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CHAPTER I
INTRODUCTION

Weeds and brush growing on land used for industrial purposes cause
inconvenience, create a safety hasard, and may be injurious to health,
If these could be controlled for several years by making one application
of a herbicide, millions of dollars of labor and machinery expense could
be saved anmually. In addition, there would be mach help in reducing
allergies and other ailments that affect the health and safety of our
population,

Herbicides for controlling vegetation are finding wide use by
railroads on roadway and ballast, Some railroads have spent as much
as $200,00 per acre for herbicides in switchyards each year, Other
areas of extensive use include utility substations, petroleum tank farms,
industrial plant areas, storage areas, terminals, lumber yards, paricing
areas, roadsides, highway guarderails, fence lines, pipe lines, airport
runways, and other non-¢rop areas,

Although meny materials are on the market, little research hes
been conducted to determine the residual effects of sterilants, Much
of the observational wark to date has been on coarse textured soils and
in areas of low rainfall, This study was initiated to determine the
effectiveness of vegetation control by different herbicidal materials
used at selected rates and times of application on soils of contrasting
meﬁumwgmﬁcmmrmumtm.
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CHAPTER IX
REVIEW OF LITERATURE
Definitions

Crafts and Harvey (8) describe terms commonly used when dealing
with soil sterilants: -aoumwmmmmm
with chemicals to make it unsuitable for plant growth, "Residual
effect" indicates the length of time a chemical will persist in the soil
and create the desired results., "Temporary soil sterilant® designates
effect for less than one year, "permanent soil sterilant" for more than
one year.

History

Chemicals have been used for centuries to control weeds (23).
Salt, ashes, and various industrial by-products have been applied to
roadsides, fence rows, pathways, and areas of fields infested with
noxious weeds to rid them of vegetation, Little scientific progress
was made until the latter part of the nineteenth century. Jones and
Orton (13) in 1899 compared the use of crude carbolic acid to arsenite
of soda, a mixture of white arsenic and sal soda. le reasoned that the
former, though a very powerful and quick acting herbicide did not endure
a3 long as the latter.

m(ﬂhlmwwwetnﬁuMh,!m;
potassium chlorate, KC1033 sodium thiocysnate, NaCNS; sodium cyanide,
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NaCi and sodium arsenite, NaliAsO3. He stated that the effectiveness of
chlorates on perennials was due to rapid penetration through the soil
and slow decamposition, especially at low temperatures, Crafts (6)
compared several soil sterilants on a cost basis and found trivalent
arsenic to be the most feasible chemical for soil sterilization, Extene
sion of 4ts use has since been impaired because of the great potential
loss due to memmalian toxicity,

Since 1937, with the discovery of phenoxyacetic acid, researchers
have been trying to find out the effects of herbicides on the soil in
addition to their deleterious effects on weeds. Much research on
residual effect has concerned the substituted phenoxyacetic acid materials
and carbamates used for pre- and posteemergence control of weeks in crops.
This information has been sumarised Ly Roberts (24). These materials,
when applied at the proper rate, kill germinating weed seeds but do not
damage some crop plante.

The question raised was whether these herbicides build up a
residue in the soil. Reid (21) veported no long-time damage to soil
from use of organic herbicides, Hernandes and Warren (11) found that
factors affecting microbial activity determined to a large degree the
length of time 2,h»dichlorophenoxyacetic acid persisted in the soil. 4An
increase in soil temperature shortened the period of inactivationg an
increase in moisture in an air dry seil had the same effect. In sterie
lized moist soil 2,heD was still toxic at the end of 12 weeks of storage
in the greenhousej however, in unsterilized soil, 2,h-D was inactivated
at the end of L weeks.
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Many herbicides ordinarily used at pree- and post-emergence rates
for controlling weeds in crops are used today for industrial purposes at
higher rates against anmual and peremnial broadleaf weeds and grasses on
nonagricultural land,

The 1957 season completed a total of 18 years of research by the
Railroads on the control of vegetation, This work represented more than
55000 individual tests of herbiecides, combinations of herbicides, and of
rates and dates of application under a wide variety of soil, ballast,
climatic and vegetational conditions,

Parris (20) reported no single chemical available that would
economically control all plant species found under the many varied
conditions throughout the United States, However, he indicated the
possibility of reducing costs by following a properly plamned longeterm
weed control program,

In Jows, seasonal control was obtained by the use of & number of
materials, but certain chemical combinations provided the most effective
results, Parris (20) favored the use of soil sterilant materials
followed in succeeding years with herbicidal oils, snd stated that the
use of certain soil sterilant chemicals on small areas of particular
persistent perennials resulted in a substantial saving, In Florida, a
mixture of a systemic grass herbicide and a relatively insoluable seil
sterilant controlled most native vegetation for at least one growing
seasan, Montana results showed better control from fall than fram spring
application of soil sterilant chemicals, With the control of peremaisl

grasses, Canada thistle (Circium arvense), became a serious problem, Soil
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sterilant type materials appeared expensive and good for only one season
on Bermudagrass (Cynodon daciylon), in Horth Carclina.

