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ABSTRACT

THE INTERACTION OF ACIFLUORFEN AND BENTAZON
IN HERBICIDAL COMBINATIONS

By

Veldon Mont Sorensen

Weed control and soybean (Glycine max (L). Merr.) injury were
evaluated using several rates of acifluorfen (sodium 5-[2-chloro-4-
trifluoromethy1)-phenoxyl-2-nitrobenzoate) and bentazon (3-isopropyl-1H-
2,1,3-benzothiadiazin-4(3H)-one 2,2,dioxide) applied singly and in
combination, and with and without a crop oil concentrate. Greenhouse and
outside grown plants were used to evaluate control of velvetleaf

(Abutilion theophrasti Medic.), jimsonweed (Datura stramonium L.),

redroot pigweed (Amaranthus retroflexus L.) and common 1ambsquarters

(Chenopodium album L.) and crop injury to soybeans. Common lambsquarters

and velvetleaf showed a synergistic response to all combinations if no
crop oil concentrate was added but was additive if present. Jimsonweed
grown in the greenhouse had an antagonistic response to the combinations
in the absence of a crop 0il concentrate. If jimsonweed was grown
outside or when a crop oil concentrate was present, the response was
additive. Redroot pigweed grown in the greenhouse had an antagonistic
response. Grown outside without crop oil concentrate, the response was
synergistic and antagonistic if added. These interactions occurred only
at the lowest rate of acifluorfen over all rates of bentazon. The injury

to soybeans was additive.



The spread of a 2 u1 droplet was not influenced by either herbicide
or combination of herbicides only by crop 0il concentrate.

Interactions of acifluorfen and bentazon may have occurred due to
different sites of actions with the plant. The effect of each herbicide
on the uptake of the other in radiolabled studies indicated that both
acifluorfen and bentazon uptake was reduced in common 1ambsquarters when
the other herbicide was present by a significant 15 and 17% respectively.
In jimsonweed, which is more sensitive to bentazon, acifluorfen reduced
the uptake of 14c pentazon 4%. 1In redroot pigweed, bentazon reduced the
uptake of 14¢ acifluorfen 23% while acifluorfen increased the uptake of
14c bentazon 10%. Nefther herbicide was significantly influenced by the

presence of the other in velvetleaf.
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CHAPTER 1
LITERATURE REVIEW

INTRODUCTION

Modern agriculture is a complex mix of systems. Each system is
intertwined with the other to form an intricate network, that despite its
complexity, is the most envied and admired by the world. Each facet of
the system is important and comes with a labyrinthine series of unique
problems. Since the advent of selective herbicides and increased use of
organic pesticides in agriculture, the problem of pesticide mixtures has
been evident. Crafts and Cleary (1936) first documented herbicide inter-
action. Since that time, researchers have documented numerous such
measured interactions between pesticides.

The modern agriculturist has a literal arsenal of pesticides
available for use. Some applicators are willing to combine almost any
mixture of chemicals. Putnam and Penner (1974) indicated that many
growers and commercial applicators choose to apply combinations of chemi-
cals for economic reasons. Fewer trips across the field means lower
expenditure of labor and less wear on equipment.

Herbicide mixtures are extremely popular due to the increased
selectivity of the newer herbicides. Streibig (1981) pointed out that
herbicide mixtures are used to broaden weed control over each herbicide
used alone and to prevent the appearance of herbicide resistant weed
species. In addition to favoring the survival of a particular species,

the application of these highly selective chemicals aids in the



establishment of populations of plant species and biotypes which are
physiologically the most tolerant to the herbicide used. It would be
logical then to assume that the use of mixtures of toxicants would
provide more effective control of a population of mixed weed species, and
may reduce the numbers of these individual biotypes that may be
exceptionally tolerant to that particular herbicide program (Gowing,
1960). The advantage of herbicide mixing may be enhanced if the
herbicides used kill the plant by acting on different physiological plant
systems. Mixtures of herbicides also may be more effective on difficult
to control weeds, especially perennials and woody species. Some mixes
make it possible to decrease the total dose of the more environmental
toxic or highly residual herbicide, and perhaps even protect the crop
(Putnam and Penner, 1974). Knowledge of how the pesticides may interact
can be helpful in preventing problems which may occur in crop production
such as crop damage and herbicide carryover and decrease the herbicide
dose to nontarget species.

Not all aspects of pesticide mixing, however, are positive. Some
negative effects include increased toxicity to target plants and to
nontarget species. This may result in increased residues in the soil and
crop. One herbicide of a mix may inactivate one or more of the other
components of the mix, which will result in reduced or lower weed control
(Penner and Putnam, 1974). These pesticides, when applied in various
combinations may interact with each other, resulting in responses not
readily predictable from the performance of each chemical applied
individually (Hatzios, 1981). One herbicide of a mix may act on some
physiological system that causes the second herbicide to increase or
decrease its normal activity in the plant. Eshel et al. (1976) noted

that physical and chemical changes may cause herbicides in mixtures to



interact, and thus the herbicide mixture may perform differently from any
single component of the mixture applied separately.

Interactions that occur may be either positive or negative and
serve two purposes. The first is the practical aspect, what does the
combination do for the end user? The other reason is somewhat obscure in
that the interaction may result in studies that might add to our limited
understanding of the mechanism of plant growth and development (Lockhart,
1965).

A major problem encountered immediately when searching the
1iterature for interaction information is the total lack of agreement
among scientists concerning the very nature of the descriptive terms let
alone their application. Terms such as additive and multiplicative
models, interaction, synergism, antagonism, enhancement, and inhibition
are discussed at length. It would seem appropriate that a discussion of
these terms be included in this review.

Models are referred to by scientists as mathematical approximations
of some biological sequence or event (Websters, 1981) and are used to
reduce the amount of actual testing that has to be done. Models are also
used to predict plant response under controlled circumstances. This
reduces the need to perform tedious, replicated studies, when the results
can be mathematically generated with a certain level of confidence.

These models are based on solid evidence and sound scientific research.
Two common models currently described by weed scientists in looking at
herbicide interactions are the multiplicative and additive models. Each
of these models will be described in detail later.

Interaction as a word and a concept has been somewhat misused and
abused by weed scientists. Statisticians define interaction as a

differential response to one factor, in combination with varying levels



of a second factor applied simultaneously. That is, interaction is an
additional effect due to the combined influence of two (or more) factors
(Ostle and Mensing, 1975). An interaction may also be thought of as the
failure of a response to one agent to be the same at different amounts of
a second agent. Graphically, this means an interaction occurs if plot-
ting the response of two levels of B against some agent A, the response
will yield two curves that are not the same distances from each other at
every value of A. Also graphically, if no interaction existed, the
curves would be equal distance from each other at every value of A. If
the response is a single function of A then the 1ines would be parallel
to each other (Drury, 1980). An interaction occurs when two or more
agents produce a response different than the individual sum of their
responses (Nash, 1976). Thus, the term additive means that two or more
agents produce a response that is equal to the individual sum of their
responses within an acceptable variance. Generally, interaction is
thought of as purely a statistical term. Lockhart (1965) proposed that
it should be restricted to responses which have been shown to be inter-
actions by the application of a Fisher's analysis of variance. It seems
that this would be appropriate as Fishers analysis is a method that
arithmetically partions the sum of square into the components of recog-
nized sources of variation, i.e. treatments, rates, etc. In using the
Fishers analysis, one assumes that the treatment effects are additive and
that error is normally distributed around a zero mean with a common
variance. In most situations dealing with herbicides, Fishers analysis
is a valid test especially if these herbicides show a common site of
action. If the interaction term is significant, the factors in the

analysis are not independent of each other but one factor influences the
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results of another factor. Also if the interaction term is significant,
the responses to combined treatments can no longer be considered additive
but multiplicative. This is generally the response when herbicides act
on different biochemical pathways. When this occurs, a logarithmic
transformation can be used and the Fishers analysis is still appropriate,
however, a different model is now used.

Thus, a statistical interaction indicates that the response of two
independent variables is not independent. The interaction then is a
measure of the effect of one variable on the response to the other
variable. Nash (1981) suggested that an interaction occurs when the
total response to a combination differs from the simple sum of its
responses to the individual toxicants.

The term “"synergism" is often misused. Although there is a general
consensus in respect to the meaning, there is a general disagreement as
to when it can be correctly applied. The word synergism comes from the
Greek word “sunergos" (sun = together and ergon = work) meaning working
together. A dictionary definition is, "...the action of two or more
substances...to achieve an effect of which each is individually incap-
able" (Morris, 1980). In 1961 a terminology committee for the Weed
Science Society of America accepted the definition of synergism as “the
cooperative action of different chemicals such that the total effect is
greater than the sum of independent effects" (Allen et al., 1961). The
terminology committee modified the statement somewhat in a later report
to read, “"synergism is defined as cooperative action of different
chemicals such that the total effect is greater than the sum of the
independent effects" (Anonymous, 1964). Part of the confusion is the
statements authors make concerning how they interpreted the word

synergism. Hewlett (1960) for example, described synergism as a
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situation in which the effect of a mixture exceeds the sum of the effects
of the separate constituents. This may be somewhat misleading as he is
not referring to an arithmetic sum of responses but rather the sum of two
doses, hence confusion. Gowing (1959) described synergism as a response
in excess of that which would be obtained from simple summation of the
effects of the materials acting alone. Nash (1981) indicated a syne-
rgistic response where the incremental level of one chemical substituted
for the other is less than expected or less than that for the additive
response. Thus, smaller total amounts of chemical are needed to produce
the same response. Finey (1952) described synergism as the presence of
one preparation which makes the amount of the second preparation at the
site of action behave as though it were greater than when the first was
not present. Akobundu et al. (1975) used herbicides and rates in his
definition of synergism. The combined effect of two herbicides applied
in combination is synergistic, if over a range of rates and ratios the
plant response is greater than that obtained when one chemical is sub-
stituted for the other at rates based on activity of each herbicide used
singly. It is an important concept to note that the term synergism is
applied over a range of rates and ratios, as disagreement usually arises
over the term applied to single rates and ranges. Lockhart (1965) felt
the term synergism should be restricted to those responses which show
positive interactions. This is in agreement with most statisticians.
This concept means that the proportional effects will be greater when the
operation model is multiplicative or greater than additive when the
operation is additive. This points to the fact that a model used must be
specified. Using statistical terms Morse (1978) defines synergism by

