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Weed Control in Sugarbeets
| With Cyeloate

By J. B. Dawson, rescurch egronomist, Plant Seience Research Divigion,
’ Agticnlturol Research Servige

INTRODUCTION

A previous publication reported
evaluations of soil-applied herbi-
cides for prethinning weed control
m sugarbeets (Beta rulgaris I.)
(2)." In each of 4 years, the per-
formance of S-ethyl ¥-ethylthic-
cyclohexanecarbamate  (cycloate)
was outstanding with respect to
both weed control and crop tol-
erance when applied at 3 pounds
per acre and incorporated with the
soil. Additional investigation of
methods of applying cycloate in-
dicated that 3 pounds per acre
thoroughly mixed with the sofl
to a depth of 3 inches controlled
common lambsquarters (Clheno-
podium.  album 1.}, barnyard-
grass {£ichinockloa crusgalli (I..)
Beauv.), and certain other an-
nual weeds selectively in sugar-
beets (8). Results were similar
when cycloate was applied to either
moist or dry soil in 2 years that
differed counsiderably in tempera-
ture and rainfall. Furthermore, in-
corporation 2 or 4 inches deep was
usually as effective as incorpora-

*Italic mumbers in purentheses refer
to Literature Clited, p. 24,

tion 3 inches deep. In addition to
controlling weeds without seriously
injuring the crop, cycloate has
flexible requirements for satisfac-
tory application. Thus, cycloate
showed much promise as a selective
herbicide in sugarbeets.

In Nebraska also, cycloate was
one of the most effective herbicides
for selective weed control in sugar-
beets (7).

Although cycloste performed
well when incorporated to a depth
of 3 inches. incorporation may
create a soil moisture problem (2).
With the light soil. low rainfall,
tow humidity, and frequent winds
that prevail when sugarbeets are
planted in Washington, moisture
in the upper 134 inches of soil into
which the seeds are planted may
be marginal, even though the soil
below this depth may contain ade-
quate moisture from fall irrigation
and winter rains. When incorpora-
tion of cycloate decrenses seedbed
moisture, the field usually must be
rrigated to promote germination.
Consequentiy. emergence is usually
delayed and an otherwise unneces-
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sary irrigation adds to ths cost of
producing the crop. Sugarbeet
growers would benefit by methods
of application that would retain
the effectiveness of cycloate with-
out drying the seedbed.

This bulletin reports research
conducted in 1967-69 on weed con-
trol in sugarbeets with cycloate.
The objective of this research was
to evaluate the response of sugar-
beets and weeds to cycloate applied
by vorious methods under various
soil and climatic conditions.

U.S. DEPT. O0F AGRICULTURE

All experiments were conducted
at the Irrigated Agriculture Re-
search and Extension Center at
Prosser, Wash., on Ritzville and
Warden fine sandy loams that had
about 1 percent organic matter.
The two most important weeds in
sugarbeets in Washington, barn-
vyardgrass and common lambs-
gquarters, were abundant in all ex-
periments. Redroot pigweed (Adma-
ranthus  retroflexus L.) and
nightshade (Solanum sarechoides
Sendt.) also were present in some
experiments.

CYCLOATE APPLIED ON DIFFERENT DATES
AND BY DIFFERENT METHODS IN 1967
AND 1968

In Washington, sugarheet grow-
ers plant sugarbeets from early
March until late April. Conse-
quently, conditions of soil and
weather vary widely when sugar-
beets are planted. If cycloate is to
be used successfully for weed con-
trol in sugarbeets, its performance
under the different ¢onditions of a
wide range of planting dates must
be determined.

Lyons and Takatori (5) have re-
ported that a petroleum mulch ap-
plied over certain herbicides that
normally require incorporation
may make incorporation unneces-
sary. The possibility that such a
practice might replace the need to
incorporate cvcloate scemed worthy
of investigation.

The mazin objective of the ve-
search deseribed here was to deter-
mine the response of sugarbects
and weeds to cycloate at % pounds

per acre incorporated, with the soil
before planting sugarbeets on dif-
ferent dates. A second, objective
was to determine whether the use
of a petroleum mulch would sub-
stitute for therough incorporation
of cycloate or accelerate emergence
and early growth of sugarbeets. A
third objective was to determine
the effect of tillage for incorpora-
tion of cycloate on emergence of
sugarbeets.

Experimental Procedure

In 1967 and 1968, sugarbeets
were planted within one day of the
tollowing dates: March 6, March
18, April 8, April 18, and May 3.
On each date, they were sceded
where cycioate had been broadeast
at 3 pounds per acre and where no
herbicide had been applied. With-
in 20 minutes after spraying, and
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before seeding, both the treated and
untreated plots were tilled 3 inches
deep with & power-driven rotary
tiller with IL-shaped blades. The
effect of tillage on emergence of
sugarbeets during the early season
when soil moisture is most apt to
be critical was determined by also
seeding sugarbeets in untilled soil
at the first two dates.

On two planting dates, Maich 18
and Apnl 18, two trentments were
inelnded in which petroleum mulch
was appled. The rate was 450
g8 (area actually sprayed) in
7-inch bands over the planted rows
after an application of cycloate at
3 pounds per acre. In one treat-
ment, cycloate was incorperated to
a depth of 3 inches before sugar-
beets were planted. In the other. it
was applied on the soil surface
without incorporation after plant-
ing.

Treatments were mnde in a spht
plot design with four replicates.
Dates of application were assigned
to main plots and cycloate and
mulch treatments were applied to
subplots. Each subplot consisted of
four sugarbeet rows 22 inches
apart, Rows were 35 feet long in
1967 and 30 feet in 1968,

Weed control was evaluated by
counting the weeds in each plot at
appropriate times. Sugarbeets were
counted after emergence was com-
plete. They were also counted at
various times before full emergence
to measure the effect of tillage and
petroleum nmlch on rate of emcr-
frence,

Soil  moisture  was  assessed
visually in the seed zone before and
during emergence in plots planted

on the first two dates each year.
In addition, soil samples to & depth
of 2 inches were collented within
the sugarbeet rows on March 14,
1967, in plots planted 1 week pre-
viously with and without soil in-
corporetion. Moisture content on
an oven-dry basis was determined.
FEach sample consisted of soil from
six sites in one plot.