A1) of these were empirical studies, Certain treatments were
applied to plots and a tabulation of species not controlled was made (22),

Factors Affecting Residual Control

Researchers agree that several factors affect the persistence and
movement of herbicides in the soil (8, 11, 23, 24). These factors

according to Robbins et al, (23) and explained by Crafts and Harvey (8)
and Roberts (2h) determine the usefulness of a particular chemicsls

1e

2.

3.

ke

Inherent toxicity. This is the naturs and arrangement of
atoms and molecules in somo chemicals thet make them toxie
to plants. Application rate and formmlation are important,
Absorption, Some chemicals adhere to the surface of soil
colloids more than others. Thus, in elay soils they may be
80 tightly held by the soil particles that they are not
available to the plant roots even though they are present
in the soil in relatively large amounts, Organic matter
also has an influence,

Decomposition, Chemicals break down in soils at different
rates, Factors affecting bacterial action are of uitmost
importance.

Leaching, Chemicals used as soil sterilants differ in
solubility and in the ease with which they move, Soil
texture and structure affect the rate of vertical and
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lateral movement of water through it,

Soil composition, Fertility, salt content, and acidity or
allalinity of soils all affect the toxicity and persistence
of a soil sterilant,

Species tolerance, Ueed species vary widely in their
inherent tolerance of chemicals.

i1l et al. (12) continue the list:
Physical removal of the chemical by windblow or chemical

decomposition by exposure to ultra-violet light in arid
areas such as are found in parts of the western United States

when the chemical is applied and remains on the soil surface.

Several research workers believe that no one of the afore mentioned
factors determines the usefulness of a soil sterilant for vegetation control
(8, 17, 25). Rather the interplay of the several factors determine whether
a given chemical will kill shallow or deep rooted weeds, whether it be
temporary or relatively permanent and to a large degree how much will be
required to give satisfactory results. To give successful control of
perennial vegetation a herblcide must be distributed in the soil where
the roots are located and at the time these roots are active, It must
be present in a lethal concentration for a period long enocugh to permit
enough absorption by the roots for kdilling,




Past Research on Materials Used

Sorate

Crafts and Raynor (9) reported that since borates are non-poisonous
and fire deterrent, they have advantages over arsenic or sodium chlorate.
Furthermore low solubility and high toxicity at low concentrations to some
plants reduce probability of reinfestation by seedlings., Crafts and Cleary
(7) agreedj however, Crafts and Raynor (9) stated that borates are not
retained against the leaching power of moving water to the same extent as
arsenic, Stone and Stehler (28) indicated that a unit of boren tricxide
is equivalent to a like wnit of sodium chlorate as a plant toxicant,
Crafts and Raynor (9) would confine the use of borates to coarse soils
and gravelly areas where rainfall exceeds 10 inches annually to insure
the leaching of the material into the root sone.

Momuron
According to Loustalot et al, (15) experiments in Puerto Rico have

shown 3«(pechlorophenyl)«l,ledinethyl urea to be potent, noneselective and
capable of controlling most weeds when applied at relatively low rates.
Weise (31) reported that when monuron was applied at the rate of 60 pounds
per acre to soll in Texas vegetation was controlled for 3 to 5 yearss
Other researchers have found verying results. At soil sterilisation
rates, Danielson in Florida (10), stated that 50 pounds per acre of monuron
was dissipated sufficiently in 24 months to allow early vegetative growth
of snap beans and sweet corn in & sandy clay losm, Andrews and Richards
(1) found that 38.4 pounds of monuron was needed to give 70% control of




woody species by the end of the second year in Tennessee.

