Herbicidal Powers of Carbamates Evalvated with CIPC as Standard
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Isopropyl N-(3-methylphenyl) carbamate (l), sec-butyl N-(3-chlorophenyl) carbamate
(I1), and isopropyl N-(2-methoxy-5-chlorophenyl) carbamate (lll) were compared to iso-
propyl N-(3-chlorophenyl) carbamate (CIPC) in greenhouse pre-emergent tests on cotton,
soybeans, green beans, oats, crabgrass, and chickweed on three types of soil. The
relative effectiveness of the materials was compared on the basis of pounds per acre

of chemical required to produce a 50% growth inhibition.
considerable herbicidal activity.

These carbamates possessed

In general, compounds | and Il were close to iso-

propyl N-(3-chlorophenyl) carbamate in activity, while compound Il was somewhat less

active.

The type of soil used as a planting medium had a pronounced effect on the

initial activity of the compounds, which were more active in sand than in loam. The
period of residual effectiveness appeared to be a function of the soil type, but also
depended on the dosage of chemical applied.

ESTERS oF N-SUBSTITUTED PHENYL
CARBAMIC ACIDS have been attain-
ing ever-increasing importance in agri-
culture as selective herbicides since
1946. The first of these chemicals to
receive widespread recognition was
isopropyl N-phenyl carbamate (IPC)
and more recently isopropyl N-(3-
chlorophenyl) carbamate (CIPC) has
been intensively studied as a selective
herbicide in cotton, alfalfa, and many
vegetable crops. Both compounds have
also been tested rather extensively in
other plant-growth regulatory applica-
tions, such as sprout inhibition and fruit
thinning, where they have shown con-
siderable promise. Other carbamates,
closely related structurally to isopropyl
N-phenyl carbamate and isopropyl N-(3-
chlorophenyl) carbamate also have been
reported to have plant-growth regulatory
activity (3, 6, 8, 77, 73).

During the past few years a large
number of carbamates and other chemi-
cally related compounds have been syn-
thesized and evaluated for plant-growth
regulatory activity by the Research
Laboratory of the U. S. Industrial
Chemicals Co.,- and from approxi-
mately 50 compounds prepared in the
initial phase of this program there were
chosen, after primary and secondary
greenhouse evaluations and preliminary
field tests, three compounds believed
worthy of more extensive field study.
This paper presents various performance
data on these three compounds: iso-
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propyl N-(3-methylphenyl) carbamate,
isopropyl N-(2-methoxy-5-chlorophenyl)
carbamate, and sec-butyl N-(3-chloro-
phenyl) carbamate, in comparison to
isopropyl N-(3-chlorophenyl) carbamate.
which they closely resemble structurally
and from the standpoint of activity.
In addition to determining the relative
activities of these compounds, it was also
the purpose of this study to learn some-
thing of the influence of soil types on the
effectiveness of the chemicals both ini-
tially and for their period of residual per-
sistence.

Review of Literature

Shaw and Lovvorn (73) have reviewed
the significant developments of selective
herbicides over the past 10 years. With-
in the class of substituted N-phenyl
carbamates they have noted that iso-
propyl N-(3-methylphenyl) carbamate
and isopropyl N-(2-methyl-5-chloro-
phenyl) carbamate might possess suffi-
cient activity for development in the
future, Shaw and Swanson (74) noted
that isopropyl N-(2-methoxy-5-chloro-
phenyl) carbamate was rather unusual,
in that it inhibited the chlorophyll
formation in several weed species with-
out having pronounced effect on either
cotton or soybeans. By contrast sec-
butyl N-(3-chlorophenyl) carbamate and
isopropyl N - (3 - methylphenyl) car-
bamate, while exerting no particular
influence on chlorophyll formation, did
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exhibit marked selectivity in that they
controlled the grasses and certain broad-
leaved weeds without causing serious
injury to cotton or soybeans.