After weed control had been
evaluated, and before weeds were
large enough to compete appreci-
ably with the crop. the weeds were
hoed out and the crop was thinned
to approximately one plant per
foot of yow in all plots. Weeds that
emerged after thinning were re-
moved by hand as needed. The
vield and sucrose content of sugar-
beet roots weve measured from 30
or 25 feet {1967 and 1968. respec-
tively) of the two center rows of
each plot at normal harvesttime.

Results and Discussion
Date of Application

Bernyardgrass and  common
lambsquarters emerged abundantly
in the plot area each year. Regard-
less of date of application. eycloate
consistently controlled a high per-
centage of barnyardgrass and a
lesser pereentage of common lambs-
quarters. Control of barnvardgrass
ranged from 8 to 100 percent
(97 percent average} (fable 1).
Control of common lambquarters
ranged from 60 to 95 percent (77
percent  average). Tigweed and
nightshade were less  numerous
than common lambsquarters. but
control thereof was simijar
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Tasre 1.—Weed control from eycloate at 3 1./ A. incorporated with the
208l to a depth of § inches before planting sugarbeats on & dates in
each of B years

Reduction in stand® of--

Common

Planting date Barnyardgrass in— lambsquarters in—

1967 1968 1967 1968

Purcent Percent Pereent Pergeni
March 6 G 99 42 81
March 18 094 98 80 86
April 3 90 100 a8 82
April 18 99 95 72 60
May 3 98 95 88
Average of 10 dales 47 77

* Average number (all dates) of burnyardgrass and cominon lambsquasters in 20
feet of each of 2 rows ib the untrented checks was, respectively, 851 and 22 in 1967

and 245 and 121 in 1968.

Tolerance of sugarbeets to cy-
cloate v-as consistent among the dif-
ferent dates of planting (table 2).
Cycloate did not affect the stand of
sugarbeets at any planting date,
but temporary symptoms of injury
were often present. Symptoms were
limited to young shoofs and con-
sisted of abnormally deep green
color, brittle leaves, and reduced
size. Symptoms were never seen in
roots. Roots of injured sugarbeets
usually appeared similar in size to
those of untreated plants of the
same age.

Cycloate did not decrease signif-
icently the yields or sucrose con-
tent of sugarbeet roots from any
date of planting, as compared with
the untreated, hand-weed.d plots.
In 1968, the average yield of cy-
cloate-treated sugarbeets from all
dates was higher than that of the
untreated ones. This difference was
statistically significant (P <0.02).

Suppression of the crop by weeds
would be the probable reason for
such a difference. However, judg-
ing from studies of weed competi-
tion with sugarbeets conducted
in the same geographic area (1),
the weeds were probably removed
before they had oppertunity to
cause yield reductions. Thus, there
is no explanation for the higher
yields from cycloate-treated sugar-
beets in 1968,

In hoth years, yields of sugar-
beet roots were similar when the
crop was planted March 6, March
18, or April 3. Yields from later
plantings were significantly lower
in 1967 and tended to be lower {but
net significantly so) in 1968. Ef-
fect of date of planting on sucrose
percentage was variable, but the
sucrose content tended to be higher
in sugarbeets planted in March
than in those planted in April or
May.
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TaBLE 2.—Response of sugarbeets to cycloate at 3 W./A. incorporated
with the soil before sugarbeets were planted at 5 dutes w0 each of £ yeurs

Emerged
seedlings
per foot

Planting date of row” in—

Suerose
content”
of roots in—

Yield® of roots
fter aere in—

and treatment’ 1867 1568

™ET 19068 1967 1968

Number Number
March 6:
No cycloate _____ . 4.0 5]
Creloate 3.5 T

Average I

Tons Tons Pereent Peroent

30.6
313
T31.0a

16.4
16.6

1652

Ii ;.41 1=t et
e
i-:oﬂ

=
&
i
| &

|

March 18:
No ¢yeloate
Cycloate

Average
April 3:
No creloate
COrycloate . ___
Average
Aprii 18:
No cyeloafe
Creloate .
L]
Average
May 3:
No crecloate
Cyeloate
Average

[B+]

185
6.6

318
30.0

LA
[Re

Lok
N

16.0
15.2
Ti56ab

1G6.2ab

164
16.0

16.2ab

' Weeds were removed friom treated and ustreated plots before they could compete

appreciably with the sugarheets.

* Beedlings were counted after emergenre wax complete fov each date,
*Within sach year, average valunes nof Lollowed by the same letter are significantly
different at the S-percent level of probubility, biused on Duncan’s multiple range test.

Tillage

The physical effect of tilling the
soil to incorporate cycloate tended
to reduce seedbed moisture und af-
fected sugarbeet emergence ad-
versely when soil moisture was
marginal.

One week after planting on
March 6, 1967, the moisture eon-
tent of the surface 2 inches of tilled
soil was 8.5 percent and of untilled

soil, 9.3 pereent. The difference was
significant  {P<0.08).  Although
the moisture content of tilled soil
was reduced, the remaining mois-
ture  was  suflicient for uaniform
eimergenee,  Sogarbeets emerged
equally well m tilled and untilled
soil when planted March 8 either
vear (table 3). In contrast, tillage
recduced cariy emergence of sugar-
beets planted March 18 cach year,
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TarLe 8.—F ffect of tillage’ on emergence of sugar-
beets planted on § dates in each of @ years

Pianting date
and treatment

April 10, 1967

Emerged seedlings
per foot of row on—

May 2, 1967

March 6, 1967:
Not tilled
Tilled

March 18, 1867:
Not tilled
Tilled

March 6, 1968:
Not tilled
Tilled

Marel: 18, 1968:
Not tilled
Tilled

Number

Number

. 34
1.6%* 3.6

April 3, 1968

May 1, 1068

4.8
4.6

31 41
1,20 3.4

! Soil was thoroughly mixed to & depth of 3 iuches with a
power-driven rotary tiller with L-shaped blades.
* Bignificantly less than nontilled at 5-percent level of

probability.

** Bignificantly less than pontilied at I-percent level of

probability,

Between March 6 and March 18,
little or ro rain fell, and the sur-
face soil dried. Tillage mixed the
dry surface three-fourths inch of
soil with deeper, moist soil. Adfter
mixing, the soil at the 1-inch depth,
where the sceds were placed, was
too dry for uniform germination.
Without mixing, the seeds were
planted into soil moist enough to
promote germination and emer-
gence.