Upchurch and Pierce (29) in a greenhouse experiment found momuren
mhmmmmmmmummﬁmm-mmt
quantities, They found that 12 inches of simulated rainfall, applied in
8 increments at 1/2-hour intervals, leached 89% of a LO-pound per acre
application below 2 inches and 51% below 2l inches,

Differences in findings after a similar experiment were reported
by Loustalot et al, (1h), who indicated that momuren at 50 pounds per
acre failed to leach beyond the 1S.inch soil depth,

Other factors causing decomposition of monuron were reported by
Loustalot et al (15) and Upchurch and Pierce (30). Upchurch and Pierce
(30) reported that greater soil temperatures, above 50 to LSO C, caused
less leaching, An increase of organic matter from 0.87 to 1.LL% caused
an increase from 35 to 95% in the amount of monuron retained sgainst
leaching, Loustalot et al, (15) reported that factors generally favoring
so0il mierobial action seemed also to favor disappearance of monuron from
the soil, Momuron persisted longer at 10° C than at room temperature,
Vonuron persisted longer in air dry soil than in soil with a medium or
ssturated molsture level, Sandy soil retained the toxicity longer than
did soils with a higher clay content, Toxicity persisted longer at the
higher rate of application,

Simazine
Scudder (26) experimented with 2echlorowl,6-bis(ethylamine)eSe
triasine persistence in two central Florida soils. Thirtyetwo pounds




per scre incorporated into the soil lasted 1 year on peat, stunting
squash the second spring. All vegetables including the sensitive
turnips and lettuce grew on the plots 1 1/2 years following the initial
application,

Sodium Chlorate

Weise (31) reported that an application of this material at the
rate of 600 pounds per acre sterilised soil for 3 to 5 years in Texas,
Crafts (5) stated that deep rooted perennials could be killed either by
rapid absorption and translocation of chlorates within the plant from
foliage application or by absorption from the scil by the roots, and
that both actions operating simmltaneously were more effective than
either alone, Wilson et al. (33) sgreed with this statement. Ashlander
(2) reported that chlorate effectiveness was due to rapid penetration
into the soll and slow decomposition, especially at low temperatures.
Crafts (5) reported that proper vertical leaching and distribution of
chlorate within the soil was essential to success with the soil treatment
method, but that leaching sterilized ereas with 36 inches of irrigation
water retwrned the area to erop use within one season, Mucher (16)
nentioned this method of controlling perennial weeds as too expensive to
be employed on large areas.

TCA
This material has been studied more for weed control in crop
production than as a soil sterilant (3, L, 18). Absorption by undere

ground parts was established by Barvons and Hwmer (3) as being the
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primary avemue of entry by trichloroacetic acid for wheat and soybeans.
The material had a greater effect on grasses low in carbohydrate reserve
than grasses higher in stored carbohydrates, A wide variation in the
tolerence of crop plants was found, Blouch and Fults (i) found that

TCA gave selective control of anmual grasses without erop injury on Fort
Collins loam, and non-selective phytotoxicity at the same rate an
Valentine loamy fine sand and Terry silty clay loam. The latter soils
were low in organic matter and fertility whereas the former soil wes
high in orgenic matter, nitrate and phosphate.

Owens (18) reported that without tillage, sodium TCA at the rate
of 100 pounds of formulation per acre and up was effective in eradicating
centipede grass in Northwest Florida., The herbicide at 50 pounds and 75
pounds per acre without tillage reduced the stand of centipede grass by
50 to 75%, but the remaining sprouts engulfed the entire area., Decomw
position of the material allowed the area to be seeded to bahiz grass

(Paspalum notatum), 1 1/2 months after treatment.

Sombinstlons or Mixtures

Parris and Rodgers (19) observed 50 herbicidal treatments for
controlling weeds on railroad righteof-way in Florida., A mixture of
TCA and sodium chlorate at the rate of 4O to 80 pounds per acre, repeated
at 60-day intervals, provided the most effective control in all growth
stages, Uenerally, better response was obtained when the treatments
were applied during the dormant season and early plant growth stage
with little difference observed between the Jamuary and March applie
cation, A combination of TCA-sodium chlorate-monuron at rates
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10«80«20, 80-80-10 and 80«160«10 affectively controlled weeds throughout
the season in all dates of appliecation,

Crafts and Cleary (7) found that a borax-chlorate combination for
soil sterilization had several advantages. In addition to being practi-
cally non-poisonous the borax reduced the fire hasard to a low level and
probability of reinfestation by seedlings, Antagonistic reactions
between the two materials were reported to have been reduced to a minimum
by using the lowest effective dosage of chlorate and adding enough borax
to complete the destruction of the vegetation.

