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A STUDY OF SELECTIVE CHEMICAL WEED CONTROL

POSSIBILITIES FOR ONION SET PRODUCTION
INTRODUCTION

The production of onio n séts has long been of import-
ance as a vegetable crop in the Winnipeg area. The total
production in some years has exceeded four million pounds (I0),
which is approximately 65 per‘cent of the total Canadian
production. Control of weeds is a major item of expense
(15, 19) in the production of this crop. Onions grown for
sets are planted relatively close together; both with réspect
to distance between the rows and to distance between the
plants in the rows, and for this reason mechanical and hand
weeding is often difficult and costly. In view of these
faets, the possibilities of chemical weed control have
received much attention:ifrom research workers. The discov-
ery or development of a sﬁitable chemical which would cause
no significant reduction in yield or storage capacity of
- onions, and yet control or aid in the control of weeds,
would be a boon to the onion set grower. |

This thesis presents a report of studies of several
phases of weed control in onions. Potassium cyanate has been L
in fairly general use as a post-emergent weed control in the
. Eastern ﬁhitéd States and Canada for several Years. In order
to establish rates of potassium cyanate which could be used

safely under Winnipeg conditions, the chemical was applied at




seversl rates in experiments carried out in two consecutive
years. The effect of the spray treatments upon both onions
gnd weeds is reported in considerable detail.

A study was also made to determine what effects the
factors of climate, such ss temperature and relative humidity,
might have upon the degree of injury ceused by post-emergence
spray treatments of potessium cyasnate. This ﬁésfan attempt
to provide informetion as to the most desirable time for
application from the stendpoint of effect on weeds snd possible
injury to onions.

The effects of pre-emergence spplication of celecium
cyenamid, monosodium cyanamide, potassium cyanate, and 2,4-D

were also studied.



REVIEW OF LITERATURE

Considersble research work has been done on chemical
weed control in onlons during the last 10 years. This work
has included studies of many chemicals. Those showing most
promise and most widely studied are: dilute sulphuric acld
(H2804),,cyanamids and cysnates, 2,4-dichlorophenoxy acetic
acid (2,4—D); and various dinitro compounds. |

Dilute sulphuric ecid, as a selective herbicide in "
growing crops, has been used for sbout 50 years. In the more
.recent yearslit has been used commercially on onion flelds with
a consideraple smount of success. Lee and Ellis (20) state |
that of all the chemicals used on onions in their experiments
in Indisane, dilute sulphuric acid was the only effective one
which showed sufficient selectivity. They recommend that the
onion plants should have two true leaves and that the folisage
be dry at the time of spraying. They also found that
temperatures of sbove 70 degrees F. and a high reletive
humidity are desirsble in order to obtaln maximum effectiveness
from sulphuric acid, and thet low spraying pressures (below
50 pounds) should be employed to avoid excesslve wetting of
the onion plents. Werren (29) also found that sulphuriec
gcid in 3 per cent solution was one of the best chemicals tested
on onions as a seleetive post-emergent spray. Chappell (6)

uged dilute sulphuric acid (2 per cent) and controlled weeds




effectively without significant reduction in the yield

of onions. There was no significant difference in the
number or weight of bulbs, nor any effect upon the amount of
sprouting in storage. Lachman (17) obtained no‘control

,of pufsiane, lamb's Quarters, or grass weeds with the use of
sulphnric acid, and considered the use of the chemical to be
Of-questiénable &alue. He suggested that environmental
idonditions~ﬁay play sn importent part in the success of this
tawth@é; ‘Most:reseérch workers agree, however, thaf because
of 1ts highly corrosive chemiesl nature there is little hope
thet 1t will be developed for extensive use as an herbicide.

| Sinox énd othef dinltro compounds‘have been used with

considersble success in the control of weeds in onions,
" especielly in the western part of the United States. In
’Califbrnia, Westgate end Reynor (33) reported that sinox at
the rate of 1 gal;on in 160 gallons of solution per acre i
proved satisfactorﬁ for weed control in transplanted onions,
providing they were bgg;thy; end not over 1O inches high.
Good control of vari&ggﬂépecies of musterd end pigweed was
obtained with no control of purslene snd meany grasses.
Crafts and Raynor (9) in 1944 found that sinox could be
safely used on onions during the first:to third true-leaf
stage. Sinox has been used on a commercial scale in
California onieon fields.. Werren (29) working in Wisconsin

found that spray concentrations of sinox strong enough to
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give good control of weeds resulted in considerable burning
and a smell smount of killing of the onion plants. Sinox
was therefore not considered satisfactory under conditions

existing in that steaete.

Consigersble work has been done to discover the
possibilities of using verious forms of 2,4-D as 8 pre-
emergence treatment on onions. Warren, gg,g;,,_(so) concluded

thet to be effective, 2,4-D must be present in toxic concentra-

tions at the time weed seeds are germinating. Several
workers (2, 30, 16, 20, 19) reported that 2,4-D at rates
high enough to effect practical weed control'seriously
injured the onion plants. This was found especially true
when 2,4-D was applied before seeding, snd even more evident
i1f spplied before seeding end mixed into the soil. Warren |
end Hernendez (32) found that in onions grown from sets, & |
pre-planting_treatment of 2 to 4 pounds per &acre delayed |
emergence from 10 deys to 2 weeks. It was concluded that

2,4-D soil treatments offer 1ittle promise as a method of

controlling weeds in Golden Globe onions grbwn from sets.
Teylor (24) on the other hand, found that 3, 1, end 14 pounds
of sodium salt of 2,4-D on onions grown from sets gave

significant weed control without reduction in yield or

cheange in the average welght per bulbe.
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Warren and Hernandez (32) applied several formulations
of 2,4-D to onions grown from seed and reported that the
only ones which did not reduce yleld were the sodium and
amine salts. These formulations st 2, 3, and 4 pounds per
scre were found to give generally ggod control of pigweed,

" lemb's quarters, purslsne, shepherds purse, witch-grass, and
foxteil for a period of from 4 to 6 weeks. They found that
_erop injury increased almost directly with the rate of
spplication, end suggest thet the lowest rate of 2,4-D which
will give good weed control should be useds. The amine salt
of 2,4-D was also found to be effeetive for weed control by
Denisen et al. (11), but significent reductions in yleld
were obtained at rates -sbove 3 pound per acre. Grigsby (13)
found that of several chemicals, the amine salt of 2,4-D,
potessium cyenate, end sodium 2,4-dichlorophenoxy-ethyl
sulphate (EH-1) caused the least reduction in yield.

