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Abstract:

This study consisted of a series of tests designed to determine certain physical factors which may affect
the control of wild oats obtained with the use of isopropyl N-phenyl carbamate (IPC) and Isopropyl
N-(3-chlorophenyl) carbamate (CIPC). These two chemicals are two members of a large family of
carbamates being tested for their herbicidal action. Factors studied were rates of application,
comparative toxicity of IPC and CIPC to oats, differences in the reaction of wild and common oats to
IPC and CIPC, placement -of the chemicals in relation to the seed, and the effect of moisture on
control.

It was found in the experiment that two pounds- per acre of IPC gave good control of both common
and wild oats, but at least three pounds per acre is necessary for control of the same two species with
CIPC. There was no significant difference in reaction to the herbicides between wild and common oats.
The emergence of sugar beets was not affected by either of the chemicals at any of the rates used.

Placement of the chemicals in relation to the seed is an important factor in control. IPC must be within
an inch of the seed to produce good control and the CIPC must be within one-half inch to show similar
results. More effective control was obtained with placement of the chemicals above the seed.

The herbicides apparently need to be in moist soil if maximum control is to be obtained.

With the use of herbicide rates adequate to control wild oats, placement and moisture must be
considered.

Though dormancy of wild oats must be considered in any control work done, it is possible to control
wild oats with the use of these chemicals.
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ABSTRACT

This study consisted of a series of tests designed to determine certain
physical factors which may affect the control of wild oats obtained with
the use of isopropyl N-phenyl carbamate (IPC) and Isopropyl N-(3-chlorophenyl)
carbamate (CIPC). These two chemicals are two members of a large family of
carbamates being tested for .their herbicidal action. Factors studied were
rates of application, comparative toxicity of IPC and CIPC to oats, dif=
ferences in the reaction of wild and common oats to IPC and CIPC, placement -
of the chemicals in relation to the seed, and the effect -of moisture on
control. :

It was found in the experiment that two pounds per acre of IPC gave
good control of both common and wild oats, but at least three pounds per
acre is necessary for control of the same two species with CIPC. There was .
no significant difference in reaction to the herbicides between wild and
common oats. The emergence of sugar beets was not affected by either of
the chemicals at any of the rates used.

Placement of the chemicals in relation to the seed is an important
factor in control. IPC.must be within an inch of the seed to produce good
control and the CIPC must be within one-half inch to show similar results.
More effective control was obtained with placement of the chemicals above
the seed.

The herbicides apparently need to be in moist soil if maximum control
is to be obtained.

With the use of herbicide rates adequate to control wild oats, place=
ment and moisture must be considered.

Though dormancy of wild oats must be considered in any control work
done, it is possible to control wild cats with the use of these chemicals,
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INTRODUCTION
In the past several years, especially since the end of the Second World

Wér, many new herbicides have appeared on the market. ‘of these, 2,4=D

-f(2,h-diéhlorophenoxyacetic acid) has been the chemical most widely publicized

gnd used. With the use of 2;h-D to control broadleaved planps, the weedy
grasses are becoming more and more of a problem and are'being notiéed'more
b& the public. New herbicides thatlare selective for grassy weeds may not
be the final answer in control but they can help in a tolerant crop--sus- -
ceptible weed situation.

Of the weedy grasses that have created problems‘for a good many'yeafs,
Wild Oats (Avena Eéﬁgg),'an annual, is one of the more serious. It appears
tﬁat wild oat infestations have increased in recent years: POssibly this
has resulted from reducéd combetition frém'b£oadleaved plants in grain
fields treated with 2,4~D. In areas where crops such as sugar beets, flax,
or legumes are broduced, the use of selective herbicides may be an answer
or at least a partial answer to the problem. The herbicides;, IPC. (isopropyl
N=-phenyl carbamété) and CIPC (is&ﬁrdpyl N—(3mchlor6pheny1) carbamate) are
showing considerable promise for controlliﬁg wil@ oats in certain crops.

It was the purpose of this study to determine the effect of kind of
chemical, rates of applicatioh and placenient of the chemical on the control

of wild oats.
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LITERATURE REVIEW
Wild oats (ézggg EEEEE)S is difficult to control because of its delayed
germination, shattering, and competitive ability.

Delayed germination or dormancy of the wild oat seed is thought to be

caused by the exclusion of oxygen by the seed coat. Atwood (3) demonstrated

that the seed coat, formed by the remnapts of the original ovary wall, the
integuments, and the epidermis of the nucellus was the structure that cénn.
trolled germination@ Injury to the seed coat by sc?atching or éeéring
resulted in increased germination. He 6b£ained an avéfage of 98 ﬁer cent
germination by the above treatment while wild oaﬁs in the check ée;ﬁina£ed
only 62 per cent. Increasing the oxygen content of a controlled atmosphere
also increased germinatibn. L.P.V. Johnson (lhi also demonstrated that

injuf& or Brééking of the seed coat over or near the embryo tended to increaée
germination.

