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Although wild oats (Avena fatia L) are not the most serious
of the weeds Dbothering the sugar beet growers in southern
Alberta, they do cause concern annually in a portion of the
seeded acreage. The testing program began in 1948 at the Re-
search bmtxon [.ethbridge, Alberta, and was directed toward the
control of wild oats and. to a lesser extent, green foxtail (Setaria
viridis (I.)) Beauv.)) because most u)mpound\ available for trial
use in sugar beets were plmmrxly grass herbicides. By the end
of 1953 1t bhad been concluded that pre emeygence app lication
of most chemicals was inferior to pre-planting, disked-in appli-
cation, and since 1954 most of the herbicides included in the
tests have been applied as pre-planting treatments.

Procedure

With the exception of 1956, tests were conducted each season
from 1954 to 1959, inclusive, on a silty clay loam irrigated soil
at Lethbridge. The plot arcas were broadcast-sceded with wild
oats in 1454 and 1958, in which years the resulting intestations
were considered as seeded stands. In the other vears of testing.
further broadcast-seedings were made. resulting in what were
considered as fortilied natural infestations.

The following herbicides were included in this testing pro-
gram for one or more years: isopropyl N-phenylcarbamate (IPC),
1s<)pmp}] N- (3-chilorophenyl) carbamate  (CIPC). dichloral urea
(DG, sodium sale ol trichloroacetic acid (TCA), 2-chloro-N,
N-diallylacetamide  (CDAA), disodium salt of 3.6-endoxohexa-
hydrophthallic acid (endothal), cthyl N N-di-n-propvlthiokcarba-
mate (EPTC). 2 3-dichloroallvl (hlsopmpy]mmh(n§ amate (" Ava-
dex™), and sodium salt of 2.2-dichloropropionic acid (dalapon).
The selection for testing of these herbicides in any season depend-
ed on their potential performance as indicated by preliminary
trials. Tlerbicide rates ave reported as acid (*quiva]cm for TCA
and dalapon and as active ingredient for all other materials.

DCU. in a wettable powder form. was applied with a single-
noszzle, pressurc-tank sprayer at solution rates varying between
160 and 320 gallons per acre. The other herbicides were applied
with a boom plot sprayer at solution rates ranging between 15.2
and 22.2 gallons per acre in the different years,

1 Agronomist. Canaca Agriculture Research Station, T.ethbridge, Alberta.
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A split- pio design was wsed, with the herbicide main plots
randomized within ea(h of the four 1‘ep1i('ate‘ s and the application
rate sub-plots randomized within each main plot. Sub-plots were
8% mches wide (iom beet rows) and either 20 or 22 !LCL long.

Pre-planting applications were made during the first two
weeks of May, except in the 1935 season when thG\ were delayed
until June I, and the herbicides were mmmediately ncor pmateu
by two doublediskings ar right angles to cach other. Decoru
cated seed of Kuhin sugar beets was sown within one dav of the
pre-planting treavments. Post-emergence treatments were applied
when the wild oats were in the 3- 1o 6-leal stage ol growth, w
which wtme the sugar beets weve in the early 2- 1o 4deal stage.

Control estimates of wild oats and, when possible, ol green
foxtail and broad-leal annual weeds were made each year ap
proxumately six weeks after beet seeding.  Quadrat counts of
hoth wild cats and sugar beets were taken four and three weeks
after crop seeding in ISR and 1959, res pe(m ely. In 19549, alter
culvvaton to leave an undisturbed 4-inch band along the beet
rows, the thinning and weeding operation on each plot ol three
replicates was timed, one workev per mpli(‘zue

Yield samples were obtained by harvesting all beets in the
center two yows of cach plot. The numbers of heets were recorded,
voots were washed and weighed, and vasped samiples were ve-
tained ftor sucrose analysis, Sucrose analyses were made by the
Sacks-LeDocte method as detailed by Brown and Zerban (2)%

Results and Discussion

A summary ol the estimated wild oat control for the pre
planting herbicide applications is presented in Table 1. Quad-
rat counts taken m 1958 and 1959 indicated essenually the same
degree of wild cat control as was estimated approximately two
weeks later. The only notable exceptions were for the PO
rreatinents, where the counts indicated less wild oar stund re
duction than did rhe control estimates, particularly in 1959 when
the differences were from 18 to 22 percent lor the various appli
cation vates. Tt was noted that a number of the wild cats in
these plots were stunted and unthrifty when counts were made
and i b assumed that some of them died within the twoaveek
period prior to making the contvol estimates. This observation
secms to agree with the report of Netson (7).