using a null hypothesis with which to compare the observed results. If
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synergism occurs, the reference model or the null hypothesis represents
the joint action that is assumed to occur if synergism is not present.
However, the null hypothesis is difficult to define, especially if more
than one component of the interaction is active. Some scientists have
suggested abandoning the word synergism altogether and use word phrases
such as “greater than predicted" to avoid implying anything about joint
action (Loewe, 1953). In summary, it appears that all the above men-
tioned definitions all begin at the same point, namely, that when A and B
are combined the results are greater than either applied singly. The
method of measuring this response is the major source of disagreement.
The antonym of synergism would be antagonism. Generally, antagonism
is somewhat easier to predict than synergism simply by knowing something
about the toxicants involved. Contact herbicides generally antagonize
foliar applied translocated herbicides. Rapid destruction of leaf tissue
by contact herbicides reduces the necessary time and physiological path-
way for the necessary uptake and movement of those herbicides that are
translocated. Also the herbicidal action of the contact herbicides such
as the bipyridylium family may be slowed or reduced by addition of the
photosynthetic inhibitors such as monuron [3-(p-chlorophenyl)-1,1-
dimethylureal (Putnam and Penner, 1974). Usually antagonism is believed
to occur if the effect of two herbicides applied in combination, over a
range of rates and ratios, is less than that obtained when one chemical
is substituted for the other at rates based on the activity of each
chemical used singly (Akobundu, 1975). Describing antagonism by action,
if the actions are negative, they will be less negative due to the
interaction, or, if the action is positive, less positive. This is

mutual antagonism (Drury, 1980). Thus, antagonism can be summarized as



occurring when the observed response is less than that expected from
either toxicant applied singly.

Morse (1978) pointed out that by definition synergism means one
component increases in the presence of the other. In this strict sense,
synergism and antagonism may be occurring at the same time. This
condition would be most difficult to prove or to detect by experimenta-
tion. This anomaly is pointed out to emphasize the problems that exist
in trying to adhere to strict definitions.

When discussing interactions, synergism and antagonism appear to be
the most popular, but the additive effect is also important and often
overlooked. Its value often lies in practical application, where the
substitution of a more economical product for a more expensive one to
accomplish the same job (Putnam and Penner, 1974). Statistically speak-
ing, if the total response is the sum of two independent components, no
interaction was measured and the response is termed additive (Nash,
1981). In a practical sense an additive model assumes that if one herbi-
cide in a mixture is replaced wholly or in part by any biological
equivalent dose of another, the biological response should remain un-
changed (Streibig, 1981; Gowing, 1960; Akobundu, 1975). The sum is a
simple sum and not the addition of logarithms, although additive in the
strict sense, it is referring to a multiplicative model and is different,
a point often overlooked.

Enhancement has for the most part referred to the effect of a
herbicide and a non-toxic adjuvant applied in combination (Akobundu,
1975). Here the response is greater than either component applied
separately but one of the components is not phytotoxic or biologically
active by itself. This term seems to be well understood and easily

applied.
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In some cases variables may behave independently. When two
variables exert independent effects, the response to the simultaneous
treatments with both variables is equal to the sum of the responses
separately (Lockhart, 1965). Nash (1981) considered an independent
response as part of the additive response when two chemicals are
combined. This is contrary to what Tammes (1964) described. Drury
(1980) argued that herbicides are examples of continuous, independent
variables. Herbicides should properly be considered independent because
they can be applied arbitrarily or can be thought of as arbitrarily
present. They are continuous because they can be applied, or may be
present in any amount over a wide range of values. Weed scientists, as a
whole, tend to consider herbicide response as additive, even though
independent. It appears that this is the current consensus concerning
independent variables.

The criteria for determining if an interaction has occurred is not
an easy matter nor are the methods well established. The results of
proposed phytotoxic interactions is often confusing and unclear. The
following discussion reviews the literature concerning the requirements
that ought to be filled before looking for interactions.

It is difficult to know or be able to predict whether or not an
interaction will occur from a herbicide mix by the responses of each
herbicide applied singly (Putnum and Penner, 1974). Veldstra (1956) con-
tended that since the herbicides have different sites of action and
activity, then no plausible prediction about the possibility of inter-
actions could be made unless their mode of action was fully understood.
Once the mode of action is understood, then some predictions might be
made concerning joint action or effect. Morse (1978) indicated that a

distinction needed to be made between components which shared the same
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sites of action and affected the same systems and those which did not.
She also agreed that something must be known or assumed about the mode of
action of each of the components and the way these components affect the
parameter to be measured (e.g. weight, height, survival, percent
moisture, etc). If this information is lacking, there is no way of
knowing if a departure from the reference model is due to interaction or
inadequacy of the chosen model. In many cases the mechanism of inter-
action is complicated or unknown. Even if the sites and modes of action
are fairly well known, interactions may occur places other than at the
predicted site of action. The compounds may affect each other by inter-
fering with the pattern of penetration, translocation, metabolism (Eshel,
1976), differential absorption, concentration at biochemical site(s) of
action compared with each herbicide used separately (Steibig, 1981),
reduced uptake, retention, penetration into leaves, environment condi-
tions, temperature, incorporation, time interval between applications and
sequence of applications of the herbicide mixtures (O1son et al., 1981).
A11 these complex problems dealing with a wide array of physical and
chemical changes make prediction of an interaction difficult, even when
sites and modes of action are fairly well known and understood
(Prendeville, 1969).

Before an interaction is determined the model must be known or
predicted in advance of the analysis (Lockhart, 1965). Whether the model
is additive or multiplicative has not always been noted or recognized and
different methods of analysis have been confused with different models
(Morse, 1978). Selecting a wrong model can lead to erroneous results or
use of a wrong analysis to define the type of interaction measured.

Difficulty may also arise in the method used to measure an

interaction due to the myriad of factors involved. Various herbicides
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may affect more than one process within the plant (Lockhart, 1965).
Hagimoto et al. (1972) noted plant response to herbicides decreased with
age due to 1) increasing difficulty of herbicide penetration, 2) increas-
ing ability of the plant to detoxify herbicide 3) increasing plant volume
of plant tissue (dilution effect). Most authors justified their method
of measuring an interaction by relating it to some measured plant re-
sponse affected by the particular herbicides in the mix. Visual obser-
vations were almost unanimously felt to be subjective and open to bias,
not easily assessed as to magnitude and not communicated well. Most
researchers rely on a weight or dimension method (Nash, 1981). Other
responses include percent moisture, dry or fresh weight, stand reduction,
change in length, and width, pigmentation, N content, 0 consumption, Co,
evolution (Akobundu, 1975) and IDgy or the point at which a 50% inhibi-
tion occurs in a measured parameter (Akobundu, 1975 and Gowing, 1959).
Akobundu (1975) 1isted methods for evaluating and classifying plant
responses: 1) choose non-finite criteria for plant responses i.e. fresh
or dry weight, 2) select data from the IDgy range not at the end points,
3) interpret data on basis of trends from many single and combination
dosages, 4) restrict conclusions as to plant responses to those plant
species for which data are available, rather than applying results to
weeds or crops in general.

Other limitations or effects may influence herbicide interaction.
Putnam and Penner (1974) noted the time of observation is critical. Some
herbicides may appear synergistic at first but in the long term are
antagonistic. This is especially true of perennial weeds. Responses
obtained for one plant species may not occur on others. They also noted
that one cannot neglect the effect of solvents, carriers, surfactants,

emulsifiers, etc. on herbicide interactions. Gentner (1966) reported
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certain herbicides may predispose some plants to be more or less
susceptible to subsequent herbicides. Differences in herbicide
formulation may also influence herbicide response as well as period of
time between treatment and harvest, method of application (soil vs
foliar), and good field procedure (Gowing, 1960). These reported effects
on interaction measurements and others make an interaction harder to
assess, but reinforce the need to have adequate documentation in any
interaction report.

The last requirement of noted importance before 1ooking for an
interaction is the type of plot system used in measuring the response.
The field plot will probably always have its place as the final testing
area for what has been observed in 1ab or greenhouse experiments.
Although the data is generally less precise due to lack of control over
the parameters it is still an important part of any interaction study
(Gowing, 1960). As a practical field plot design the minimum set for the
detection of an interaction should not be less than a two-by-two

factorial (Drury, 1980).

INTERACTION CRITERIA

The criteria for determining an interaction is also somewhat vague
and some disagreement exists in the literature about a proper procedure.
It is fairly well agreed, however, that the common practice of
pronouncing synergism or antagonism at each individual toxicant level is
not correct (Morse, 1978; Akobundu, 1975). Due to the complex and
diverse nature of chemical interactions and the systems involved, an
jdentification of ranges over which interactions may occur appears more
realistic than the single combination of rates (Campbell et al., 1981).

Each individual scientist tends to use a method with which he feels most
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comfortable and confident. There is a plethora of such methods. Steibig
(1981) used regression and isoboles to determine relative potency of
herbicides. Colby's (1967) analysis has been used by many weed
scientists to help evaluate interactions. Morse (1978) pointed out that
many authors use logit regression lines to assess interactions. It does
not necessarily follow, however, that herbicides that show similar graph-
ing patterns will act in a similar manner. However, these regression
1ines may help to select the correct model. Isoboles have also been used
to help determine what type of interaction may be occurring. Probit
lines are useful at the screening level to determine interactions that
later may be checked in actual well designed field tests (Gowing, 1959).
It is also generally agreed (Putnam and Penner, 1974) that
interactions should be restricted to responses that have been shown to be
interactions by use of an appropriate Fishers ANOV. If a researcher
finds, however, that his data indicates synergism or antagonism and the
statistical analysis shows no interaction, one may make confident state-
ments about the type of response obtained by calculating an expected
value and applying an appropriate statistical test. This should not be
done at one single rate, but rather over a set of rates that are consis-
tant. One also should check closely the model used if data appears to
show interaction response and none is indicated. Most reports rely on
the ability of the scientist to make intelligent decisions on what his
observations actually mean and rely on models only to confirm these

observations.