After irrigation and rainfall in
April, additional seeds germinated
from the March 18 sceding cach
year. In 1967 the final stand was

not affected by the tillage before
planting, but in 1968 the final
stand consisted of significantly
fewer sugarbeet plants in the tilled
than in the untilled plots.

Petroleum Mulch

Petroleum mulch was not a satis-
factory substitute for incorporation
of cycloate. Although some weeds
were killed where petroleum mulch
was applicd over wnincorporated
¢ycloate, the control was markedly
inferior to that where cycloate was
incorporated. Weed control was ex-
cellent, where the petrolenm mulch
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wasg applied over incorporated cy-
cloate on both dates in 1968 and on
April 18, 1967. In contrast, after
treatments made March 18, 1967,
weed control from incorporated
cycloate was inferior with petro-
leum muleh than without the
mulch. There was no evident rea-
son for this difference.

In 1967, the mulched sugarbeets
planted on both dates yielded sig-
nificantly more than those without
the mulch (table 4). They emerged
earlier and the top growth was

TasLE d—lesponse of
muleh applied in 7

after planting on 2 dates in each of 2 years

markedly Jarger threugh April and
May.

Sugarbeets did not respond to
petroleum muleh in 1968. Winds in
March and April drifted soil over
the muleh and reduced its exposure
to the sun. Consequently, the mulch
probably did not inerease soil tem-
peratures in 1968,

Petroleum mulch partly compen-
sated for the reduced emergence
caused by tillage for incorperation
on March 18, 1967 (table 5). Pos-
siblv. higher temperatures undev

sugarbeets to  petroleum

ek Bands orer the rows

Emoerged

seedlings' Yield Muerose
Planting date per faot of roots content
and treatment of row DeT acre of roots

Awmber Pereent
March 18, 1067:
Xo moich
Muleh

16.2
16.3

March 18, 190K:
Xo mulch
Muleh

April 18, 1967
Xo mulch
Muleh

6.6
16.3

April 18, 1968:
No mulch 4.0 6. 16.2
Miulch

15,6

! Seedlings were conntel 14 tn 18 days after planting.
Rufficlent seedlings emergeid luter in the senson to make a
full staml after thinning io all plats,

* Bignificantly greater than the no-muleh treatment at the
Fpercent level of probahiiity.

** Bigniticantly greater than the no-inulel treatment at
the I-percent level of probabilify,

*¥** Bignificantly greater thanp the no-mulch treatment ¢*
the 0.1-pervent level of probability,
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the mulch accelerated germination
and allowed seedlings to become es-

mulch may have retarded moisture
loss. In 1968, mulch did not im-

tablished before the limited meis-
ture dissipated. In addition, the

prove emergence.

Tasre b.—Lffect of petroleum mulch on emergence
of sugarbects where tillage had reduced the
mowture content of the soil

Emerged seedlings’

Treatnent per foot of row on—

Aprit 30,1367 April 3, 1968
Number Nyembier
Tilled, not mulehed oo __ iia 1.2a
Not tilled, not mulehed __L__ 23 b 31b
Pitted, mulched . _______ 32 ¢ 120
Not tilled, mulebed ______ . __ 40 4 381

T At each date, means not followed by the same letter are
significantly different at the 3-percent level of probability,
based ox Duncan's multiple range test.

APPLICATION OF CYCLOATE BY SUBSURFACE
LAYERING

In previous research (3), herbi-
cidal activity of cycloate was
greater when the herbicide was Jay-
ered 1 or 2 inches deep in the soil
than when it was incorporated. At
the commonly used rate of 3
pounds per acre, sugarbeets weve
injured severly when eyeloate was
layered. The experiments deseribed
here were conducted to defermine
whether satisfactory selective weed
control would vesult from subsur-
face layering of Tower rates of cy-
cloate.

Experimental Procedure

Cycloute was applied at 1. 2, and
3 pounds per acre in subsurface

layers 1 or 2 inches deep. An un-
treated check and cyeloate at 3
pounds per acre incorporated 3
inches deep as a standard were in-
eluded for comparison, Each treat-
ment was evaluated in two separate
experiments in each of 2 years. In
one experiment each year, the soil
was too dry for sugarbeet germi-
nation at the time of application.
In the other, the soil was moist.
The herbicide was applied and
sugarbeets were planted in dry soil
on April 6, 1967, and on April 1,
1968. The field was furrow-irri-
gated the day after planting. After
irrigation, 1 seedbed was prepared
and the treatments were repeated
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in moist soil on April 17, 1967, and
on April 6, 1968,

A randomized black design with
four replicates was used for each
experiment. Plots consisted of one
row 14 feet long. Space between
vows was 28 inches in 1967 and 22
inches in 1968.

The herbicide was applied in
water at the rate of 230 g.p.a. as
12-inch bands centered on the rows.
For the layered applications,
trenches 12 inches wide and 1 or 2
inches deep (%14 inch) were dug
with hand tools. All soil was placed
on canvas. It was replaced and
firmed after the herbicide had been
sprayed in the trench. In the stan-
dard treatment, & hooded, 12-inch
rotary tiller with I.-shaped blades
mounted on a garden tractor was
used to incorporate the herbicide
with the so1l. .\ positive depi} con-
trol device maintained a 8-inch
depth of incorporation (314 inch).
After the cycloate applications.
sugarbaets were seeded 1 inch deep.

Effects of the treatments were
measured by counting the stand of
sugarbects, barnyardgrass. and
ecommon lambsquarters. Vigor of
the sugarbeets was estimated visu-
ally. The sugarbeets were not thin-
ned. and no yield data were col-
lected.

Results and Discussion

Weed control and crop tolerance
were good where cycloate at 3
pounds per aeve was applied Dy
the standard method of thorough

incorporation to a depth of 3
inches. Barnyardgrass control var-
jed from 91 to 100 percent, and
common lambsquarters eontrol
ranged from 50 to 97 percent (84
pereent average) {table 6). This
method of application did net af-
fect the stand of sugarbeets, and
at most reduced vigor only moder-
ately and temporarily (table 7).