Taylor (28) made several treatments on onions in the
greenhouse, using the sodium salt of 2,4-D., He reported
that the stend was betﬁef and the seedling injury was less
when epplied justAbefore emergence than when applied earlier.
Percentage weed control was also higher at the later date.
Rates as high as 2 pdﬁﬁds per scre seemed satisfactory on
onions grown from seed. These results were genersally verified

in outdoor trisls by Taylor (23).
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Taylor (26) found that in pre-emergence treatment of
onions grown from sets, there was nd significent reduction
in set yield from treatments of 3 to 1li pounds of the sodium
salt of 2,4-D per acre. The stand, however, was reduced
which resulted in larger sets being produced. Pre-emergence
applications of 2.pounds of amine and 2 pounds of the ester
formulatién of 2,4-D per acre were made by Bakke and
Steniforth (4), end geve good control of weeds in onlons
for about three weeks after the onions emerged.

The alkyl ester of 2,4~D was applied to onions as a
pre-emergence treatment by Alban (1). Excellent weed control
was obteined. for a period of several weeks, All other 2,4-D
treatments caused severe damage to all onion varieties. |

Hedlin (15) ecarried out work using celelum cyeanamide
aé a pre-emergent dust treatment on onions. He found that
100 and 200 pounds per scre of this chemical delayed the
emergence of the onions by 24 to 48 hours. Weeds were
reduced about 50 per cent by pre-emergent treatment, but
crop ylelds were not reduced. Plots which received an
additional post—emergence treatment of calcium cyanamide
at 50 and 100 pounds per acre, showed a reduction in yield
of onions, snd eliminated sbout 90 per cent of the hand
weedinge.

Potassium cyenete has proven to date to be one of the
most‘promising of post—emergenttselective chemicals which cen

be used sefely on onions. Experimentel workers in various
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parts of the continent have obtained results which differ
widely. 1In general, higher rates have been found necessary

- in the inland regions then in coasfal regions. Work carried
out at the University of Manitoba in 1949 (3) indicateg that
72 pounds per acre, applied in two applications of 36 pounds,
did not produce eny sppasrent injury to onions grown for sets.
Such rates afe far in excess of those in use in Eastern
United States at the present time.‘

Potassium cyenate was applied by Hedlin (15) as a post-
emergent treatment in sn effort to contrel lete germinating
purslene. ‘When the spray was applied during hot end dry
weathef'and~the weeds were in very small stages, purslene
end lemb's quarters were feadily'killed. He found that when
tne weeds were small, there was no need to go ebove a 2 per
cent solution at 80 galions per acre. Lachmen (19) and
Nylund (22) found that of several chemlcals used, potassium
cyenate was the most effective, but thet 1t was not suffieiently
selective to permlt direct appl;cation to the onion pleants
without some reduction in yield; Cockrum and Warden (8)
applied potassium cyanate to onions at 20 pounds per acre
end produced a slight burning of the onion leaves.

Denisen, et gl. (11) obtained significant yield reductions °
using potessium cyenate at 1 and 1} per cent as a post-

, eﬁergent treatment;;gnd obtained also, & good measure of weed

control. Grigsby (13) used several chemicals in pre-emergence




treatments of onions, and found thet least reduction in
yield was csused by potassium cysnate and 2,4-D, Nyluna (21)
found that potassium cyanate applied pre-emergently gave from
90 to 100 per cént weed control.

Several other chemicals have been used with varying
smounts of success. Lachﬁén (18) obteined good control of
grass weeds with isopropyl n-phenyl carbamate (IPPC), end
found thet it possessed good selectivity for beens, bests,
spinaseh, snd onion sets. IPPC supplemented with 2,4-D was
found to be velusble in the prevention of weed growth in
fields of onion sets. Orafts and Raynor (9) indicate that
good pre-emergent control of weeds, including grasses, can
be obteined by the use of either diesel oil or stove oil
at rates of 60 to 756 galions per acre. Alban (1) found that
8 pounds of sodium pentachlorophenate (Na PCP) per acre
spplied when the onions were 2 inches high gave excellent
weed control for three weeks. Sodium isopropyl xenthsate
used et 8 pounds per ascre by Grigsby (12) caused & 16 per
cent stand reduction, with no reduction in yield. DBarnard
and Wardén (5) found that pre-emergence treatments of 15
pounds of sodium isopropyl xanthate per aecre produced‘onion

stends epproximating those of check plbts.
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MATERIALS AND METHODS

Two main experiments were conducted. (1) Potassium
cysnate was used post-emergently in experiments which were
repested for the two years, 1950 and 1951. Observations were
made on the}amoqnt of weed control obtained and on the effect
of this control on the yield of onion sets. (2) A study was
mede in 1951 to determine the effeect of the stage of growth,
temperature, and relative humidity upon the amount of 1n3ary”
caused to the onion plants with various rates of potaésium )
cyahate. (3) ‘A small pre-emergence study was carried outb
in 1950 and 1951 using 2,4-D, monosodium cysnemide, celcium
cysnsmid, end potassium cyanate.