MODEL EVALUATIONS
Nearly all methods that may be used for identifying interactions

have shortcomings. These methods are mathematical expressions for what
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is assumed to be happening in the plant system. The two basic approaches
are the additive and multiplicative models (Nash, 1981; Morse, 1978).
Although these models are approximations, they represent an improvement
over no prediction estimates at all. These two models will each be
discussed and then some of the current methods used to predict within

these models will be evaluated.

Additive:

If the reference model assumes additive action of a mix, then one of
the herbicides in that mixture can be replaced wholly or in part by an
equivalent dose of the others and the biological response should remain
unchanged (Streibig, 1981; Morse, 1978). It should be noted that the
dose is a measure of biological response not in units of herbicide
ingredient. Gowing (1960) referred to additive as the simple summation
of the responses to the chemicals used separately. Morse (1978) pointed
out that for the additive model, if the response surface for a mixture is
plotted against an arithmetic scale of the doses, the contours of equal
response will be straight lines. The additive model in most cases is a

reasonable reference for herbicides with similar joint action.

Multiplicative:

This model does not give straight-line response isoboles. It
requires the observations to be expressed in terms of a proportion or
some value of a potential maximum. If a response from a mixture can be
expressed as a proportion of some measured or hypothetical maximum, then
the multiplicative model equates this proportion to the product of the
corresponding proportions which would survive the components of the

mixture, each tested singly (Morse, 1978). This model usually is applied
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to herbicides which act in different ways or effect different plant
systems, neithef influencing the effect of the other.

The ultimate use of these models would be fit curves to data for
each herbicide applied singly and the results applied to the reference
models to estimate joint or combined action. This would allow for selec-
tion of the correct model. These could then be compared to observations

for the actual mix and an interaction determined.

ESTIMATES OF MODELS
The following is a review of the current models used by scientists
to predict in either an additive or multiplicative model. These will be

discussed as to advantages, disadvantages and model prediction.

Regression:
Regression has the capability of 1) extracting the main response

features of a species and presenting it as an equation, 2) evaluate the
model in terms of statistical validity (Campbell et al. (1981) 3) predict
existence of an interaction, 4) the nature of the interaction (synergism
or antagonism), 5) the magnitude of observed deviations from expected
values and 6) statistical significance when determined from the LSD
(Nash, 1981). If the relative potency of two herbicides is similar,
their regression slopes are similar (Steibig, 1981). However, this does
not mean they act in similar fashion. In general, the regression method
predicts the occurrence of antagonism and synergism with similar results
to the Colby method (Nash et al., 1973; Nash, 1981) even though they
predict with different models. However, the regression method is not for
the novice but takes skill and experience to interpret, especially when
determining interactions (Cress, personal communication). This method

also has a disadvantage of requiring a computer program to run and to
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draw the complicated 1ine graphs. Regression fits the addititive model
(Nash 1981, Morse 1978).

Calculus method:

The calculus method was proposed by Drury (1980) to find
interactions in data. Multiple regression works just as well. Calculus
method requires the use of complicated computer programs and the results
are difficult to interpret. The calculus method assumes the additive

model (Nash, 1981).

Isobole:

An isobole is a 1ine of equal effects (Tammes, 1964). Isoboles are
a method of comparing the bioactivity of herbicide mixtures. Several
advantages are listed by Akobundu (1975): 1) simple to use and not time
consuming, 2) does not require special graph tables or papers, and 3) can
use many combination treatments. It has value as a graphical tool since
it conveniently summarizes the results and demonstrates any departure
from the reference model. It has to be interpreted with care, however.
Generally, herbicidal interest is at the extreme ends of the isoboles
where precision is low. Other disadvantages include many values on the
isoboles curve are interpolated values, there is no test for significance
(Morse, 1974; Nash, 1981), requires intricate computations (Tammes,
1964), time consuming, and the results often do not reveal phytotoxic
interaction (Nash, 1981). The isobologram approach to interaction only
assumes three possibilities; i.e. independent action, mutual promotion
(synergism), mutual antagonism. If the action of the two agents do not
always agree in sign or if one is a synergist and the other an

antagonist, the isobologram fails because it cannot accommodate the
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situation where interacting agents have opposing actions (Drury, 1980).

Isoboles assume an additive model.

Relief Graphing:

Nash (1981) indicated relief graphing was a simplier procedure than
regression. In this procedure inhibition values are placed on a grid
corresponding to the resultant pesticide concentrate which produced that
inhibition. Its faults lie in the difficulty in the interpretation of
the results, lack of statistical significance, and it is difficult to do
without computer replicated data. The model is additive.

Colbys:
Colby's (1967) analysis has been used extensively by weed scientists

in evaluating herbicide interactions (Waldrop and Banks, 1983). It is
popular because it expresses the magnitude of each interaction and
characterizes the results immediately as synergistic or antagonistic
(Hatzios, 1981). Other advantages include the ease with which it can be
calculated (Nash and Jensen, 1973) and the results were similar to those
of difficult regression estimate and the two-parameter method (Nash,
1981).

Disadvantages of the Colby method is the wastefulness of the
experimental design. In order to use the formulas, each treatment has to
be replicated many times over a wide range of rates. This is to provide
adequate coverage of the response range for each component, as well as
the mix. This requires a large number of treatments (Morse, 1978).
Colby's is not well adapted to statistical interpolation (Nash and
Jensen, 1973; Hamill and Penner, 1973). Hamill and Penner (1973),
however, overcame the statistical problem by using a ratio of two means

and calculating an upper and lower confidence level. Akobundu (1975)
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found that the expected results were variable. At one set of rates the
results were antagonistic, at another they were synergistic. He also
expressed concern that at extreme herbicide dosages, plant responses
could be exaggerated by use of the Colby's method. If evaluation is
performed over a wide range of rates and applied with prudence, the Colby
method is similar to the results obtained by other more complicated

procedures. Colby's predicts in the multiplicative model.

ANOV:

The analysis of variance is used to help distinguish between models
j.e. additive or multiplicative. In the simple additive system the
variance will be independent of the mean (no interaction). In a
multiplicative system (using logarithms) the variance will be directly
proportional the mean squared or the standard deviation will be directly
proportional to the mean (Nash, 1981). Duncan's multiple range test can
be used to assess differences between means of interaction data but gives
little information as to the character (synergistic or antagonistic) of
the interaction. Another advantage of the ANOV is that most universities
and recently with the popularity and availability of the personal com-
puters, statistical packages are available that can help in analyzing for
interactions. The ANOV is an additive model but the data can be trans-
formed to logarithms and evaluated as a multiplicative model (Waldrop and
Banks, 1983). A popular method is to use the ANOV to locate interactions
and then use the Colby's analysis to determine the character of that

interaction.

Algerbraic method:

The algebraic method is one described by Rdmmens (1974). This

method uses algebra to assign parameters to the response curve of
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individual agents and defines the expected response function for
combinations of agents by the weighted algebraic means of the individual
parameters. This method is difficult to use and uses a computer program

to make the calculations. It is an additive model.

Log-Probit:

A probit analysis consists of plotting the 10g concentration of a
toxicant against the percentage response on a probability scale, and
fitting a weighted regression line to the data (Gowing, 1959). This
method was used in work with insecticides and was used to locate or
establish the LDgy (amount of toxicant required to kill 50% of a given
population) level. The data were plotted on 1og-probability paper and
the reciprocal of this dose was used as the final plot. If a line drawn
through the points is straight, this indicates joint action. If the
curve goes above this line, synergism is indicated and a curve below the
line is antagonism (Burchfield and Wilcoxon, 1954).

Probit analysis is recommended at the screening level and is useful
in construction of field trials. The results of the probit are quite
easy to interpret if the slope of a probit 1ine is steep the herbicide is
considered very effective. Expected results are plotted using a 1:1
ratio of two herbicides both at the 50% mortality range. When compared
to the actual responses, synergism or antagonism can be evaluated by
where the 1ine falls compared to the 1:1 line. The pictorial representa-
tion provided by the 1og probit is helpful in determining which
combinations of herbicide may have the greatest potential. This method
is used only to back up good field procedure. Results from probits
should be used as directive and not final. The reliability is near the

LDgy level. Usually the information needed about herbicides are at the
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extremities of the probit and not at the center where the reliable data
exists because equal increments of dose generally do not produce equal
increments of response. Statistical values cannot be attached. Computa-
tions are complex and special graphic techniques are need (Gowing, 1959;

Akobundu, 1975). The log-probits predicts in the additive model.

Conclusion:

Because of the complex and diverse nature of chemical interactions
and biological systems, the identification of ranges of levels where
interactions may occur is a realistic approach to the study of herbicide
interactions. A1lthough the above mentioned methods of assessing
interactions are diverse and different they had the same starting point,
that 1s, an interaction was observed to occurred. Which procedures,
methods or terms are chosen to be the most correct by an individual
author, will probably be scrutinized and challenged by mathematicians and

statisticians who will not soon easily decide this issue.

DESIGN OF EXPERIMENTS

There is generally a lack of agreement as to what types of
experimentation and statistical analysis are necessary to prove whether
one really has an interaction (Putnam and Penner, 1974). The design of
these experiments has not received much attention. Nash (1981) indicated
that several rates of each herbicide should be used so that if an
interaction is measured it could be over a rate range. Drury (1980) felt
a minimum data set for detection of an interaction was a two by two
factorial. A factorial design is usually considered to be the best
design to measure the effect herbicide interactions on plants. This way
combinations of rates of herbicides can be tested (Nash and Jensen,

1973). Even though lab research has its place, the ultimate test of an
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interaction is in the field (Gowing, 1960). There is no real replacement
for a well designed, well executed field plot experiment. The experiment
should be designed so that the question raised by the research is
answered, the number of factors kept to a minimum to reduce confounding
and the method of measuring the response clearly understood (i.e. height,
dry weight, percent moisture, etc.). A method of determining if interac-
tions occur should be considered previously to design implementation

(e.g. Colby, regression) because some methods require more data points to
determine interactions than others. It is important to 1imit results to
the weed or crop species involved and the rates tested. Responses that
are synergistic on one species may not be synergistic on other weed or
crop species at the same rates. The number of replications also depends
on the statistical design and the method of interaction evaluation. Most
researchers use three or four replications and experiments are generally
repeated twice. Although not usually a common procedure, most weed
scientists should consult with a statistician before laying out extensive
field research plots to measure herbicide interactions to prevent voids

that may develop during analysis.