These results corroborate a pre-
vious report that subsurface layer-
ing increased the herbicidal activ-
ity ot eyeloate (7). The 3 pounds
per aere rate layered 1 inch deep
provided outstanding weed con-
trol. but it reduced the stand of
sugarbeets in 1967 and 1968 (moist
s0il} and injured the surviving
plants severely (tables 6 and 7).
When the rate was reduced to 2
pounds per acre, the subsurface
layered application {1 inch deep)
was nsually similar to 3 pounds
per acre incorporated with respect
to both weed control and crop
tolerance. Ewven at 1 pound per
acre. weed control from cycloate
layered 1 inch deep was sometimes
similar to that from & pounds per
acre incorporated.

There was definitely less activity
tfrom eycloate layered 2 inches deep
than 1 mnch, This differcnce s most
evidenf in the data on control of
commen lambsquarters (table 6).
Many common lambsquarters and
sugarhects were severely injured
but not killed where cycloate at 2
or 3 pounds per acre was layered 2
inches deep. Both species tended to
recover from this injury.




TasLe 6.—Conirol of 2 species of weeds by cycloate applied at 8 rates by 2 different methods in moist and dry
80il in 8 years

Reduction in stand of—

Barnyardgrass when cycloate Common lambsquarters when cycloate
Rate of ) was applied to— was applied to—
eycloate Application
pf}'r acre, miih od and Moist soil in— Dry soil in— Moist soil in— Dry soil in—
pounds depth 1967 1968 1967 1968 1907 1968 1967 1968
Percent Percent Percent Percent Percent Percent Percent Percent
Layered: .
1 1linch oo 97 100 99 45 60 81 96 19
21inches v . 86 90 99 64 17 50 15 4]
2 lineh oo o 99 100 96 91 89 160 89 60
2inches Z____ ol . __ 86 100 100 82 9 81 71 41
3 linch oo 99 100 100 160 94 100 99 87
2 inches wooivecaoai. 80 100 99 91 14 100 81 66
3 Incorporated,

dinches o .. 98 100 85 91 96 97 94 50

0T

HINLINOIYOV IO "LIFC '$'0 ‘98FT NILHIIAL TVOINHOHL
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TaBLE T.—Response of sugarbeets to cycloate applied at 8 rates by 2 methods in moist and dry soil in 2 years %
. Stand* when cycloate Vigor® when cycloate 8
Rate of was applied to— was applied to— E
cycloate Application - - — - - - -]
per acre, method and Moist soil in— Dry soilin— Moist soil in— Dry soil in— g
pounds depth 1967 1968 1967 1968 1967 1968 1967 1968 E
Percent Percent Percent Percent Percent Percent Percent Percent o

Layered : ‘ ! : a

1 1ineh oo 93 138 92 131 73 95 83 98 3
2inches —...__.-.__ 104 111 102 131 88 99 90 90 o

2 Tineh . ... 98 111 80 146 70 96 70 93 =
2inches . _._____._ 102 59 102 85 75 91 70 89 =

3 1ineh .. .. 69 84 57 154 58 96 48 95 »
2 inehes o _.______. 89 105 88 148 65 88 50 98 2

I

3 Incorporated, K
3inches .__________ 103 108 119 146 73 99 85 99 e

1 8tand relative to untreated. g
#Vigor estimated in late May or early June without regard for stand. E
B

=

1T
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APPLICATION OF CYCLOATE BY SUBSURFACE
LINE INJECTION

Workers in Mississippt  and
Georgia found that certain herbr-
cides related to cycloate were ef-
fective when injected into the soil
in lines 14 to 4 inches deep (4. 6.
&). This method was attractive for
applying’ cycloate in sugarbeets be-
cause it did not involve mixing the
so1l and therefore should not canse
excessive moisture loss. Results
from preliminary trials using this
method in 1966 by peysonnel of the
Titah-Idaho Sugar Company® and
by the author were favorable
Therefore, several experiments con-
cerning the application of cycloate
by injection were conducted in
1967-69.

Depth and Spacing of
Injected Lines of
Cycloate

Experiments were conducted in
1967 and 19068 to determine crop
tolerance and weed contrel from
injected cycloate as influenced by
depth and spacing of the injectors
in the soil,

Experimental Procedure

An adjustable injector® was used
to inject two lines of cycloate, the
arrangements of which are shown
in table 8 Sugarbeets were seeded
with a one-row planter mounted in-

Francem, Farvel, U6 Private com-
wnnicntion

T &pecially baile for this work by Fae-
rel Frapeom of the Utabh-Idaho Supgnr
Company, doses Lake, Wash,

tegrally with the injector on the
toolbar of the tractor. Seed was
planted 1 inch deep in the center of
the space between the two injected
Yines at the same time the herbicide
was applied. Cycloate was applied
at the rate of 3 pounds per acre in
36 gp.a. of water {calculated on
the basis that a 5-inch band of soil
was treated. regardless of injector
spacing).

In addition to the six injected
treagments, an untreated check and
eyeloate at 3 pounds per zere in-
corporated 3 inches deep as a stan-
dard were included. ach plot con-
sisted of one row of sugarbeets 14
feet long. The experimental design
was a randomized complete block
with four veplications.

The treatments were applied in
April 1967 on dry soil and fol-
lowed by furrow irrigation the next
day. They were applied in April
1968 on soil moist from recent irri-
antion.

The vesponse of sugarbeets and
woeeds was measured cach year by
counting the stand of sugarbeets,
barnyardgrass, common lambsquar-
ters, and uightshade and by visu-
ally estimating the vigor of the
sugarbeets.

Results and Discussion

ATl applications of eveloate con-
trolled 93 to 100 percent of the
barnyardgrass (table 8). Some
treatments did not control lambs-
guarters and nightshade effectively.
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TaBLE 8.—Weed conirol from eycloate at 3 1b./A. injected into the soil
in @ lines at various depths and spacings and incorporated 8 inches
deep

Application
method
anil
depth of
injectien

Distance Reduction in stand of—
between " -
injectors, Barnyard- Lambﬁquarters* Night-
inehes grass’ n— shade®
in 1967 1967 18G8 in 1967

Injected: Pereent Pereent Percent Percent
2 inches 99 90 88 83
2% 100 94 81 89
3 100 82 81 78
4 93 21 68 28
214 89 85 29 87
3 inches 214 100 68 T0 61
Incorporafed, 8 inches ___ ___ 99 94 o7 82

* Average stand per 10 fect of row in the untreated rows was 82.
* Average stamd per 10 feet of row in the untreuted rows was G2 in 1967 apd 6%

in 1968

* Avarage stand per 10 feef of row in the unireated rows was 8.