Johﬂson (1) stated that the length of the ﬁecessary affer~ripening
period‘is heritable. In his experiments using different sources of seed and
croSSing'éo.féigé;x'é._Egzgzg, the results indicated that.dormancy is con-
troiled bj genetic factors. "it was_beligved.tﬁat the after ribening proéess
may consist essentially of a_séries of changes in the ﬁissueg of thg_seed
coat ﬁhich result in an increased permeability to oxygen,

Dormancy may be controlled by the placement of the florets on the
panicles. Johnson (lhj,in his experiment, harvestéd the wild ocats just as
the firs£ seeds started to shatter and found tﬁat the florets from nearer

the bdse of the panicle and the florets nearer the outer tip of the whorls
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were riper than in the center of the panicle. .These’segds that were riper
had a shorter afterripening period thaﬁ those that were less ripe. The
seed from the primary florets had a sﬁokﬁef afterripening period than the
seed.'in the secondary florets;

"~ Johnson (1&) found that wild oats seemed to undergo secondary dormancy,

i.e., a second dormancy period or gpparently a lengthened afterripening

~ period, if certain conditions arise. Secondary‘dorméncy may arise if seeds

5

do not undergo a sufficient length of time for afterripening before they
are exposéd to enivornmmental conditions favéfable fof good germination,

in these tests carried out by Johnson, thére was a strong indication that
conditions conducive to afte;ripéning‘such as continved cold, gbod 501l
seed relationship, light or absence of ligh£ in éeftain times of the after-
ripening period and other conditions resulted in a shorter dormancy period
than if this period was broken before sufficient time hed elapsed,

Johnson also found that light and temperature had an effect on the
length of dormancy. -If the wild oat seeds Were:subjected to light in the
ear1y5ﬁamﬁ .0f dormancy, the dormancy period.may'be shortened, but if the
seeds. were exposed in the latter part of.dofmaney, dormancy may bé,length-.
ened. Under continuous freezing conditions, dormancy was shorténed.' This

Bneaking'or shortening of dormancy by freezing was said to be brought’ about

s

by injury to the seed coat becaﬁ?e of contracting and expanding. Where- the
temperature was above freezing part of the time, dormancy was lengthened.
Secondary dormancy seemed to take place when the seeds were subjected-to.

éonditions for. germination and then frozen again. Freezing and thawing did




- 10 -
not have an effect on the germinability of the wild oat.

Chepil (75, in Canada found that wild oat seed persisted in the soil
for as long as four years. Heifound that 80 per cent of the seeds germinated
the first year, 18 per cent the second, and two per cent the third. "There
were two seeds out of the se%eral thousand planted thét.genninated the
fourth .year. He found that a great majority of the seeds, if buried at
shallow depths in the soil would germinate in May and'could be destroyed
Before the erop Was.sown° Contrary to.most other weed seeds, wild oat seeds
did not germinate readily when lying on the surface of the ground.

Wild.oat seed shatter readily, thus enabiing the plant to reseed itself
before the crops are harvested.‘ In his tést, Chepii:(7) also measured the
date of maturity and shattering ébility of many weeds aé compared to Thatcher
spring wheat. In the case of wild oats, he gave the date of maturity to be
July 18, and the shattering ability to be 70 per cent, ioeo,70 per cent of
the seed shattered before harvest pime of the Thatcher'wheap which was
approximately a month later,

Bibbey‘(S) found that fall cultivation increased wild oat emergence
in the same fall of treating by LOO per cent-as compared to untilled plots.
’The seeds were sown on the surface aﬁd.tilled'in or'ieft oﬁ the surface,
This corréSponded with Chepilts obser%ation that wild QétS'did not germinate
readil&'when on the surface of the ground. The increase due to tillage of
the same plots in spring emergence was infinite as no germiﬁation took place
in the uwntilled plots.

Thurston (22) demonstrated that wild oats can germinate from a number
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of different aepths. Tn her tests in the greenhouse, she induced germ-
ination from depths up to nine inches. The seédlings from this depth
were weak and yellow but were growing pprmaily'ﬁithin a month. In the
field, emergence of seedlings occurred from seeaings'six inches deep. There
was no evidence of induced dormancj'éhen the seeds Were.buried, even up to
depths of 20 inches. No seeds survived at theée depths (down to 20 inches)
after three years, ‘

Tﬁe wild oat is a very good éompetitor, especially when no measures
are taken to control it after its emergence., It germinates most abﬁndantly
in cool weather and is able to compete-successfully'with most annual crbpso
Pavlychenko (20) found that wild oaté cut the yield of barley by 15 per éent
and wheat by 28 per cent., This reduction in crop yield_was dalmost exactly
pfoportional to the degree of reduction of the root systems due to compe-
tition with wild oats.

_ Wild oats are a serious weéd of the éooler, major cereal producing
areas of Nofth America. North ﬁakota, Montana, Western Minnesota, Northern
South Dakota, and the Prairie Provinces éf Canada are seriously infested-
with wild oats. Of the 106,000,000 acres of crop land in this area,
61,000,000 are infested with wild oats of which 29,000,000 are infested
seriously (2L). Tn addition wild oats is a serious weed in a number of
Western States inciuding winter erop areas in Arizona and California and
in several high elevation inteqmoﬁhtain areaéo '

Isbpropyl N-phenyl carbamate (IPC) is a grayish white crystalline

substance, soluble in some organic solvents, but insoluble in others and




- 12 - .

nearly insoluble in water (13).‘ Solugility in water is about 100 ppm for
TPC and 80 ppm for CIPC (11). |

' IPC is not translocated as isIZ;h-D or 2,li,5-T, but it.does act
systemically. Instead of causing excessive gr;nth as do the latter fﬁo na=-
terials in some concehtrations, IPC is a growth inhibitor, It is, essentially,
a mitotic poison and causes cell divi;ion to cease. Since it is algrowth
inhibitor, the chemical must be used while the planﬁs are in the early
stages of growth,.

