneously at the University
of Maryland, College Park, Md., and the Arlington turf garden, near
Washington, D. C. The continuation of this same experimental ,vork
during 1933 at these two stations supplemented by its expansion at
a few additional stations, affords opportunity now to present fur-
ther observations on the same subject. During this second season
of our work the data accumulated have been considerably increased
and th~ir value in connect~on with golf course problems, it is hoped,
accordIngly enhanced. It IS our purpose here to describe in greater
detail the character of the experimental work thus conducted and
to present the additional data that have accumulated.

The selective control of weeds in fine turf constitutes one of
the most outstanding and important problems of turf research to-
day. This control of turf weeds by the selective action of chemicals
is a phase of the problem which has heretofore been only touched
on, but with some encouraging results. Most of the experimental
work conducted by the Green Section in 1932 was on crabgrass in
fairway turf, using a few chemicals which, by preliminary experi-
ments and through a review of the literature, had been selected
from a great many and which showed the greatest promise for ef-
fective, cheap, selective control. This group of chemicals included
the chlorates, arsenical compounds, ammonium thiocyanate, and the
sulphates of iron and ammonia, each of which showed more or less
specificity for certain types of weeds and attendant conditions. Of
these sodium chlorate was reported as having given the best results
on crabgrass and milk purslane, and gave promise for successfully
controlling chickweeds. Ammonium thiocyanate compared favor-
ably with sodium chlorate in some respects. The arsenical compounds
failed to show satisfactory results on crabgrass but showed a great
deal of promise for the control of legumes, plantains, chickweeds,
ground ivy, knotweed and pennywort. Iron and ammonium sulphates
gave little or no promise for crabgrass control.

During 1933 most of these same compounds, as well as others,
were used in amplified and extended tests, which yielded informa-
tion as to the times, rates and methods of application under different
conditions of environment, soil type, moisture, and fertility.

Chemical weed control is not new, but its adaptation and ap-
plication to turf, where freedom from weeds is above all desired,
open up an entirely new field of investigation, which, at the outset,
appears to be of tremendous importance. The benefits of such inves-
tigations will be shared by all who have occasion to enjoy fine lawns,
golf courses, parks, polo fields, or other fine tnrf areas. A great
deal has been written concerning the advantages of this and that
fertilizer material or mixture for keeping turf free from weeds.
Under many conditions some of these materials have been success-
ful, but unfortunately they are not effective against certain weeds
and under all soil and climatic conditions. Chemical weed control
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presents the possibility of attaining this result with a minimum of
labor, materials, expenditure, and disturbance of the existing turf.

Let it be understood at the beginning that this article lays no
claim that the ideal \veedkiller for turf has been discovered,l1or that
by the use of the materials reported weed-free turf can' he main-
tained with no other care. Reported here are the efforts of two years'
work, which represent an endeavor to facilitate the removal of turf
weeds which persist in spite of the best care that can be given.
The importance of proper soil conditions, seed-bed preparation, fer-
tilizer practices, clipping, and other factors is in no ,vay to be under-
estimated. 'Vith this thought in mind the ensuing discussion of the
experimental results should gain added significance.

The results obtained in 1932 indicated that certain rates of appli-
cation of chemicals were more desirable than others at different
seasons and at different stages of development of the turf and the
weeds. The rates at which the various materials were used in the
1933 experiments are indicated in table 1. This series, iil addition,
yielded valuable information as to the time of year when a single
application of any given 11laterial gave the most favorable results
under the existing conditions.

TABLE I.-CHEMICALS USED AND METHODS AND RATES OF ApPLICATION, ACCORD-
ING TO PLOT NUMBERS, IN EACH OF SIX SERIES TREATED IN 1933 AT THE

ARLINGTON TURF GARDEN AND MARYLAND UNIVERSITY

Row Chcmical uscd

A Sodium chlorate
B Sodium chlorate
C Sodium chlorate
D Sodium chlorate
E Ammonium thiocyanate
F Ammonium thiocyanate
G Arsenic pentoxide
H Arsenic pentoxide
I Arsenic pentoxide
J Fertilizer (6-12-4 inor-

ganic)
K Fertilizer (6-12-4 or-

ganic)
L Calcium cyanamid

(powder)
1'1 Lead arsenate

Rates of application in
pounds to 1,000 sq. ft. on
each of four 4-by-4-ft.

~lIct1zod of application plots 'Within each 8-by-8-
ft. 1Jlot

No.1 No.2 No.3 No.4

Spray Check % 1 2
Sprinkle 1 Check 2 4
Dry with fertilizer* Check 1 2 4
Dry "ith hydrated limet 1 Check 2 4
Spray Check % 1 2
Sprinkle 1 Check 2 4
Spray Check r/ % %/8
Dry with sand 0 Check 1 2
Dry with fertilizer~: Check 0 1 2
Dry 16% Check 33% 66%

Dry Check 163:3 33% 66%

Dry with soil:!: 42/. Check 9% 18%/~

Dry with soil:!: 5 Check 10 20

• The fertilizerused was 6-12-1 inorl:'anicin amount equivalent to a rate of 16~;1 })Ound5,
which yielded 1 pound of nitroJ.:enin readil~'available form to each 1,000 square feet of area.

t Hydrated lime was mix<'d pound for pound with the chemical.
t Finely-sirted dry compost Roil.

Experimental Conditions
The greater part of the 1933 work was conducted at the Arling-

ton Turf Garden. Duplicate tests were conducted at the University
of Maryland and supplementary tests \vere carried on in the Chicago
District. Additional tests were made on some golf courses around
'Vashington, in New Jersey, and at Indianapolis.
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At the Arlington turf garden the natural soil is of the sassafras
silt-loam type, light in color, has a pH of from 5.4 to 5.6, is generally
low in phosphorus and potash and high in iron, but possesses a high
potential fertility. When wet it puddles easily and when dry it be-
comes baked and cracked. In most respects the soil at Maryland
University, where the tests were located, is identical with that at
Arlington. The Chicago soils on which tests were made were gen-
erally of the black or dark brown silt-loam type, sometimes almost
mucky in character, fertile and well-drained, and have a pH of about
6.5 to 7.0. The Indiana soils where the tests were located were of the
clay-loam type, fine textured in nature, testing about pH 6.0 to 6.5,
and rather deficient in phosphorus and potash. The New Jersey soils
were generally sandy in character, well-drained but infertile, with
a low organic matter content and possessed a rather high degree of
acidity, about pH 5.0 to 5.2.

In these experiments the plot sizes ranged from 16 square feet
to 1,000 square feet, depending upon the area available for tests
and the character of the experiment, as well as the distribution of
the vegetation. The amount of chemical applied, in no matter what
manner, was calculated on the basis of pounds, or fractions of pounds,
to 1,000 square feet. In the ensuing discussion, for the sake of uni-
formity and ease in interpreting results, the amount of chemical
used on a given plot, regardless of area, will be expressed in pounds
or ounces to 1,000 square feet (one pound to 1,000 square feet is
roughly equivalent to 45 pounds to the acre).

The site selected at the Arlington turf garden was a portion of
neglected, unfertilized lawn at the crest of a slight, well-drained
slope exposed to the west. The rather fine-textured, infertile soil
supported a profuse growth of crabgrass (Digitaris sanguinaHs), a
scanty growth of Kentucky bluegrass (Poa pratensis), great num-
bers of narrow-leaf plantain (Plantago lanceolata), a few major or
broad-leaf plantain (P. major), considerable white clover (Trifolill11~
repens), much field sorrel (Rumex acetosella), a goodly variety of
chickweeds, largely the common or smooth chickweed (Stella'ria
'media) with some mouse-ear chickweed ("Cerasti1l1lL vulgatum), and
some milk purslane (Euphorbia maculata). Heal-all or carpenter
weed (PTllnella vulga'ris) occurred in isolated patches, as did cinque-
foil (Pontentilla spp.) and thyme-leaved speedwell (Veronica ser-
pyllifolia) . The poverty of the soil was indicated further by the
presence of considerable wire grass (A 1'istida spp.). Yellow or wood
sorrel (Oxalis strictu) was quite generally though thinly distributed,
as was wild garlic (Allium 'vineale).

The ground cover at Maryland was quite similar to that at
Arlington with a few exceptions. The site on the Maryland campus
was not so well drained as that at Arlington. The slope was slightly
to the east. A better stand of bluegrass was in evidence at all times,
there was somewhat more white clover, no field sorrel, and few chick-
weeds. Wild garlic was quite profuse on all plots and there was
more of the major plantain present. Fairy rings unequally distrib-
uted through the plots, which were not in evidence at the time the
site was selected, introduced a considerable error in the turf read-
ings by stimulating the turf as if fertilizer had been applied. Dande-
lions (Taraxacwn officinale) were universally present, but accurate
counts were not made due to the extreme difficulty in counting them.