The best selective weed control
resulted when the injectors were

set 2 inches deep and 214 inches
apart. Iixcept for Jess contrel of

common lambsquarters in  1968.
weed control from cycloate injected
2 inches deep and 2% inches apart
was 2§ good as that from incorpo-
rated cycloate (table 8). Weeds
that survived were usually directly
within the sugarbect row. Evi-
dently, the herbicide did not al-
ways spread uniformiy te the cen-
ter of the row from the injected
lines. Sugarbeets were injured
somewhat more severely when cy-
cloate was injected 2 inches deep
and 2% inches apart than when it
was incorporated (table 93.
Cycloate applied at the closest
spacing, 2 inches. killed some
sugarbeets and reduced the vigor of
those that survived. No weeds sur-

vived within the rows, but a few
were found on the outside edges
of the 4-inch bands in which weeds
were counted.

When the spacing was widened
to 4 inches, many weeds survived
direetly in the rows (table 8).
There was ulso less effect on the
sugarbeets. Obviously. the farther
apart the injectors were set. the
less herbicide veaci:} the center
of the sugarbeet row.

Where the Injectors were 214
inches apart. but the depth was
only 1 inch. many commeon lambs-
guarters and nightshade survived
directly within the sugarbeet rows
(table 8). As the cycloate moved
upward and outward from the in-
jected lines, it probably reached

the soil surface before reaching the

row. Thus. an area divectly in the
row was not adequately protected.
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Tapee Q.—Response of sugarbeets to cycloate at 3 Ib./A. injected inio
the soil in 2 lines at rarious depths and spactigs and incorporated 3

tnches deep

Applieation
method
and
depth of
injection

Distance
between
jnjectors,
inches

Emerged
geedlings per
foof of row in—

1967 1968

Yigor®
relative to
untreated in
1968

Injected:

R~

bo

13 L3 v 08 bD

FRS

Incorporated, 8 inches _.
Untreated check _—

Percent
T0
83

Numtber Nuntber
4.8 29
0.8 4.0
a.0 3.2 60
6.0 4.0 89
6.1 4.3 76
5.3 3.1 66

3.8 84

4.6 100

5.8

! The sugarbeet seeds were planted in the venter of space between the lines of

injection.

*¥igor estimated on May 28 without regard for stand.

Broadleaf weed control was less
satisfactory  from injections 3
inches deep than from those 2
inches deep.

Position of Sugarbeet
Seed Ralative to
Injected Cycloate

In 1967, an experiment was con-
ducted to determine the effect on
sugarbeets of the location of the
seeds in the soil relative to the in-
jected lines of eycloate.

Experimental Procedure

Cycloate at 3 pounds per acre
was injected at 2- or 3-inch depths
in two lines 214 inches apart. Rows
of sugarbeets were seeded by hand
i eight different positions relative
to the injected lines. The following
diagram of an end view of the rows

of seed and lines of herbicide
shows the arrangement.

A— 1 2 3 4 5 6 7 8
B—

¢ 0 0 0 0 0 0

D— 0 0

A = Position numbers

B Soil surface

C Rows of sugarbeet seed
1 inch deep and 1 inch
apart.

yeloate injected in
two lines 2l inches
apart and 2 or 3
inches deep.

D =

In each of four replicated plots.
T2 sceds were planted by hand in
each position within a distance of
60 inches. Congestion was avoided
by planting the sceds in positions
1, 3, 4, and T in separate subplots
from positions 2, 4, 6, and 8.
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The soi} was too dry for uniform
emergence of the sugarbeets. There-
fore, the plot arca was irrigated
from furrows on each side of the
seeded areas the day after appli-
cation and seeding.

Response of the sugarbeets was
evaluated by counting the emerged
seedlings and observing their vigor.

Results and Discussion

The response of sugarbeets to in-
Jected cycloate varied greatly in
relation to the Iocation of the
planted seeds. Where the seeds
were planted directly over one of
the lines (position 4) or between
the Iines but only 14 inch from one
of them (position 6) the sugar-
beets were injured severcly and
many were killed.

Injury was more severe when the
depth of injection was 2 inches
than when it was 3 inches.

When the seeds were placed 14
inch outside the pair of injected
lines of cycloate {position 7), the
stand was not affected. Further-
more, plants from seeds located 14
inch outside the lines were injured
less than those from seeds located
% inch inside the lines. Probably
water from the furrow irrigation
tended to move the eycloate toward
position 6 and away from position
7. Such movement has been dem-
onstrated under greenhouse condi-
tions,?

*Stanger, E. C., IJr. The lnteral move-
ment of eyclonte nxe uffected by threp soil
trpes and four methods of irrigation
when applied fto the soil by injection

incorporation, 1970, (Tapublished mng-
ter's thesis, Oregen Siante Thiv.}
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Emergence was not affected in
position 5 (between the two lines
of cycloate—1 inch from one and
114 inches from the other), and
seedling effects were limited to the
temporary ‘symptoms typicaliy
caused by cycloate. These results
indicate the need for planting
sugarbeet seeds precisely between
the two injected lines to avoid crop
injury.

Volume of Carrier and
Rates of Injected
Cycloate

Txperiments were conducted in
1968 and 1969 to determine the ef-
fect on sugarbeets and weeds of
cycloate injected at different rates
and in different volumes of water.

Experimental Procedure

Cycloate was injected in two
lines 2 inches deep and 214 inches
apart with a Francom Injector.
Concurrently, sugarbeets  were
sceded 1 inch deep midway between
the lines. Cycloate was applied at
3 pounds per acre in 9, 18, 36, 72,
and 144 gpa. of water® In addi-
tion, rates of 2, 4, 6, 9, and 12
pounds per azere were applied in
36 g.p.a. of water. The treatments
were replicated four times. The
plots contained three rows of
sugarbeets 25 feet long and
spaced 22 inches apart. The treated
plots were Lordered on each side
by an untreated row.

Applications were made in late

fCnleninted on the basis of the ares

wetunily treated, eonsidered to be o band
4% inches wide.
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March each year. In 1968, the plot
ares was furcow-rrigated in carly
April to provide adeguate moisture
for germinasion. In 18G5, pre-
emergence irrigation was mneces-
sary because favorable rains fell be-
tore and shortly after planting.