' The Red River flood in May of 1950 necessitated the
mbving of all plots to Headingly, Manitobsa, for that year.
In 1951, sll triesls were conducted at the University of
Manitéba, Fort Garry.

| In 81l tests, Yellow Ebenezer onlons were used. A
knapsack sprayer to which a brass auxiliary side tank had
been sttached was used for all applications. A messured
smount of chemical end volume of solution were placed in
the auxiliary tank sufficient to cover the plot area. The
side tenk was connected to the main lkmepsack sprayer tank

by e hose line in which was located a stepcock. This made
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it possible to fill the side tank without losing pressure
in the main tsnk. The nozzle used wes & UTee jot" 8007, at

a pressure of 30 pounds per square inche

1. Post-emergence experimgnﬁs. v
- In 1950, the_onions_WQfe sown on Mey 27 into fairly wet
soil. Row spacing used in this experiment was 14 inches and
plots consisted of 5 rows, 12 feet long. Planting depth was
1% inches. A randomized block with four replicates was used.
On June 11, 1950, potassium cyanate was spplied st

rates of 8, 16, 24, and 32 pounds pér sere, in 60 galloﬁs of

solution per acre. On thls date the onions were in the crook

stege and sbout & te 3/4 inches high. The soil was wet at

the time of application. Applications were made both with

the addition of a wetting agent (Nonig 218, Shafples Chemicals,

Ine.) at 0.05 per cent and without a wetting agent. Weeds

present at this time were wild mustard (Brassica\arvensis),

stinkweed (Thlespi ervense), wild buckwheat (Polygonum

convolvulus), red root pigweed (Amersnthus retroflexus),

wild oatsv(Avena;fatua),wpgrepnial,sow_thistle-(Sonchus

"arvensis), and giant ragweed (Ambrosia trifida). Not until
after planting wes 1t discovered that the land was heavily
infested with wild oets and perennliel sow thistle. Because
these two weeds are not normelly a problem in onion fields
and because no control of these weeds was obtained, they

were removed menually on July 10 - 12. Weed counts were
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made on 3 square feet out of egech plot. The number of
mustard, stinkweed, ragweed, spotted spurge, and wild buck-
wheat were counted separately and totalled. There was no
other hand weeding or cultivation. |

Since no observable differences could be detected be-
tween those plots which earlier had received a wetting agent
and those which d4id not, it was decided to use these piots
in a further experiment to obtain additional information.
By the middle of July, a new crop of weeds was emerging and
on July 21, 1950,4a duplicate set of treatments was made to
those plots which received the potassium cyanate and the
wetting agent of June 11. A high temperature of 7190 ¥, and
a low relative humidity of.57 per cent was recorded on the
day of the application.

The onions were pulled on September 5 and allowed to
dry on the ground. They were then removed to the dryer,
thopoughly dried, scfeened, and the plot weight recorded.

In 1951, wild mustard seed was mixed with the onion
seed and sown on May 7. The plots consisted or 5 rows, 12
feet long, as in 1950, but with a row spacing of 12 inches.
The same rates were used. Pobassium cyanate was applied on
May 26 when the onions were'in.the flag stage and from
1% to 2 inches high. No wetting agent was used. The
temperature at the time of spraying was 620 F, with a high
of 710 for the day. The low during the following night was
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43°, The relative humidity was 45 per cent at spreying time
and dropped to 22 per cent in the afternoon. The high during
the following night was 92 per cent.

Weeds present st the time of application were wild

musteard, stinkweed, lamb's quarters (Chenopodium albunm),

wild buckwheet, and red root pigweed. At this time, mustard,
the predominent weed was in the 4 to 6 true leaf stage, while
the other weeds were in various stages from seedlling to the
8 to 10 leaf stages.

Shortly after spraying, it was observed that there
was no control of lemb's quarters, and they were subsequently
removed. Weed counts were made on Jane 6. The onion sets

were harvested on September 10.

2, Experiment to determline the effect of environment»onﬁthe'

 smount of ihjggy to_onions cauSed"by'pbtéESiuﬁ”éjgégié;

This experiment was carried out only in 1951,_ é£;ee
detes of plenting were used, May 7, May 14, and Mey 21. The
purpose of the three dates was to provide three stages of
growth at each spraying date.

Three Spray applications dates were employed, eand on
esch of these dates identical trestments were mede, one 1n
~ the forenoon at 10:00 a.m. and one in the evenlng at 8300 p.m.,
in sn attempt to obtain different humldity end temperature
conditions. The morning application would be followed by =

period of low humidity end high temperature, and the evening
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application would be followed by the reverse conditions. A&t
all detes the rates used were 20, 40, and 60 pounds of
potessium eyanate in 60 gellons of solution per acre. The se
heavy rates were used to insure a measurable amount of
'injufj. v_
The first application dete was June 9. At the time
~of spraying the ground was in a fairly moist condition having
'recei§ed éﬁprbxtmately_l inch of precipitstion during the
threetdaysfprevious to Spraying; The onlons were in a very
active stege of growth. Thosé of the first planting were
in the 2 leaf stage, sbout 4 inches high, and showed some
injury received during & hot dry wind of May 29. The onions
of the second plenting date were also in the 2 leaf stage,
and from 1% to 2 inches high. The onions of the third
planting date were gbout 2 inches high and in the advenced
flag stage with the first true leaf just emerging. At the
time'of the morning epplication, the relative humidity wes
sbout 85 per cent. This was followed by & low of 50 per
cent in the afternoon. The tempersture was 53° F. at the
time of the morning epplication with @ high of 63®-1n the
efternoon. The evening spplication was made when the
relstive humidity was 75 per cent. The relative humidity
during the night was 100 per cen%. The temperature at the
time of the evening spraying was 62° F. with a low of 41°
during the night. (See fig. 1.)
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The second spplication date was Jone 18. The onlons
of the first planting were up to 8 inches in height with

‘two true leaves on most plents. On some, the third true

leaf was emergigg. Those of the second planting date were
sbout 6 inches high end had two true leaves. The onlons of
the third pleanting dete were 5 to 6 inches high with 2 true

jeaves. At the time of the gecond dste of spraying, meny

onion plants of the second eand third planting dates were in
the flag stage. This retarded emergence was caused by poor

germination in these later plentings because of agﬁptionally

dry soii conditions. At spraying time the soil was dry in
the upper inch but quite molst below thet depth. At the
time of the forenoon spraying, the temperature wes 66° F.
with a high of_'74e for the day, and the reletive humidlity
wes 33 per cent followed by & low of 25 per cent. The
ovening spplication was made when the temperature was 54° F.
followed by & low of 44° for the night (see fig. 2). The

relstive humidity wes 54 psr cent followed by a high of

100 per cent during the night. There was & trece of rain in
the mid-afternoon.