In addition to the weeds named, observations were made at other
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places on goose grass (Eleusine indica), ladies-bedstraw {Galium 
sp.), annual bluegrass (Poa annua), and winter cress {Barbarea 
SD ) ^'' ' Methods of Application 

Apparent discrepancies have been observed among some of the 
previous investigators concerning the efficiency and applicability of 
the various methods of applying chemicals. It has been reported 
that for comparable results the dry application of sodium chlorate 
required five to six times as much material than when applied as a 
spray, cognizance being taken of the influence of the vegetation to 
be treated. In order to thoroughly test this point with respect to 
the treatment of turf with chemicals, over 600 4-by-4-foot plots were 
treated with a single application of materials during 1933 over a 
period of seven months by three methods, as shown in table 1: first, 
the dry method, in which the chemical is mixed with an inert carrier, 
such as soil, sand, lime, or superphosphate, and broadcast over the 
turf using only a sufficient amount of the carrier to insure uniform 
distribution; second, the spray method, where a quantity of stock 
solution of a chemical is diluted with water and delivered to the turf 
in the form of a fine, misty spray at the rate of 150 to 200 gallons 
to the acre or five gallons to 1,000 square feet, using a brass hand 
spray gun which delivers a continual spray, the spray being allowed 
to remain on the vegetation; third, the sprinkling method, whereby 
the chemical is dissolved in water and applied with a sprinkling can, 
barrel cart, or similar device, which delivers the solution to the turf 
as a coarse rain in large drops. In the sprinkling method the chemical 
is immediately brought into contact with the soil, sufficient water 
being used to insure this, with a minimum amount remaining on the 
leaves of the vegetation. The amount of water used in these experi
ments was at the rate of approximately 25 to 30 gallons to 1,000 
square feet which, it was found, represented a minimum amount for 
obtaining uniform distribution in connection with the use of a garden 

" " Methods of Evaluating Results 

Before treating any plot, the condition and adundance of the 
various components of the ground cover were determined by a tech
nique developed during the preliminary experiments. Rosette weeds 
and those with upright stems (determinate) were counted. The rela
tive abundance of the prostrate and spreading types (indeterminate) 
was estimated on the basis of 10 as a maximum, as was also the ex
cellence of turf produced by the amount of turf grasses present. For 
example, a plot consisting of pure clover was given a rating of 10 
for clover and 0 for all other components; one with a scattering of 
clover but with a fair turf of grasses would receive the rating "trace" 
for clover and 4 to 5 for turf, and so on. Obviously the method is 
inexact and lacks precision, but it is relative, and inasmuch as all 
plot readings, aside from actual counts, were made by a single ob
server, the inherent errors may, for the most part, be considered to 
be compensating. In the final check-up at the end of the season, 
duplicate readings were made at different times of the day and the 
results weighted. Most of the comparisons will be drawn from the 
late-season readings on a relative basis. Obviously the natural sea
sonal variation in vegetation would influence considerably any attempt 
to correlate the results of readings on spring-type vegetation and fall-
type vegetation. 
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Comparison of Methods of Application

This comparison is based principally upon the efficiency of the
chemicals applied by different methods, at equal rates of application,
upon the reduction of lance-leaf plantain, with a single application of
material. This permits of a rather accurate measurement, since the
plantains were carefully counted in all plots on the first of November.
The condition of the turf likewise serves as a means of evaluating
any differences among the methods, although this is not so accurate
a method, since the values for the condition of the turf are only rela-
tive and susceptible to the error of judgment. Since all notes were
taken by one observer, in a single day, however, and taken in dupli-
cate after a two-hour interval and averaged, this factor may be con-
sidered to be compensating among the different plots. The error
due to initial unequal distribution of plants affects the results some-
what, so that small differences must not be considered too seriously.

Rate
(pounds
to 1,000
sq. ft.)

Chemical

TABLE 2.-PERCENTAGE REDUCTION OF PLANTAIN AND PERCENTAGE INCREASE OF
TURF GRASSES, AVERAGED FOR OVER 600 PLOTS AT ARLINGTON TURF GARDEN

AND MARYLAND UNIVERSITY TREATED WITH SINGLE ApPLICATIONS ONLY,
THROUGHOUT A SIx-MONTHS PERIOD IN 1933

Percentage reduction of plantain (first column)
and percentage increase of grass (second col-

umn). Five methods of application.
DrJ/ 'With D"JI DrJl

Spray Sprinkle 6-12-4." with 1vith
illor.qallic lime saud

c~ % % % r/ ~.~ % ~/l r.' (,
,C Ie if, Ie

Sodium chlorate. ~,~ 23 8
Sodium chlorate. 1 35 7 41 5.r 77 6.5 53 5
Sodium chlorate. 2 56 7.5 65 4.5 H2 8.5 68 6.5
Sodium chlorate. 4 95 8.5 95 6.5 !IO ~'.5
Ammonium thiocyanate. ~2 ° 1.5
Ammonium thiocyanate. 1 7 2.5 8 °Ammonium thiocyanate. 2 8 3 20 4
Ammonium thiocyanate. 4 55 °Arsenic pentoxide. % 17 2.5
Arsenic pentoxide. lfl 22 i1
Arsenic pentoxide. 1,~ 30 3.5 60 9 56 3.5
Arsenic pentoxide. 1 1 80 13 60 11
Arsenic pentoxide. 2 ~lO 15 70 12
6-12-4 inorganic. * 1 14 8
6-12-4 inorganic.* 2 60 10
6-12-4 inorganic. * 4 87 12
u-12-4 organic.* 1 20 5
£-12-4 organic. * 2 :m 7.5
6-12-4 organic. * 4 84 9.5
Calcium cyanamid.* 1 17 'l..,
Calcium cyanamid.* 2 34 1.5
Calcium cyanamid.* 4 48 4
------

• Rates for fertilizers rel'resent Jlounds of nitroJ!en.
-- -~-----

Table 2 presents the data on plantain reduction and turf increase
with three chemicals and three fertilizer materials at different rates
and methods of application. Some slight variances occurred in the
results obtained at :Maryland and at Arlington, but in general the
figures represent the same order of magnitude at both places and
have been averaged in table 2. Each figure in the table repi'esents
the average reduction or increase of plants in six plots, one from each
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of the six series. Bv a tabulation such as this any variations due to
effect of season are ~smoothed out and, become compensating.

In table 2 it is seen that the greatest. reduction of plantain oc-
curred in the use of sodium chlorate at the 4-pound rate, and that
with sodium chlorate the greatest increase in turf grasses occurred
when sprinkled at the 4-pound rate, and when applied dry at the
2-pound rate mixed with inorganic fertilizer; also that arsenic pen-
toxide was most effective when applied at rates of 1;2 pound or greater.
This is to be expected when the reduction of plantain by fertilizer
alone is studied. At the rate corresponding to 1 pound of nitrogen
to 1,000 square feet, the 6-12-4 inorganic shows a 14-per-cent decrease
of plantain, the 6-12-4 organic shows a 20-per-cent decrease, and
calcium cyanamid, 17-per-cent. At the higher rates, the difference
is in favor of the inorganic form.

Between spraying and sprinkling in the sodium chlorate treat-
ments, there seems to be a slight difference in favor of the sprinkling
method. This may well be due to the fact that in the spraying method
a part of the material is lost on the bare ground and does not reach
the plant in an effective form. The dry-lime method seems to be
slightly better than either of the wet methods from the standpoint
of plantain reduction. The single comparison between spray and
dry applications with arsenic pentoxide shows the balance in favor
of the dry methods. If the added effect of fertilizer is disregarded,
the difference in turf increase is negligible.

The spray method depends principally upon leaf absorption and
the destruction of the aerial organs. It is to this end that sprays
are finely divided so as to enhance the possibility of the maximum
amount of material being intercepted by the leaves of plants as it
falls to the ground. In the foul' other methods the mode of absorp-
tion by the plant is principally by the roots from the soil solution.
This is entirely true of the sprinkling method. 'Vith the three other
methods, however, there is a dual effect of root absorption and de-
struction of aerial organs. As the material is broadcast, part of it
is intercepted by, and rests upon, the broad-leaved plants such as
plantain and dandelion. The chemical itself, as well as accompanying
corrosive salts that are present in the fertilizer used, acts upon the
leaves. The material which sifts through the leaves and reaches the
soil soon goes into solution and enters the soil. The plants are thus
attacked both above ground and below ground, which probably ac-
counts for the higher value of plantain reduction for the methods
where this dual point of attack obtains.