Effects of the treatments were
evaluated by counting weeds and
sugarbeets i the treated rows and
in adjacent untreated rows, and by
estimating the vigor of the sugar-
beets as a purcentage of that in the
untreated rows before weeds wore
large cnough to suppress the
growth of crop plants. Yields of
sugarbeets were not measured.

Results and Discussion

TWhen cycloate at 3 pounds per
acre was applied in volumes of
water that ranged from 18 to 144
g-p.a.. all the limited popalation of
barnyardgrass and 76 to 94 per-
cent of common lambsquarters were
econtrollod (table 103, In 1869, con-
trol of common lambsquarters
tended to be less when the eycloate
was applied in 9 g.pa. of water

TECHNICAL BULLETIN 14306, U.8. RPN OF AGRICULTURE

Cycloate at 2 pounds per acre
controlled common Jambsquarters
effectively in 1968, but it controlled
only 55 percenft of this speries n
1969,

No rate of cycloate aflected the
stand of sugnrboeets signifieantly in
1969, but many sugarbects were
killed at 9 nnd 12 pounds per acre
and some were killed at 6 pounds
per aere m 1968, Some sugarbects
i all eycloate-treated plots dis-
plaved symptoms each year, This
wag  reflected  in reduced  vigor
ratings (table 10}, Injury was
severe af the § and 12 pounds per
acre vates, Novertheless. symptoms
were temporary and had disap-
peared 1 all treated plots by late
May, except for a geacral reduetion
in size in plots troated at the higher
rates.

These results demonstrated that
sugarbects tolerate cyclonte in-
jected at 3 pounds per aere and
that there s an adequate margin
of safety at this rate. Furthermore,
eveloate is equally aetive whether
applied i Tow or high volumes of
water,

RATES OF CYCLOATE, 1968

Several rates of cycloate had
been evaloated for thoir effects on
sugarbeets and annnal weeds in
1965, 1966, and 1967 (2}. In 1068,
the same type of work was repeated
to provide additional data.

Experimental Procedure

On plots that consisted of four
rows 30 feet long, eyeloate at 0, 3,

4. and 6 pounds per aere was
breadeast as a spray in 50 gallons
of water per acre. The soil was
thoroughly mixed to o depth of 3
inches with a rotary tifler within
24 minutes atter application. The
cyeloate treatments plus an ua-
treated check were replicated four
tunes in a enndomized Block design.
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TasLe 10—Response of sugarbeets and common lambsquarters to cycloate injected into the soil at several rates
and in several volumes of water when sugarbeets were planted in late March

Sugarbeet, stand Sugarbeet vigor® Reduction in
relative to relitive to stand of common
untreated in— untreated in— lambsquarters® in—

Rate of Volume of
cycloate water
per acre; per acre,
pounds gallons 1968 1969 1968 1969 1968 1969

Percent Percent Percent Percent Percent Fercent
2 36 89 101 97 98 88 55
3 36 85 117 095 97 93 76

36 95 89 83
80 1 90 ' 96 ‘ 85

36 (s 97 88
36 3 83 : 97 192

9 99 94 86 67
18 86 ] 88 ; 94 87

3 72 113 127 97 88 76
3 14 - 112 127 97 98 89 80

* Cycloate injected in two lines, 2 inches deep and 2% inches apart. Rates are based on treated area, assumed to be 4% inches wide.
*Vigor estimated in late May without regard for stand.
®Average stand in untreated rows was 82 and 560 per 60 feet of row in 1968 and 1969, respectively.
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Soil moisture was marginal when
the Therbicide was sapplied on
March 18, Consequently, early
emergence was uneven, The field
was furrow-irrigated on April 5 to
promote uniform emergence.

Sugarbeet seedlings were counted
n 20 feet of each of the two center
rows on May 6. Sugarbeet vigor
was estimated visually on May 27,

Weed control was evaluated by
counting stands of nightshade,
commeon lambsquarter, and barn-
yardgrass in early May. Because
many barnyardgrass seedlings fre-
quently emerge and subsequently
die in cycloate-treated soil, evalua-
tion of contrel of barnyardgrass
was based on uninjured seedlings
counted 2 weeks after emergence
when injured and noninjured
plants could be differentiated.

After control had been evaluated,
the weeds were removed from all
plots, including the wuntreated
checks, and the sugarbeets were
thinned to a stand of approxi-
mately one plant per foot of row.
Weeds that emerged subsequently
were removed by hand to keep the
crop free of weeds until harvest.
The sugarbeets in 2% feet of the
two center rows were harvested in
October. The number of plants and
the weight of roots that had been
freed of excess soil were deter-
mined. A representative sample of
the roots from each plot was ana-
Iyzed for sucrose content.

Results and Discussion

The three rates of cycloate con-
trollied 81 to 100 percent of the

TECHNICAL BULLETIN 1436, U.§ DEPT. OF AGRICULYAURE

weeds (table 11). Abundant barn-
yardgrass seedlings emerged in all
treated plots. Most of these were
lethally injured.

TagLe 11.—Weed conirel from 3
rates of cycloate in 1968

Reduetion in stand of—

Rate of oo
cycloate  Common
peracre, lamnbsg- Night- DBarnyaud-
pounds guarters' shade' gross®
Pereent Pereent FPereent
B o a2 81 ]
4 83 G 160
6 a6 100 100

' Bused on nmumbers of these weeds in
the breated rows emnpared with those in
nntreated rows on May 6. Average stands
of conunon lambsguarters and night-
shade in untreated rows were, respec-
tivaly, 134 and 16 plants per 20 feet of
ench of two rows,

*Based on numbers of uninjured barn-
yardgrnss o the trented rows compared
with those in untreated rows on May 22.
Avernge stund in untreated rows wos 121
per 20 feet of each of two rows,

Symptoms of cycioate injury to
sugarbesfs were observed at all
rates of application. The stand was
not reduced significantly at 3
peunds per acre and injury was
mild. At 4 and 6 pounds per acre,
the stand was significantly reduced
and the surviving seedlings were
severely retarded (table 12). How-
ever, after thinning, the stand waus
adequate and the sugarbeets re-
covered. Yields and sucrose con-
tent. of roots were not significantly
affected by any rate of cycloate
(table 12).
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TaBLE 12—[tesponse of sugarbeets to ssveral rates
of eycloate applied broadeast and incorporated
3 inches deep before planting on March 18, 1968

Rate of
cyeloate
per nera,
ponnas

Emerged
seedlings
per fool:
of row

relitive to
nntrented

Sucrose
content
of roots

Vigor'
Yield
per acre

Nuniber

Perornt

Percent
16.1
15.8
16.1
i6.1

Tons
329
2745
27.8
80.2

89
66
50
106

L&D, (0.05) .
L8.D. (0.01) - 9

—_— 3
NS

NS
NS

'*Vigor estimated om May

27 without regurd for sband.