The factors that influence the effec-
tiveness of herbicides are many, but per-
haps one of the most important is the type
of soil on which treatments are made.
Because it is difficult to find several well-
defined soil types within the limits of the
average field experiment, there is a
paucity of specific data on this point.
As evidence that the problem is recog-
nized, one need only refer to the recom-
mendations or suggestions published by
the state experiment stations of Maine,
Massachusetts, New Jersey, and North
Carolina for the pre-emergent use of
2,4-D on corn in 1949. Without ex-
ception, the amount of chemical sug-
gested or recommended for use on sandy
soils was less than that for the loam.
Fuelleman (7), in summarizing results
obtained by several midwestern workers,
concluded that successful pre-emergent
treatments were particularly dependent
on soil type and soil moisture at time of
treatment. Roland (72) noted, in flower
pot experiments, that the germination
of wild oats planted in sand was in-
hibited by 0.5 kg. per hectare of iso-
propyl N-phenyl carbamate while it
required 6 kg. per hectare to produce
the same result when they were planted
in a clay soil. Burt and Willard (3)
noted that isopropyl N-(3-chlorophenyl)
carbamate when applied at a rate of
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Figure 3. Growth-inhibition regression lines

Effect of isopropyl N-(3-chlorophenyl} carbamate applied as a pre-emergent treatment to Burpee's
Stringless Greenpod beans planted in sand, loam, or equal mixtures of the two

plants—string beans and crabgrass—
were employed on each soil type and the
seeds were planted at weekly intervals
for 8 weeks or until results showed the
chemical to have no apparent influence
on growth. The string beans were
planted by punching small holes in the
soil and then inserting the seed. Crab-
grass was sprinkled on the treated solil,
then covered with a thin layer of un-
treated sand or soil. Both procedures
presented some shortcomings, in that the
former disturbed the chemical deposit
and the latter shielded it from the direct
sunlight. All treatments were dupli-
cated and an average of the two was used
in the final tabulation. Individual
pots were watered as needed, starting
.at the time that they were transferred
to the greenhouse after treatment.

Tresh treatments at the rates employed
in the residue tests were included for
comparison each week. The two rates
of application employed for each chemi-
cal on each plant species on each soil
type were selected so that one would
produce light to moderate growth
inhibition and the second severe to com-
plete growth inhibition.

These experimental chemicals have
been prepared as emulsifiable concen-
trates and made available to numerous
cooperators for fleld tests. These were
identified as follows: isopropyl N-(3-
methylphenyl) carbamate (T-516), sec-
butyl ~ N-(3-chlorophenyl) carbamate
(T-517), and isopropyl N-(2-methoxy-5-
chlorophenyl) carbamate (T-518).

Results

Mortalities resulting from application
of insecticides or fungicides are often
expressed as the concentration or dosage
of chemical required to kill or inhibit
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the growth of 509, of the test organisms
(LDsg). This figure was obtained in
the present study by plotting probits
of growth inhibition (in per cent) against
logarithms of dosage (in pounds per
acre) and then fitting a straight line to
these points. While the authors do not
know that this procedure has previously
been used to evaluate herbicides, pre-
liminary data indicated that the method
would be applicable. Because there is
interest in the threshold of injury to
crop plants as well as the dosage re-
quired for a high degree of control of
weed species, the LDyq and LDg; values
also have been included in this study.
An LDy, value represents only a slight
change in the growth habits of the plant.
In many cases, involving carbamate her-
bicides, both in the greenhouse and in
the field, injuries of this magnitude,
especially on the more tolerant broad-
leaved species, are outgrown well before
maturity. For purposes of direct com-
parison, the LDy, value is undoubtedly
the more accurate, since it represents
the most sensitive point in the desage-
mortality curve. Typical curves for
different types of soil are shown in Figure
3.

The data obtained by applying pre-
emergent sprays of isopropyl N-(3-
methylphenyl) carbamate, sec-butyl N-
(3-chlorophenyl) carbamate, isopropyl
N-(2-methoxy-5-chlorophenyl) carbam-
ate, and the standard isopropyl N-(3-
chlorophenyl) carbamate to six plant
species grown on three types of soil
are summarized in Table I.

While it does not follow that these same
results would be obtained under field
conditions, certain obvious trends might
help in interpretation of field results.
First, with one exception {(chickweed) it
required considerably more chemical
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to produce a given growth effect when the
plants were grown on loam rather than
on straight sand. The differences in
amounts of materijal required appear to
be greater for the deep-seeded plants.