This evidence quite conclusively refutes the results of earlier
experimental work which has pointed out that about five times the
quantity of material, sodium chlorate in particular, was required
for satisfactory weed kill when applied as a dry salt to the soil as
against its application in the form of a finely divided spray. The
weed species or the soil type and moisture may affect these resu1ts
but hardly to such an extent. It is to be noticed that these findings
in table 2 with all three chenlicals bear out the validity of this state-
ment.;N 0 research has been carried on up to this time to ascertain
why this js true;yet it presents an interesting problem and one ,vhich
may well engage the early attention of inyestigators in this particular
phase of research.

Table 2 does not represent the true picture concerning the increase
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of turf, but only a general trend which in itself is sufficiently accu-
rate. With anyone treatment the condition of the plots of all six
series was averaged. The best turf occurred in series 4, 5, and 6.
Single applications, particularly of sodium chlorate, applied after
June 1 notably increased the amount and vigor of the turf. Regrowth
of crabgrass in all series prior to June 1, after the effectiveness of
the chemical had been lost, smothered the grasses and presented
nothing but a solid mat of crabgrass at the end of the season. Crab-
grass which was able to germinate in the plots treated June 1, two
to three weeks later, seemed unable to disturb the growth of the turf
grasses which, by fall. had formed nearly a solid turf.

The effect of the lime, in conjunction with sodium chlorate, was
apparently to somewhat increase the length of time the chlorate was
effective, to retard its killing action, and to add vigor to the remain-
ing turf grasses.

'Vhile the 4-pound rate of chlorate applied as a sprinkle and dry
with lime shows an actual greater percentage kill of plantain, the
increase in turf is to be regarded with caution, since at this rate a
second application kills the turf completely. A single application
causes heavy damage and, when the supply of soil moisture is insuf-
ficient, kills it entirely.

At equivalent rates the sodium chlorate has proved superior to
ammonium thiocyanate, both in weed kill and in turf improvement,
in spite of the high nitrogen content of the latter. A very significant
feature of the thiocyanate-treated plots was the large attendant
increase in the numbers of dandelion plants, which showed a decrease
in vigor and numbers in the chlorate-treated plots.

A comparison between sodium chlorate and arsenic pentoxide, at
the Ih-pound rate and by the spray method of application, shows a
slight increase in plantain kill in favor of the arsenic but a lower
percentage increase in turf grasses. This situation is reversed, how-
ever, at the 1- and 2-pound rates applied dry with fertilizer. The
comparison can not be made directly, since the effectiveness of the
two compounds depends upon somewhat different conditions and
again upon the specific nature of the materials involved .
. Of the three fertilizer materials used, the 6-12-4 inorganic gave

consistently the best results. Burns resulted from the two heavier
applications but they were not so serious as to permanently impair
the turf. The reduction in plantain is significant, indicating that by
proper fertilizer practices at least a part of the weed population can
be materially reduced. The crabgrass, however, responded entirely
differently and, with the exception of the last two series of applica-
tions, flourished remarkably under the heavy feeding and virtually
extinguished the existing turf grasses. The late-season applications,
however, severely affected the crabgrass and encouraged the turf
grasses, from which the major portion of the turf increases in table
2 are derived. This indicates that the time of application of fer-
tilizers for most effective ,veed control and for the best results on
turf is extremely important.

Calcium cyanamid applied on an equal nitrogen basis with the
regular mixtures, yielded results far inferior, both in plantain de-
crease and in turf increase. The cyanamid was applied as a powder
so that it would cling to the leaves of the vegetation. The recover,r
of the turf was notably slow for several weeks after application until
the toxic decomposition products had disappeared.
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Results of Successive Applications of Sodium Chlorate

Adjacent to the experiment outlined in table 1 a second experi-
ment was conducted by which the effects of successive treatments of
chlorate on different dates and at three rates might be determined.
Plots 10 by 10 feet in size were so arranged that on anyone date four
successive plots were treated simultaneously at each of the three
rates 1, 2, and 4 pounds to 1,000 square feet. Subsequent applica-
tions were made so that each time one previously untreated plot
received a first application, whereas one of the previously treated
plots received none. Applications were made on April 24, May 29,
July 11, and August 29. By this plan a variety of combinations of
rates and times of application were obtained. Half of the plots re-
ceived 6-12-4 inorganic complete mixed fertilizer on June 21 and
October 14 at the rate of 700 pounds to the acre. Natural conditions
prevailed throughout the season, no artificial watering being resorted
to.

Crabgrass began to germinate in this location about April 10. At
the stage of growth represented on April 24, about the 2-leaf stage,
a very satisfactory kill was obtained with the 1f2-pound application
of chlorate. At this rate the grass was only slightly affected, ,vhereas
at the 2-pound rate there ,vas considerable turf inj ury with a com-
plete crabgrass kill and about a 75-per-cent kill of plantain. At the
time of the second application on May 29 the 2-pound rate still showed
some chlorate inj ury whereas the turf treated at the lower rates had
completely recovered. At this date crabgrass was again repopulating
all treated areas with newly germinated seedlings but to a somewhat
less extent at the 2-pound rate.

On the basis of 100 per cent, as nearly as could be estimated, the
maximum percentages of discoloration due to chlorate after the first
application were, at rates of 1/2, 1, and 2 pounds, respectively about
40, 50, and 75.

In this experiment the best plot was that which received the
2-pound rate on April 24, May 29, and July 11. The fertilized por-
tion was far superior to the unfertilized portion. Standing second
was the plot receiving the I-pound rate in 4 successive applications
on August 29 in addition to the dates named for the 2-pound rate.
Three applications at the 2-pound rate effected virtually complete
eradication of crabgrass, plantain, and all other weeds except wild
garlic. The decrease in numbers and vigor of dandelions was very
marked. Coverage due to turf grasses increased from about 10 or
15 per cent in April to 95 per cent in October. There was less than
5 per cent increase in the control plots.

A duplicate of this experiment conducted at the University of
l\Iaryland yielded entirely comparable results. An examination of
the root systems at the end of the season showed that the production
of rhizomes in the plots receiving the heaviest treatment was superior
to that in the control plots.

lleyelopment of Tolerance for Chlorate

Soon after the second application of chlorate on :May 29 it becanle
strikingly evident that the discoloration and turf injury was much
less than it had been following the first application. This became
evident again following the next successive treatment and was one
of the outstanding features of interest. Apparently a development
of the same tolerance was not shared by the weedy plants, particu-
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larly the crabgrass. Observations indicated that in the fertilized 
areas the turf grasses were less affected by the chlorate and that 
recovery was much more rapid. 

From this experiment it becomes apparent that the addition of 
a fertilizer in conjunction with the chlorate treatment is advisable, 
particularly in badly run-down weedy turf. It seems that, inasmuch 
as the y<%r and 1-pound rates efficiently eliminated the very young 
crabgrass at the beginning of the season, and since the bluegrass quite 
evidently acquires a toleranace to the action of chlorate, a gradual 
increase in the rate of successive applications might well be used. 
By doing this the rather severe injury resulting from the first appli
cation at the 2-pound rate may be greatly diminished, with the final 
results as good as those obtained with 3 successive full-rate appli
cations. 

Figure 1.—Sodium chlorate treatment of Kentucky bluegrass infested with crab
grass. Treated plot on the left; check plot, untreated, on the right. Two 2-pound 
applications had been made to the treated plot, 6 weeks apart. Although the 
turf that remains in the treated plot is thin, it is in about the same condition as 

would have resulted from hand weeding. 

Figure 1 shows how completely the crabgrass has been eliminated 
from the treated plot, wrhich on July 1, when the picture was taken, 
had received two 2-pound treatments of chlorate. 

Figure 2 shows the condition of the plot which received three 
2-pound applications. At the top the normal condition is shown; at 
the bottom, the condition after the plots had been raked to raise the 
crabgrass. The fluffy appearance of the check plot on the left inch-
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cates a very heavy mat of crabgrass which virtually choked all the 
turf grasses. The almost complete absence of crabgrass in the treated 
plot is clearly indicated. 

The results of a similar experiment on a different location with 
sodium chlorate yielded quite as striking results, as may be seen in 
figure 3. An 8-by-8-foot plot was quartered and 3 of the sections 
treated with chlorate at %- 1- and 2-pound rates on May 12, June 16, 
July 11, and August 11. One section remained untreated as a check. 
Sulphate of ammonia at the rate of 2V& pounds to 1,000 square feet 
was applied simultaneously with the chlorate in solution and the mix
ture watered into the soil with a sprinkling can. 

Figure 2—Sodium chlorate treatment of Kentucky bluegrass infested with crab
grass. Treated plot on the right; check plot, untreated, on the left. Three 
2-pound applications had been made to the treated plot, resulting in an almost 
complete elimination of the crabgrass. Both plots had been raked to lift the 

stolons of the crabgrass for photographing. 