Stone and Rake (27) stated that cumlative effects concerning
cambinations of materisls would be considered by some investigators as
demonstrating synmergistic action, He would consider the additional
wmmwmmuotmmmummngn—
the biostatic activity of the borate addition to the complex.




CHAPTER III

MATERIALS, METHODS AND BQUIPMENT
Field Procedure

This study was designed to study the effectiveness of vegetation
control by five selected sail sterilants used at selected rates, applied
in the fall and spring, on soils of contrasting physical properties.

These materials were applied to three different soil typess
Etowah silty clay, Tellico loam and Neubert fine sandy loam, in order to
determine differences in vegetation control by residual effect of the
herbicides as influenced by soils of different texture, bulk density,
and available water storage capacity, ZHach soil was within a 3-mile
radius of the Temnessee Agricultural Experiment Station at Knoxville,
None of the areas selected had been cultivated for at least 5 years, and
all were heavily infested with amual and peremnial grasses and broadlsaf
species,

The dominating vegetation on Etowah silty clay was broomsedge
(andropogon virginicus), and crowsbeard (Jerbesina sp.). Brocmsedge,
Bermudagrase (Qymoden dactylon), serices lespedess (Lespedess cuncata),
and common blackberry (Rms alleghenienis) were dominant on Tellico
loan, Kentucky bluegrass (Poa pratensis), goldenrod (Solidago sp.),
sericea lespedesa, and tall redetop (Iriodia flava) were dominant an
the Neubert fine sandy loam,

Prior to the application of herbicides a botanical survey was
made of each area to identify and record the species present. The
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selected areas were mowed and the weeds raked and removed in September
of 1957 to facilitate application of the chemicals,

Five soil sterilants were spplied, at three different rates, as
ghown in table 1, Chemicals were chosen to represent: 1, a commerical
mixture; 2, a substituted ureay 3, a triazinej L. sodium chloratej and,
5e sodium TCA, The middle rate of each herbicide used was the approxe
imate rate recommended by the memufacturer, The lower rate was 1/3 to
1/2 less and the higher rate was 1/3 to 1/2 more. ‘

A randomized block design with split plots replicated three times
was used on each soil type. Plots were 10 feet by 10 feet in sise and
were split into subeplots 5 feet by 10 feet for fall and spring applie
cations, An 18-inch border was left between plots. Alleys 5 feet wide
separated each range of treatments permitting an evaluation of lateral

movement.,

Materials applied were first mixed with 3 gallons of water so as
to form a slurry. To insure wniformity in distribution of the herbicide
1/3 of the total amount was applied to the plot area in each of 3
successive applications. The fall application was made November 5, 1957,
and the spring application March 15, 1958, The following May, July,
Augnst, and October plots were reted visually according to the degree of
vegetation control. A scale of O to 10, using 0 for no control, and 10
:umhuun,nmwmnmm)mm

In June, 1958, a second botanical survey was made to identify and
record the species that were not controlled by the several treatments,




Table l,~-Herbicides and rates of application,

‘ "Atlacide" ¢/ 800
| 1600
2400

Sodium TCA &/ 7%

125

| 175

Untreated Checlk i

2/ca1 (Chlorea); sodium chlovate (40%), sodium metaborate (575),
and monuron (1.,25%), 3«(pechlorophenyl)el,l-dimethylurea,

/50% wettable powder,
&/Sodium chlorate 58%.
Y0z,
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Both colored and black and white photographs were made to provide a
permanent record of the degree of control,

Laboratory Bioassay

A laboratory bioassay was conducted in order to detemine the
residual effect of the herbicides., In May, following the application
of chemicals, soil samples were collected from each of the plots which
had been treated with the heaviest rate of each chemical in the fall and
from untreated adjacent areas, Five cores about 7/8 inches in diameter
were taken from each plot with a soil sampling tube to depths of O to 2,
L to 6, 8 to 10, 12 to 1k, and 28 to 30 inches. The core sections of a
given depth of three replications of each treatment on each soil type
were composited in the field and placed in quart ice cream cartons.