Ennis, (10), found théﬁ IPC upsef mitosis and caused cells to stop
dividing at metaphase or early anaﬁhase° This causea fhe délis to be
multinuclear or to have a giant nuclei. The apiéal portions of. the ocat
seedlings which were exposed to IPCuﬁqok on a bulbous appearaﬁce° The
leaves take on a dark green color and after a short time turn rgddish
brown when the plants are treated with IPC. Freed (11) found that the dark
green color resulting from treatment with IPC was di;ectly due to an in~:
creased amount ofhchlorophyil in the tissues. The treaﬁed plants contained -
from 19 to 28 per cent more chlorophyil per unit of leaf area or per.gram
of dry ﬁeight than comparable checks. ‘In conjunction with the increased
chlorophyll content, the nitrogen content in the tfeated plant s was higher
" than the control, | |

Since IPC does not move readily in.the.soii, some means of incorporating
it into the soil must be used. Although'IPClis nearly insoluble in water,
water is the best means to get the chemical into the soil. At least one-half

inch of rain or an equal amount of irrigation water is necessary to leach

N
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-effective amounté of IPC into fhe soil. If the herbicide is sprayed on the
surface of the soil, thorough mixing by disking ér Siﬁilar meéné to insure
good mixing is ﬁecesséry'shortly after applibatibn in the abseﬁce of réin

" or irrigation, |

Logan et al. (16) found through the use of radioactive materialé that
IPC tends to move upward in the soil after an initial downward movemeﬁt with
water. The data collected from the tests indicated that most of the IPC
remained in the toﬁ inch of tﬂe soil even when ieached witﬁ amounts of water
equivalent to a three inch rainfall. The ﬁqter wés allowed to leach into
the soil from 2l to 120 hours With a difference of 2l hoﬁrs3between each
treatment. No IPC was found in the fourth inch of sSoil until the third day
of leaching. The addition of the initial Wéter_caused,fiushing of the
material into the soil, but- there was an upward mcvement‘of the_iPC during
the succeeding days of the experiment.,

High temperature shortens the residual 1ife of the chemical in the
soil. ‘Newman et al. (19) found that IPC lost its effeétiveness completely
after 36 days ipcubation at temperatures ranging from 10 to 30 degrees
Centigrade, The highest temperature.caused the IPC to 1ose,its téxicity to
plants'after eight days. The emergence at the BO‘dggree Centigrade tréat-

:ment was as high as the che&k at the end of the eighf days, but the plents
were stunted to some extent. | '

IPC disappeéred'eduélly as rapidly at moisture contents from 20 to 801
per cent of the water holding cépacity of the soil. After 19 days incu-

bation, the material had no effect on emergence or vigor.
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Persistence of IPC was also influenced by rateg. Even at very high
rates (over 1,000 pounds per acre) the chemical did not persist for more |
than 39 days under the conditions of the experiment (19) .

Soil type plays an imporéant part in persistence of the chemical (12).
On heavy, poorly drained clay soils, the residual activiéy has been obsefved
to be upnto one third longer than on'pbrous, well drained soils.

The volatility of IPC and CIPC waé demonstrated by Anderson ef ale
?1}. In their experiments the chemicals were sprayed on surfaces similar
to leaf surfaces and rate of evaporation was timed. They found that dlmost
92 per cent of the CIPC evaporated in 24 hours in £emperatqres.6f 85 to 88
degrees Féhrenﬁeit. Tighty per cent .of the IPC evaporated gt ﬁhe same
temperature range in 2l hours. Though neither chemical is used extensively
as a foliar spray, the above experiment demoﬁstrates that the chemicals
should be iﬁcorporéted into the soil as soon as possible after application.
Because of the high rate of volatization of IPC apd CIPC, the Great Western
Sugar Company (18) is advocating mixing the chemical thoroughl& in the top
four inches of the soil immedi ately or as soon as possible after applying.

Rates of gpplication of these chemicals are influenced by the crop and
the weed to be controlled., According to Freed and Bierman (13), rates to
use range from two to eight pounds techniéal IPC per acre:° In £heir'trials
pre-emergence application rates ranged from two to six péunds per acre and
post emergence applications ranged from four to eight pounds per acre. In
his test on the tolerance of plants to IPC, Ennis (9) found many dicoty=

ledonous plants which showed varying degrees of susceptibility to the
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chemicals, Plants in the sguésh family (Curcurbitaceae) and the potato
family (Solanaceae) were most affected. Flax seemed to be affected in this
test also. Ennis used a rather high rgte of qhemical, appéoximately 12
pounds per acre, which may aqcount for the injury to many of the dicots.
IPC and CIPC may find use in Montana in controlling annual grasses
in small ana large seeded legumes, flax, .and sugar begtso in tests con-
ducted in some of the Western States, control of wéedy annuallérasseé has
been obtained in peés, ladino clover, flax, and established stands of al -
falfa. Four pounds per acré was the minimum effective rate neéeésary for
pre-emergence applications in peas- (21) and three to five pounds per acre
controlled the weedy annual grasses in pre emergence tests in ladino
clover (15). The use of IPC for the .control of cheatgrass (Bromus tec-
Egzgg)in established stands of alfalfa is .promising, however, at least
eight pounds of IPC per acre‘are needed for satisfactory control (6). IPC
was effective in controlling weeds in Arizona in flax trials. CIPC was
found to be very‘toxic to flax in this test (2). Rates of two to three
-ﬁbunds per acre of IPC and.CIPC Were found.té be effective in controlling
Wild oats with the higher rate being more consistent. Three pounds of
IPC per acre is recommended for sugar beets in Montana by the Great Western
Sugar Company (18). IPC and CIPC should be gpplied when-the rainfall
pattern could be used to the best advantage or in.dryer areas, -as soon as
the seed bed can be prepared and irrigated. Pre-emergence or mreplanting
applications are desirable because the chemicals must be in contact with

the germinating seéd or young seeding to be most effeptive° Gopd moisture
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conditiohs, i.e., rainfall at time of and followiﬁg application are important
to achieve good results. In Washington and Oregon, late winter applications
are used, taking advantage of the rainfall ﬁattern of the area. Ifrigatiqn.
may be necessary in the more arid regions of the country to get good contrqlo