On October 7 pictures and color plates were made of this plot 
(figure 3) and at that time the final notes were taken. The ratio of 
turf-crabgrass at that time was 9, 30, 80, and 7 for the Vz-, 1-, 2-pound 
rates and the check plot respectively, indicating practically complete 
freedom from crabgrass in the plot receiving 2 pounds at 4 successive 
times. The excellence of the turf in this plot as compared with that 
in the check plot was striking, both from the standpoint of density 
and color. 

Effect of Continued Treatment With Chlorate and Thiocyanate 

During 1932 two plots of 250 square feet each were treated twice 
for crabgrass control. On August 1 plot A received sodium chlorate 
and plot B received ammonium thiocyanate each at the 2-pound rate. 
On September 1 each received the 1-pound rate of the respective 
chemicals. No crabgrass seed matured in plot A but in plot B the 
control was much less marked. 
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Treatment was continued during 1933, and on June 21, July 15, 
and September 1 plot A received chlorate at the V6-> l-» and 2-pound 
rates respectively. The rates of thiocyanate applied to plot B were 
1, 2, and 2 on the respective dates. Nitrogen as sulphate of ammonia 
was added to plot A at each application in sufficient amount to equal 
the nitrogen applied to plot B in the thiocyanate. On October 10 one-
half of plot A received 6-12-4 inorganic fertilizer at the rate of 700 
pounds to the acre. 

Figure 3—Sodium chlorate treatment of 3 plots of Kentucky bluegrass infested 
with crabgrass, at 3 different rates of application with sulphate of ammonia 
added. Four applications had been made at '--pound (lower right), 1-pound 
(upper right) and 2-pounds (lower left). The 2-pound rate showed almost com

plete control and excellent turf condition. 

Later observations showed that the turf-crabgrass ratio in plot 
A was about 80 whereas the ratio in plot B was but 20. In plot A 
the turf consisted principally of Kentucky bluegrass, bents, and red-
top. In plot B the turf was mainly annual bluegrass with scattering 
Kentucky bluegrass plants. Plantain and chickweed had virtually 
disappeared in plot A but were still plentiful in plot B. 

One observation of note is that during late fall all chlorate-treated 
turf which had not received fertilizer showed bronzed leaf tips which 
persisted until the end of the growing season and in the early spring 
were evident as dead tips. Where fertilizer had been applied as a 
fall dressing no such tip-bronzing was apparent. No explanation has 
been attempted for this phenomenon, but it is possible that the resid
ual chlorine in the plant sap has contributed toward this, and that 
by the addition of a complete fertilizer the subsequent growth has 
been sufficient to mask the effect of the chlorate. 
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The increase of annual bluegrass under the ammonium thiocya-

nate treatment and its decrease with sodium chlorate further show
the specificity of these chemicals for certain types of plants. It in-
dicates also that where annual bluegrass is desired it may be en-
couraged by small, frequent treatments with thiocyanate.

An examination of the soil in plots A and B at the end of the
season showed pH values of 5.2 and 5.3 respectively with practically
no differences in the amount of soluble constituents.

Additional Tests ,yith Sodium Chlorate on Crabgrass

Crabgrass-infested turf on aprons, banks, and approaches of the
putting greens at Bannockburn, and, in some cases, on the greens
as well, was treated with potassium chlorate at two different times.
The first treatment was made about June 20 and the second about
the last of July. The results were gratifying. "\Vhen observations
were made on the first of September no crabgrass remained in the
treated areas either on the greens or on the turf outside the greens.
The turf grasses had begun to fill in the denuded areas and had a
good, healthy appearance. On the greens the treatment was some-
what drastic but the bent grasses recovered from the shock and made
good growth all the rest of the season.

Sodium Chlorate Tests at Indianapolis

The crabgrass-infested bluegrass and bent tees at the Highland
Golf and Country Club at Indianapolis were treated with sodium
chlorate shortly after the middle of August, 1933. The 2-pound rate
was applied ,vith a power sprayer and watered into the soil. Ken-
tucky bluegrass and seaside creeping bent seed were sown at the
time of treatment. Fertilizer was applied after September 1, water-
ing being carried on as usual to keep the soil in good condition. At
the time of treatment crabgrass had begun to develop seed heads
where its normal development had not been retarded by cultural
practices.

Later in the season it was reported that the treatment was highly
successful. No crabgrass seed matured and the turf grasses filled
in the area occupied by the crabgrass. The newly-seeded grasses
developed normally and made good growth.

Experiments in the Chicago District

Tests were conducted at the Mid-vVest turf garden and on several
golf courses in the Chicago District from July 22 until November 1.
Treatments were made chiefly on fairway turf consisting principally
of Kentucky bluegrass, bent, and fescue. The weed population con-
sisted principally, in the order named, of dandelions, crabgrass, clover,
major plantain, lance-leaf plantain, and chickweeds. Comparisons
were made between the sodium and the potassium chlorates, arsenic
pentoxide and potassium arsenate, and ammonium and potassium
perchlorates, at rates ranging from 4 ounces to 4 pounds to 1,000
square feet for a single application. Subsequent applications were
made as quickly as possible after the recovery of the turf grasses
from the initial injury. Plots 4 feet square were used throughout.

The varying moisture conditions prevailing over the various loca-
tions had a profound effect on the results. The soil type was fairly
constant at all locations.
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It is not to be expected that tests covering only a 4-month period 
or less should be regarded as conclusive. The information gathered, 
however, in connection with previous data, indicates what might be 
expected over a longer period of time as well as which chemicals 
appear to be the most effective under the conditions of the tests. 

Sodium chlorate here, as elsewhere, has yielded results comparable 
to potassium chlorate when applied at rates yielding an equal amount 
by weight of chlorate (C103). Arsenic pentoxide consistently yielded 
better results than potassium arsenate, at rates yielding an equiva
lent of equal quantities of the elemental arsenic. 

The perchlorates (NH4C104, and KC104) proved to be undesir
able and were alike in every respect. Their action on vegetation 
was rather unusual and merits some consideration. Since both salts 
are but slightly soluble they were mixed with soil and broadcast. At 
the V^-pound rate they were almost without effect. At the 1-pound 
rate, however, the results were striking. No apparent change in 
vegetation resulted for the first 2 weeks after application, at which 
time the crabgrass first began to show the effects. The fully devel
oped blades assumed a coppery hue first on the edges and later all 
over, and apparently ceased development. All new shoots emerged 
as stunted, pale, tightly rolled, twisted, and deformed proliferated 
growths. Seed heads were unable to develop normally and practi
cally no seed was produced even with a single application. Other 
vegetation appeared to be unharmed, but after 3 to 4 weeks the grass 
plants present began to show ill effects and gradually disappeared, 
simultaneously with an increased growth and population of dande
lions, plantain, chickweeds, clover, and oxalis. This identical phe
nomenon had been observed at the Arlington turf garden on several 
plots earlier in the season. The high specificity of the perchlorates 
for crabgrass at first appeared to be of great value, but the later 
developments within 2 or 3 months unquestionably rule them out as 
desirable selective weedkilling agents. 

Sodium chlorate at 1- and 2-pound rates effectively controlled 
chickweeds and plantain. Goose grass to some extent, and dandelions 
were in a large measure controlled by 3 successive applications. Here, 
as well as at the Arlington turf garden and at Bannockburn Golf 
Club, an interesting observation was made in connection with the 
treatment of goose grass with chlorate. Goose grass, as is well 
known, grows in flat bunches with the seed stalks lying flat, making 
it very difficult to cut the seed heads off with the ordinary mower. A 
few days after the initial treatment with chlorate the seed stalks 
raised up to a nearly vertical position, making it a simple matter to 
clip them off with a mowing machine. In this way seed production 
was almost entirely controlled even though the outright killing action 
was not marked. 

During the progress of the experiments at Old Elm Club in the 
Chicago District there was noticed a weed growing on the bank of one 
of the greens which completely choked all the grass into which it was 
rapidly spreading. It closely resembled the common smooth chick-
weed in habits and appearance but the leaves were much finer and 
were whorled. It was identified as a species of Galium, and appar
ently was the late summer form of one of the perennial species. 

Two plots were marked out where this weed had almost completely 
possessed the turf and were treated with potassium chlorate (plot 1) 
and with arsenic pentoxide (plot 2) both at the V-2-pound rate in an 
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effort to determine the effect of these chemicals on it. The first
application was made August 8 by the sprinkle method. Four days
later the weed \vas 95 per cent killed in plot 2 whereas no effects
were noticeable in plot 1. The bent and bluegrass were entirely
uninjured in both plots. On August 18 a second treatment was made
on both plots at the initial rates. Ten days later the kill of the \veed
was virtually complete in plot 2 but still there was no apparent effect
on plot 1. The grasses increased in plot 2 and none of the weed was
again found although it grew vigorously in the untreated areas until
frost.