TYPES OF INTERACTIONS

References exist in the literature of herbicide interactions with
fungicides, nematicides, growth regulators, fertilizers, spray adjuvants,
environmental factors, and other herbicides. Since this a review of
specific herbicide interactions the others will not be discussed here as
reviews exist elsewhere (Putnam and Penner, 1974; Hatzios and Penner,
1982; Hatzios and Penner, 1984 in press). The herbicide interactions
termed antidote, predisposition and environmental factors are also delt

with in other reviews (Putnam and Penner, 1974; Hatzios and Penner, 1982;
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Hatzios and Penner, 1984 in press) but are mentioned here only because
they must be considered as a part of any herbicide interaction. The main
concern of this review is with the herbicides acifluorfen [sodium 5-[2-
chloro-4-trifluoromethyl)-phenoxy]l-2-nitrobenzoate] and bentazon [3-
isopropy1-1H-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide]l. Both are
commonly used together and with other herbicides. A brief review of
documented interactions of acifluorfen and bentazon with other herbicides
will be discussed as no literature exists at present documenting an

interaction between acifluorfen and bentazon.

Acifluorfen interactions:

Acifluorfen is a contact herbicide (Ashton and Crafts, 1981) that is
currently labeled as a broadleaf and grass herbicide in soybeans [Glycine

max (L.) Merr.] and peanuts (Arachis hypogaea L.) and rice (Oryza sativa

L.). Tank mixes are common to reduce the phytotoxicity of acifluorfen to
soybeans and to increase its weed spectrum. Waldrop and Banks (1983)
reported antagonistic and additive responses when acifluorfen was
combined with 2,4-DB [4-(2,4,diclorophenoxy)butanoic acid] on sickle pod

(Cassia obtusifolia L.). Acifluorfen and toxaphene (mixture of

chloronated bornanes) produced only additive responses in the greenhouse,
but synergistic responses in the field. Mefluidide M-[2,4-dimethyl-5-
[L(trifluoromethyl)-sulfonyl]aminolphenyl)acetamide plus acifluorfen

increased injury to ivyleaf morning glory ((Ipompea hederacea (L).)

Jaeq), velvetleaf (Abutilon theophrasti Medic.), and common cocklebur

(Xanthium pensylvanicum Wallr.) compared to the injury from either

applied alone (Hook and Glenn, 1984) Benazolin (4-chloro-2-
oxobenzothiazolin-3-ylacetic acid) in combination with acifluorfen gave

more than additive control of cocklebur, velvetleaf and jimsonweed
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(Datura stramonium L.). Benazolin had no effect, however, on the uptake

or movement of 14C-labeled acifluorfen in these weeds (Bugg et al.,
1980). Reports from many scientists (Hartzler and Foy, 1983; Nalewaja et
al., 1981; Kells et al., 1981; Renner and Harvey, 1983) reported antagon-
istic or reduced grass weed control when acifluorfen was mixed with the
current translocated grass herbicides, i.e. sethoxydim [2-(1-
(ethoxyimino)buty1)-5-(2-ethy1thio) propyl)-3-hydroxy-2-cyclohexen-1-one],
fluazifop-butyl [2-(4-((5-(trifluoromethyl)-2-pyridiny1)oxy)phenoxy)
propanoate] and diclofop-methyl [methy1-2-(4-((3-chloro-5-
(trifluoromethyl)-2-pyridiny1)oxy)phenoxy)propanoate]. There

does not seem to be a reduction in broadleaf weed control from the

combinations.

Bentazon interactions:

Bentazon is classed as a contact herbicide (Ashton and Crafts, 1981)
and is labeled as a selective post-emergence herbicide on broadleaf weeds
and sedges. It is currently labeled for use in soybeans, rice, corn (Zea

Mays L.), beans (Phaseolus vulgaris L.), peas (Pisum sativum L.), turf,

mint (Labiatea sp.) and peanuts. Because of its limited spectrum, it is
rarely applied alone except for a specific weed problem such as nutsedge

(Cyprus esculentus L.). Mixtures of bentazon and bromoxynil (3,5-

dibromo-4-hydroxybenzonitrile(4-cyano-2,6-dibromophenol) reduced the cost

of controlling annual sunflowers (Helianthus annus L.) compared to either

applied singly and also reduced the soybean injury (Irons and Burnside,

1982). Pretreatment of Canada thistle (Cirsium arvense (L.) Scop.) with

GAg /7 increased the herbicidal activity of bentazon more than four-fold
(Sterrett, 1983). When mixed with toxaphene, 2,4-D (2,4-dichlorophenoxy

acetic acid) and acifluorfen, bentazon showed negligible interactions
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when applied to sickle pod (Waldrop and Banks, 1983). Benazolin in
combination with bentazon gave more than additive control of cocklebur,
velvetleaf, and jimsonweed (Copping and Garrod, 1980). Benazolin had no
effect on 14C-1abeled bentazon uptake by cocklebur but it doubled the
movement of bentazon out of the treated leaf (Bugg et al., 1980).
Mefluidide plus bentazon controlled a broader spectrum of grasses and
broadleaved weeds in soybeans than did either herbicide alone (Gates,
1983). Paulo et al. (1982) reported synergism with mefluidide and benta-

zon on pigweed (Amaranthus retroflexus L.) and common lambsquarters

(Chenopodium album L.). Red rice (Oryza refipogan Griff.) control was

reported by Rao (1981) to be synergistic using the same combination.
Antagonism or significantly reduced control was reported by numerous
scientists when bentazon was tank mixed with any of the translocated
grass herbicides i.e. sethoxydim, fluazifop-butyl, and diclofop-methy]
(Renner and Harvey, 1983; Kells et al., 1981; Nalewaja et al., 1981;
Hartzler, 1983). Bentazon also reduced the activity of diclofop-methyl
on annual grasses (Campbell and Penner, 1982). No reduction in broadleaf

weed control, however, was reported.

HERBICIDE ACTIVITY
The two herbicides acifluorfen and bentazon will be discussed
separately. Each discussion will include herbicidal effects, movement in
the plant, selectivity, effects of 1ight and comments on the proposed

mode of action.

Acifluorfen:
Acifluorfen is a member of the substituted diphenyl ether herbicide
family. This family has a common nucleus of two phenyl rings joined by

an ether linkage. A nitro group is bonded to the para-position (4-
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position) of one of the phenyl rings. Herbicides in this family differ
from one another by substituting various R-groups to one or both of the
phenyl rings. The chemical name of acifluorfen is sodium 5-[2-chloro-4-
(trifluoromethy1)-phenoxyl-2-nitrobenzoate and has the following

structure:

Cl1 €00 ~ Na

F3C 0 NO

In soils, acifluorfen is strongly absorbed to soil colloids and is not
subject to leaching. The toxicity to mammals is low (Anderson, 1983;
Beste et al., 1983).

Researchers have noted several biological areas in plants that
acifluorfen may influence. Acifluorfen is considered a contact herbi-
cide, thus, visual results on a susceptible plant species are rapid
foliar necrosis (Waldrop, 1983; Vanstone and Strobbe, 1979). The effects
of acifluorfen resemble those of stress factors i.e. increase in 1lipid
peroxidation, membrane permeability, ethylene production and phenylala-
nine ammonia-lyase activity (Komives and Casida, 1983). Vanstone and
Strobbe (1967) compared the diphenyl ethers to paraquat (1,1'-dimethyl-
4,4'-bipyridinium jon) as both herbicides are considered contact herbi-
cides, require 1ight for activation, and cause loss of membrane
integrity. A comparison of acifluorfen to paraquat will be discussed
later in this review. The diphenyl ether herbicides have also been shown
to cause stomatal closure due to increased membrane permeability. This

closure also increases leaf temperature (Gorske and Hopen, 1978). Leong
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and Briggs, 1982) noted the plants treated with acifluorfen were
sensitized to phototropism at rates below that needed to sensitize the
untreated control. The responses to phototropism varied with concentra-
tion of herbicide applied. Acifluorfen had no effect on elongation or
geotropism, however.

The phytotoxicity of acifluorfen is increased by the addition of a
surfactant (Less and Oliver, 1982). The increase in phytoxicity was
noted regardless of temperature or humidity (Ritter and Coble, 1981).
Ritter (1980) had noted in an earlier paper that increased penetration
and translocation occurred when applications of herbicide were made under
high humidity. This resulted in increased phytotoxicity. Wills and
McWhorter (1981) also noted increases in phytotoxicity at 100 percent
relative humidity compared to 40 percent relative humidity. Acifluorfen
was also more toxic at higher temperatures (27 and 359C) than at lower
temperatures (18°C).

Review of previous carbon labeled work indicated that labeled
acifluorfen applied to leaf tissue of velvetleaf or jimsonweed was not
absorbed readily. More than 98 percent was washed from the leaf surface
by a 1 minute aqueous buffer solution (Lambert and Basler, 1983). Little
movement of labeled acifluorfen was detected in ragweed (Ambrosia

artemisiifolia L.) or cocklebur over a 24 hour period. Audioradiographs

showed 1imited acropetal movement in 48 hours. Soybeans in the same
study showed no movement in 48 hours of the labeled acifluorfen (Ritter
and Coble, 1983). As soil moisture decreased the percentage of 14c_
acifluorfen herbicide translocated out of the treated leaf decreased.
The decrease in soil moisture decreased the amount of 14C-1label that was
moved to the opposite true leaf, upper leaves and growing point. The

soil moisture decrease also increased the percentage of herbicide
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translocated to the root, stem and cotyledonary leaves (Mann and Rieck,
1979). Temperature and humidity increased 14c_acifluorfen uptake. There
was a four-fold increase in label taken up at 27 and 35°C over that at
189C and a three- to four-fold increase in uptake rate at 100 versus 40
percent relative humidity (Wills and McWhorter, 1981). When labeled
acifluorfen was injected directly into the stem tissue of jimsonweed and
velvetleaf, it was translocated into the leaf tissue within a 4 h period.
Only six percent was translocated to leaf tissue in soybean. Basipetal
translocation was negligible in all species and very little translocation
occurred either acropetally or basipetally after the four hour period
(Lambert and Basler, 1983).