For example, it required 20 pounds of
isopropyl N-(3-chlorophenyl) carbamate
per acre when cotton was grown on sand
to produce a 509, growth inhibition,
as compared to 44 pounds per acre when
grown on loam. Crab-grass required
0.4 pound per acre on sand, as compared
to 0.6 pound on loam. Thus in the
first case there was over a 1009}, increase
in the amount of material required for
an LD; and in the latter case a 509,
increase. These results may help to
explain the apparent greater selectivity
of herbicides when applied to soils high
in organic matter.

Secondly, the results imply that the
three experimental chemicals provided
good specificity and so all possessed one of
the inherent characteristics of a selec-
tive crop herbicide. The standard,
isopropyl A-(3-chlorophenyl) carbamate,
produced a severe effect (LDg) on
chickweed and crabgrass at 2.6 and 1.5
pounds per acre, respectively, when
grown on sand, and 3.4 and 2.3 pounds
per acre when grown on loam. If
the LD, value is tentatively considered
as the threshold of injury to crops, the
same chemical on cotton might show
some injury at 2 pounds per acre when
treatments were on sand, but on loam
the dosage could increase to 16 pounds
per acre before slight injury would be
expected. With soybeans grown on
sand, some injury was noted at 0.2
pound per acre and on loam at 5 pounds
per acre. When string beans were
grown on sand, some injury was noted at
0.7 pound per acre and on loam at 6.5
pounds per acre. Thus, while there was
a margin of safety for isopropyl N-(3-
chlorophenyl) carbamate between control
of weeds and injury to cotton, soybeans,
and string beans grown on loam soils,
this margin was considerably less when
the same crop plants were grown on
sand.

Isopropyl A-(3-methylphenyl) carbam-
ate controlled .crabgrass at 5.6 pounds
per acre and chickweed at 9.4 pounds
per acre (LDg) when each was grown on
sand. The same chemical caused slight
injury (LDiq) to cotton at 20 pounds
per acre, sovbeans at 1.1 pounds per
acre, and string beans at 0.9 pound per
acre when these crops were grown on
sand. When the tests were conducted on
loam, crabgrass and chickweed were
controlled with 6.3 and 7.4 pounds of
the chemical, respectively. By compari-
son, the threshold of injury (LDyo) to
cotton, soybeans, and siring beans was
13, 4.8, and 4 pounds per acre, respec-
tively.  On the basis of these results, the
chemical could be used most safely
on cotton, while applications to soy-
beans and string beans, particularly if



grown on sand, might result in tempo-
rary crop injury.

sec-Butyl N-(3-chlorophenyl) carbam-
ate controlled crabgrass and chick-
weed (LDy) grown on sand at 9.3 and
5.6 pounds per acre and at 6.2 and 6
pounds per acre when grown on loam.
The thréshold of injury (LDjo) to crops
in the same series was 2.2, 0.2, and 0.3
pound per acre for cotton, soybeans,
and string beans grown on sand as com-
pared to 15, 3.8, and 8.8 pounds per
acre when grown on loam. These re-
sults suggest that sec-butyl A-(3-chloro-
phenyl) carbamate could be used with
safety on cotton and string beans, es-
pecially when they were grown on soils
high in organic matter content.

Isopropyl N-(2-methoxy-5-chloro-
phenyl) carbamate controlled crabgrass
and chickweed, grown on sand, at 9.3
and 5.6 pounds per acre. When the
same weeds were grown on loam it
required 13 and 6.4 pounds of the chemi-
cal to effect the same degree of growth
inhibition. In the same series cotton,
soybeans, and string beans, grown on
sand, showed some growth retardation
at 21, 2.6, and 2.8 pounds per acre,
while on loam these values were 41, 26,
and 22 pounds, respectively. Thus this
chemical showed a good margin of safety
for cotton grown on sand and for all
three crops grown on loam.