Experiments on Sandy Soil in New Jersey

Chlorates of sodium, potassium, and calcium, as well as several
of the arsenic compounds, were tested on three golf courses in New
Jersey. The more extensive tests were conducted on fairway and
putting turf at Pine Valley Golf Club, where one of the demonstra-
tion gardens has been located. Tests on tees and putting greens were
conducted at Seaview Golf Club and at the Country Club of Atlantic
City.

At Pine Valley the soil is largely pure white sand. It was found
that the rates at which the chemicals could be safely applied on more
finely textured soils caused such heavy injury to the turf on sand
that they were impracticable. At the I-pound rate the chlorates
seriously injured the turf; above this rate the turf was largely
killed. Wherever arsenic compounds at rates yielding the equivalent
of V2 to ~("pound of elemental arsenic to 1,000 square feet could be
safely applied on fairway turf on finer soils, here less than half that
amount represented the upper limit.

The best treatment on putting greens at the Country Club of
Atlantic City for water pennywort in 1932 was arsenic pentoxide at
the V2-pound rate. Two successive applications at this rate in July
and August yielded 70 per cent control of pennywort and permitted
normal development of velvet and other bent grasses.

Tests with arsenic compounds and sodium chlorate at the Seaview
Golf Club have been inconclusive. Fairway tests on white clover
with arsenic pentoxide are still in progress.

The inconclusiveness of the effects of chemicals on sandy soils
indicates the necessity for further, more complete investigations. It
is apparent that the rates and times, and perhaps the frequency of
applications, require modifications from those applicable to the finer-
textured types of soils.

Sodium Chlorate on Milk Purslane

Repeated tests have proved the efficacy of chlorates for selectively
controlling milk pursiane. Treatments on a large scale have yielded
highly satisfactory results on coarse-textured, sandy soil in Florida
as well as on the finer-textured loams and clay loarns. Complete CO!1-
trol has been effected by two applications made either by the dry
method or the wet method. The Ih-pound rate is sufficient for the
first application made when the \veed is just beginning to appear-
usually around the middle of June at "\Vashington, D. C. A second
application three or four weeks later at the same rate and up to
1 pound has effected complete control. If the weed attains consider-
able size, however, it has been found better to treate initially at the
I-pound rate, followed by a second application at the same rate when
regrowth occurs.
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Effect of Sulphate of Ammonia and Sulphate of Iron Treatments

Several 8-by-8-foot plots uniform in vegetation were selected fronl
an experimental area of a bluegrass-red top-clover lawn and treated
April 13. One plot which had been previously limed (No.1) and an
unlimed adjoining plot (No.2) ,vere treated four times during 1933
(April 13, May 27, June 21, and August 11), each time with sulphate
of ammonia and sulphate of iron at the rate of 3 and 1.5 pounds to
1,000 square feet, respectively. The third adjoining unlimed plot
(No.3) received calcium cyanamid on the same dates at the rate of
2.8 pounds to 1,000 square feet. This rate yielded .6 pounds of
nitrogen to 1,000 square feet, which was equivalent to that applied
in the sulphate of ammonia on the first two plots.

The materials were broadcast as a dry mixture with compost and
sand with no subsequent treatment. The mixture of sulphate of
ammonia and sulphate of iron was prepared and applied after the
methods employed in the British Isles. Notes were taken frequently
throughout the season. The varied condition of the three plots at
the end of the season was striking. Plot 1 had the best turf and
color and showed no increase in the quantity of plantain. Plot 2 was
the worst of the three; it had the thinnest turf, showed the highest
increase in quantity of plantain, and the heaviest crabgrass. Plot 3
was intermediate.

An examination of the clay loam soil to a depth of 4 inches at
the end of the season showed pH values of 7.0, 6.0, and 6.2, respec-
tively, for plots 1, 2, and 3. The turf-crabgrass ratio calculated for
October 1, 1933, varied as 40, 20, and 30, respectively, the variations
closely corresponding to the variations in the pH values. While
crabgrass on all three plots was greatly increased over similar adja-
cent untreated plots, the least increase occurred in plot 1, as shown
by the ratio above.

While we attempt to draw no conclusions from this study, it is
indicated that the treatment with sulphate of ammonia and sulphate
of iron in eastern United States, particularly under the conditions
surrounding Washington, D. C., becomes more successful under
neutral to alkaline soil conditions. Much has been written concerning
the advantages of the treatment with sulphate of ammonia and sul-
phate of iron for turf both here and abroad, particularly in the
British Isles, and in South Africa where the practice originated and
became general under the direction of Dr. IVlurray. (Bulletin refer-
ence December, 1927, pages 226 and 227.) Experiments have been
made here from time to time, but the success of the treatment has
been lacking. It is apparent that the subject merits consideration
but that it requires further extensive testing.

Sulphate of Iron as a Spray

Spraying of sulphate of iron during 1932 as a control for crab-
grass was reported in the Bulletin for May, 1933, as unsuccessful.
Sulphate of iron, alone and in combination with sulphate of ammonia,
had been sprayed at rates of 3.5 and 7 pounds to 1,000 square feet
on July 13 and August 24. Greater damage occurred on the turf
grasses than on crabgrass and other weeds, and at the end of the
season there could be observed no improvement in turf nor a reduc-
tion in weeds. Crabgrass had increased. It was thought that the
attendant conditions may have affected the results adversely.
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During 1933 an 8-by-8-foot plot was quartered and three of the

4-by-4-foot plots sprayed with sulphate of iron at 1l/~-, 3-, and
6-pound rates on June 27, .July 11, and August 29. On the latter
date half of each plot was bruised with a heavy wooden instrument
to ascertain if the effects corresponded with the claims made for this
supplementary treatment.

This experiment in 1933 further substantiated the findings of the
previous season, so that little need be said further concerning this
treatment. The turf-crabgrass ratio for the three rates were, respec-
tively, 15, 12, and 6, while that of the untreated plot was 26. It was
further shown that bruising had little or no effect upon the results
even at the heaviest rate, which corresponds to spraying 100 gallons
of solution to one acre in ,vhich 230 pounds of sulphate of iron have
been dissolved. All vegetation became blackened and injured, but
eventually all recovered. From these experiments, then, it is indi-
cated that a spray of sulphate of iron, either alone or in combination
with sulphate of ammonia, has slight value as a selective eradicant
for crabgrass or plantain.

Isolated tests in which the fused ground mixture, as reported in
the Bulletin for December, 1927, was dusted on the leaves of clover,
speedwell, oxalis, and heal-all show a great deal more promise than
anything heretofore reported for sulphate of ammonia, sulphate of
iron, or a combination of the two. Single applications made while
the dew was still on the leaves gave quite satisfactory results, and
were made on putting green turf of mixed bents and creeping bents
with only slight injury to the grasses. Although further testing is
necessary, it is indicated that the use of this mixture, or of a mechan-
ical mixture made up of two parts of sulphate of iron and one part
of sulphate of ammonia, will be more satisfactory for the control of
clover and other weeds on putting greens than straight sulphate of
ammonia.

Experiments with Compounds of Arsenic

Results of the preliminary experiments in 1932 indicated that
arsenic had little or no value as a selective eradicant for crabgrass
but that it showed promise for clover, chickweed, speedwell, and other
low-growing weeds. The 1933 tests have shown that the time of
application is an important factor, and that the failure to obtain
favorable results in the 1932 tests may be traced in part to the time
of year at which the applications were made.

Four plots of lawn turf treated with arsenic pe.n.toxide in 1932
with amounts up to 4 pounds to 1,000 square feet in single and suc-
cessive applications successfully discourage white clover and, to a
large extent, narrow-leaved plantain. These plots, with no further
treatment, are still clover-free, although plantain has reestablished
itself to some extent. There has been no deterioration of the turf,
and the response to fertilizer has been marked. Figure 4 shows this
control of clover with arsenic pentoxide.

Arsenic pentoxide has, in several tests, shown considerable value
for the treatment of weeds in putting greens. The best results have
been obtained with rates of application yielding the equivalent of
lit. to ~;~pound of elemental arsenic, successive applications at the
same or slightly lower rates following as soon as it is practicable.
Probably the best method for applying it has been to dissolve it in
water and use a sprinkling outfit. In this way it immediately be-
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comes effective in the soil with a minimum of injury to the surface 
vegetation. 