The selectivity of acifluorfen appears to be related to the ability
of tolerant plants to metabolize the parent compound. Ritter and Coble
(1981) showed susceptible weed species had slower metabolism, faster
penetration and faster translocation of acifluorfen than did soybeans.
More than 50% of the labeled acifluorfen was metabolized to nontoxic
compounds in 4 hours by the soybeans, where 1ittle acifluorfen was meta-
bolized by susceptible weed species (Lambert and Basler, 1983). Frear
(1983) studied the metabolites of acifluorfen in soybean and showed the
diphenyl ether bond was rapidly cleaved. From 85-95 percent of the
absorbed 1abel was metabolized in less than 24 h by soybean. It appears
that acifluorfen metabolism was related to plant susceptibility.

Like other diphenyl ether herbicides, acifluorfen requires light for
activation (Devlin et al., 1983). The most effective wave length is 565
to 615 nm, which suggests a pigment absorbing in this region is the
photoreceptor (Vanstone and Strobbe, 1979). Radiolabeled foliar
applications of acifluorfen resulted in no significant difference in

translocation in 1ight or dark. However, 1ight after treatment is
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required for herbicidal activity and various lengths of dark periods
prior to application does not influence herbicidal response as long as
1ight followed dark (Fodayomi, 1976). In a similar experiment Vanstone
and Strobbe (1979) noted plants were not injured when placed in the dark
for as long as 4 days after herbicide treatment. Injury did occur,
however, when plants were brought into the light. Injury increased as
1ight intensity increased. In membrane preparations from oat (Avena
sativa L.) coleoptiles, blue 1ight photoreception was greatly enhanced by
acifluorfen. Acifluorfen appeared to act as a blue 1ight sensitive
cytochrome-flavin complex (Leong and Briggs, 1982). Knowing that
diphenyl ether herbicides are inactive in nonpigmented tissue, it is
assumed that some other light-harvesting pigment(s) may be involved in
the activation of these herbicides. Orr and Hess (1982) using various
chlorophyllous mutants of rice, corn, and soybean, suggested
carotenoids, and perhaps a xanthophyll, plays a role in the light
activating mechanism of this herbicide group. In a similar study,
Fadayomi (1976), reported white mutants of corn are much more resistant
to the herbicide than a greenish-yellow mutant or a normal plant. A
yellow mutant of soybean was equally as susceptible as the normal type.
The results suggest that acifluorfen is activated by the yellow plant
pigments.

The exact mode of acifluorfen is still not known but many plausible
and reliable pathways have been proposed. It appears that acifluorfen
may act in several areas of the plant and affect more than one system.
As potent inhibitors of photosynthesis, the diphenyl ethers were proposed
to block electron transport (Moreland et al., 1970; Bugg et al., 1980)
inhibit energy transfer (Sanderman et al., 1981) and affect plasma
membrane systems (Leong and Briggs, 1982). Bugg et al. (1980) reported
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evidence which indicated the site of inhibition of the diphenyl ether
herbicides was in the plastoquinone-cytochrome f region between photo-
system I and photosystem II. Others reported, however, that the
inhibition of electron transport in the chloroplasts is secondary to some
other mechanism (Matsunaka, 1969; Fadayomi and Warren, 1976; Prendeville
and Warren, 1977; Vanstone, 1978; Vanstone and Strobbe, 1979, and
Pritchard et al., 1980). Vanstone (1978) reported chlorophyl1 content
was not reduced by diphenyl ethers and that photosynthesis was affected
only after membrane integrity was disrupted. Further evidence by Orr and
Hess (1982) showed that acifluorfen continued to exhibit activity in
grain tissue even when the photosynthetic inhibitors (DCMU and DBMIB)
were present, indicating that chlorophyl1 and the photoelectron transport
system may not be necessary for acifluorfen activity.

To help determine if the diphenyl ethers caused plant death in the
same method as paraquat, the use of eletrolytic conductivity as a measure
of cell membrane disruption was used. The highest conductivity resulted
from the paraquat treatments and the highest concentration of each herbi-
cide resulted in higher conductivity readings. Paraquat affects cell
membranes early, diphenyl compounds require 8 h to produce severe injury.
No conductivity changes occurred during the first 6 h of the treatment
with the diphenyl ether herbicide (Vanstone and Strobbe, 1967). Further
tests indicated that by increasing diphenyl ether concentrations 1000
fold, the final conductivity end points hardly doubled. Paraquat end
points, however, were tripled with a 10-fold concentration increase.
This difference in conductivity response implies a different mode of
action for the diphenyl ethers than that of paraquat. Orr and Hess
(1982) found no evidence to support that diphenyl ethers exert their
herbicidal influence through toxic products formed following 1ight
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activation of the compound. Orr et al. (1983) concluded that the
mechanisms involving direct oxidation and reoxidation of the diphenyl
ether molecule are probably not the basis for the action of this
herbicide family.

One method of protection against the diphenyl ether herbicides was
shown to be a pretreatment of seedlings with fluridone, a carotenoid
biosynthesis inhibitor (Orr and Hess, 1982). Thus, it appears that the
carotenoid pigments do have a role in diphenyl ether response.

It appears a consensus that diphenyl ether herbicides after being
activated by 1ight, express their primary effect as general membrane
perturbation (Orr and Hess, 1982; Orr and Hess, 1981; Gorske and Hopen,
1978; Vanstone and Strobbe, 1967). This perturbation occurs rapidly (10-
15 minutes) following herbicide application (Orr and Hess, 1982) and the
result is a loss of the membranes selective permeability characteristics
and eventual cell death. This membrane disruption was verified lately by
electron microscopy and the detection of 1ipophilic free radicals (Orr
and Hess, 1982). Devlin et al. (1983) proposed the activation of the
substituted diphenyl ether herbicides may occur as a result of absorption
of 1ight energy from the carotenoids.

The following scheme is a summary from the reported data concerning
diphenyl ether activity. Light absorbed by yellow plant pigments
activates the diphenyl ether molecule. The carotenoids appear to be the
major plant pigment involved and are destroyed following herbicide acti-
vation. The light activated herbicide molecule may then be involved in
the initiation of a radical chain reaction through the removal of mole-
cules from the polyunsaturated fatty acid chains in the 1ipid membrane.
This fairly stable, free radical could then react with molecular oxygen

to form a 1ipid peroxide which could readily spread throughout the
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hydrophobic matrix of the membrane (Orr and Hess, 1982) and destroy
membrane integrity. This hypothesis is supported by the facts 1) These
compounds are active in green and etiolated tissue 2) damage does not
occur if carotenoid biosynthesis is prevented by fluridone 3) injury is
expressed as an increase in membrane permeability about 10-15 minutes
after 1ight activation 4) early injury of the chloroplast envelope 5)
detection of stress materials after treatment i.e. ethane and ethylene 6)
visual verification of membrane destruction by electron microscope and
detection of 1ipophilic radicals.

Bentazon: Bentazon is not considered part of any distinct herbicide
family but is a unique structure. It contains a benzene ring connected

to a thiadiazin ring in the following manner:

Q
CH
C\\\ Pt
1—<
S CH
§,,f O2 3
H

The chemical name is 3-isopropyl-1H-2,1,3-benzothiadiazin-4(3H)-one 2,2,-
dioxide. Bentazon is not absorbed to soil particles but is rapidly
metabolized by soil microorganisms so does not leach appreciably
(Abernathy and Wax, 1973). Being somewhat selective, bentazon is
generally applied as a tank mix with some other herbicide. The addition
of spray adjuvants may be helpful by preventing bentazon from washing
from plants (Nalewaja et al., 1975). Vegetable and petroleum o0il
adjuvants generally increased the toxicity of bentazon. Except for
overcoming the detrimental effects of rainfall following bentazon
application, surfactants have not always significantly increase toxicity

(Doran and Anderson, 1975).
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The uptake and translocation of bentazon has been studied in both
susceptible and resistant species. Audioradiographs indicate that benta-
zon is accumulated in the tips and margins of treated plants.
Translocation appears to be s1ightly increased with increased plant
susceptibility (Martin et al., 1978). Temperature and 1ight influence
bentazon activity and translocation both before and after application.
Increases in 1ight and temperature increases susceptibility to bentazon
in susceptible species.

Differences in susceptibility were not correlated to epicuticular
wax but the stomata were suggested to play a significant role in bentazon
entry by Davis et al. (1975). The herbicidal effects of bentazon tend to
develop slowly after translocation has occurred if bentazon is taken up
by the roots in a flooded condition. When weed foliage is contacted
directly with lethal amounts of bentazon the effects appear rapidly (Mine
et al., 1975). The absorption and translocation of bentazon did not
differ greatly between highly resistant and susceptible plants (Mine and
Miyakada, 1975). Decrease in soil moisture decreased the amount of
bentazon movement out of the treated leaf to the opposite true 1leaf,
upper leaves and growing point and increased the percentage of herbicide
translocated to the root, stem and cotyledonary leaves (Mann and Rieck,
1979). Surfactants increased acropetal movement of bentazon in
sunflowers but no increase in basipetal movement was noted (Irons and
Burnside, 1982). Others (Mahoney and Penner, 1975 and Penner, 1974) have
noted that movement of bentazon was primarily acropetal. The uptake of
bentazon was found to be relatively slow and influenced by time of day
(Dunleavy et al., 1982).