At the time of the third spplication, June 30, onions

of the first planting dete were sbout 12 inches high with
four true leaves. Those of the second planting were 10 to
12 inches high with the fourth leaf emerging. The fourth

leaf was also emerging om the last planting, eand they were
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8 to 10 inches high. The tempersture at the time of the
morning epplication was 55° F. with a high of 63° for the

day. The relative humidity was 68 per cent followed by =

low of 50 per cent. The evening application was made when
the tempersture was 62° F. with a low of 44° during the
night, and a relative humldity of 66 per cent followed by a
high of 100 per cent (see fig. 3)s There was a trace of rein

at noon.

3. Pre-emergence experiments.

Pre-emergence trégtﬁéhts were made to onions both in
11950 and 1951. In 1950,.materials used 1in these treatménts
included: - X10 (monosodium cyanamide dust) at 100, 200, and
40Q pounds per acre; calcium cyanemid (spécial_grade) at
60 snd 90 pounds per acre; Aero cyenate dust at 40 and 60
pounds per acre; Aero cyanate spray at 10 end 20 pounds per
sere; and a mixture of caleium cyanamid (spedial grade) end
IPC in the proportions of 30:15, 40:10, end 60:5 (in pounds

ber aere). All trestments were mede on plots conteining five

12 foot rows spaced at 14 inches. The onions were sown on

The spplicstions of Aero cysnate spray were made on

June 5. At this time, the onions had just germinated. The
weeds present were stinkweed, wild mustard,'and ragweed in
the 2 and 4 leaf steges, wild oats in the 2 leaf stage, and

perennial_ggw'thistle.




The other pre—emergehce applications could not be made
_unpil the morning of June 10 because of adverse weather

conditions. This treatment followed a light shower, which

fell during the preceding evening, and left the surface of
the soil moist. The onions at this time were just breaking

through the surface of the ground.

In 1951, monosodium cyanamide spray (X5) at 25, 50, and

100 pounds per acre and the isopropyl ester of 2,4-D at 1,

13, and 2 pounds acid equivalent pef acre were applied pre-
emergently to onions sown on May 7. The 2,4-D was applied
on May 16, eleven days after seeding. X5 was applied on

Mgy 18 just as the onlons were emerging from the ground.
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RESULTS AND DISCUSSION

1. Post-emergent treatments with potassium cysnate.

Experimental results obtained with_potaséiﬁﬁ cysnete in
the two years of the trials carried out in 1950 end 1951 were
similar with respect to weed control and onion seﬁ yield.

In 1950, potassium cyanate at 8 pounds per acre burned only
the outer leaves of stinkweed and mustard and gave no .
control. One day after treatment 1t ﬁas noted that with
rates of 16 pounds per acre and higher that there was very

. severe burning of mustard, red root pigweed, and buckwheat.
Three deys.after sprlication, the ebove mentioned weeds were
dead in the plots }eceivingiz4 and 32 pounds per acre. There
was & partiél,kill of ragweed and a very slight burning of
the wild oats and sow thistle at these rates. There was no
observed injury té the onion plents at sny of the rates of
application used. In all cases, the difference between the
treatments with esnd without the wetting agent was negligible
4s determineéd.by inspection of the original data.

The average number of weeds fdr each trestment, based
on four replicsates, 1s given in Teble I. It should be
pointed out that the figures given include meny weed species
upon which relatively poor'control was obtained. Thesse
species included gisnt ragweed and spotted spurge. These,

as well as wild oats and sow thistle, are normally not
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Teble I. The everage number and per cent control of
weeds obtained with four rates of potessium
cyenate, 1950.

—1 ¢ With wetfing =
_Without wetting agent : sgent”
Treatment ¢ Weeds :Per cent: Weeds :Per cent

(pounds per ecre) iper ploticontrol iper glot;aqntr@

*

»
*

Check {23,753 i 22.25 &
8 '+ 18,75 : 21.0 : 19.25 i 13.5
16 : 11.00%: 53.7 i 15.75 ¢ 29.2
24 i 7.50%: 68.4 3 9.25%: 58.4
32 i 10.50%: 55.8 : 7.50%: 66.3
' H H

.0

' %Significently different from check., .

lNecessary difference = 5.87 at the 5 per cent level.

oNecessary difference = 6.67 at 5 per cent level.

present in onion fields and their control, therefore, is not
a problem with the onion grower. The inclusion in the weed
counts of the two specles, glant ragweed and spotted spurge,
tends to meke the figures larger then 1f only the more
susceptible weeds had been counted. However, the relative
control of weeds obtained with each trestment is apparent.
In 1951, & repetition of the experiment carried out in
1950 yielded very similar results.
| It was observed two days after spraying thet the 8 pound
per acre rate of potassium cyanate csused oﬁly very slight
burning sround the margins of the leaves of stinkweed and
mustard. Buckwheat was somewhat more seﬁerely injured, but
very little killing wss evident. Red root pigweed was not
affected by the chemical at 8 pounds per acre, and lamb's

quarters was net affected at any of the rates. Treatment
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st 16 pounds per acre resulted in very severe burning of the
larger stinkweed, buckwheat, and mustard. The smeller ones
were killed. Red root pigweed appeared quite resistant in the
larger steges but was readily killed in the small seedling
stege at this rate. There was very slight burning of the
onion plants, and this was evldent only in the upper £ té 1
inch of the leaves. At 24 end 32 pounds per acre there wes &
complete kill of the small mustard, stinkﬁeed, buckwheat, and
red root pigweed plents. There was slightly more damage to the
onion plents at these rates thet at 16 pounds per acre, and
this was confined mainly to that part of the onion plant

above the crook.

Warm dry winds reaching e velocity of 38 miles per hour
seriously damaged the onions in one section of the field 3
days after spreying. Tt was noted that demage was greater
in the treasted plots than in the untreated ploets.