Samples were removed to the greenhouse within 3 hours and thoroughly
mixed, Enough soil was transferved fram each sample to nearly fill a 1/2.
pint ice cream cup. Indicator crops, a grass and a legume, were sown in
each cup, their gemmination amnd growth providing a measure of residual
effect of the herbicide in the soil,

Because of their large seed sigze and vigorous germination, Ogden
soybeans (Glycine max) and Martin milo (Sorghum vulgare) were selected as
gsensitive legume and grass indicators. Ten seeds of each were planted in
each cup and covered with 2 tablespoons of soll from the original sample.
A filter paper cover prevented disturbance of the soil by watering,
Sufficient distilled water was added from a polyethylene water jar to
keep the soil near field capacity. A hole in the bottom of the cup was
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an aid to seration, The cups were placed in a growth chamber having an
average day temperature of T4® ¥,, relative humidity of 524, and 2 day
length of 16 hours, light being provided by incandescent and cool white
finorescent lights, The night temperature did not deviate appreciably
from the day temperature becaunse of auntomatically controlled electric
heaters, Samples were watered each day and at the end of 10 days a
ptand count was made, At the end of 5 weeks, ratings and photogrephs
were made of the total growthe




CHAPTIER IV
RESULTS
Pield Results

A botanical survey was made in the fall of 1957 to identify and
record the species present on each of the three soil types to be treated;
a report is presented in Appendix A, The assistance and counsel of Mr,
J. X, Underwood, Associate Agronomist, University of Tennessee, is
gratefully acknowledged for identifying many species.

Envirommental factors are known to influence the persistence of
herbicides in soils, Therefore, rainfall and temperature data fram the
Tennessee Agricultural Experiment Station Greenhouse which was located
approximately centrally among the treated areas are given in Appendixes
B and C, respectively,

S0il sterilisation herbicides were applied to the fall treated
plots on November S, 1957, and spring treatments were made March 15, 1958,

Figure 1 shows the average mumber of species on sach plot when the
tabulation of species not controlled was made, Generally the herbicides
in decreasing order of effectiveness of vegetation control during the
time studied were "Chlorea®, momuron, simezine, "Atlacide®, and TCA,
respectively, Within 10 days after treatment all rates of all herbicides
had killed the vegetation of each plot. "Chlorea" gave immediate control
of armual and perennial broadleaf plants and grasses. Momuron did not
give as rapid kill as did "Chlorea® but its delayed action was as effective.
Momuron faileds however, to control Bermudagrass, Simasine gave control of
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Figure l-~Average number of species per plot not controlled June 20, 1958,
after treatment with specific rates of certain herbicides fall and
spring 1957 and 1958, respectively. Figures represent an average of 3
replications and 3 soil types.
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anmal weeds and grasses but did not control perennials, such as Johnsone
grass, Bermudagrass and sericea, "Atlacide controlled broadleaf plants
better then grasses, while TCA controlled grasses better than broadleaf
plants,

Control ratings were made in May, July, August, and October 1958,
The July ratings for fall and spring applications are shown in figures 2
and 3, respectively, on Btowsh silty clay, i and 5 on Tellico loam, and
6 and 7 on Neubert fine sendy loam, These ratings indicate the degree of
control of broadleaf plants and of grasses by each treatment on each soil
types These data show that several of the herbicides failed to control
both grasses and broadlesf annmuals and peremnials,

The differences in residusl toxicity among the three soil types
were less pronounced than differences among the herbicides used, The
only major influence of soil type and time of application in vegetation
control is shown in figure 6, On Neubert fine sandy losm, the coarsest
textured soil of the three treated herbicides dissipated and gave less
general control than on any other treatments when applied in the fall,
Parris (20) showed better contral in a more arid area, Montana, frem
fell than from spring application of soil sterilant type chemicals,

In October, photographs were taken of the plots treated with the
high rate, and control ratings made, These are shown in figures 8
through 22, It is apparent from these photographs that the chemicals had
lost thelr effectiveness within 1 year from the time they were applied.
Vegetation had partially covered the treated areas in all cases, and
campletely in some, The "Chlorea® treated plots showed less encroachment
of vegetation than did the others,
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Fall treated Spring treated

Figure 8-~Photograph (October 28, 1958) of Etowah silty clay soil
treated with the high rate of "Chlorea",




Fall treated Spring treated

Figure 9=wPhotograph (October 28, 1958) of Tellico loam treated with
the high rate of "Chlorea®,
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Spring treated Fall treated

Figure 10-«Photograph (October 28, 1958) of Neubert fine sandy loam
goil treated with the high rate of "Chlorea®,



Spring treated Fall treated

Figure 1lle-Photograph (October 28, 1958) of Etowah silty clay soil
treated with the high rate of monuron,



Spring treated Fall treated

Figure 12-~Photograph (October 28, 1958) of Tellico loam soil treated
with the high rate of monuron,




Spring treated Fall treated

Figure 13--Photograph (October 28, 1958) of Neubert fine sandy loam
soil treated with the high rate of monuren,




Spring treated Fall treated

Figure lli--Photograph (October 28, 1958) of Etowsh silty clay soil
treated with the high rate of simasine.