Bentazon is not active unless plants are placed in the 1ight

following an application. Plants kept in the dark after bentazon
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application showed no visual symptoms or ultrastructure toxicity
symptoms. Furthermore, respiration and leaf expansion of control and
treated plants continued to be the same when kept in total darkness.
When exposed to various levels of bentazon and 1ight, it was noted that
the higher the i1luminance the faster necrosis developed and that light
was required for necrosis to develop. Photosynthesis was arrested more
rapidly as the dose rate of bentazon increased. Bentazon was more inhib-
tory to photosynthesis 3 h after application and to respiration 1 day
after in susceptible plants (Penner, 1975). Regardless of the time
required to stop the photosynthesis, the necrosis symptoms were visible
about 7 h after photosynthesis was arrested. The rupture of the chloro-
plasts was followed shortly by necrosis. At low i1luminance the treated
chloroplasts became more spherical and aggregated before they ruptured
and necrosis was noted. In comparing the control and treated plants when
both were placed in darkness, the chloroplasts in both situations became
spherical and aggregated. Therefore, shape and distribution of chloro-
plasts are not considered a toxic response to bentazon. At high
illuminance chloroplast shape and distribution did not change before
membrane rupture (Potter and Wergin, 1975).

The activity of bentazon on plants tends to be centered around the
photosynthetic pathways. Although this may be the major area of impact,
Dunleavy et al. (1982) suggested that a reduction in transpiration due to
stomatal closure following bentazon application was important in the mode
of action sequence. The major impact, however, is in the chloroplast.
The effect of bentazon on the grana stack is well documented. The
chloroplasts of bentazon treated plants appear to be shorter and thicker
than those of the control plants. They appear as chloroplasts of

control plants grown under lTow light levels. The amount of chloroplast
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lamella is enhanced, as is the stacking degree of the thylakoids and the
grana area. This chloroplast change occurs even when bentazon treated
plants are exposed to high 1ight intensities (Meijer et al., 1980),
Meijer et al., 1981). Penner (1974) noted that plant injury due to
bentazon increased as soil moisture increased. Even tolerant plants were
injured by bentazon when grown under excessive soil moisture. These
results confirmed those reported by Anderson et al. (1974). Another
plant activity affected by bentazon, is that of carbon fixation. Photo-
synthetic carbon fixation was totally inhibited within 2 h following a
bentazon application. Lethal dosages of bentazon inhibited all photo-
synthetic activity and caused net carbon dioxide evolution in the 1light
(Potter and Wergin, 1975).

The difference between a susceptible and tolerant plant species
appears to be in the ability of the tolerant species to rapidly metab-
olize the bentazon molecule (Hayes and Wax, 1975; Mine et al., 1975;
Penner, 1974; Mahoney and Penner, 1975). The metabolites are reported
to be water soluble and four have been identified. The pretreatment of a
tolerant species with other herbicides did not influence or decrease the
metabolism of bentazon (Mahoney and Penner, 1974). Penner (1975) also
noted an increased spray retention by a susceptible weed species as
compared to tolerant soybean. The increased retention would logically
allow for greater absorption of bentazon and increase the level of
herbicide inside the plant. Metabolism of the bentazon molecule appears
to be a main factor in resistance as both susceptible and tolerant
species absorb and translocate similar amount of bentazon (Mine et al.,
1975). Hayes and Wax (1975) compared different cultivars of soybeans and

found a correlation between bentazon injury and bentazon metabolism. As
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metabolism of the parent bentazon molecule increased, toxicity symptoms
decreased.

The herbicidal activity of bentazon is mainly as a photosynthetic
inhibitor. It can be taken up through the roots or foliage. Penner
(1975) reported that under high soil moisture soybean tolerance to benta-
zon was reduced. Covering the soil with vermiculite prior to spraying
avoided the loss in soybean tolerance which suggests bentazon absorption
by roots may occur under flooding conditions. Translocation is mainly
acropetal through the xylem. Intercellular penetration is usually in the
1ipophilic (fat loving) rather than the hydrophilic (water loving) form.
The herbicide is mainly a photosynthetic inhibitor, blocking the electron
system between photosystem I and II (Retzdaff and Hamm, 1977).
Suwanketnikom et al. (1982) concluded that the site of bentazon inhibi-
tion of the photosynthetic electron transport is at the reducing side of
photosystem II between the primary electron acceptor Q and plastoquinone.
Pfister et al. (1974) indicated in an earlier paper that bentazon inhi-
bits the photoreaction of photosystem II but does not affect the
reactions of system I. They also noted that bentazon prevents the forma-
tion of the 1ight induced pH-gradient and suppresses the variable
fluorescence. Bentazon although needing 1ight to be active is not
photoactivated in a similar manner as the diphenyl ether herbicides.
Potter and Wergin (1975) indicated that bentazon caused degeneration of
the plasma membrane which is lethal. When this membrane is ruptured,
turgor pressure drops to zero and the cell collapses. This is the final

step to necrosis.
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Conclusion:

Acifluorfen and bentazon are both contact herbicides and are active
only in the 1ight. Their herbicidal activity, however, appears to be in
separate biochemical pathways. Since both are commonly applied at the
same time, it is important to know what impact a combination of
acifluorfen and bentazon may have on each other both physically and

biochemically once inside the plant system.



CHAPTER 2

DETERMINING THE INTERACTION

INTRODUCTION

It is a common practice to combine herbicides. The combinations are
used to increase the activity on an individual weed species or to broaden
the spectrum of weeds controlled by a single spray application.
Combinations of herbicides may result in interactions which are not
obvious from either herbicide applied singly. The interactions may vary
depending on the rate of herbicide used and weed species present
(Akobundu et al., 1975; Nash, 1981). Adjuvants may also influence
interactions or the activity of herbicides (Nalewaja et al., 1975;
Doran and Anderson, 1975). The types of interactions that may occur are
listed as synergistic, antagonistic or additive. Several methods have
been proposed and reviewed (Colby, 1967; Putnam and Penner, 1974; Nash,
1981; Akobundu, 1975; Gowing, 1960; Morse, 1978) for calculating expected
responses and how to relate these responses to actual observed responses
and determine if an interaction occurred. Although there is general
disagreement concerning which method is most appropriate, the method
proposed by Colby (1967) is most often used. The Colby method is
considered correct by weed scientists as long as the proper model is
applied (Morse, 1978). The Colby method is easier to use than other
models and the results have been generally similar (Morse, 1978; Nash,

1981).
37
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Acifluorfen and bentazon have been used as a common tank mix for
weed control in Michigan soybeans [Glycine max (L.) Merr.]). Generally
the weed spectrum will include one or more of the following species:

common 1ambsquarters (Chenopodium album L.), redroot pigweed (Amaranthus

retroflexus L.), jimsonweed (Datura stramonium L.) and velvetleaf

(Abutilon theophrasti Medic.). None of these four weed species is

effectively controlled by either herbicide alone.

The objective of this study was to determine if an interaction
exists between acifluorfen and bentazon. If an interaction is measured,
then the nature of the interaction will be determined (i.e. synergistic,
antagonistic, or additive). The effect of species, herbicide rate, and
the addition of a crop oil concentrate on the interaction will also be

investigated.

MATERIALS AND METHODS

The experiments to determine whether an interaction exists between
acifludrfen and bentazon when applied in combination were conducted in
two study areas, greenhouse and outdoor, container grown plants. These
experiments were completely randomized factorials with the following
three factors: crop oil concentrate (0, 2.3 L/ha), acifluorfen (0, 0.28,
0.43, and 0.56 kg ai/ha) and bentazon (0, 0.56, 0.84 and 1.12 kg ai/ha).
Each experiment had three replications and each experiment was repeated
three times. The soil was an artificial mix of 1/3 peat, sand and field
soil calculated on a volume/volume basis. The field soil was classified
as fine-loamy, mixed, mesic Aeric Ochraqualf. The soil mix had a pH of
6.5 and soluble salt reading of 3.0 mmhos/cmz. The soil mix was steamed

treated prior to use.
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The containers used had a volume of 946 cm?, The seeds of the four
weed species studied were sown and covered with 0.75 cm of soil.
Following weed seed germination and subsequent emergence, the plants were
thinned to four plants per pot. Watering was from the surface. Weed
seed was from indigenous Michigan plants and collected the fall prior to
experiment implementation.

Each plant species was at the recommended label size and growth
stage at herbicide application. The herbicide was applied with an 8001E
flat fan nozzle at 229 kPa pressure and in a volume of 355 L/ha. The 2L
formulation of acifluorfen was used. The crop o0il concentrate was a
paraffinic based petroleum oil.*

The greenhouse plants were maintained at an average temperature of
22 + 40C with relative humidity normally near 80% Light was from
natural sunlight and was assisted by sodium halide 1ights emitting 250 uE
m2 secl. The sodium 1ights were set for a 16 h photoperiod. Plants
were not grown in the greenhouse during the summer period.

The plants were grown outside during the months of May through
September. They were exposed to all external environmental stresses of a
field grown plant except root volume was restricted by the container.
The average maximum and minimum temperature was 17 to 289C. Light was
only from natural sunlight. The experiment was repeated at various times
through the summer to reduce the effect of day length as a factor in the
interaction.

Ten days following the herbicide application treatments, the
greenhouse and outside grown plants were visually rated for herbicide

injury. The plant tissue above the soil surface was harvested, weighed,

*80% petroleum hydrocarbon, 16% surfactant blend, 4 formulation
aids sold under the trade name Herbi-max.
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and placed in a forced air drying oven for 5 days at 75°C. The plant
material was allowed to equilibrate for 2 to 3 days following which a dry
weight was taken and a percent moisture calculated.

The}fresh weight, dry weight and percent moisture data were
subjected to ANOV. This allowed for mean separation and to assess
significant interactions. If the two herbicides showed a significant
interaction, it was assumed that the additive model did not apply and
a Colbys analysis (Colby, 1967) could be appropriately performed to
determine what type of interaction existed. As directed by Colby, the
expected response was expressed as the product of the observed responses
from each herbicide applied singly divided by the value of the control
treatment, where the control treatment value was set at 100 percent. The
expected response value was then expressed as a percentage of the
nontreated control. Since acifluorfen and bentazon are contact
herbicides, it was determined that percent moisture reflected more
clearly the amount of herbicide damage than did the other measured
parameters (dry weight, fresh weight, or visual ratings). These other
measurements, however, were used to help assess the interaction. If the
plant was not completely killed by the herbicide application, the amount
of regrowth (in 10 days) was not sufficient to significantly distinguish
it from those plants which were controlled if only fresh weights or dry
weights were compared. Visual ratings were too subjective and variable
from time to time. Percent moisture was a consistent indicator of
herbicide damage and did not cover a wide spectrum of percentages but was
in the range of 20 to 75 percent of the plant weight. Thus, more damage
indicated a lower moisture. The type of interaction measured depended on
where the expected response fell in relation to the observed response.