There is ﬁot a great deal of diffefence chemically betwegn IPC and
CIPC, The residual effect of CIFC %eems to.be longer, and fhe toxicity
range to plants is different then IPC. Freed‘(B) states that the-ﬁwo com-

" pounds are highly specific in their action aﬁd fhat the plant speéigs which
one may control may not respond to an appliéation of the other. Arle (é)
reports that flax is one crop that is highly susceptible to injury by CIPC,

but is tplerant to IPC. Sugar beets gl so seem to-show more tolerance to

IPC than CIPC (18).
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MATERTALS AND.‘ METHODS

The mechanics studied in this seriés of tests were (1) placement of
the chemical in rélation to the seed; (2)’rates necéssary to control oatss
(3) deptﬁ of placement of chemical and its effect on cdntrol; (L) depth'
of seeding in relation to depth of éhemical; (5) céﬁparison of IPC and
CIPC in control of oats; (6) comparison of toléréﬁce of wild oats and
common oats to IPC and CIPC;‘and (7 éffeqt of moisture on effectiveness
of the-chemicals. |

All the trials reported herein were cénducted in the Agronomy green-
house during the winter and spring of 1952 and 1953. The témperéture in
the greenhouse varied from.about Sh to 97 degrees threnheital The
temperature dropped to £he low at night and the high was reached on bright,
sunny days. The mean daily tem@erature was approximately 68 degrees
Fahrenheit. .

The soil used in the tests was Bozeman Silt Loam. Beatty (L) des-
cribed this soil, (Table I).

"This soil has a tendency to puddle with excessive wetting and crust
upon drying. Under greenhouse cgnditions, it was necessary to wet the
surface of the pots that érusted ﬁo enable the oat and/or beet seedlings
to eﬁerge normally. | |

Clean, one quart oil cans were usgd as confainers for the soil fof
each treatment. One thousand grams of soil on an air dry basis were
used in each can. dne inch of the air dry soil passing through a three=

sixteen inch sieve weighed about 225 grams. The soil depth in each can
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was just slightly less than L.5 inches. Holes were pﬁnched in the bottom
of the cans tc facilitate watering and allow drainage of any excessive waber,

Table I. Total nitrogen, pH, and per cent organic carbon of Bozeman Silt
Loam from two locations near Fort Ellis in Gallatin County.

Depth of Organic Carbon  Organic Matter Total N

Location Sample Per cent ‘ Per cent pH Per cent
3-9 inches 3.7hh 6,455 6.L o371
Location 1  9-13 " 3.156 Salily 6.3 «282
. 13—23 f 0673 1016 695 009
' %‘“’8 inCheS i 305 60011 . 605 ° 312
Location 6  8-15 " 1.178 2,03 6.8 o1L5
15-21 " 0696 1 609

095

Table II. Mechanical analysis of Bozeman Silt Loam by the Hydrometer method.

Sample Number sand per cent  silt per cent ciay per cenb
Sample 1 27.3 : 19,65 23.05
Sample 2 27.8 L7.L 2L.8

This soil is normally classed as Silt Loam but the data indicates that
it borders between loam and silt loam. This is the analysis of a sample
which was taken adjacent to the area of the soil used in the experiment.

The chemicals used in this experiment were Stauffer Emulsive IPCl and
2
Ortho, 3-Chloro IPC Emulsive.

The chemicals were weighed on a torsion balance, The total amount

of chemical needed for the complete test was weighed out on the basis of

Stauffer Emulsive TIPC, 25 per cent Technical Isopropyl N Phenyl Carbamate,
Stauffer Chemical Company, Pacific Northwest Division, North Portland,Oregon.
2 .

Ortho 3-Chloro IPC emulsive. Active ingredient, L6 per cent 3-chloro isopro-
pyl N phenyl carbamate, by weight, California Spray Chemical Corporation,
Richmond, California.
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.0018 grams of active ingredient perxcan being equivalent to a two pound -
. per acre application. The chemicals were mixed in water and then mixed
.into the weighed amount of soil to be treated. To measure effective rates
of applicationvof'IPC and CIPC, the cans were completely filled with
treated soil. The herbicide was added tp:the weighed amounts of soil
equivalent to the highest concentration needed in the particular test,
Lower concenﬁrations were obtained by dilution of @he treated soil with
appropriate amounts of untreated soil. To measure the effect of place=
ment of the herbicides on oat germination, a constant r;te of treated soil
was put in one-quarter or one-half inch bands with the depth of the bands
‘varying for each treatment.