METHODS OF APPLICATION, 1969

An experiment was conducted in
1969 to compare the response of
sugarbeets and weeds to one rate of
cycloate applied by three practical
methods.

Experimental Procedure

Cycloate at 2 pounds per acre
was zpplied by the following three
methods on March 25: {a) sprayed
broadeast and incorporated to a
depth of 3 inches with & hower-
driven retary tiller; (b} sprayed
as 7-inch bands and incorporated
to a depth of 3 inches by hooded.
power-driven tiliers of the same
width: and. {¢) injected in two
lines 214 inches apart and 2 inches
deep.

For the broadeast application,
the soil was tilled and packed and
sugarbeets were planted as separate
operations within 2 hours after
spraying. For the band-incorpo-

rated application, implements for
spraying. tilling, packing, and
planting  were mounted on one
tractor and =all operations pro-
ceeded simultancously. Where cy-
cloate was injected, injectors and
planters  were mounted on one
tractor. Sugarbeet sced was planted
directly between the two lines of in-
jection as the herbicide was ap-
plied.

Treatments were made on March
24 and 25 In plots Tour rows wide
and 46 feet long. The breatments
and an untreated checle were rep-
licated four times in a randomized
block design.

Common  lambsquarters  and
barnyardgrass were abundant in
the plots. Percentage control of
these species was estimated on May
2 and 12, Sugarbeet plants were
counted in 60 foet of row in cach
plot in late April, and their vigor
was estimated visually as a per-
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centage of that of the untreated
checles on May 2 and 12

Treated and untreated plots were
weeded and thinned to o stand of
approximately one plant per foot
of row in May. Weeds that emerged
subsequently were removed by
hand. The sugarbeets in 30 feet of
the two center rows were harvested
in Qctober, Numbers of plants and
weights of roots that had Deen
freed of cxcess soil were deter-
minded. A yepresentative sample of
the roots from cach plot was ana-
Iyzed for sucrose content.

Results and Discussion

Cycloate at 3 pounds per acre
controlled 85 to 94 percent of the
common lambsquarters and 86 to
100 percent of the barnyardgrass
when applied by different methods
(table 13). Injected cyveloate con-
trolled  ecommon  lambsquarters
somewhat less than did incorpe-
rated cycloate. Most of the com-
mon Jambsquarters that survived
the injected treatment were lo-
cated directly in the sugarbeet row.
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Evidently, cycloate sometimes
failed to difiuse wniformly scross
the row from the injected lines.

Soil moisture was favorable for
sngarbeet  germination;  hence,
there were no detrimental eflects of
tillage on emergence. None of the
cycloate treatments affected sugar-
beet stands, On May 2, mild injury
symptoms  were evident in  the
sugarbeerts from &ll treatments
(table 14). By May 12, symptoms
were less ev.?= . After thinning,
treated and swcreated sugarbects
looked similar.

The cycloate-treated sugarbects
vielded more than 30 tons per acre,
which 15 excellent production. Al-
though the difference was not sig-
nifieant at the S-percent level of
probability, the treated sugarbeets
tended to outyield the untreated
ones. Weeds were taller than the
sugarbeets when the sugarbeets
woere thinned and weeded. Competi-
tion from the weeds in the un-
treated checks before they were re-
moved may have depressed yields
to some extent.

TanLE 13.—Weed control from eycloate at 3 1b./A.
a;}p??uf ?J?; fhﬁm‘mff wrethods in 1969

Argttiention
inefiond
Brogdeast incovporafed o _
Band incorporated
Rand m_]t‘{ ted

lehsmmz t(-l i

Redd nohnn in t,t m(l‘ nf—

( onmon
B.l: 11\(1 radprass

Prrrmu I’crccm
4 100
4]
R

-k\e: e of L\\c) nw.li (‘H(illl.llt‘k z)!' r(‘ﬂli((mn in Rt.m(i
Average stand Inounfrenfed plots was 3315 Dunbsguariers
and 126 barnyardgrase in G0 feel of row.
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Tarrx 14—Response of sugarbeets to cycloate at 8 1b./A. applied by

different methods on March 25, 1969

Yigor® relative
to untreated on—
May 2 May 12

Pereent  Percent

Yield of
Toots
PEr ACre

Snerose
content
of roots

Seedlings
per foot
of row

Applicaticn
method

Niumber Tons Percent

Broadeast incorporated 23
Band incorporated 2.5
Band injected 27
Untreated check 2.4

L8.D. (0.05) Ng

58 95
85 g1 32.4 16.4
90 96 33.2 16.2
w06 100 27.7 16.4
. _ NS N8

350.2

16.5

* Vigor estimmnted without regard for stand.

GENERAL DISCUSSION AND CONCLUSIONS

The major snnual weeds in
sugarbeets before thinning in
Washington are barnyardgrass,
common lambsguarters, nightshade,
and, to a Jesser extent, redroot pig-
weed. During 6 years of evaluation
(3 years covered in this report and
others in previous reports (2. 8),
cycloate applied to the soil at 3
pounds per acre controlled these
weeds without permanently harm-
ing the sugarbects. Cycloate was
effective when applied wnder a
wide range of conditions.

Barnyardgrass was very suscep-
tible to cycloate at 3 pounds per
acre; such a treatment usually con-
trolled 95 to 100 percent of this
weed. DBroadleaf weeds were less
susceptible, Common lambsquar-
ters, which was abundant in all ex-
periments, was seldom controlled
completely; usnally 10 to 25 per-
cent of the population survived.
Increasing the rate of eycloate in-
creased the percentage control.
However, even rates as high as 6
to 12 pounds per acre sometimes

m-hydroxycarbanilate

failed to control ail the common
lambsquarters.