Weed counts were mede on June 6, 1951. The totel number
of mustard plents end the totel number of all weeds remaining
in the pléts were counted. The averages, based on four
replicates, ere shown in Tebles II end III.

Weed counts; as glven in Tebles I, II, end III, indicate
thet ell spplications of potassium cysnate at 16, 24, end 32
pounds per acre without the use of a wetting agent significantly
reduced weed stand when compered with the unweeded checks.

When the wetting agent was applied, as seen in Table I, a
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Table II. The average number and per cent control of weeds
: obtained with four rates of potassium cyanate, 1951.

~ Treatment
(pounds per acre)

e e

Weeds per plot Per cent conbrol

[ X X

‘o9 ®9 ¢¢ ¢ ecfner oo

Check 106.75
16 54.25 % : 49.2
24 30,00 % : 71.9
: 20,00 # : 8l.3
fﬁignificanEI QLT Terent Trom check. T

Necessary difference = 33.75 at the 5 per cent level.

‘Table III. The average number and per cent control of mustard
pPlants obtained with four rates of potassium
cyanate, 1951.

Treatment : :
(pounds per acre) : Weeds per plot : Per cent control
Check : 62.25 :
. 8 : 54,50 : 12,5
16 : 18.50 % : 70.3
24 : 15.50 % : 75.1
: 0.25 % : 90,0
fgignificanff dilrerenc Trom check.

Necessary difference = 32.16 gt the 5 per cent level.
'significant reduction was not obtained at the 16 pound per acre
rate., The 8 pound per acre rate, on the other hand, showed
no significant amount of weed control in any of the experiments.
The amount of weed control increased directly with the amount
6f potassium cyanate applied. These data could have been anal-
yzed to give more informetion oh the weed killing effect per
pound of treatment per plot. This would have involved a lengthy
computation a nd the anaiysis ﬁsed seems to have provided the
desired information. The photographs (Plates 1 to 5 inclusive)
very clearly indicate ﬁhe amount of weed control that was obtained
at each rate of the chemical. The plots shown in these photo-

graphs received no hand Weeding‘or cultivation from the time of

planting until harvest.
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Plate 1

Unweeded check plot for
comparison with potassium
cyanate treatments.
Photogreph - August 29.

Plate 2

Potassium cyanate at 8
pounds per acre sppliled
on June 11, 1950,

Photogreph - August 29.

Plate 3

Potassium cyanate at

16 pounds per acre
applied on June 11, 1950.
Photograph - August 29.



Plate 4

Potassium cysnate at

24 pounds per acre
applied on June 11, 1950.
Photograph - August 29.

Plate 5

Potassium cyanate at

32 pounds per acre
eappliied on June 11, 1950.
Photograph - August 29.
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Several species of weeds which mey create & problem in
some aress or seasons were not included in this study because
of their absence in the experimentsl plots. One of these 1ls

purslané (Portulsca oleraces) which often does not emerge

untll the latter part of June, gsbout one to two months later
than most broad-leaved weeds. For thls reason, the use of
potassium cyanate may not prove successful for the control of
this weed. Likeﬁise, many grasses may pose 2 serious and
gdditionsal problem because they respond differently to
herbicides then do broad-leaved weeds.
The yields of onion sets in 1950 as seen in Table IV
§ and those in 1951 in Teble V were similer and decreased
with ~ increasing - weed counts. These results were quite'
consistent with fleld observations made throughout the year.
It will be noted that all plots treated with potassium cysnate
yielded less than the weeded check plots except in the 1950
experiment when the 32 pound rate was not significantly
different. There was no appreciable weed cdntrol at 8 pounds
per aere, nor was there sny sppreclable increase in yileld
sbove the unweeded check with the 8 pound treatment. As the
mein object of this study was to measure the amount of weed
control rether than the effeect of the chemical upon the
onions, the plots were not handweeded at any time. Had hand
weeding been combined with the chemical treatments, a more

favorable yield picture would, no doubt, have resulted. The
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Table IV. The sverage yleld of onlon sets in pounds
obtained with four rates of potassium cyanate,

1950.

» . Treatment ¢ : S
{pounds per acre).Yield per plot: :Per cent of weeded check
Unweeded check ‘ﬁ e.aTx 3 19, Vluﬂwm”‘yﬂ

8 H B, 49%% : 31l.8

16 H 6.08% H 55.4 -

24 H T.21% : 65.7

32 H 8.25 : 75.1
Weeded check : 10.98 :

 f%Sign1f1eantly different from weeded cheek. . A
Necessary difference = 3. 34 at the 5 per cent level.

Table V. The average yleld of onion sets in pounds obtained
with four rates of potassium cyanate, 1951.

. TReatment ¢ :
~ (pounds per adrﬂ):Yield er :

,Unweeded check H 0.00% : 0.0
.8 . % 0.,00% 0.0
16 v T34 : , 35.1

24 3 1l2.42% : 59.4
32 . : 13,39% : 64.1
Weeded check : 20.90 H

;f%vignificantly different from weeded cheeck. . .
Necessary difference = 4.59 et the 5 per centilevelo
yield, therefore, is indicative of the émounm of weed controi
obtained rather than s measure of the injury to the onion
plantse. |

The spplication of potessium cysnate with a wetting
agent at the late date of July 21, 1950, produced some very
striking end interesting results. The yield daﬁa ebtained

are presented in Table VI.
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Table VI. Average yleld of onlon sets in pounds obtained
from plots receiving 2 second treatment of
potassium cyanate plus & wetting agent, 1950.

. " Trestment : : T
(pounds per acre).YieldApgr plot:Per cent of weeded check

~ Unweeded check 3 2,18% : 24.4

8 3 2.65% : 23.0 -

16 - $ 3. 60% t 3l.3

24 : 3. 49% : - 30.3

_ 32 8 BLT3% : 49.8
Weeded check ¢ 1l.51 H

"WfnSignific£ﬁ§i§~different~from_weeded check. .
Necessary difference = 3.09 at the 5 per cent level.