Synergistic interactions were those where the observed response to the
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herbicide combinations were less than the expected (less plant moisture);
antagonism occurred when the observed response was greater than the

expected (more plant moisture) and additive occurred when the ANOV showed
no interaction. To determine if the difference between the expected and
observed was significant the following formula as described by Hami11l and

Penner (1973) was used:

HAMILL AND PENNER

Xl = OBSERVED COMBINATION MEAN

XZ = CONTROL MEAN

TRy
&y

C
(%2 - (s2) (1=)?
N

LsD= {C-D (RZ+ D VZ (100

This method utilizes the observed combination mean, the value for the
control mean, the mean square error from the analysis of variance (s2)
and a "t" value to approximate an LSD (least significant difference)
value. The LSD value was set at .05 level of probability.

A field test was also established on velvetleaf to evaluate the same
herbicide combinations. The treatments were replicated three times and
established on a natural infestation that varied from 1 to 144 velvetleaf
plants per m2. The plots were 3 by 12 meters in a completely randomized
design. The velvetleaf was 7 to 15 cm tall with four to seven leaves at
herbicide application. Herbicide was applied in 262 L/ha water at 343
kPa pressure. The plots were visually rated on a 1 to 10 scale where 0
was no injury and 10 was total plant death, at 2, 5, 10 and 21 days

following herbicide application. The soil type was classified as a
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fine-1oamy, mixed, mesic Aeric Ochraqualf. The organic mattér was 3.9
percent with a calculated CEC (cation exchange capacity) of 12 and a pH
of 7.0. A preplant incorporated treatment of trifluralin (ax,a,a-
trifluoro-2,6-dinitro-N,N-dipropy1-p-toluidine) at 0.56 kg/ha was used to
control grass weed species.

The parameters measured for each weed species were percent moisture,
fresh weight and dry weight values. Each weed species was treated under
four conditions: 1) greenhouse grown, 2) outside grown, 3) greenhouse
grown with a herbicide plus a crop oil concentrate, 4) outside grown with
a herbicide plus a crop 0il1 concentrate. The percent moisture, fresh and
dry weight of each weed species in each condition was subjected to the

ANOV and means were separated using the Duncan's multiple range test.

RESULTS AND DISCUSSION

Common lambsquarter:

Greenhouse: Both acifluorfen and bentazon significantly reduced all

the measured parameters of common 1ambsquarters grown in the greenhouse
(Table 1). Averaged over main effects of rates indicated that increasing
rates of acifluorfen or bentazon generally increased the effect of the
herbicide by significantly decreasing percent moisture (Table 2). The
dry and fresh weights were significantly decreased by the herbicides,
although the decrease was not always significant with increasing rates.
The main effects also indicated that acifluorfen was more effective at
the lower rates (0.28 and 0.43 kg/ha) in reducing common 1ambsquarters
fresh weight than was bentazon. This difference was not apparent in a
comparison of dry weights.

When the averages of the measured parameters were observed over

herbicide rates (Table 3), there was a significant decrease in the
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Table 1. The analysis of variance of common lambsquarters grown in the
greenhouse on the measured parameters of percent moisture,
fresh weight and dry weight.

Significance
(* =05, ¥ =,01)
Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k *k *k
Bentazon 3 *k *k Hok
Acifluorfen x
Bentazon 9 *k *ok *k

Table 2. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
common lambsquarters grown in the greenhouse averaged over the
main effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 85 a 488 a 71 a
0.28 49 b 9% b 25 b
0.43 44 ¢ 90 b 24 b
0.56 40 d 60 b 22 b
Bentazon
0.00 8l a 388 a 60 a
0.56 50 b 162 b 33 b
0.84 45 ¢ 115 bec 27 bc
1.12 42 d 68 ¢ 23 ¢

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
common 1ambsquarters grown in the greenhouse averaged over
herbicide rates.?

Herbicide rate

Acitluorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)

0.00 0.00 84.8 a 807 a 120 a
0.00 0.56 87.2 a 560 b 77 b
0.00 0.84 86.4 a 384 ¢ 52 ¢
0.00 1.12 82.2 ab 200 d 35 c-f
0.28 0.00 86.4 a 291 cd 40 cd
0.43 0.00 77.5 bc 283 cd 44 ¢
0.56 0.00 76.7 bc 173 d 37 cde
0.28 0.56 43.7 d 35 e 20 def
0.28 0.84 35.3 e 30 e 29 def
0.28 1.12 30.4 ef 27 e 20 def
0.43 0.56 41.1 d 31e 18 ef
0.43 0.84 29.2 f 23 e 17 ef
0.43 1.12 27.2 f 24 e 18 ef
0.56 0.56 27.4 f 20 e 15 f
0.56 0.84 27.6 f 25 e 19 ef
0.56 1.12 28.9 f 22 e 17 ef

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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percent moisture indicating greater phytotoxicity for combinations of
acifluorfen and bentazon compared to either herbicide used singly.
Changes in fresh weight and to a lesser extent dry weight values
confirmed these observations. Acifluorfen and bentazon, although
effective singly, were more effective when combined. This was evident
for both percent moisture and fresh weight measurements but not dry
weights although the same trends were apparent.

The ANOV interaction of acifluorfen x bentazon was significant,
therefore, Colby's analysis was used to estimate expected values (Table
4). Every combination of acifluorfen and bentazon resulted in percent
moisture values that were significantly less than predicted. This
significant decrease in percent moisture indicated more injury from the
combined herbicides than was predicted from values measured from either
herbicide applied singly (Figure 1). The decrease in percent moisture is
considered a significant synergistic response to the herbicide combina-
tions or a significant increase in plant injury when the herbicide
combinations were used compared to each herbicide applied singly. When
fresh weights were subjected to the Colby's analysis the response was
synergistic but the difference between observed and predicted was not
enough to be considered significant in all cases (Table 5, Figure 2).
Although the ANOV of dry weight values indicated a significant interac-
tion, a Colby's analysis was not performed because the dry weight values
appeared to be confounded. The combination rates were not all signifi-
cantly greater than the single values for acifluorfen or bentazon applied
singly. The multiplicative model is considered appropriate with the
response being synergistic.

Qutside: Common lambsquarters grown outside was significantly

affected by acifluorfen and bentazon (Table 6) by a reduction of percent
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Figure 1. Percent moisture of common 1ambsquarters grown in the
greenhouse 10 days following treatment with acifluorfen and
bentazon (solid 1ines) and in al1 possible combinations
(dashed 1ines) versus the observed percent of control.
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Figure 2. Fresh weight of common 1ambsquarters grown in the greenhouse

10 days following treatment with acifluorfen and bentazon

(so1id 1ines) and in al1 possible combinations (dashed 1ines)
versus the observed percent of control.
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Table 6. The analysis of variance of common lambsquarters grown outside
on the measured parameters of percent moisture, fresh weight
and dry weight.

Significance
* =05, ** = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - * -
Acifluorfen 3 *k *k *k
Bentazon 3 *k *% Hk
Acifluorfen x
Bentazon 9 *k *k *k

Table 7. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
common lambsquarters grown outside averaged over the main
effects of herbicide.

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 75.3 a 715 a 154 a
0.28 64.1 b 509 b 136 b
0.43 60.0 ¢ 409 ¢ 113 ¢
0.56 56.5 ¢ 371 ¢ 113 ¢
Bentazon
0.00 79.1 a 984 a 207 a
0.56 69.1 b 460 b 115 b
0.84 58.9 ¢ 319 ¢ 97 ¢
1.12 48.8 d 240 d 9% c

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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moisture, fresh and dry weight values. When averaged over the main
effect of herbicide rates (Table 7), all measured parameters generally
decreased as herbicide rate increased. Bentazon rates significantly
decreased each measured parameter with each rate increase except dry
weight. This was probably due to the limited 10 day interval following
herbicide application not being 1ong enough to allow for significant
regrowth. Acifluorfen averaged over rates did not significantly increase
injury to common lambsquarters as measured by any parameter over the 0.43
kg/ha rate.

The effect of acifluorfen and bentazon averaged over herbicide rates
(Table 8) indicated little difference in percent moisture between
acifluorfen and bentazon applied singly. There was a significant
difference, however, when fresh weights and dry weights were compared as
both were significantly lower with the bentazon than with acifluorfen
treatments. This reflects the observation that percent moisture is a
more critical indicator of herbicide damage than are fresh and dry
weights although these parameters may reflect herbicide stunting or
foliar injury. These data also indicate why visual ratings are often
misleading as visual ratings are based on herbicide stunting and foliar
injury.

When the averages of the measured parameters were observed over
individual herbicide rates (Table 8), there was a significant decrease in
the percent moisture and fresh weight values indicating greater
phototoxicity for combinations of acifluorfen and bentazon compared to
either herbicide used singly. Dry weights were also significantly
reduced by all combinations of acifluorfen and bentazon compared to each
applied singly except when the highest rate of bentazon was present

singly or in the combination.
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Table 8. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
commona1ambsquarters grown outside averaged over herbicide
rates.