Ir is dithcult 1o compare accurately a number of chemicals
that were tested for a different number of years. However, a fewn
observations are possible from the results of the pre-planting
applications.

* Nwmhers in parentheses yefer (o literarure cited.
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Table L—Contrel of Wild Qawi in Sugar Bects Obtained with Pre-planting, Disked-in
Applications of Eight Herbicides, Lethbriduze, Alberta.

Control?
Avg. all 3o, Avg,
Herbicide Ruate 1954 1935 1957 1958 1959 Years 195759
WssAL Y “; o %
Pe t 64 §2 G 81 [H] 78 80
& 79 27 497 B 76 Hh 87
3 96 92 84 91 91
circ 4 70 5 e 72
G 71 50 . : 76
LCU 5 31 0 25 - 20
H 17 0 50 - 82
15 56 e -
1A 3 a6
I e 77 63 63 68 68
15 85 79 73 79 74
20 7Y 76 78
CDAA 4 70 28 a0 Al 51
6 . 85 13 67 65 65
8 . 92 33 80 75 75
Fadothal 1 4
G - - 7 -
8 n - 5 -
LILC k4 S - 89
4 e &
4 96 946 a6
[ - 99
8 E - - 99
“Avadex” 2 e 96
q - 98
[ jeie]

P Average of estimates taken of {our veplicates.

IPC at 6 pounds gave over 75 percent wild oat control in each
of the five years, the control ranging trom 76 to 97 percent and
averaging 85 percent. The differences from year to year suggest
that the resules from this herbicide may be expected to be
greatly influenced by such factors as soil cloddiness, soil moisture,
and temperature.

CIPC was slightly less effcetive against wild ocars than was
1IPC, as reported by Nelson (73, and CIPC gave a moderate de-
grec of green foxtail conwrol. whercas no control was evident
from the TPC applications.

DCU. even at rates up to 15 pounds per acre, was relatively
ineffective in controlling wild oats but gave good control of



Vor. XI, No. 3, Ocroser 1960 271

green foxtail. This result does not agree with the results re-
ported by others. For example, Nelson (6) reports good con-
trol of wild oats and volunteer small grain in Wyoming with
15 pounds of DCU.

Prior to 1955 TCA had proved ineffective as a pre-emerg-
ence treatment for wild oats at Lethbridge, though it showed
some promise in controlling green foxtail. Pre-planting, disked-
in applications of TCA gave slightly less than 80 percent wild
oat control, with the 15-pound rate as effective as the 20-pound
rate.

CDAA gave somewhat erratic control of wild oats. If at
least 85 percent control is considered acceptable, then only the
highest rate (8 pounds per acre) was satisfactory and in only
one of the three years. Some control of green foxtail was obtained
from pre-planting treatments with CDAA, but the control was
less than for wild oats.

Endothal, though tested as a pre-planting application in 1958
only, was found to be an ineffective wild oat herbicide at rates
of 8 pounds or less. Eckroth eT AL. (3) found endothal to give
poor control of wild oats from pre-planting treatments, and
Holst g1 AL. (4) concluded that this material was of no value
as a post-emergence treatment for wild oats.