Fall treated Spring treated

Figure 15«~Photograph (October 28, 1958) of Tellico loam soil treated
with the high rate of simazine,



Fall treated Spring treated
Figure lé--Photograph (October 28, 1958) of Neubert fine sandy loam

soil treated with the high rate of simazine,




Fall treated Spring treated

Figure l7-~Photograph (October 28, 1958) of Etowsh silty clay soil
treated with the high rate of "Atlacide",

35




Fall treated Spring treated

Figure 18-~Photograph (October 28, 1958) of Tellico loam soil treated
with the high rate of "Atlacide",



19«~Photograph (October 28, 1958) of Neubert fine sandy loam

treated with the high rate of "Atlacide",
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Spring treated Fall treated

Pigure 20-<Photograph (October 28, 1958) of Etowsh silty clay seil
treated with the high rate of Sodium TCA,



Fall treated Spring treated

Figure 2le~Photograph (October 28, 1958) of Tellico loam scil treated
with the high rate of Sodium TCA.



Spring treated Fall treated

Figure 22--Photograph (October 28, 1958) of Neubert fine sandy loam
s0il treated with the high rate of Sodium TCA,
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As far as total vegetation control by soil sterilants and persise
tence of the herbicides, none rated high, Even the high rate, which was
onewthird more then the rate reconmended by the manufacturer, failed to
control all vegetation for as much as 1 year,

In June, 1958, & second survey was made of each plot, and a tabu-
hﬁmmn&d%mﬁnmﬁmmwnmwm. The
results are found in Appendix D, Some species of weeds and grasses were
not killed by certain chemicals regardiess of rate used. In other cases
higher rates of certain herbicides gave better control than lower amounts
of the same or other materials.

Herbicides that are slowly soluble are most often slowly leached,
especially if spplied at a heavy rates Their remaining om the seil
gurface for a long period of time allows for at least partial removal by
the latersl movement of surface water. Figare 23 shows the lateral
movement of monuron from & plot treated at the heavy rate, This picture
shows the most lateral movement of any of the materials used in this
study .

Greenhouse Results

A laboratory bloassay was conducted in order to determine the
persistence of the herbicides at diffevent soil depths, In May,
following the epplication of chemicals, soil semples were taken from
plote treated the previous fall at the high rate and from untreated
sdjacent areas, Plants were grown in pots filled with these soil samples,
as described in the previous chapter, A photograph of indicator planta
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Figare 23-~Photograph (October 28, 1958) of plots treated with momuron
at the high rate. Area to right of marker is outside the plot area.
Control resulted from lateral movement of the herbicide, BEtowah
silty clay, 5% slope. Plot was treated March 15, 1958.
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growing in treated and untreated soil is shown in figure 2k, The plants
showed apparent nommal growth, There was no measurable residual toxicity :
revealed by this technique.
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Figure 2hi-«Photograph of Ogden soybeans and Martin milo as legume and |
grass indicators of persistence or leaching (July 15, 1958).
Separate samples from 5 depths represent individual plots which had
been treated with 5 different herbicides at the high rate, Plants
in 21l treatments appeared normal, Plots were treated November 5,
1957; samples were taken May 20, and seeded May 25, 1958,



CHAPTER V
DISGUSSION OF RESULTS

More important than the degree of control of either broadleaf
plants or grasses is whether a soil sterilant will give effective control
of all vegetation long enough to be profitable, The longer a herbicide
controls vegetation, the more valuable it becomes. If soil sterilants
are to be profitable, residual control for a number of years is
desirsble. This would save the anmnual cost of labor and equipment,

In arid areas such @s are found in parts of western United States,
goil sterilant herbicides do not become inactivated for several years.
Wiese (31) reported that either monuron applied at 60 pounds per acre or
sodium chlorate applied at 800 pounds per acre would persist for 3 to 5
years in Texas. _

It seems evident that certain factors as suggested by several
research workers (8, 11, 23) are responsible for the rate of decampos
gition of herbicides in the soil., Perhaps micrcbial activity as
influenced by temperature and moisture plays the more importent pert in
decomposition. Other factors such as seoil fertility, soil type, soil
organic matter content, and soil pH as reviewed by Roberts (24) could
affect the rate of inactivation. Or it may be that differences in
materials allow for physical removal of part of the chemical by windblow
or inactivation by ultraeviolet light as suggested by Hill et al. (12).
Perhaps same of these factors have greater influence on decomposition of
herbicides, or maybe there is an interaction of the several factors which
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determine whether a given chemical will kill shallow or deep rooted weeds,

whether it will be temporary or relatively permanent and the rate required
to give satisfactory results.