Of the arsenic compounds tested, the most effective at the lowest 
rates and the most toxic has been sodium arsenite. Its toxicity is 
such that, when applied at rates yielding y% pound of elemental 
arsenic to 1,000 square feet, the entire treated area is denuded and 
rendered sterile for an indefinite period of time. Weedy species are 
more quickly reestablished in the bare areas than grass species. 
Chief among these has been species of Euphorbia. Potassium, sodium, 
and ammonium arsenates seem to be somewhat less effective than 
arsenic pentoxide, but are desirable in that they are dry crystalline 
salts which may be handled conveniently in a number of ways. At 
rates yielding V2 pound of arsenic to 1,000 square feet, all three salts 
have been successfully used on colonial bent. Three successive appli
cations at this rate have not caused an undesirable condition, and 
clover has largely disappeared. 

Figure 4—Control of clover on a lawn at Arlington Farm, Va., with arsenic 
pentoxide. Both the untreated check plot on the left and the treated plot on the 
right were heavily infested with white clover. The treated plot received three 
applications of arsenic pentoxide in 1932, but no further treatment was given in 
1933. The photograph was taken June 28, 1933, and shows the clover controlled 

in the treated plot. 

Too heavy an initial application invariably is disastrous, but 
repeated small applications are apparently slightly beneficial to the 
turf. A tolerance is also apparently acquired by the turf grasses 
much as was observed with the use of successive treatments with 
sodium chlorate. 

It has been reported by other investigators that any soluble com-
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pound of arsenic applied to the soil is quickly fixed in the surface in
an insoluble form. This has been further substantiated by soluble-
nutrient tests on arsenic-treated clay-loam soils. Sampled and tested
at 1 inch, 2 to 3, 4 to 5, and at 6 inches, the only portion in which an
increase in arsenic was detected was in the I-inch surface layer. In
this layer there was a general lower pH trend, up to as much as .3 of
a pH, where a total of 5 pounds of arsenic pentoxide to 1,000 square
feet had been applied in successive lA,-pound applications over a period
of two years. This is but to be expected, since arsenic pentoxide in
water solution is an acid corresponding in strength to phosphoric
acid. There was no apparent difference in the solubility of other
soil constituents tested for, indicating that, with certain restrictions,
soluble arsenicals may be applied to soil without destroying its pro-
ductive power. This may appear as a directly opposite view from
the standpoint of the experience with decreased yields in connection
with the use of calcium arsenate in the cotton belt. There, however,
arsenic is applied in greater amount than indicated here and as an
insoluble powder which is not at once "fixed" but gradually comes
into solution through the action of processes within the soil. Once
in solution, it is again fixed in a different form, but crop yields are
reduced due to the action of the soluble stage, in which form it is
absorbed by plant roots.

In New Zealand it is a regular practice to spray the banks and
green surroundings with arsenic pentoxide in June, July, and August
at the rate of 2 ounces to the gallon. Six gallons cover 1,000 square
feet-a rate of ~V.l. pound. Similar treatments in the 1933 experi-
ments here at the corresponding season have yielded comparable
results. In our experiments the best results have been obtained
through applying arsenic directly to the soil, either in solution as a
coarse rain or mixed with dry compost or with fertilizer, broadcast,
and watered in immediately. This procedure permits the shallow-
rooted species to absorb the poison, whereas the deeper-rooted grasses
are largely unaffected, due to the arsenic being held in the surface
layers of the soil. This may be one of the influencing factors in the
failure of arsenic compounds to successfully control crabgrass when
applied after the crabgrass has become established. A further sub-
stantiation of the holding of arsenic in the surface is illustrated by
the following experiment.

Plots were treated in January of 1933 with the following arsenical
compounds, each at three rates yielding the equivalent of from l;.'t to
1 pound of elemental arsenic and each as a dry mixture with compost:
sodium arsenate, sodium arsenite, potassium arsenate, ammonium
arsenate, arsenic acid, arsenious acid, and lead arsenate. The last
was applied at 10-, 20-, and 40-ponnd r3;tes. All vegetation except
chickweeds was largely dormant at the tIme. No further treatment
was made throughout the year.

Chickweeds were largely eliminated in all plots where more than
Ih pound of arsenic in the soluble form was applied. This same ob-
servation was made on the 20- and 40-pound rates of lead arsenate.

The most striking observation of this early-season application of
arsenic, however, was the fact that as crabgrass and other summer
weeds began to appear in the check plots, there was no indication of
establishment in the heavily treated plots. The bluegrass, redtop, and
bents, however, flourished and largely occupied the othe~wise sparsely
covered soil. Later, however, as the effect of the arsenIC had largely
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disappeared, encroachment of the more hardy seedlings occurred, and 
by mid-season these plots were again infested with crabgrass, but 
to a much less extent than the check plots (see figure 5). At all 
times the turf on these treated plots was superior to that in the check 
plots, and this effect is still apparent. 

Figure 5.—Reduction of crabgrass and other summer weeds with lead arsenate 
in a lawn of bluegrass, redtop. and bent grass at Arlington Farm, Va. The check 
plot on the right received no treatment. The plot on the left had received one 
application of lead arsenate in dry mixture with compost at the rate of 40 pounds 
to 1,000 square feet March 21, 1933. Only a few weeds were present in the 

treated plot at the time this photograph was taken, June 28, 1933. 

On the basis of this experiment and to further investigate re
ported control of crabgrass with lead arsenate, several test plots were 
treated. Lead arsenate was applied at 5-, 10-, 20-, and 40-pound 
rates in single and successive applications throughout the season. 
First applications were made on May 10 and subsequent applications 
at one-month intervals until September 10. Crabgrass had become 
established prior to the first treatment. At no time could there be 
detected any noticeable decrease in the amount of crabgrass present. 
This indicated that the presence of soluble arsenic in the soil at the 
time of germination either prevented germination or caused the 
young seedlings to die before they could push their roots beyond the 
zone of accumulated arsenic. It further throws light on the apparent 
specificity of arsenic for certain species, indicating that the depth 
of the effective feeding roots may have considerable influence on the 
resistance of plants to the poison. 

In direct contrast to the results obtained by a January treatment 
of arsenic are results obtained on turf treated at that time with 
chlorate and thiocyanate. Treatment of turf with watery solutions 
of these chemicals as well as dry-compost mixtures gave no such 
desirable indications of toxic effects on germinating seeds of the sum
mer weeds but, on the contrary, apparently stimulated germination. 
Chlorate at 1-pound rates and higher quite effectively controlled chick-
weeds, but crabgrass plants appeared first on the treated plots and 
most quickly covered the surface of the soil. Thiocyanate did not 
control chickweed at rates up to 2 pounds; above that rate both grass 
and weeds were killed. With thiocyanate there seemed to have been 

* 
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little further effect on germination except that annual bluegrass was
more encouraged than in any other plots. In the chlorate and arsenic
plots anliual bluegrass made very poor growth.

Knotweed has been most effectively controlled with arsenic pen-
toxide when applied as a spray. The best results have been obtained
when the first application was made shortly after the germination
of the seeds and before much growth has been made. Two to three
successive treatments at the l/~-pound rate have largely controlled
this weed, which heretofore has successfully resisted all attempts at
eradication \vith chemicals.

Sodium Chlorate

Sodium chlorate (NaCIO;;) is a dry granular crystalline salt very
similar to coarse comnl0n table salt in color and appearance. It
may be obtained in quantities with a purity as high as 99 per cent.
Since it is a dry salt which may be reduced to any desired fineness it
is admirably adapted to distribution in combination with any common
dry inert carrier of an inorganic nature. Its high solubility in water
also permits it to be applied in water solution as a spray with any
type of sprinkler.

For farm weeds in general, sodium chlorate has found wide appli-
cation, and in comparison with a great many other chemicals it has
been found to be most efficient and economical on a cost basis. This
chemical has likewise been found to be the most efficient of a large
number of chemical agents in the control of weeds of turf. So far
as the investigations have been pursued it has been found applicable
to the control of crabgrass, lance-leaf plantain, maj or plantain, milk
purslane, goosegrass, chickweeds, speedwell, sour dock, and heal-all.
Dandelions and clover have, to a large extent, been diminished and,
with continued treatment, practically controlled with this chemical.
\Vild garlic, oxalis, knotweed, and some few other fairway and lawn
weeds have not been found to be greatly affected by sodium chlorate
according to the methods used.

Sodium chlorate has a temporary retarding effect upon the or-
ganic life in the soil \vhich is concerned with transformations of
nutritive elements. The extent and duration of this effect is depend-
ent upon the rate and method of application, the soil type, the amount
of effective rainfall whether natural or artificial, the temperature of
the soil and of the surrounding air (i. e., the season of the year),
and, to an undetermined extent, the reaction (pH value) of the soil.