The recently introduced herbicides EPTC and “Avadex”
gave excellent control of wild oats at relatively low rates. Equally
good control of green foxtail and wild oats was obtained with
EPTC but “Avadex” was less effective for green foxtail. In
addition, fairly good control of a mixture of lamb’s quarters
(Chenopodium album L.) and red-root pigweed (Amaranthus
retroflexus L.) was obtained with the pre-planting treatment of
EPTC at 3 pounds and “Avadex” at 6 pounds. From the
limited testing of these two compounds, “Avadex” would seem
to be the more useful in sugar beets if wild oats were the only,
or the major, suspected weed pest, whereas EPTC would be pre-
ferred if a mixture of wild oats, other annual grasses, and broad-
leaf annual weeds was likely to infest a beet seeding.

It should be mentioned that, at the lower rates for which
“Avadex” gave goocd wild oat control, lnr[ey and, to a lesser
extent, wheat are relatively resistant to injury. All the other .
herbicides tested as pre-planting treatments will control volunteer
cereal grains as well or almost as well as they control wild oats.

Some representative plots of several of the chemicals included
as pre-planting treatments for the control of wild oats in sugar
beets during 1958 and 1959 are shown in Figures 1 and 2, respec-
tively.
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Figure 1.—Representative plots showing the amount of wild oat control
obtained from pre-planting application of herbicides at Lethbridge, Alberta,
in 1958. A, untreated check plot; B, IPC at 6 pounds per acre; C, endothal
at 8 pounds per acre; D, EPTC at 4 pounds per acre.

Post-emergence treatments with TCA were made in 1957
and with dalapon in the years 1957 to 1959, inclusive. Most
applications were made at a relatively late growth stage of the
wild oats, as outlined previously, and no plants had been killed
by the time beet thinning was carried out approximately two
weeks later. In general, the full effects of the TCA treatments
were evident within that time, but such was not the case for
dalapon. TCA at the highest rate (8 pounds) gave only limited
suppression of the wild oat growth, whereas the growth suppres-
sion resulting from dalapon was estimated to be 50 and 70 per-
cent for the 4- and 6-pound rates, respectively. TCA was more
effective in suppressing the growth of green foxtail than of wild
oats, while dalapon appeared to be equally effective against both
weeds.

The effect of the various herbicide treatments on the un-
thinned sugar beets was assessed visually prior to 1958. Of the
herbicides tested as pre-planting treatments up to the end of
1957, only CIPC at 6 pounds and CDAA at 6 and 8 pounds
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Figure 2—Representative plots showing the amount of wild oat control
obtained from pre-planting application of herbicides at Lethbridge, Alberta,
in 1959. A, untreated check plot; B, IPC at 6 pounds per acre; G, EPTC at
2 pounds per acre; D, “Avadex” at 2 pounds per acre.

were deleterious to the unthinned beets. A slight stand reduc-
tion was noted from CIPC, and CDAA caused an evident, though
not too serious, stand reduction and some delay in seedling
emergence. The emerging beets on the CDAA plots showed some
distortion, but the plants soon outgrew the defects.

In 1958 and 1959 quadrat counts of the beet stands were
made. The 1958 counts indicated a wide divergence in stands,
but the greater portion of the differences was probably due to
the fact that stands were somewhat erratic and the stand counts
were taken on too limited portions of the beet row lengths.

In 1958 very noticeable reductions of unthinned beet stands
were evident from only the EPTC treatments at 6 and 8
pounds (Table 2). However, the 1959 data provided evidence
that all the herbicides at the higher rates affected unthinned
beet stands, being most serious for CDAA and least for TCA.
The seriousness of a 40 percent stand reduction is related to
the total population and stand uniformity. The unthinned
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Table 2.—Effect of Pre-planring, Disked-in Applications of $ix Herbicides on Unthinned
Sugar Beet Stands. Lothbridge, Alberta,

Stand!
Herbicide Rate 1958 1959
Ihs./A. o “%
rc 4 73 a4
& 5 74
8 87 74
TCA 10 103 93
I3 103 87
20 90 - 8%
CDAA g 100 73
3] 75 67
8 96 57
Endothal ! 88
6 a8 -
8 79
EPTC 2 . 95
3 o 77
4 85 73
6 58
8 55
“Avadex” 2 106
1 . 100
6 - 79