In this experiment, monuron was applied at the high rate of 100
pounds per acre and sodium chlorate at the high rate of 2400 pounds per
acre, Neither controlled broadleaf and grass amuals and perennials for
as long as 1 year, It was expected that other herbicides used at the
high rate in this experiment would have persisted and prevented recurrence
of growth, but all vegetation was not controlled.

Generally, time of application showed little effect as pertains to
residual control since all materials lasted less than 1 year. Under the
adverse climatic conditions found in East Tennessee, time of application
thm_twmmwwm‘mdnewumd
on a temporary soil sterilization basis, Parris (20) found better control
from fall applications than from spring applications in Montana., In that
arid area it seems reasonsble,

The only difference in toxicity as affected by soil type in this
experiment was cbserved on Neubert fine sandy losm, the coarsest textured
goil of the three tested., The fall treated plots showed less control of
vegetation than any of the other treatments. Several research warkers
(8, 23, 2h) agree that herbicides are inactivated more rapidly in &
coarser textured soil, There was not a wide difference in the textural
grades of the soils studied which may account for the small difference
noted.

"Chlorea" gave immediate control of annual and perennial grasses
and broadleaf plants in this experiment, Momuron did not kill vegetation
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se rapidly as 4id "Chlores®, tut ite delayed action was as effective,
execopt that 4t failed to control Berwudegress, Simasioe gave contyel
of amma) weeds and grasses dut did not eontrol perenniale such as
Johnsongress, Bermudagrass, md sericea, "Atlacide” controlled hrosdleafl
plants better than gresses and TCA controlled grasses better than brosdleal
planise .
Vead specics vary in their irherent tolerwnge of chemicals (8).
Other ressarch workers (23, 24) have reported that inhevent toxleity,
toxclelliys

m(m)mmnmmmmm
throaghout the United States, e favored the use of scil sterilant Yype
natarial followed in succesding yoars with contact killing hevbieidsd
olla, On smal) sreas infested with cortain persistent peremnials the
use of cortain soll sterilant chemicals resulted in & substantisl saving,
Cortain covbinations of soll sterdlante provided the most effective
results but were expensive,

From the remlts of this experiment 1t does not seem fessible to
use & single soil sterilant for the control of all vegetation under the
podl and elimatic conditions prevailing in this area.




CHAPTER VI

SUMMARY AND CONCLUSIONS

To determine the possibilities for long-time vegetation control 5
selected soil sterilants were applied, at 3 different rates, on November
Sy 1957, and March 15, 1958, to 3 soils of contrasting physical properties.
Before treatments, a botenical survey was made to identify and record the
species present on each of the three soil types to be treated, Control
ratings were made in May, July, August, and October 1958, In June, 1958,
2 survey was made of each plot, and a tsbulation made of the species not
controlled by each treatment, In October, 1958, photographs were taken
of the plots treated with the high rate.

Within 10 days after treatment all rates of all herbicides had
apparently killed the vegetation of each plot. Hone of the soil
gterilant treatments rated high in total control of vegetation by
residual toxicity. Even the high rate, which was 1/3 more than the rate
recommended by the manufacturer, did not control all vegetation for as
mich as 1 year, The general order of control was "Chlorea", monuraon,
simagine, "Atlacide", and TCA,.

"Chlorea" gave immediate control of anmual and perennial grasses
and broadleaf plants, Momaron did not kill as rapidly as did "Chlorea"
but its delayed action was as effective except that it falled to control
Bermudagrass, Simaszine gave control of anmial weeds and grasses but did
not control peremnials, such as Johnsongrass, Bemudagrass and sericesa,
®Atlacide® controlled broadleaf plants better than grasses, while TCA
controlled grasses better than broadleaf plants.
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Generelly, time of application of herbicides at soil sterilant
rates showed little effect as pertains to residusl control since all
materials lasted less than 1 year., The only difference in toxicity as
influenced by soil type was observed on Neubert fine sandy loam, the
coarsest textured soil of the 3 tested. The fall treated plots on this
soil showed less control of vegetation than any of the other treatments.