The chemical in this case showed é high degree of toxieity
to oq;ggg;whgg_cgypgredAtb similar treatments earlier in the
'seaspn. ‘The amount of injury to the onilons was severe at
all retes with the amount of injury propertional tb*thﬁ rate.
_Burning oecurred from the tips down, and 6 days after treat-
ment the onions in élots receiving the 24 and 32 pound per
scre rates were burned nearly to the ground. Despite this
severe setback, no plants were completely killed. Mustard
appeared to be the most susceptible weed. It was defollated
even at the 8 pound per acre rate. Wild buckwheat was some=-
what more reslistant requiring 16 to 24 pounds per acre to
effect a kill. Most other weeds, includlng giant ragweed,
were killed by the 24 and 32 pound pér aeré rateé. The
ylelds of onions harvested from these plots were considerably
reduced compared to those from the plots receiving only &

single treatment early in the season. The severe injury to
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the onion plants from these treatments was reflected in the
yield data, Table VI, These show thet st all rates the yields
were éignificantly lower than the weeded checke. The unusually
great toxiecity observed in this case may have been due in |
pert to the high_temperatufe and the reletively humid |
conditions (nesr 60 per cent) which‘existed at the time of

gpplication.

2. The effect of environment on the smount of injury to

- onlons caused by potassiumrcyaggte..

It was_obsefved(inwthe”figldf£ﬁat_there was a greater
degree of injury to the onion plants at the higher rates used
in this experiment then there was in the experiment outlined
earlier in this report where the object of the experiment was
weed control. The 1njupj which sppesred at most rates and
dates of treatment was in the form of tip burning. Some of
the more severe cases of injury resulted in the yellowing
of the plants immediastely above the ground level and was
accompanied by avwilting of the whole plant. The amount of
injury aeppeared relative to the rate of potassium cyanate

applied with most injury occurring at the 60 pound per acre

rate and the least at the 20 pound rate. The symptoms described

were témporary in nature as the plants produced new leaves

and continuved normael growth in nearly all cases.
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Onlons treated at the first spraying date, June 9, showed
éonsiderahie injury et the 60 pound per secre rate on plots
of g8l1l1 three planting detes. The onions of the first
planting date wilted and became slightly chlorotic; those of
the second planting date showed only very slight wilting,
but considerable tip burning; and those of the third planting
date produced symptoms bf tip'burning only. There were no
onions ebove 2 inches in height at this time.

Trestments on the second spraying date, June 18,
generally showed less injury to the onion piants than did
those of the earlier treatment. There was no evidence of
injury at the 20 pound per acre rate. However, some injury
wes evident at both the 40 and 60 pound rates. The only types
of injury observed was temporary wilting and slight burning
of the tips of the plants. | )

Treatments at the third date of spraying, June 30,
produced injury at all three rates. The 40 and 60 pound per
acre rétes showed a severe burning of the onlon tips along
with a wilting of the plents. (Plate 6). Severe chlorosis
aiso devéboped which asppeared severel days after spraying.
‘Similar but less severe symptoms were produced with the 20
pound per acre rate of treatment..

The #foregoing discussion is based entirely upon
observation of growing plots in the field. Statistical

analysis of the yleld data 1s presented below and indicates
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Plate 6.

Potassium cyenate applied at 60 pounds

per acre on June 30, 1951. Note the

burned onion tips snd the weeds which were
killed by the treatment. FPhotograph - July 5.
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that no éignificant differances in the yields resulted from
any retes of trestment. It must, therefore, be concluded
that the observed effects were of a temporary nature.

The average ploﬁ yields and the average plot stands sare
presented in Tables VII and VIII respectively. The analyses
of variance for ylelds and for stands were calculated
according to methods outlined by Gochran and Cox (7) and are

given in Tables IX and X respectively.

Table VII, Aversge plot yields of onion sets in pounds
obtained wlth various rates of treatment, spraying
dates, and planting dates, 1951.

ent-

ates of treatment (lbs. per acre) .

1
_ing 'ing 20 3 40 B

BeMle .p.m. -a.m. DM .a.m.

o 190 o8 o

date : date

"~May'7”.15 11: 12 733 11 513 12 ,40:12,8%: 113,761 15'67 12 59

~ June 9:May 14:11.97:12.50:11,50:10.34:11,65:12.63:13.,05:11.49

tMay 213 l@ 9l1: ll 203 10 233 lO 983 10 77 ll 76 9. 45. 8.56

*e

‘ iMay ¥ -11.96.12.36y13,64-13.19.11.78.14.73-12.22.10.78
- June 3Mey 14:12.78:12.34313.42:14.01:13,54:14.76:11.00:10.08
18 iMey 21'11 35'11 333 ll 68»15 483 15 833 15 393 ll 443 10 B84

tMay 7 -12.78 12 00: 12.34 ll 703 10 543 ll 593 12 373 10 09
June iMay 14:11.71:10.82:10.,81:10.44: 8,64:113.67: 9.66: 9.49
5z 30 iMay 21:12.39:11.01310.363% 9.40:10.64:10.56:10.18% 7.11

Ave. $12.11:11.61:11,78:11.77:11.58;13.81:11.45310.11
. Sl S

—
S

An experimental design with 4 replications of a 4 x 3

layouf for rates and spraying dates, with the plots split three

ways for planting dates and the subplots split two ways for

time of day was used.




- 31 -

Teble VIII. Aversge stand of onion plants obtained with
various retes of treatment, spraylng dates, and
planting dates, 1951.

"fSpray-.Plant—z _ Rates of treatment (lbs. per acre e
ing 3 ing 3 20 : 40 : 60 : Check
date ¢ date ta.m. :p.m. $8.m, DM, $8.M. .p.m. .a.m. .p.m.

: o : ".