T Average of four replivates. Untreated checks—1009%, 1838 counts—on {our 10-inch row
fengths per plot, 1934 counts—on four S-foot row lengths peor plot. Stand variation on a
check set—209 in 1958 and 69, in 1950,

stand tn 1959 contained nine plants per foot of row, and a 40
percent reduction still left an average ol more than five beets.
That number of beets was suflicient to give a 100 percent stand
alter thinning, which would be the case under field conditions
unless herbicide treatment were to remove whole sections of
the beet rows, That stand reductions of up to 40 percent were
of no consequence was proved by the fact that beet root counts
at harvest showed minor variations but none that were signifi-
cantly different.

Post-emergence  treatments with TCA at rates up to 8
pounds caused little or no visible injury to the unthinned beets.
Dalapon, even at a rate of 4 pounds, caused some degree of
leat yellowing as well as a noticeable, though not severe. curling
and slight browning at the leal margins. This cffect on the beets
may have been the result of temperatures above 70° ., as it has
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been shown by Warren (9) and Alley and Bohmont (1) that
more injury occurs to bects at such temperatures.

The data obtained from the timing of the thinning and weed-
ing operations in 1959 were ol interest. It was lound that,
swhere a wild oat control of 80 percent or better was obtained from
pre-planting treatments, the time vrequired for thinning and
weeding was reduced to approximately four-sevenths the time
taken fm the same operation in beets having a wild oat infesta-
tion of 145 plants per square yard.

Assuming 12 man-hours to be the thme required for thinning
and \\(.cdmu an awre of relatvely clean beets, which is less than
the 16.9 to 189 man-hours estimated by Myrick and Hufman
(5) for Montana conditions. the same 1()1) in the untreated wild-
oat-infested beets would requive 21 man-hours. In such civcunr-
stances, estimating a labor cost of one dollar per hour, 4 mini-
mum ol nine dollars per acre could he used to obtain 90 percent
wild oar control with a herbicide.

A summary of the yields ol sugar beet roots obtained during
the test peuod is given in Table 3. No yield samples were ml\(n
in 1935 because very uneven beet stands were obtained in that
season and, also, because the thinning and weeding were delayed
excessively in order to assess the post-cergence treatments in-
cluded.

Probably because ol the relatively small plot size used in
the tests, root vields were somewhat variable, and in no vear
were significant yield differences for individual pre-planting
treatment rates established. However, 1t should be noted that
in all but three mstances the yields from the treated plots were
greater than those from the untrcated plots.

Considering the data for the three herbicides that were used
in all three years 1957 to-1959, significantly increased yields re-
sulted when pre-planting treatments with FCA at 0 and 15
p(nm{ s and with CDAA at 4 and § pounds were applicd, but no
significant vield differences were established [or the rates of
IPC. These facts are of intevest because none ol the TCA or
CDAA rates gave acceptable wild oat control, whereas both the
G- and 8-pound rates of IPC did. Excellent wild oat control was:
obtalned with all rates of FPTC and ’\\"1(1@ <Tas used In 1959,
and beet yields for all treatments L\(cpi he %pmmd rate of
FEPTC were equal to or better than those for the untreated

checks,
Sugar bect yields from the post-emergence treatments are

given in Table 4. The yields were not adv rsely affected by any
rate of TCA used in the one year of resting. I)dldp(m, tested as

.
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Table 3.—Eficet of Pre-planting, Disked-in Applications of Light Herbicides on Sugar
Beet Root Yields., Leihbridge, Alberta.