Because of the variation of germinatioﬁ of wild oats caused by dor=-
méncy, Mission, a variety of common oats (é? EEEEXE)S was used in the
complete series of tests. Ten seeds of Mission oats per pot were planted
2,5 inches déep in all the tests except one, where the planting depth was
a variable. A comparison of emergence of the wild oat and the common oat
was made. Fifteen seeds per pot were used.because of the uncertainity
of thé wild oat gerrﬁination° The wild oat seéds were collected near
~ Bozeman, The Missicn seed was Foundation Seed grown on the Agronomy Farm
in Bozeman in 1949,

Sheared sugarlbeef seeds and Mission 6at§ were plaﬁted in geveral tests
set up to measure the effect of rates of IPC and CIPC on emergence of these
two plants. Fifteeﬁ beet seeds (segments) per can were planted one-quarter

inch deep and 10 oat Seeds were planted 2.5 inches deep in the game canse




- 20 -

fJatering of the treatments was done from the bottom in the first o
tests. The cans were placed iﬁ'thfee-fourths'iﬁch of wétgr immediately‘
after the test was set up. There.seemed to be enough movément of the
chemicals with the movement of water, up or down, in the cans to alter
the results. In SUbsequeht eXperiments'the soil was wet to approximateiy
25 per cent moisture before piaﬁting'so that movement of the chemicals
would not be an altering factor and no watering was done until after emer-
gence, In those tests where movement of the chemical wasn't a critical
factor, watering was done from the top of the caﬁs. The cans were Watered
daily after emergence of the seedlings.

A1l the oat or beet seedlings that emerged were counted. Counting
was started a day after the plants started emerging. Vigor readings on -
the oat plants were taken as soon as dlfferences could be ea511y seen.
Since there wasn't any appreciable difference in vigor'of the beet seedlings,
no vigor readings were taken on the beets. The vigor readingé were based on
a scale from O to 10, O being no growth after emergence and 10 being the
vigor of the plants showing the most growth;

The efficiencf of the herbicides was measu?ed‘by multiplying the
emergence percentage times the vigor readings° The product wés divided by '
ten so that thé resulting number could be scéled in relation to a perfect
score of 100. The treatment with a score with 100 must have 100 per cent
stand coupled with a vigor readinhg of ten. A treatment with a score of
zero gave -complete control in emergence and/or control of growth. This

‘. rating (vigor X émergence) will be referred to as the efficiency rating.




- 21 -
EXPERIMENTAL RESULTS AND DISCUSSION
Pecause many of the tests in this greenhouse experiment were related,
the resulté and discussion are based on the grouping of these related
tests. Part I deals with the effect of different rates of IPC and CIPC
on wild and common oats. Part II presents the effects of-ﬁlacement of‘
the chemicals in relation to the oat seeds and the role that moisture plays
in control of the oats, Part IIT is a general discussion on the factors
influenciﬁg_the results of the tests and éeneral observations on the symptoms
of injury to the oat plants.

PART I. The effect of rates of TPC and CIPC on wild and common oats
and sugar beets,

To find how mﬁbh IPC was needed for the control of oats, a test using
rates ranging from oné—half té three pounds of active ingrédient per acre
was carried out. Figure 1 shows that at least one and one-half bounds of
aqtive ingredient per acre are ne;ded for ény'csnfrol,and twg pounds per
acre are needed for almost complete controls It was concluded from_tﬁis
test that the minimum rate 6f IrC needed for good control of oats was two
poﬁnds active ingredient per acre.
| Because CIPC is being used in the same manner as IPC, a test was
planned to measure the différences between IPC and CIPC at various rates,
Results (Figure 2) show that IPC gave fair control of common oéts at the
one and one-half pound per acre application and at two pounds per acre gave
practically 100 per cent control. CIPC was less effective in contrelling

oats since three pounds per'acre reduced the efficiency rating by only 50
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j-quilds IPU/Acre
Figure 1. The effect of rates of IPC on the tolerance nf common
oats and sugar beets.
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TFTK 15P/A

Pounds per acre
-CIPC P

Figure 2. The effect of IPC and CIPC on common oats.
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‘Table III. The effect of rates of IPC on the tolerance of common oats
and sugar beets, '

Rate - ] Emergence in per cent of total seeds planted
pounds/acre Sugar beets - » Common oats
0 : 92 65
o5 : 80 75
75 93 : 75
.1.00 - - . . _ 83 ‘ 75
2,00 93 : 5
3.00 : 100 0

Table IV. The effeet of rates of IPC and CIPC on common oats and sugar
beets, Herbicides were incorporated into the entire soil
volume of the cane e

Treatment _ ] _ '
pounds/acre Emergence per cent Vigor Emergence x Vigor
L : Beets Oats Oats Oats
IPC o ;
1 67 93 10 93
1% 100 68 N 27
2 87 15 1 1.5
2% 105 : 3 1 o3
3 : 107 0 0 0
CIPC ,
1 82 .88 9 79
13 105 90 8 . 72
2 95 93 8 7l
2% 88 88 - 7 62
3 & 75 6 L5

Check o 88 98 10 . 98
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per cent. Table IV presents the percentage stand of beets and oats, the
vigor of ‘the oats, and the efficiency rating of the various treatments,

‘Since common oats, (Avena sativa)var Mission, was used throughout

the experiment, a trial comparing the reaction of wild oats, Avena fatua,
with common oats to IPC and CIPC treatments was conducted,

The émergence of common oats was 71 per cent in the check and that of
wild oats was 91 per cent. With such a large différencé in the'percentage
emergence in the checks, the analysis of variance was computed as per-
centage of the respective checks. The common oat seeds apparently had lost
some of their vigor as a result of storage under high temperature conditions.
The analysis of variance indicated that both species reacted similarly to
the two chemical's. The results of (Table V) also indicated that there is
no significant difference between the two species of ﬁlants in their re-
action to the treatments. There was, hoWwever, highly significant differenées
ambng tréatments and between chemicdls. Figure 3 gives the range of the
efficienéy ?ating which resulted from the different treatments. i?C gave
the full range from zero to 100, but CIPC gave onlj a partial curve, reé<
ducing the efficiency rating to 33,

In ali these tests thé breaking point in the IPC curvés in conﬁroIIing
ability of both species of oats used was at the one and oﬂe-half pound per
acre rate.