Comparisons of these three chemicals
with isopropyl N-(3-chlorophenyl) car-
bamate showed that none had an equiva-
lent over-all activity, although each may
show greater selectivity on crops other
than those investigated. Of the experi-
mental chemicals in these tests, isopropyl
N-(3-methylphenyl)  carbamate  has
shown the greatest general activity in
most cases, sec-butyl N-(3-chlorophenyl)
carbamate was only slightly less active,
while isopropyl N-(2-methoxy-5-chloro-
phenyl) carbamate was appreciably less

active. One important exception noted
for the above order was in activity
against crabgrass, where the sec-butyl
N-(3-chlorophenyl)  carbamate  was
uniformly more effective than isopropyl
N-(3-methylphenyl) carbamate. As
the threshold injury rates of these two
chemicals to cotton are approximately
the same, the increased effectiveness of
sec-butyl N-(3-chlorophenyl) carbamate
against crabgrass, one of the most com-
mon weed pests in the cotton belt, would
encourage its development for weed
control in cotton. Although isopropyl
N - (2 - methoxy - 5 - chlorophenyl)
carbamate was in nearly all instances the
least active of the three experimental
compounds, its selectivity was pro-
nounced and in most cases it was
superior to the others in this respect.

Residve Studies

The results obtained on the residual
effectiveness of these herbicides are
summarized in Table II. Because, for
the most part, the tests were designed to
give results in the growth response range
of each chemical for each plant species,
direct comparisons of data are difficult.
On the basis of the results obtained, all
chemicals demonstrated residual effec-
tiveness periods varying from 1 1o 8
weeks, depending primarily on the dos-
age of the chemical applied. In general,
the residual effectiveness against string
beans was greater than against crab-
grass and it was greater when these
plants were growing in loam than in
sand. Crabgrass is a shallow-seeded
plant requiring much less chemical to
produce a given per cent of growth
retardation than does the string bean.
In the case of plant species that require a
relatively small amount of chemical to
effect a given response, volatilization
will play a more important role in re-

ducing residual life than would be true
if large amounts of the chemical were
required. Thus a surface treated with
10 pounds per acre might lose 1 pound
per week through volatility, affording
some residual activity up to 10 weeks.
If, under the same conditions, only 1
pound per acre was applied, the chemi-
cal would have lost most of its activity
in the first week. A certain amount of
the deposit will be leached into the soil
by surface irrigation. All three factors
would contribute to a more rapid loss in
residual activity of these treatments
on crabgrass.

With string beans, a more deeply
seeded plant requiring larger amounts of
all of the chemicals to obtain a definite
growth response, volatility was less
pronounced and any leaching action
brought the chemical into more intimate
contact with the seed. It is not sur-
prising then that the residual activity for
treatments on string beans was some-
what greater.

Conclusions

Three carbamic acid esters were
applied as pre-emergent herbicides to
six species of plants grown on three
types of soil: isopropyl N-(3-methyl-
phenyl) carbamate, sec-butyl N-(3-
chlorophenyl) carbamate, and isopropyl
N-(2-methoxy-5-chlorophenyl) carbam-
ate, all compared to a standard, iso-
propyl N-(3-chlorophenyl) carbamate
(CIPC). Results were reported as the
amount of chemical, in pounds per
acre, necessary to produce a 10, 50, and
909, growth inhibition. To interpret
the results in terms of a selective herbi-
cide, it was assumed that 909, growth
inhibition of the weed species represented
commercial control, while a 109, growth
inhibition of crop plants represented a
threshold of injury.

In most cases per cent of growth

Table |. Dosages of Carbamic Acid Esters Required to Produce Growth Inhibition
(Pounds per acre of esters required to produce 10, 50, and 90% growth inhibition of several plant species on three soil types)