[ 2]
-0

CiMay 7 3625.7% 571,33 466 53503.6% :517.51 576, 7.719 0:603.0
June 9:May 14:581.4:550.7:610.33474.63426,11540.03554.7:518.7
tMay 21 499 21 475 9 557 1: 571 8¢ 475 8 550 7 465 7 442 2

' - tMay 7 .592 5¢ 605 33 ‘768 g: 699 82 5'74 1: 655 53 6‘71 7 623 5]
June . :May 14:557.2:545.7:5682,2:610.1:545.2:531. 2:1635.5:598.0
18 :May 213 499 73 4'75 73 386 4 495 93 480 23 556 73 5‘72 2: 555 7

tMay 7 .652 0: 690 1: ’709 0: ‘716 73 55‘7 58 605 0: 616 73 651 5
June :May 14:533.9:441.1:598.43 493.7:498.0:1606.5:485.03427.7
30 :May 21:493.3: 429 23 482 6 391 73 4‘7‘7 03 445 2:468.0:376. 0
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Tgble IX. The analysis of variance for onion set yield
are given in Table VII).

data (averages of which

" #%xHighly significent.

Souree of @ sum of ¢ ¢ . % .
variation : squares : D.F.: M.S. : ¥,
Replicates U B27.34 ¢ 3 & 109.11 3 7.0Bwx
Rates (Ra.) : .3 03.21 ¢ 3 ¢ 31.07 3 2.00
Spraying dates (Sp. D) ¢ 136.20 ¢ 2 3 68.14 : 8.39%
Re. x Sp. D : 95.52 ¢ 6 ¢ 15.92 1 1.03
Error (a) : 496.53 3 32 : 15.52
Plenting dates (Pl. D) 3 74.09 : 2 i 37.49 3 3.10%
Pi. D x Ra. , : 28.45 @ 6 3 4.74 ¢ .39
Pl1. D x Sp. D : 43,98 3 4 ¢ 10.99 ¢ .91
Error (b) : 1002.89 ¢ 83 : 12.08 ¢
Hour of day (hour) : B33 3 1z 33 ¢ .08
Hour x Ra. : 86.93 ¢ . 3 i 28.98 ¢ T.22%%
Hour x Sp. D 3 8.41 3 2 3 4,20 ¢ 1.05
Error (e) : 168.38 ¢ 42 ¢ 4.01 ¢
Hour x Pl. D : 1.67 @ 2 .83 ¢ 1.12
error (d) : 6.63 ¢ 9 ¢ T4k
Residusal : 285,76 3 85t 3.36
Total : 2875.50 s 285 3 :
% Significant. |

It is realized that more information might have been

obtained with a factorisl analysis both of this data and

that for stands in Table X, but it appeared that the analysis

of variance as used'provided the desired information.
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Teble X. The analysis of variance for data on stands of
onions (aversges of which data are given in
Table VIII).

Source of : Sum of 3 : 3

varistion $ Sqguares ¢ D.F. ¢ M. S. : ‘  F,
Replicates 3 957,091 : B 3310.030 & 10,97
Retes (Ra.) i 49,142 3 : 16,390 ¢ .56
Spraying dates (Sp. D) : 120,397 2 : 60,198 : 2.07
Ra. x Sp. D ¢ 90,760 ¢+ 6 : 15,127 : .52
Error (a) : 930,218 ¢ 32 : 29,069
Planting Dates (Pl. D) :1,018,135: 2 $509,067 & 1l.54s
P1.,D x Ra. :§  71,555: 6 t 11,926 .34
Pl. D x Sp. D : 161,410: 4 : 40,352 ¢ 1.15
Error (b) 12,904,897 83 : 34,999 :
Hour of day (hour) : 3l2: . 1 312 3 .03
Hour x Ra. : 122,879: 3 i 40,960 : 3.94%
Hour x Sp. D : 2,170: 2 ¢t 1,085 : <10
Error (c) ¢ 463,131: 42 : 10,384 :
Hour x P1. D : 7,866 2 : 3,933 : 2.24
Error (4) :  15,739: 9 : 1,749 :
Residusl :1,140,240: 85 @ :
Total ~ 17,5953,240: 285 :

H . . : - ;' m e .

% Significemt.
v%%ﬁighly_gignificanto
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The anslysis of variance for stand and yield, Tebles
IX and X, indicate that planting dates produced significant
differences in both casses. The yield and stand of onions
at the three planting dates are presented in Table XI below.

Teble XI. The yield of onion sets and the stand of onion
plants obtained from plantings made at thres

detes.

i Yi1e1d i Stend o
“,Planting date i Total : Averager : Tobal ¢ Aversage
May 7 T 1178.96 :  12.28 3 59976 i 624.75
Moy 14 T 1129.36 11.76 : 50945 : 530.60
May 21 $ 1l0859.B4 11.04% ¢ 46217 : 48l.43%

L 13

T Necessery difference = 0.99 at the 5 Der cenb levels
2 Necessary difference = 53.70 at the § per cent level.
The last planting date, May 21, resulted in a yield
which wes significantly lower than that from the first planting
dete. The dats on Sﬁand for the three planting dates shows
a somewhat higher degree of significence. In the field it
was observed that there was a slightly slower and poorér
germination of the lester planted onions due to adverse
weather conditions. The slight difference in the yields and
stands of onioﬁs from the three planting dates may be
accounted for by this factor. This trend is also evident
in the'raw data for the untrested check plots. A comparison,
therefore, cennot be made from thes data of the relstive
injury by the ehemicals for the three different stages of

growth of the onions.
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In nearly every case, observations made three to four
deys after treatment indicated that more injury Qccurred?
when the onions were trested at 10:00 s.m. than those
treaﬁed aﬁ 8:00 p.m. The snalysis of varisnce of both
‘stand and‘yield detas for these treatments, as shown in
Tables‘iX and X, gave a very low F value, indicating no
significence in the differences obtained from the morning and
evening treetments. The differences.noted, therefore, must
have been temporary ln nature.

The yields of sets from the third spraying date were
significantly lower then the yiélds from the second spraying
date, but not from thé first épraying date, Table XII.

Tegble XII. The yleld of onion sets snd the stand of
onion plants at three spraylng dstes.

. _; — Yield 1 ° Stand ?<2'
"§22§1_gg ‘date & Total s Average ¢ Total h;gygggge
June 9 Y 1128.88 ¢ 11.69 : 5less 1 537.75
June 18 : 1203.52 : 12.53 i 55070 : 584.06
June 30 : 1041.76 : 10.85 3 50443 8.525.44

5

1.16 at the 5 per cent level.