According t6 the results in all comparisons, IPC was more effective in
coﬁtroIling oats than was CIEC.' In the trial which compared wild oats with

common oats, IPC at a rate of three pounds per acre prevented common oat
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Table V. An@%y51s of variance of the effect of IPC and CIPC on wild and
comrion oats when applled at dlfferent rates,

Source'of Variance

Dégrees Freedom

Mean Sqﬁare

Repllcatlons

Rates .

Error (a)

Reps. x Rates
Chemicals

Chem., x Rates

Error (Db)

Reps. x Rates x Chem,
Plants ] :
Plants x Chem,
Plants x Rates
Plants x Rates x Chem.,
Error

Total

o

N

|._J . .
oMMV HHWNYO D HEHONNDW

=
ﬂ.

~ 8T70% -
11827
181

1012550
2226
8L2

391
. ol
1470
197k
673

AL
W

[YRY)
"

Significant to the 5 per cent level,

‘Significant to the 1 per cent level.,
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Common oats
CipC treatments

- -Wild
oats - IPC

J€treatments OWild oats
CIPC treatment

Common oats
IPC treatment

Pounds per acre

The effect of IPC and CIPC treatments on wild and
common oats.
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Table VI» The comparative effects of rates of IPC and CIPC. on wild and
common oats when applied at different ratess:

Treatments Emergence*

. % check Vigor ~ Vigor x emergence
Common Qats :
IPC
1 1b/A 53.L 8 L2
2 1b/A 23 5 12
3 1b/a 0 0 0
CIPC ' _
1 1b/A 107 9 96
2 1b/A ‘ 93 8 h
3 1b/A 93 7 68
Wild Oats
IPC
1 1b/A 93 7 68
2 1b/A 20 . 5 10
3 1b/A 0. 0 0
CIPC
1 1b/A 102 9 92
2 1b/A 8L 7 59
3 1b/A 100 . 5 33

#+The actual emergence of the checks were 71. per cent for the common oats
and 91 per cent for the wild oats.

bie VII. Effect of IPC in one-half inch layers at various depths on the
Table . emergence and vigor of common oats planted two and one-half

inches deep.

Depth. of bands Emergence 7

Inches from surface per cent Vigor Vigor X emergence
- , 87.5 9 78.75
31 85 5 L.25
1-1% 92,5 2 18.5
13-2 L7.5 1 Lo75
2-2% 2.5 0 0~
25=3 0 0 0
3-3% 0 0 0
3%—-h 35 5 1 7 ° S
Check 80 10

800




- 29 -

One half in. layers of IPC-depth from
surface.

Figure In The efficiency rating of IPC in oat control when placed
in one half inch layers at different depths in the soil.
Seed was planted at a depth of two and one half inches.
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emergence, while the CIPC had an efficiency rating of 68 on coﬁmon oats.
In the same trial? IPC at three pounds per acre prevented wild oat emer-
gence while the effects of CIPC produéed an efficiency raﬁing of 33,
'Eﬁidently the breaking point in the éurves on the graphs Was.not reachéd
at the three péund per acre rate of CIPC,

Since there was no significant difference between the reaction of
common oats and Wild.oats, no adjustment 1s necessary to apply common
oat data to wild oats.

The reason or reasons for the differenhces in the action of CIPC
and IPC are not clear., Consideration should be -given to differences in
plant tolérance tqrﬁhe two chemicals. The oat plants may be tolerant to
CIPC at the rates used in these trials. if higher rates were used, the
breakiné point in the curves for CIPC mighﬁ beé reached, |

CIPC had a tendency to flocculate in the water emulsion., Though this
probably would not ha&e any effect on the actuél concentration in treated
soil, it might have affected toxicity., This would &also be a factorkin
getting even mixing of the chemical in the soil. Temberature may have been
a controlling factor., Average.temperature in the Wintér months was lower
than in the spring moﬁths,' Temperatures above 100 degrees Fahfenheit,Weré
recordqd in April. It can be concluded that;iPC at two pounds per acre was'
effective in obtaining good contrplfdf;pdthkcommon and wild oats, but CIPC
did not give good control even at:tﬂe;raté’of three pounds per acre,

Neither the emergence nor the vigo? of the sugar beets was affected -

by any treatment. It seems that sugar beets are tolerant to both chemicals
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"e3 3A “U inch layer
ave. emergence 86%

check

>3/U-l inch layer

Xl 3/U-2 inch layer

A2 3/U-3 inch layer

U -

i 1 % e

Depth of planting in inches

The effect of depth of seeding with depth of application
of one-quarter inch layers of soil treated with CIPC
at two pounds per acre.
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0" or surface application

layer of treated soil on
surface of can

21 layer of treated soi] on
the surface of the can.

3 layer of treated soil on
che surface of the can.

Rate
The effect of applying IRC in soil layers of varying
thickness and at different rates on the emergence of
oats.
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Table VIII. The effect of CIPC on the émergenc_e and vigor of oats when
one-half inch deep layers of treated soil were placed at
different depths. '

Depth of 1aye'ré . Enérgence iy
inches from surface per cent Vigor Vigor x emergence

1-1% - .- .95 7 68

1%-2 50 0 0

2.2% 0 0 0

2%=3 52.5 7 37

3-3% 92,5 9 83

3% 92,5 9 83

check . % . 1o 90

Table IX. The effect of the depth of seeding combined with various depths
of one-quarter inch layers of soil treated with CIPC at two
_pounds per acre on emergence, vigor and efficiency rating of oats.