The duration of the temporary retarding effect of equal amounts
of sodium chlorate per unit area on soil is less prolonged when applied
as a spray than when applied as a solution which enters the soil at
once and becomes a part of the soil solution. This is due to the reduc-
ing effect of the organic matter on the surface of the soil, \vhich
quickly transforms the chemical from an active oxidizing and lethal
agent to a less reactive and less harmful compound. The absorption
of the chemical by surface vegetation likewise renders that part of it
inoperative so far as soil organisms are concerned. Since the air
temperatures during that part of the year when weeds are most
troublesome which is the time when the chemical is most used, are
usually higher than the soil temperatures, it follows that the speed
of the chemical reactions taking place will be increased.

\Vhen the chemical enters the soil it remains active over a longer
period of time, due to the general lower temperatures and to the gen-
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erally low percentage of reducing materials, since soil constituents 
are ordinarily in a more or less highly oxidized state. The distribu
tion of organic matter in the soil, however, will affect this relation to 
some extent, so that soils high in organic matter will more quickly 
recover from the effects of an application of sodium chlorate. 

Most of the experimental work to date has been conducted on 
soils of a fine-textured nature (clays, clay loams, and silt loams), 
which have in general a high absorptive capacity. A limited amount 
of work on soils of a coarser texture (sands and sandy loams) indi
cates that the temporary damaging effect of equal amounts of the 
chemical is greater on the coarser-textured soils. The duration of 
the effect on the lighter soils is less, however, due to the lower absorp
tive capacity and to the greater rapidity of percolation by means of 
which the chemical is carried out of the effective range. But, since 
the initial damage is greater, a longer time is required for regrowth 
of the remaining vegetation, due in part to the lower initial fertility 
of the coarse-textured soils. Hence it must be borne in mind that 
the recommendations given herewith are for soils belonging to the 
finer-textured types. They will be applicable to sandy soils only in 
part, and then with caution. 

Sodium chlorate is soluble, and since it must be in solution in 
order that it may be readily absorbed by the plant roots, an optimum 
soil moisture content at the time of application is to be desired. This 
applies also to a large extent to spray applications, since the meta
bolic processes of the plant are greatest when the soil moisture is at 
an optimum, and since the chemical is readily absorbed by aerial 
organs and carried about in the transpiration stream it will be car
ried more effectively through the plant. Low soil moisture causes 
a more prolonged sterilization of the soil, greater injury to the desir
able plants, and other undesirable results. Thus the selective treat
ment of turf weeds with sodium chlorate in sections which are sub
ject to prolonged periods of drought where artificial watering is not 
available is liable to produce more or less unfavorable and undesirable 
results. 

The duration of the effect of sodium chlorate on the soil, as evi
denced particularly by the growth of grass, is, in addition to the fac
tors named, dependent upon the rate of application. At the rate of 
1/2-pound to 1,000 square feet, applied during the summer months, 
the effect on bluegrass under normal conditions entirely disappeared 
within 2 weeks. The 1-pound rate required approximately 3 weeks 
for normal grass growth to recur. At the 2-pound rate the time 
period increased to 4 or 5 weeks. These time-periods represent the 
relative duration of the effects under a given set of conditions approxi
mating what might be called "normal" for moisture and tempera
ture. Variations would occur, depending upon the difference in these 
and other influencing factors. 

The first noticeable effect of sodium chlorate appears in 24 to 48 
hours after application. It is evidenced by a grayish cast on the vege
tation. Closer examination shows white streaks in the leaves parallel 
to the venation, indicating a disintegration of the chloroplasts. Later 
the entire plant takes on a whitish, sickly hue, and a little later still 
begins to turn brown and curl. Rather extensive discoloration may 
occur from applications at rates above 1 pound to 1,000 square feet. 

In the event that sodium chlorate is distributed as a dry mixture 
with an inert inorganic carrier attention must be given to the nature 
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of the carrier. Dry, finely screened soil may be used in any amount. 
The only effect of this carrier will be beneficial as a topdressing by 
smoothing irregularities in the surface. A mixture with limestone 
would be beneficial, not only from the standpoint of increasing the 
effectiveness of the chlorate, but also due to the desirable effects it 
has upon the production of sturdier plant growth and subsequent 
recuperation from the temporary undesirable effects. A mixture 
with a wholly inorganic fertilizer, such as the 6-12-4 used in these 
experiments which was made up of 3 ingredients, namely, sulphate 
of ammonia, superphosphate, and muriate of potash, may be used 
but with reservations. This fertilizer is physiologically acid and 
tends to increase the duration of the effects of the chlorate. This 
may be attributed in part to the additional corrosive effects of the 
fertilizer salts upon the vegetation with consequently a longer period 
of time elapsing before normal growth is resumed. This is greatly 
influenced by the rates of each used in the mixture, since at the 
1-pound rate of chlorate the recovery of the turf was greatly en
hanced due to the stimulating effects of the nutritive elements. 

Certain precautions must always be observed in handling chlo
rates. Since they are active oxidizing agents they tend to promote 
combustion. For this reason a mixture of chlorate with organic 
materials such as clothing, wood, charcoal, dried vegetation and the 
like is highly inflammable. Clothing upon which chlorate spray has 
fallen and dried may be ignited by friction alone. Vegetation, sprayed 
with chlorate and dried, may ignite spontaneously under the action of 
the sun's rays. Matches and fires have strictly no place where chlo
rates are being used or stored. Metal containers should at all times 
be used and the material should be stored away from wooden build
ings. The salt by itself or mixed with soil or sand is entirely harm
less and noncombustible. 

Potassium Chlorate 

Everything that has been here written about sodium chlorate 
applies strictly to potassium chlorate (KC103) with only a few minor 
exceptions of detail. Potassium chlorate is slightly less effective, 
pound for pound, than the sodium salt. Likewise it is slightly more 
expensive. To offset these slight differences the potassium salt is to 
be preferred, especially in sections where potassium is deficient in 
the soil, since the beneficial effects based on cost comparisons offset 
the slightly lower effectiveness. The lower solubility of the potassium 
salt seems only to increase its effectiveness since it is not so readily 
leached from the soil. This characteristic of the potassium salt makes 
it especially adapted to dry mixtures with inorganic carriers, since 
it is yielded to the roots of plants more gradually and thus its effec
tiveness is increased by its being available over a longer period of 
time." 

How Chlorates Kill 
The killing action of chlorates has been discussed by other investi

gators from time to time. As oxidizing agents, the C103 radicle being 
the active lethal ion, they are active in breaking down and destroying 
organic matter. Their chief effect within the plant has been shown 
by Latshaw and Zahnley, of Kansas, to be the disintegration and 
decomposition of starch granules as well as the chloroplasts and pro
toplasm generally. Without chloroplasts no food is manufactured; 
without starch there can be no production of soluble sugars. As a 
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result the plant starves to death. Chlorates produce this same effect 
whether they are absorbed by the roots from the soil solution or 
absorbed by the aerial organs. Chlorates are not corrosive in any 
way and kill only upon being absorbed into the plant system. 

Ammonium Thiocyanate 

Ammonium thiocyanate (NH4CNS) is a by-product of the coke-
oven industry and, according to some investigators, has found con
siderable application in the destruction of certain weeds of agricul
tural lands. It has been tested upon turf and has elsewhere been 
reported to have yielded favorable results. During the present in
vestigations it has been found to be less effective than sodium chlo
rate and more expensive. 

In the pure form ammonium thiocyanate is a colorless salt, coarsely 
granular, which, upon exposure to the air, absorbs moisture so freely 
(deliquescent) that it soon becomes liquid. This characteristic limits 
its use solely to water solutions as a sprinkle or a spray. The com
mercial product is reddish-brown in color, coarsely crystalline, the 
color being due to certain coal-tar impurities. It contains approxi
mately 35 per cent of nitrogen which becomes available to plants upon 
being applied to the soil. 

The weeds upon which ammonium thiocyanate has yielded the 
best results are crabgrass and plantain. Dandelions have been little 
or not at all discouraged by its use and, in fact, have in some cases 
greatly increased where it has been used. In spite of the nitrogen 
contained in this chemical the growth of the turf grasses following 
its use has been discouraging to its further applications in extensive 
tests as compared with sodium chlorate. 

As with the chlorates, this salt has a temporary retarding effect 
upon the soil organisms, which is largely due to the CNS radicle, 
particularly the CN part of it, which is quite poisonous. The effects 
at equal rates are somewhat more quickly dissipated than with the 
chlorates and are influenced in much the same ways by identical 
factors. 

Ammonium thiocyanate is a noncorrosive material as applied to 
plants. Its killing action depends first upon its absorption into the 
plant system, where it retards the normal metabolic processes and 
brings about derangements which lead to the death of the plant. It 
is taken into the plant apparently equally well as a spray through the 
aerial organs or as a part of the soil solution through the roots. It 
is somewhat more effective by the root-absorption method, particu
larly at the lower rates. 