Chemi- String Beans Cotton Crabgrass Soybeans Qats Chickweed

cal LDyo LDy, LDy LDy LDy LDy LDy, LDy LDy LDy, LD;y LDy LDy LDy LDy LDy LDy LDy

Sand
I 0.9 36 14 5.0 20 76 0.6 1.9 5.6 1.1 4.6 20 0.3 0.7 1.8 0.2 1.3 9.4
II 0.3 2.3 18 2.2 20 1004 0.1 0.5 2.5 0.2 32 70 0.2 1.3 7.4 0.3 1.0 3.0
111 2.8 17 1004+ 21 66 100+ 0.9 2.9 9.3 2.6 11 100+ 2.5 10 36 0.7 2.0 5.6
CIPC 0.7 2 10 2.0 20 100+ 0.1 0.4 1.5 0.2 1.8 21 0.1 0.2 0.7 <0.1 0.3 2.6
Sand and Loam (Equal Parts)
I 3.2 9.6 29 7.6 30 100+ 0.7 2 5.2 3.8 12 38 0.3 1.1 4.4 0.3 1.5 7.6
II 3.6 29 1004+ 9 50 100+ 0.4 1.6 6.7 3.2 20 100+ 0.8 3.7 17 0.5 1.6 5.0
111 5.8 46 1004 23 94 100+ 0.9 3.2 12 5.2 32 1004+ 4.1 16.0 64 1.0 2.6 6.6
CIPC 2.8 11 44 8 40 100+ 0.1 0.4 1.4 1.6 12 91 0.2 0.7 2.9 <0.1 0.5 8.0
Loam
I 4 14 48 13 37 100 1.1 2.7 6.3 4.8 17 63 0.8 3.0 12 0.2 1.3 7.4
IT 8.8 46 100+ 15 80 100+ 0.4 1.6 6.2 3.8 22 1004+ 1.4 7.0 34 0.4 1.5 6.0
II1 22 64 1004 41 1004 1004+ 1.4 4.2 13.0 26 63 1004+ 8.8 24 69 1.2 2.8 6.4
CIPC 6.5 25 92 16 44 1004 0.1 0.6 2.3 5 20 84 0.2 1.0 4.2 <0.1 1.0 3.4
I. Isopropyl N-(3-methylphenyl) carbamate
II.  sec-Butyl N-(3-chlorophenyl) carbamate
III. Isopropyl N-(2-methoxy-5-chiorophenyl) carbamate
CIPC. Isopropyl N-(3-chlorophenyl) carbamate
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inhibition was correlated with soil type;
it required much more of the chemical
to obtain a 50% growth inhibition when
the plants were grown on loam than on
sand.

All of the experimental chemicals
controlled crabgrass and chickweed at
reasonably low dosages, although the
rates were somewhat in excess of those
required by isopropyl N-(3-chlorophenyl)
carbamate. All chemicals demonstrated
a good margin of safety to cotton grown
on loam, but when grown on sand this
margin was less for all except isopropyl
N-(2-methoxy-5-chlorophenyl) carbam-
ate.

No one of the experimental herbicides
provided a satisfactory margin of safety
to string beans and soybeans grown on
sand. When loam was employed as
the soil type, sec-butyl N-(3-chlorophenyl)
carbamate, isopropyl N-(2-methoxy-5-
chlorophenyl) carbamate, or isopropyl
N-(3-chlorophenyl) carbamate caused no
serious growth inhibition at rates of
application that controlled crabgrass
and chickweed. With soybeans grown
on loam, only isopropyl N-(2-methoxy-5-
chlorophenyl) carbamate demonstrated
a sufficient margin of safety

Results of experiments on the residual
effectiveness of these chemicals indicated
that this period could vary from 1 to 8

weeks, depending primarily on the dosage
of the chemical applied initially. Soil
type, plant species, volatility of test
chemical, and percolation through plant-
ing medium were all considered as
important factors contributing to residual
life.

The results of this study emphasize a
trend that has been taking place in all
phases of agricultural pest control—the
application of a specific chemical for a
specific problem. In the field of herbi-
cides the problems of specificity and
selectivity become even more complex,
and it is not difficult to foresee the
development of tailor-made chemicals
for use on specific crops grown under
specific agronomic and climatological
conditions.

Literature Cited

(1) Anderson, W. P., Linder, P. J., and
Mitchell, J. W., Science, 116
(3019), 502-3 (1952).

(2) Blouch, R., and Fults, J., Research
Rept.  Thirteenth  Western Weed
Control Conf., 1952, 148-9.

(3) Burt, E. O., and Willard, C. J.,
Ninth Research Rept. North Central
Weed Control Conf., 1952, 109.

(4) Danielson, L. L., and France, V.
A., Proc. Seventh Annual Meeting
Northeastern Weed Control Conf.,
1953, 73-9.

(5)
(6)
0]

Freed, V. H., Science, 111, 285-6
(1950).

Freed, V., H., Weeds, 1, No. 1,
48-60 (1951).