Depth of Planting  Depth of Layers Eknergence

inches . . inches . per cent  Vigor Stand x Vigor
7 3/L-1 Lo 0 0
1z 3/L-1 10 0 0
2?’ 3/)4-1 95 )4.05 h3
3? 3/)4’1 : 67.05 5 Bh
3 1 3/L-2 95 7a75 h
l? 1 3/h-2 92,5 .25 39
25 1 3/L-2 77.5 2,25 17
3% 1 3/h-2 80 3 2L
z 2 3/L-3 95 8.5 8L
1z 2 3/L-3 ' 97.5 - 775 76
2—%— 2 3/4=3 . 92,5 Le25 39
33 2 3/l-3 2.5 0 0
H 3 3/b=b 100 9 90
1z 3 3/h-h 100 9 90
25 3 3/L-L 95 9 86
3?- 3 3/h=L 87.5 9 79
z check plot 87.5 10 88
1'? check " 97,5 9 88
2—? check " 87.5 8 ()
3% check - & 6 L8
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up to three pounds activexingredignt per aére° Nelson (18) reports that in
the tests conducted by the Great Western Company’emeréence of sugar beets
- was reduced with.the three ﬁbund bqr acre application of CiPCo
PART II; ﬁesuits of placement of the Cheniqaié in layers in relation
" to the oat seeds and the éffect of moisture in control of.
oats.

?lécement of the chemicals,in relation to the seed influenceé the
effect of thé.chemicals uéon the:oat'ﬁlantéo The chemicals were mixed.
into the-soii at é‘rate of 2 pouﬂdS‘per acre and then placed in one haif
incn.layers in the cans, the variable being the depth of tﬁe layer55'
Thé»rateiof_application of the chemicals was two pounds of active ingre-
dient- per acre in 'all cases. Table VII gives all the deptﬁs of treating
and the fesults of the fregtments of the IPC layering test and Table.VIII
gives the same type ofvdata for-the TIPC tesfo‘ iﬁ the IPCnlayering t%ial,
watering was done from the bottom of the cans. The chemicals placed at
1eveis below the seed were ﬁost effective which was probably due to the
upward movement Gf éhg chemical with water., The chemical had to be within
one inch of the seed to sffect emergenqé,’the lévels below the seed giving
complete control. In order to get away from movement of the chemical with
watefing when GIPC was used in the layering test, the soil was wetted to
approximately 25 per ceﬁt ﬁoisture before élanting and treating° It is
shown in.figure li that thé levels of the IPC layers above the séed allowed
ﬁhe plants to eﬁerge, but that these plants showed very little vigor and
growth, if.the treated layer was within an.inch of the seed; Figure 5 shows

that CIPC should be in contact or within one-hal inch above the seed. The
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treatments with CIPC one-half inch or more below the seed failed to control
emergence. The results of this test may have been different had higher
rates been used as it was found in the comparison test of CIPC and IPC
that CIPC did not give control at rates beloW'three pounds per acre.

Another test was designed in order to determine the effect of depth
of seeding on emergence control. .Quarter inch layers of soil treated
with CIPC at two pounds per acre were used. The soil was moistened to
approximately'ZS per cent moisture before treating and plantingo‘ The £reat~
ments are shown in Taﬁle IX, Figure 6 shows that the CIPC must be within
one-half inch of the seed to'get good results. :Theilayers immediately
above.the seed gave better control than those below, Fmergence and vigéf'ﬂ
were reduced in the check where the seed was ﬁlanted at a depth of 3%_ |
inches., .The emergence in the one-half and one and oné—half inch planting
depths was earlier than for the deeper depths and this may have had an
gffect upon the time the seediing éntered the treated 1ayer'as there would
not have been as much breakdown of the chemicals,

The presence of the herbicides in amounts that will give control, seem
to be most effectlve if they are above the seed., If herbicide movement with
Water was not a crltlcal factor, the results indicate that 1ayer1ng dove
the seeds will give a_better efficiency rating than layering below the
seeds, It seems that the chemicals must be fairly close to the seed if
control is to be obtained. _E&en at the two pound per acre ra£e of appli-
cation of CIPC, there was control if the seed was in the treated layer

or within one-half inch below it.
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The field application of CIPC and IPC in layers would be a probleﬁg
Some device such as the noble blade drill, using‘sprayér attachments may
posSibly be designed. It is evident that the herbicides must be mixed
thoroughly in the soil in any method of application; In the case of sugaf ‘
beets, thére is a possibility of banding‘neaf the seed to obtain control
near the beet seedlings and reducé the amount of chemical needed pér acré°

Tt was t hought that the chemicals might be most effective iﬁ con=-
trolling oats if mixed into layers:qf surface soil of varying ;ohicknesso

To determine this, a test was designed. in which the chemicals at different

" rates were thordughly mixed in layers of soil of different thickness. 'Rates

of two, four, and six pounds of IPC per acre were applied in zero, one; two
and three inch layers, the zero layer being a éurfaoe aﬁplicaﬁion with no
mixing. The common oat seed was planted three and one-quarter inches deep. .
Ag shown in figufe 7 there was no control with the zero and one inch layer
treatments at any rate. When the IPC was mixed in the two inch layer of
SOilg it gave some cohtrol; reducing the emergence on an average of abﬁrox—

imately LO per cent. The treated three inch layer completely controlled

-emergence in the four and six pound per acre applications and reduced the

stand to 17 per cent of ﬁhe check in the two pound per acre application,
The resulfs indicate that the chemical should be within an inch of the
seed to obtain best resulis,