A laboratory bicassay, 7 1/2 months after treatment, failed to
show any residusl toxicity in the soil at any of 5 depths down to 30
inches. The indicator plants grew normally in samples of soil taken
umnapmwwwommtmatm.mnaaorm
herbicide and from adjacent areas, Rither the herbicides had been
decomposed, had leached deeper than the depths tested at the time soil
samples were takenj or, the compositing and mixing of the scil samples
destroyed the toxicity of the herbicides.
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APPENDIX A
A tabulation of species found growing on the 3 soil types

before herbicides were applied

Knoxville, Tennessee

ﬁopm9.1957
- B— e b e .
4 a8
rhomboidea threewseeded mercury wf | » *
Achilles millefolium COonmon  yarrow *
Albizsie julibrissin gilketree * *
Allium vineale wild garlic % * *
Amaranthus : green amaranth *
Anbrosia bidentata lanceleaf ragweed e # ™
Ambrosia trifida giant ragweed *
WM&: climbing milkweed *
Andropogon virginicus broonsedge * * #*
Apocynum Indian hemp i
Arctium minus common burdock * %
Asparegus officinalis garden asparagus *
Ascleplas purpurascens purple milkweed *
syriaca common milkweed 2
Aster ericoides aster *
Aster spp. aster * *
Bidens frondosa devils beggarticks *
Brachyelytrum erectum brachyelytrum * 3
Brome catharticus rescuegrass *
Campsis radicens trunpet-creeper ®
Carex sedge 3%
Cassia fasciculata partridgepea %
Casgia nictitans wild sensitive plant *
Cassica tora giclklepod %
Celtis occidentalis hackberry * *
Cercis canadensis redbud » *
Chenopodium album common lambsquarters * *
Chenopodium ambrosiocides Mexican tea #* )
Chrysanthemum leucanthemum oxeye daisy * *
Cirsium altissimm tall thistle * *
Cirsium discolor common thistle * * *

250 footnote at end of table,
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sandy |

Seientific name . Cormon name 'g
i 5!
| nd |85
e - e

Salvia lyrata Jyre-leaved salvia

canadensis ederberry »
Sassafras albidum white sassafras #*
Senecio smallii Smallts ragwort »
Silene sp. catehfly #*
Smilax rotundifolia greenbrier *
Sclammm carolinense Carolina horsenetile * *
Solidago altissima goldenyod * #*
Sorghum halapense Johnsongrass %
Spirasa spirasa
Taraxacum of ficinale dandelion *
Trifolium pratensis red clover *
Trifolium white clover *
Triodia flava tall red-top * *»
Ulmus alata winged elm
Ulmus areicana American elnm * *
Urtica dicica nettle *
Verbena urticifolia white vervain
Verbesina occidentalis yellow wingsten * #*
Verbesina %
Vernonia altissima tall ironweed *
Vicia spe vetch %
Viola violet »
Vitis aestivalis sunmer grape
Vitis labruscana foxgrape »

A_.l

¢

g
® ® %% Bk e eERE kg ¥ Jesne
‘ loam

SAsterisk indicates species present on soil type.




APPENDIX B

Inches of daily and monthly precipitation, University of Tennessee
Agricultural Experiment Station, Knoxville,
November, 1957 through October, 1958

e e e e ey
Day Nov, Dec, Jan, Feb, March April May June July Aug. Sept. Oct.

.28 o35 98

1
2 #02 «25
a «2h 09 +08
5 22
6 NS oMb .66 o7
7 10&7 035 055 10”‘ 059 .5&
8 .6 .86 07 W11
9 .12 «39 A3 .15
10 A2 Ll
n «03 13
12 01 A0
R .80 58 76
+65
15 05 k9
16 2.30 29
11 50 75 61 o3h
18 2
19 W54 .27
20 1,55 .16 o9k 417 1.h8
21 «06 1,01 A2 .59 1.64
2 .80 52 o33 13
3 .
ko 35 «55
25 87 96 22 1.hkh
26 75 <21 «78 <20
27 51 72
28 «17 <03 017
29 .05
30 93 o76
3 22 .09

Total 8.77 5.86 1.69 2.50 3.76 5.09 L.7h 2.28 6.21 1.89 3.28 .08




APPENDIX C
maximum and minimum temperstures, degrees F., at the

Daily
Tennessee A
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APPENDIX C (contimed)
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