"1 Necessary difference .
'50.16 at the 5 per cent level.

2 Necessary difference

There wes & similar trend in the stand data. It cen
be seen from Fig. % that on the third spraying date when
there was a meximum reduction in yield the relative humidity
was high at the time of spraying. It did not go below 54

per cent on the day of spraying and not below 48 per cent on
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the day following. On the other hand, the relative humidity
at the time of the first and second spraying dates (Figs. 1
end 2) was relatively low and very similar. There were no
significent differences between the yields or stands at these
two deb es of treatment. The prevelence of a high relative
humidity during and following spray application is believed
to be a major determining factor in the amount of injury to
the onion plents. It should be kept in mind, however, that

at the third spraying date the onion plents were considerably
larger then they were at the other dates. The fact that there
weas no unliform trend established to correspond to the
increasing size of the plaﬁts at each successive spraying date
would indicate that the plant size did not appreciebly affect
the amount of injury. '

As mentioned sbove, it appeared that there was coﬁsiderably
mére injury to the onlon plants at the higher rates of
potassium cyenate. This was not borne out in the analysis of
: vaﬁiance. The injury observed in the field may have been of
such a temporary nature that all plants recovered so as to

cause no reduction in the yleld or stand.

‘3. Pre-emergence tregstments.

~In the pre-emergent'treatments made in 1950, potassium
cyenate geave the best eoantrol. At both 10 and 20 pounds per

acre about 80 per cent control of both mustard and stinkweed
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Relgtive humidity end temperature for June 9
end 10 showing the hours (a and b) at which
spreying wes done (first spraying date)s
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Relative humidity end temperature for June 18
and 19 showing the hours (a and b) at which

sprayling was done (second spreying date).
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spraying was done (third spraying date).
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‘wés obtained. There was no effect on wild oats or sbw
thistle and only slight bﬁrning of the ragweed. There was no
apparent injury to the onions. T he 100 and 200 pound treat-
ments of monosodium cyanamide (X10) shoﬁéd considerable burning
of éll weeds including wild oaﬁs aﬁd sow thistle. 4t 400
pounds all the smaller broad-leaved weeds were killed. Wild
oats were severely checked but not killed. Ragweed showed
initial injury but later recovered and was quite normal. At
this heavy rate there was'a very slight burhing of the onion
‘tips in some parts of these plots. The calcium cyanamid
(special grade), calcium cyanamid granular, potassium cyanate
dust, and the mixture of cyanamid (special grade) and IPG
showed no effect on either the weeds or the oniohs.

The onions in the pre-emergence treatments were not
earried through to the end of the season because of the heavy
'infestationvof wild oats.

In 1951, pre-emergence treatments both with 2,4-D and
monosodium cyansmide spray (X5) showed considérable weed

control. 2,4-D at all rates géve excellent control of all

broad-leaved aﬁnuals for a period of three to four weeks after--}

treatment. Four days after treatment, the onions showed slight

foliar distortion and a yellowing of the cotyledon at the
. ground level. Onion injury was evident all through the
growing season, me&inly in the form of root retardation and a

softening of the bulbs. Green Yoxtail (Setaria viridis),
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which was very abundsnt throughout the plots, exhlibited s«
very retarded root system and consequently a general reduction

in vigor. Very few piants were killled, however, and none

produced seed stalks.
Observations mede 12 hours after application indieated

that the 25 pound per acre rate of X5 produced a spotting and

burning of the broad-lesved weeds but with very little kill

resulting. Application of 50 pounds per acre gave nearly

a complete kill of mistard, red root pigweed, and buckwheat.
Trestment at 100 pounds per acre gave results similar to the
50 pound rate but produced slight wilting of the onions.

Following the first rain afﬁér treatment a severe caking of
the soll wes observed at both of these rates. There was no’
apparent residual action from the application of X5. A new
crop of weed seedlings emerged 1 to 2 weeks after treatment

and quickly enveloped the crope.
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SUMMARY AND CONCLUSIONS

In experiments using 8, 16, 24, and 32 pounds per acre
of poﬁassium cyanate, the three highest rates gave a signif-
icant reduction in the wged stands. The weeds controlled
were stinkweed, wild mustard, wild buékwheat, and red root
pigweed. From the experiment it would appear that 16 pounds
per acre is the lowest rate which will give a significant
and satisfactory measure of weed control, and as the cost of
‘potassium cyanate is relatively high this rate would likely
prove most economical under Manitoba conditions. Along with
"hetween-the-row" cultivation this rate of treatment should
‘éive a satisféctéry control of common broad-leaved weeds.
Effectiveness of the chemical was greatest when applied to
weeds in small seedling stages. |

‘The application of potassium cyanate at rates up to
60 poﬁnds per acre prodﬁced no injury to onions as measured
by the stand and the yield of gets obtained,

Relative humidity affects the amount of injury to the
onion plants. Serious injury toythe plants occurred when
potaséium cyanate waS‘applied during a period of high rel-
ative humidity. Although detailed studies were conducfed’
only on onion plahts, observations indicated that a high
relative humidity =wlso increased the injury and destruction
of weed species.

Under the.conditions of the experiment, the size of the
onion plants at the time of spraying did not influence the
Qegree of injury which resulted from treatuent wdth pétaésium:

P

cyanate.
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Applications of potassium cyanate made before 10:00 a.m.
produced results which were not significantly differentefrom
‘treatments made st 8:00 p.m.

Pre-emergence treestments using dust materials requiring
atmospheric moisture for activation were generally
unsatisfactory for weed control. These dusts were difficult

to apply beecause of the excessively dry conditions end the

high winds which were encountered in the early spring.

Pre-emergence spray treatments of potassium cyanate and
monosodium cyaﬂamideAgave consliderebly better control but
this was of a temperéry nature. 2,4—D-gave good control of
all weeds but the injury to the onions was excessive at the
rates used.

Experiments indicated that potassium cyanate should be
epplied when the greatest number of weeds are in the early
seedling stages, .. regardless of the stege of growth of the

onions.:
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