Moisfure seems to be necessary to obtain control of emeréence with the
use of TPC. and CIPC, A test was conducted using CIPC at two pounds per

acre and mixed in a layer two inches thick on the surface of the cans., Oat

Ay

J
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seeds were planted two and one—hélf inches deep and watered. On the fol-
16wihg day the CIPC in near air dry soil was applied iﬁ two inch layers
over the wet soil containing the seed. These were then watered from.the
surface at three day intervals for each treatment. Watering dates varied
from zero to 15 days. The percentage emergence shows that some control

was obtained when the cans were watered within a week following treatment,

‘Table X. The two pound per acre rate of CIPC did not reduce vigor., -

Results indicated that a three inch layer of treated soil would give
very good control, especially if the seed is within an inch of the chemical
and enough moisture is present to enable the chemical to come in contact
with the germinating seed or young shoot close to the seed. Thurston (22)
reported that wild oat seedlings geminating from six inches deep were very
weak and had a yellow color. If mixing to a depth of four inches can be
accomplished in’the field, good control may be 6btained as the chemical
should control a great majority of the germinating oat seeds in this layer
and within an inch below. With reduced vigor in thosé seedlings germinating
below five inches, they might be completeiy controlled with the heip of the
action of the herbicide in reducing vigor,

PART IIT. General discussion and symptoms of injury, -

Watering of the tests seemed to be one of the most critical factors
in obtaining accurate results. There seemed to be enough movement of the
herbicides with watering to effect the resu1£s° The chemicals will move

either up or down, depending on the direction of water movement.
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Table X. The effect of moisture in obtaining control of oats with the

use of CIPC applied in a two-inch surface layer in dry soil over
oat seed one half inch.deep in moist soil,

Treatment - Days after treatment Emergence Emergence | o
before watering , per cent per cent of check’
Check: YA - -
0 ‘ L|-5 ’ . . - 6701
3 50 ' 75
6 - 50 75
9 o 78,5 117
12 ’ 78.5° 117

5 - o A 119 , o
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Logan et al. (16) found that IPC moves upward in the soil as it dries.
The temperature conditions of -the gregnhouse may have shortened the residual
life of the chemicals to a point that they may have been active for a very
short ‘pimeo

Evaporation of the chemicals following apfjlication would be a critical
factor, e.-s'pecially if théy are not mixed iri.to the soil. Because of the high
volatility of these 'chémica_ls, it is ne_cesséry to incorporate them into the
soil as soon as possible. It may be impossible to obtain thorough mixing to
a depth of four inches, but any mixing will enhance the chances of gett:;Lng'
satisfactory control.

Thel symptoms of the affected plants are very characteristic when treated
with these chemicals., Emerging seedlings tend to show a very dark gre:en
colovr,_' if th_é .growth is stopped completely with only the first leaf having
devélopea, the plants will léoon take on a reddish-brown color. It is possible
the growing point is destroyed or tk’_llat tl}e chémical étops ceil division com~
pletely,. as many of.the iplants obéerved -stofyped growth as soon as they
emerged. ]'r; digging into the soil where the emergence was controlled, it
was noted that the seeds had germinated, but that growth was halted before
the seedlipg reachéd the surface of the soil. .Tiliers were Borne on elon-
gated stems of many of the abnormai plants', Eit_hér the residual effect of
the chemicdl was lost or these plants that formed tillers and culms.‘Were
more tolerant to the chemicals., If thése plants were :-;J_"Lot;s‘red to grow, they

grew hormally to maturity amd formed normal appé aring paicles,




-4l -

It‘seemed that the gpical portion of the stem of the 'oat plants were
more susc?eptjble to both herbicides than the roo;c portions. Both IPC and
CIPC will reduce the extent of root de‘velopmell'rt,: but this does not seem
enough to stbp emergence. Théugh th.=; residual 1if_e of the chemicalsAhwas
not measured, it was appar‘eintlly very shoert. It was p‘rbbably not more than-
15 or 20 d:;ly's because the plants that were a'ble to form a second leaf |

efrentuall_y recovered from the effects of the chemicals.
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SUMMARY
An extensive review of the literature covering the toxic effects of
" IPC and CIPC is given° It has been pointed out that these two closely
‘related chemicals have some promise for the control of certain species
of plants when applied to the soil.
The'results obtal ned in the greenhouse experiments may be-summarizéd
as followss
1, Water movement in the soil may determine to a large degree the
effectiveness of the two chemicéls'studied°
20 The residual 1ife‘of the chemicals appeared to be not more than,
15 to 20 days. ' | |
3. IPC is more effective in goptrolling both wild oats and common
oats than is CIPC.
ho At least two pounas of IPC per acre are needed for control and
more than three pounds of CIPC per acre are needed for good
control (bnly fair control Waé obtained with the three pbund
per acre application),. o
5. IPC mus£ be within one inch of -the oat seed to control emergence
‘and CIPC must be'one~half inch of thé oat seed to econtrol emergence
if only two pounds active ingredient are used, '
6. Moisturé must be present for securing maximum control with the
uée of eithér ohe of these chemicals,
7. Althree inch layer would control most susceptible seedlings
germinating from depths aown to at least four inches.,
8, Sugar beets are tolerant to both(chemicals at rates up to

three pounds per acre.
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