Fuelleman, R. F., Research Rept.
Sixth Annual North Central Weed
Control Conf., 1949, 112.

Kuntz, J, E., and Riker, A, J.,
Research Rept. Ninth Annual North
Central Weed Control Conf., 1952,
58-9.

Linder, P. J., Proc. Sixth Annual
Meeting Northeastern Weed Control
Conf., 1952, 7-11.

8

9

(10) Logan, A. V., Odell, N. R., and
Freed, V. H., Weeds, 2, No. 1,
24-6 (1953).

(11) Marth, P. C., and Prince, V. E,,
Science, 117, 497-8 (1953).

(12) Roland, M., Vaxtodling, 4, 49-58
(1949),

(13) Shaw, W. C., and Lovvorn, R. L.,
Agr. Chemicals, 8, (5), 32-5,
127-9 (1953).

(14) Shaw, W. C., and Swanson, C. R,,

Weeds, 2, 4365 (1953).

(15) Smith, R. J., Jr., and Ennis, W. B.,
Jr., Sixth Proc. Southern Weed
Conf., 1953, 63-71,

Received for review September 15, 1953, Ac-
cepted November 17, 1953. Presented before
the Division of Agricultural and Food Chemistry
Pesticide Subdivision, at the 124th Meeting of
t}}; AMmericaN CueMmicaL Soclety, Chicago,
Il

Residual Activity of Three Carbamic Acid Esters and Isopropyl N-(3-Chlorophenyl) Carbamate against

Two Plant Species Planted on Two Soil Types
Growth Inhibition, T

Table Il
Rate of
Treatmenf,
Chemical Test Plant Lb./Acre
I Crabgrass 1.2
4.8
I String beans 2.0
8.0
1I Crabgrass 0.3
2.0
I1 String beans 3.0
20.0
III Crabgrass 2.0
10.0
III String beans 5.0
30.0
CIPC Crabgrass 0.15
0.6
ClPC String beans 3.0
10
I Crabgrass 3.0
8.0
String beans 10.0
50.0
II Crabgrass 1.0
9.0
II String beans 20.0
80.0
II1 Crabgrass 4.0
15.0
II1 String beans 40.0
80.0
CIPC Crabgrass (3) . 8
CIPC String beans 10.0
50.0

I. Isopropyl N-(3-methylphenyl) carbamate

II.
III.
CIPC.

sec-Butyl N-(3-chlorophenyl) carbamate
Isopropyl N-(2-methoxy-5-chlorophenyl) carbamate
Isopropyl N-(3-chlorophenyl) carbamate

R 1 I
Fresh Residual, Weeks after Treatment Period,
treatment 1 2 3 4 5 6 7 8 Weeks
Sand
31 5 0 0 .. . . .. 1
85 40 0 0 .. .. .. .. 1
25 20 0 0 0 0 0 . 1
74 70 15 20 10 0 0 . 4
40 0 0 0 0 .. .. . 0
80 40 5 0 0 .. ‘ 2
62 10 15 0 0 0 0 0 0 2
88 90 70 40 5 5 20 0 0 6
38 k) 0 0 0 . .. 1
91 45 10 0 0 .. .. 2
23 10 15 0 0 0 0 0 0 2
58 60 40 30 25 15 10 0 0 6
10 20 0 0 0 .. .. 1
81 10 10 0 0 . 2
72 35 0 10 0 0 3
83 70 60 35 0 0 3
Loam
53 5 0 0 .. .. .. .. 1
91 50 5 0 .. .. .. . 2
54 40 5 0 5 0 0 0 0 4
88 80 80 80 60 95 80 30 30 84
29 0 0 0 0 0 0 0 0 0
91 40 20 30 0 5 0 0 0 5
49 25 30 0 15 5 20 5 0 7
83 90 85 60 90 80 80 80 90 84
46 5 0 0 0 0 0 0 0 1
91 80 50 15 20 5 0 0 0 5
40 30 15 10 35 20 20 15 0 7
72 60 40 40 35 40 40 30 30 8+
36 10 5 0 0 .. . .. .. 2
94 85 75 0 0 .. .. .. 3
7 80 30 40 0 45 0 15 5 84
89 90 90 90 90 90 90 90 80 84
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