The application of more than 3
pounds per acre of eycloate on
sandy loams does not appear to be
a practical method for achieving
complete control of common lambs-
quarters and other broadleaf weeds.
Secondary control measures are
needed for broadleat weeds that es-
cape control by eycloate. In unre-
ported research conducted by the
author in 1968 and 1969, methyl
m-methyl-
carbanilate (phenmedipham) at 1
pound per acre applied postemer-
gence offectively controlled those
common lambsquarters and night-
shade that survived the effect of
eyvcloate. A program including cy-
cloate applied preplanting followed
by pheamedipham applied poste-
mergence  cffectively  controiled
earlv-season weeds so that sugar-
heets were essentially free of weeds
at thinning time.

At 3 pounds per acre. cycloate
meorporated or injected (2 inches
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deep in lines at Jeast 1 inch from
the seed row) never redoced stands
of sugarbects below levels accept-
able for thinning. However, tem-
porary symptoms of injury such
as deep green color, briftle leaves,
and reduced size were often ap-
parent.in the cotyledonary and first
true leaf stages. Such symptoms in-
creased as the rate of cycloate in-
creased. Sugarbeets stands some-
times were not affected by rates as
high as 9 pounds per acre. but in
one instance the stand was reduced
by 4 pounds per acre. Under con-
ditions similar to those under
which these experiments wepe con-
ducted, 8 pounds per fere appears
to be the most satisfactory rate of
eveloate for selective weed control
in sugarbeets.

When cycloate killed sugarbeets.
they died before or very soon after
emergence. Even though severely
injured, sugarbeets that survived
for 1 week after emergence usually
recovered Tully., When sugarbests
were severely injured, symptoms oe-
eurred carly enough so that sugar-
beets could have been replanted
successfully.

Cveloate mixed thoroughly with
the surface 5 imcheg of soil con-
frolled weeds consistently. Tnfor-
tunately, mixing the soil often dried
the seedbed and inhibited germina-
tion. particniarly when soil mois-
ture was marginal. T.ess seedbed
moisture was lost when cycloate
wag injected becanse the soil was
not mixed. Cycloate injected in two
Tines 2 inches deep and 214 or 214
inches apart controlled weeds in a
band 4 to 5 inches wide. Preserva-
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tion of seedbed moisture, reduction
in amount of herbicide reguired,
and =ase of operation are ad-
vantages of the injection method
for applying eycloate,

Weed control from injection of
cyeloate has tended to be somewhat
less than from: incorporation of
cycloate. TUsually, neither method
controls  weeds  completely, so
weeds that escape must be coi-
trolled by ’a second method. There-
fore. the shight reduction in weed
control with the injection method
is not serious.

Suecesstul  injection  demands
precise application. The seed must
be planted diveetly between the
two lines of injected cycloate.
Seeds more than % inch from cen-
tor ean be severely injured. How-
ever, crop tolevance was satis-
factory when the injector and
seeder were properly alined.

Tayering cycloate 1 inch deep
also resulted in effective weed con-
trol. When lavered, 5 pounds per
acre sometimes severely injured or
killed sugarheets. Sugarbeets tol-
erated 2 pounds per acre layered 1
inch deep. and this rate controlled
woeds effectively. Subsurface Tayer-
ing evidently incveased the activity
of excloate: and. henee, it might
be nsed as an alternate method of
applving reduced rates for weed
control.

The application of cycloate at 3
pounds per acre by cither inecor-
poration or subsurface injection
appeared safe and effective for con-
trol of & high percentage of those
weeds in sngarheets that emerge
before thinning.
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SUMMARY

Experiments  were conducted
during 1967-69 on weed control in
sugarbeets (Beta rulgaris 1) with
S-ethyl  A-ethylthiocyclohesane-
carbamate (cycloate). Cycloate at
3 pounds per acre, mixed thor-
oughly with the soil to a depth of
3 inches or injected in two lines
(one on each side of the row) 2
inches decp and 234 or 214 inches
apart, consistently controlled 95 to
100 percent of barnyardgrass {F-
chinochloa erusgolli (1.} Beauv.)
and 75 to 90 percent of common
lambsquarters  {Chenopodium  al-
bum 1.}, nightshade (Solomwm
sarachoides Sendt.), and redroot
pigweed (dmarenthus refroflczus
1.). Higher rates of cycloate in-
creased the control of broadleat

weeds, but usually did net elimi-
nate them.

In each of 2 years. eycloate at 3
pounds per acre was incorporated

3 inches deep before planting
sugarbeets on five dates from
March 6 to May 3. .\t each date.
cycloate controlled the above weeds
and did not injure sugarheets sig-
nificantly. When soil moisture was
marginal at the time of applica-
tion, thorough tillage to incorpo-
rate cyeloate sometimoes inhibited
sugarbeets emergence by depleting
seedbed moisture,

Sugarbeets tolerated cyeloate ap-
plied by subsurface injection in
two lines. provided the seeds were

centered between the two lines. If
seeds were planted within 14 inch
of one of the lines of cycloate, the
sngarbeets were killed or severely
mjured. Weed control was some-
times slightly less effective when
cycloate was injected than when in-
corporated, but it was satisfactory,

Response of weeds and sagar-
beets was similar where eycloate at
3 pounds per acve was injeeted in
volumes of water from 18 to 144
gp-a. (based on the arvea actually
treated in bands 414 inches wide).
Weed control was slightly Joss of-
feetive when the volume of water
was reduced to 9 g.p.a.

Herbicidal effects of cycloate
were often greater when it was ap-
plied as a subsurface layer 1 inch
deep than when it was incorpo-
rated. A vate of 3 pounds per acre.
applied as a layer 1 inch deep. con-
trolled weeds well. but sometimes
it injured the sngarbeets severely.
Performance of a rate of 2 pounds
per acre layered 1 inch deep was
similar to that of 3 pounds per
acre incorporated.

In 2 years of cvaluation, weed
~ontrol was ineflective swhere a 7-
inch band of petrolenm muleh was
applied over surface-applied ey-
cloate. Petroleum mulch did not
substitate for ineovporat.m of cy-
cloate. In 1 of 2 vears, the mulch
accelerated sngarbeet growth and
mereased yvields significantly,
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