Yield
Herbicule Rute 1854 1957 1458 1959 195734
ths. /AL toms/ AL rons/ AL 10815/ AL tons/ AL tons A,
Po i 0.5 1y 16,1 18.3 17.2
1 10.¢ 14,7 17.6 9.2 18.8
t Ll 18.2 g4 8.9 18.4
& 14,1 e 19,1 18.8
. NS,
Ci b ot - -
4 1153
1 wro
hou U 101 25—
N 0.3 e
i HLG 7
15 7.8
TCA i 184 18.7 18,0 7.7
3 - 20000
w 20.5 17.4 19.3 19.2
th 19.7 19.1 9.0 9.3
20 9.1 VP9
LS, (P 1.39
CHDAA a 17.4 7.7 16.9
4 - 18.2 18.7 18.4
5 18.3 9.0 134
-7, 19.2 18.4 18.0
LSD. (P = 0.03) 118
Endotid G - w2
F 9.3 P
£ 2 007 L
8 19.8
EPIC o 16.8 18.4 ’
. 19.4
& L 18.9
4 — e 19.4 18.1
U 191
2 18.8
“avadex” L 8.4
¢ e 108
1 - 19.9
G 101

“ Average af four replicates.
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Tahle 4.—Efect of Post-emergenee Applications of Two Herbicides on Sugar Beet Root
Yiclds., Lethbrisdge, Alharia.

Yield:
Herhicide Rate 1657 1G58 1959 Avr. Avg,
s, /AL tons/ A, tonss . fons/ AL tons/ AL
TCA 0 b
4 17.1 - e
& 18,1 o .
g A
Dalupor 4] I 17.2 19.2 182
2 182 17.8 8.5 18.2
4 8.0 17.3 16.5 17.3
il 18.2 146 183 165.4
LI (P = 0.00) P12

Y Average of four replicates,

a post-emergence application for wild cat control over a three
vear period, caused a significant yield veduction when applied at
the rate of 6 pounds per acrve and a trend woward a lowering of
voot yield at the 4-pound rate. These results are in general
agreement with those of Southwick  (8), who suggested that
dalapon at rates above 5 pounds may cause some yield reduction,
but they are at vaviance with the vesults of Alley and Bobmont
{13, which showed no vield reduction vesulting from a H-pound
post-emergence treatment with dalapon.

None ol the herbicide geatments affected the suerose content
ol the bects in any ol the test years.

Summary

Results of tests conducted with a number of herbicides as pre-
planting, disked-in applications for the contral of wild oats in
sugar heets over a pertod of five vears arve presented. 1PC was
tested in each of the five vears. DOU. TCA, and "CDAA for
three vears, CIPC and EPTC for two years. and endothal and
“Avadex” fov one vear only. Limited testing of TCA and dala-
pon as post-emergence applications is also reported.

The only pre-planting treatments piving acceptable wild oat
control of 85 percent or more were IPC at 6 and 8 pounds
and all rates of FPTC and “Avadex.” Moderatelv eood control
of wild ocars was obtaived with CIPC a4 and 6 pounds. with
CDAA at 6 and 8 pounds. and with "TCA ar 10 and 15 pounds,
DCU and endothal. ar rates rested. were considered to be relativels
poor herbicides for the control of wild oats. CIPC, DCU. TCA.
CDAA, and EPTO gave veasonable ereen foxtail control. and
some contral ol broad-leal annual weeds resulted from FPTC
ar 8 pounds.
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Unthinned beet stand reductions of up to 40 percent resulted
i 1959, but such reductions were insuflicient to affect adversely
the thinned stand.

Thinning and weeding time was reduced by threesevenths
when pre-planting herbicide treatment gave a wild cat control
of 90 percent or more,

None of the pre-planting treatments caused a reduction in
sugar beet yields. On the contrary, yield increases were obtained
in most instances. Significant increases, based on three-year yield
data, were obtained with TCA at 10 and 15 pounds and with
CDAA at 4 and 6 pounds.

Post-emergence treatment with TCA at 6 and 8 pounds and
with dalapon at 4 and 6 pounds per acre gave a mcasure of
growth suppression of wild oats and green foxtail but did not
kill the weeds within a two- to threesweek period prior to hand
weeding of the plots. Dalapon gave better suppression of wild
oats than did TCA. Neither chemical affected beet stands, but
dalapon at 6 pounds caused a significant reduction in sugar beet
root vield.

No adverse effects on sucrase content of the beet roots resulted
from any of the herbicide weatments.
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