When ammonium thiocyanate is applied to turf the first notice
able effects, which occur after about 10 or 12 hours, are a whitening 
of the tips of the grass blades, and a slight yellowing of the weedy 
grasses, followed by a pronounced bleaching effect over the entire 
treated area. The more resistant weeds become tinged slightly yel
low, depending upon the rate of application, and at rates of more 
than 3 pounds the entire area is usually bleached completely to a 
whitish cast. This usually persists, at this rate, for about 3 or 4 
weeks. The white-bleached grass blades turn a more pronounced 
yellow after a few days. Those weeds which have not been killed 
outright by the initial application of the material make a very rapid 
growth following recovery from the initial effects, due to the release 
of available nitrogen by the soil organisms. It has been very difficult 
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in this respect to determine a satisfactory rate at which this chemi
cal might be used, since a balance must be found between the amount 
necessary to kill the weeds and the amount which will permit the 
desired grass plants to successfully and most rapidly recover. 

Few precautions need be observed in the handling of ammonium 
thiocyanate, except that the material should be kept in a tight con
tainer so as to preserve it from the deteriorating action of the air. 
The salty taste of the chemical seems to have a certain attraction for 
animals, particularly those that may have been deprived of salt. The 
effect on animals is not definitely known; so it is best to take the 
necessary precautions to prevent injury. 

Arsenicals 

Comparisons have been made among the several common easily 
obtainable compounds of arsenic. Most of the experimental results 
have been obtained, however, with the arsenic pentoxide, for several 
reasons. Although it is difficult to obtain and is high-priced at 
present, it represents the maximum content of the element arsenic 
obtainable. It adapts itself well to experimental procedure, is highly 
soluble, and, with care, may be used as a dry mixture. The other 
compounds of arsenic are applicable, but with some variations in 
procedure and rates of application. 

Arsenic pentoxide (As205) is obtained as a white amorphous 
powder which easily takes up moisture from the air (deliquescent), 
so that as far as large-scale use is concerned it can not well be em
ployed as a dry mixture. In combination with water, it forms the 
orthoarsenic acid, which is similar in practically every respect to the 
corresponding acid of phosphorus. Since it is extremely poisonous, 
as are all compounds of arsenic, it must be handled with extreme 
care, so that it may not be taken into the body or be allowed to come 
within the reach of children or animals. 

Due to the rapid fixing of arsenic in the surface layer of soil, it 
is best adapted to the control of the shallow-rooted, low-growing 
forms of turf weeds, such as chickweeds, speedwell, white clover, 
and the like. 

The killing action of arsenic depends upon its absorption into 
the circulatory system of the plant, where its toxic effect is particu
larly effective in preventing the formation of the products of photo
synthesis. Its absorption into the plant depends upon a number of 
factors, chief among which are soil moisture and the moisture deficit 
within the plant. The value of the moisture deficit within the plant 
as an aid in the absorption of arsenic when applied as a spray is 
apparent as a result of the California investigations, where it was 
found that the best results were obtained by spraying in the early 
evening and up until midnight. This phase of the problem has not 
received consideration in these experiments. 

There have been indications that the continued use of soluble 
arsenicals for weed control has a profound effect upon turf pests, 
such as worms, beetles, and grubs. The effects with small applica
tions are scarcely noticeable, but actual counts of earthworm casts 
made on arsenic-treated plots after two years of light successive 
applications of arsenic pentoxide show a reduction of from 75 to 80 
per cent in earthworm infestation. While this phase of the problem 
merits attention, it has received little consideration in this series of 
experiments aside from incidental observations. The opportunities 
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of the problem are manifold, inasmuch as it reveals an opportunity 
for obtaining weed and grub control with a single chemical, thus 
reducing operating costs. 

Summary 
The data and observations obtained from two years of experi

mentation yield certain information which may be summarized as 
follows: 

Most of the common turf weeds may be selectively controlled by 
proper cultural treatments and, where these fail, by the judicious 
use of certain chemical compounds. 

Of the chemicals tested, the best results, in the order named, have 
been obtained with the following: sodium chlorate, arsenic pentoxide 
as representative of the arsenicals, ammonium thiocyanate, sulphate 
of iron, and sulphate of ammonia. 

With sodium chlorate, crabgrass has been best controlled with 
three successive application at the 2-pound rate. Satisfactory con
trol with lighter first and second applications has been indicated, and 
suggestions have been made as to rates and times of treatment. 

Under the treatment as suggested for crabgrass, practically all 
other common turf weeds, such as plantain, field sorrel, chickweeds, 
milk purslane, ground ivy, heal-all, and speedwell, disappear within 
a single season. Dandelion and goose grass are discouraged. Wild 
garlic is little affected. 

With any of the chemicals used there is a discoloration of the 
turf, the duration and intensity of which varies with the rate and 
time of application as well as with the attendant conditions of mois
ture and temperature. 

Potassium chlorate, calcium chlorate, and magnesium chlorate 
may be substituted for sodium chlorate. The potassium salt has been 
mentioned as superior particularly where the soil is low in potassium. 

The dry method of applying chlorates has been found to be en
tirely satisfactory. In addition, the fire hazard, which is always 
present when chlorates are used in solution, is virtually eliminated 
with the dry method. 

Sodium chlorate has been tested on a large scale on golf courses 
as a result of these experiments and has been found satisfactory. 

Ammonium thiocyanate has yielded results inferior to those ob
tained through the use of chlorates. In these tests its use tended 
to encourage certain types of weeds, principally annual bluegrass 
and dandelion. 

Compounds of arsenic, notably arsenic pentoxide, have been used 
most successfully on fairway, lawn, and putting turf to selectively 
control clover, pennywort, ground ivy, Galium sp., knotweed, chick-
weeds, and heal-all. 

Arsenic pentoxide apparently yields the best results when applied 
in successive treatments as a sprinkle at rates not to exceed ^ to % 
pound to 1,000 square feet in successive treatments. 

There have been indications that earthworms and grubs may be 
controlled through the use of soluble arsenicals for weed control. 

Early-season treatments with arsenicals affect markedly the es
tablishment of crabgrass but have little effect when applied after 
the plants have become established. 

Over a period of two years, there apparently has been no perma
nently injurious effect on soil treated with any of the chemicals used. 
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With the judicious use of the chemicals, there may be expected 
an improvement in the turf over a period of time. 

Certain precautions against poisoning and fire must be observed 
where any of the chemicals are used. 

Sulphate of iron and sulphate of ammonia, alone or in combina
tions, gave no indications of satisfactory crabgrass control but proved 
applicable to the control of broad-leaved, low-growing weeds, particu
larly those in putting greens. 

Calcium cyanamid yielded no favorable results when applied as 
a dust at the rate of 780 pounds to the acre. 

The perchlorates of ammonium and potassium proved unsatis
factory as weedkillers. 

The experiments have not been carried out to a sufficient extent 
on sandy soils to permit of definite conclusions. The greater part 
of the data has been gathered from results obtained on loams, silt 
loams, and clay loams. 

Results with chemicals are affected by a number of factors to an 
undetermined extent, indicating the necessity for more extensive 
investigations of the problem. 

Weeding Bermuda Grass Out of Creeping Bent Turf 
By Thornton Conover, 

Valley Club of Montecito, Santa Barbara. Calif. 

The Valley Club of Montecito was opened for play in the fall of 
1928. The putting greens had been sown with seaside creeping bent 
and the fairways with Bermuda grass. Both got a good start, and 
the season of 1929 opened auspiciously. 

In the summer of 1930 the greens began to show a considerable 
amount of Bermuda grass. In spite of some surface weeding and 
patching, this grass continued to increase in the putting greens 
through this season and also in 1931. We then tried the method of 
turning back the sod and weeding the Bermuda from underneath. 
This method proved to be much more effective even though it was 
more costly than the other methods. Since the putting greens were 
so badly infested with the Bermuda grass, it was necessary to devote 
the entire services of one man to this work. 

A careful workman was selected, and the first week he was 
assigned to the turf nursery to: practice the technique. The second 
week he was moved to the croquet court, which was seldom used and 
not kept up as carefully as the putting greens. By then he had 
acquired proficiency and was ready to start on the regular greens. 
He worked five 8-hour days a week, turning back an average of 25 
sods a day. From May to July it was a struggle to hold his own 
with new patches showing up constantly; but it was a cool summer 
and the Bermuda grass was a;little late in sprouting. I decided to 
put on another man on July l,;and by the first of August we had it 
pretty well under control and one man finished the season. By the 
first of November the greens were practically free from Bermuda 
grass. How successfully the method worked out has been proved 
this season. Only a few scattered patches of Bermuda grass appeared 
in 1933. Of the many thousand sods turned back, only a small 
number had to be replaced. Af no time during the season were any 
of the greens marred or their putting surfaces disturbed. 