Herbicide rate

Acifluorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)

0.00 0.00 81.3 a 1063 ab 201 b

0.00 0.56 78.3 a 738 ¢ 160 cd
0.00 0.84 73.8 ab 611 d 135 de
0.00 1.12 67.7 bc 448 e 118 ef
0.28 0.00 77.9 a 1134 a 255 a

0.43 0.00 79.0 a 955 b 202 b

0.56 0.00 78.3 a 784 ¢ 172 bc
0.28 0.56 68.7 bc 420 ef 109 ef
0.28 0.84 61.3 ¢ 285 fgh 91 fg
0.28 1.12 48.5 d 194 h 90 fg
0.43 0.56 67.0 bc 336 efg 92 fg
0.43 0.84 50.8 d 176 h 74 g

0.43 1.12 433 d 168 h 84 fg
0.56 0.56 62.3 ¢ 344 ef 98 fg
0.56 0.84 49.8 d 205 gh 89 fg
0.56 1.12 35.8 d 151 h 93 fg

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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The ANOV interaction of acifluorfen and bentazon was significant
for percent moisture, fresh and dry weight values, therefore a Colby's
analysis for common lambsquarters was calculated. The Colby's analysis
indicated that all the combinations of acifluorfen and bentazon were
significantly synergistic except the lowest rate of bentazon when
combined with the 0.28 and 0.43 kg/ha acifluorfen (Table 9, Figure 3).
The Colby's analysis of fresh weights indicated the response to the
herbicide combinations was significantly synergistic over all combined
rates of acifluorfen and bentazon compared to each applied singly (Table
10, Figure 4). A Colby's analysis of dry weight values indicated that all
the combinations of acifluorfen and bentazon were synergistic when
compared to each herbicide applied singly and across all rates of
acifluorfen and bentazon except at the highest rate of bentazon (Table
11). The correct model is multiplicative.

Greenhouse (0i1): Both acifluorfen and bentazon plus a crop oil

concentrate significantly reduced percent moisture, fresh and dry weight
values of common lambsquarters grown in the greenhouse (Table 12). The
interaction term was significant for fresh and dry weight values but not
for percent moisture. Bentazon appears to be more effective than
acifluorfen at reducing all the measured parameters when averaged over
main effects (Table 13). This is confirmed when individual herbicide
rates are compared (Table 14). The lowest rate of bentazon (0.56 kg/ha)
across all rates of acifluorfen was the only consistent rate of bentazon
where the combination of herbicides significantly reduced percent
moisture values below the single rate of bentazon. When fresh weights
were considered, once the rate of 0.84 kg/ha of bentazon was in the mix,
no significant effect was measured due to the addition of any rate of

acifluorfen. Since the acifluorfen and bentazon interaction concerning



56

10°€8 = 4044d 3uenbs ueaw ayj

A
¥86° 1

*19A3L G0 ¥yl

,u, 30 angea ayy
,3, 30 anjea a3y}

e doued}tublLsS,

6°6 uks x2'9€- 208 0t GL°SE 21°1 95°0
L°01 ufs x1°92- v°L8 £°19 £8°6t ¥8°0 96°0
611 uks x1°9T1- 8°26 L°9L £€°29 95°0 95°0
£°96 G2°8L 00°0 95°0
£°01 ufs xl'l2- 0°18 2°¢€§ YRR} rARE £°0
L°01 ufs x8°G2- £°88 629 GL°0§ ¥8°0 £v°0
8°11 ufs £ 11- L°€6 G°28 00°L9 95°0 £v°0
2°L6 00°6L 00°0 £v°0
9°01 ufs x2'02- 6°6L L°6S 0S°8Y rARA 82°0
b 11 ufs XL 11~ 0°L8 ¥°SL G2°19 ¥8°0 82°0
6°11 uks 6°L- G°26 G t8 19°89 95°0 82°0
6°56 26°LL 00°0 82°0
£°€8 19°L9 21°1 00°0
8°06 SL L ¥8°0 00°0
v°96 £€°8L 96°0 00°0
0°001 G2°18 00°0 00°0
(%) (%) (ey/6y) (ey/6y)

as wsjuobejue (pa3dipaad - paa4asqo) an|ea s,AqL0J (LO4JUOD JO %) 34NISLOW UOZRIUIG UDSAON|J}OY

Jus p64duis CRITENEYRNN] pa3dLpadd pPaAJdSqQ Len3ay

*9pLs3Nn0 umoub suajuenbsque| uouwod JO dun3sjow Judd4ad bujsn syskieue s Aq|o0)

*6 9lqel



57

Figure 3. Percent moisture of common lambsquarters grown outside 10 days

following treatment with acifluorfen and bentazon (solid

1ines) and in al1 possible combinations (dashed 1ines) versus
the observed percent of control.
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Figure 4. Fresh weight of common lambsquarters grown outside 10 days
following treatment with acifluorfen and bentazon (solid

1ines) and in all possible combinations (dashed 1ines) versus
the observed percent of control.
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Table 12. The analysis of variance of common 1ambsquarters grown in the
greenhouse on the measured parameters of percent moisture,
fresh weight and dry weight as affected by a crop oil
concentrated added to acifluorfen and bentazon.

Significance
‘* = ° ' = .01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 * - -
Acifluorfen 3 *k bl *x
Bentazon 3 K bl *k
Acifluorfen x
Bentazon 9 - faled baled

Table 13. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of common 1ambsquarters grown 1n
the greenhouse averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 58.7 a 927 a 231 a
0.28 2.3 50.5 b 382 b 124 b
0.43 2.3 47.2 bc 387 b 136 b
0.56 2.3 45.9 ¢ 321 b 124 b
Bentazon

0.00 2.3 71.5 a 1385 a 308 a
0.56 2.3 53.6 b 253 b 102 b
0.84 2.3 40.9 ¢ 193 b 99 b
1.12 2.3 36.3 d 188 b 106 b

3Means in the same column with simi]ar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 14. The effect of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of common 1ambsquarters grown in
the greenhouse averaged over herbicide rates.?

Herbicide rate
RcifTuorfen Bentazon Crop oil Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 79.4 a 2794 a 576 a
0.00 0.00 2.3 79.6 a 2879 a 581 a
0.00 0.56 2.3 65.9 b 368 d 118 d
0.00 0.84 2.3 . 43.6 cde 206 de 99 d
0.00 1.12 2.3 45.7 cde 253 de 127 d
0.28 0.00 2.3 71.8 ab 963 b 218 be
0.43 0.00 2.3 69.0 b 982 b 244 b
0.56 0.00 2.3 65.6 b 714 ¢ 189 ¢
0.28 0.56 2.3 49.8 cd 205 de 88 d
0.28 0.84 2.3 . 41,3 de 172 e 88 d
0.28 1.12 2.3 39.1 ef 188 de 100 d
0.43 0.56 2.3 50.8 ¢ 225 de 102 d
0.43 0.84 2.3 39.4 ef 188 de 98 d
0.43 1.12 2.3 29.6 g 152 e 100 d
0.56 0.56 2.3 47.7 cde 213 de 97 d
0.56 0.84 2.3 39.4 ef 205 de 113 d
0.56 1.12 2.3 39.9 fg 154 e 98 d

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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percent moisture was not significant, the Colby's analysis was not
performed. The significant interaction observed in the fresh and dry
weight measurements, however, appeared to be confounded. Acifluorfen
measurements were consistently high; bentazon measurements were close to
the combination rates, therefore, a Colby's analysis was not performed on
fresh or dry weights. The response model appears to be additive.

Outside (0o11): Both acifluorfen and bentazon plus a crop oil

significantly reduced percent moisture, fresh and dry weight values of
common lambsquarters grown outside (Table 15). The interaction term was
significant for fresh and dry weight values but not for percent moisture.

Bentazon appears to be more effective than acifluorfen at reducing
all the measured parameters when averaged over the main effects of
herbicide (Table 16). This is confirmed when averaged over individual
herbicide rates (Table 17). Percent moistures were lower with bentazon
than with acifluorfen but not always significantly. The lowest rate of
bentazon (0.56 kg/ha) across all rates of acifluorfen and the highest
rate of acifluorfen (0.56 kg/ha) combined with any rate of bentazon was
significantly better in combination than either herbicide applied singly
when percent moistures were compared. A comparison of fresh weights
indicates that the response of the combinations is generally proportional
to the amount of bentazon in the mix.

A Colby's analysis was not calculated, since the interaction of
acifluorfen and bentazon on percent moisture was not significant. The
significant interaction measured with fresh and dry weights appears to be
confounded as the values of bentazon applied singly are not significantly
different from the combination values and acifluorfen measurements were

consistently high. The response model appears to be additive.
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Table 15. The analysis of variance of common 1ambsquarters grown outside
with a crop oil concentrate added on the measured parameters
of percent moisture, fresh weight and dry weight.2

Significance
(* = [ ] . = .01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k bl **
Bentazon 3 *% *k **
Acifluorfen x
Bentazon 9 - faied *k

Table 16. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of common lambsquarters grown
outside averaged over the main effects of herbicide.

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 61.2 a 646 a 158 a
0.28 2.3 52.3 b 399 b 113 b
0.43 2.3 50.3 b 355 bc 110 b
0.56 2.3 49.3 b 328 ¢ 108 b
Bentazon

0.00 2.3 71.9 a 939 a 207 a
0.56 2.3 53.7 b 339 b 9 b
0.84 2.3 44.9 ¢ 242 ¢ 93 b
1.12 2.3 42.6 ¢ 208 ¢ 89 b

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 17. The effect of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of common lambsquarters grown
outside averaged over herbicide rates.?

Herbicide rate
AcifTuorfen Bentazon Crop oil Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 80.0 a 1620 a 324 a
0.00 0.00 2.3 79.8 a 1610 a 346
0.00 0.56 2.3 63.2 ¢ 412 de 102 cd
0.00 0.84 2.3 49.4 d 275 efg 88 d
0.00 1.12 2.3 52.5 d 287 efg 9% d
0.28 0.00 2.3 ~72.5 b 899 b 190 b
0.43 0.00 2.3 67.1 bc 734 ¢ 165 b
0.56 0.00 2.3 68.1 bc 512 d 128 ¢
0.28 0.56 2.3 50.3 d 261 efg 84 d
0.28 0.84 2.3 47.8 de 258 efg 95 d
0.28 1.12 2.3 38.6 f 180 g 8 d
0.43 0.56 2.3 51.1 d 310 efg 1000 cd
0.43 0.84 2.3 44.5 def 212 g 93 d
0.43 1.12 2.3 38.3 f 163 g 83 d
0.56 0.56 2.3 50.3 d 372 def 109 cd
0.56 0.84 2.3 37.8 f 222 fg 97 d
0.56 1.12 2.3 41.1 ef 205 ¢ 98 d

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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J imsonweed: .

Greenhouse: Jimsonweed grown in the greenhouse had a significant
response to the main effects of acifluorfen and bentazon and the
interaction term across all the measured parameters (Table 18).

Increasing rates of acifluorfen and bentazon averaged, over the main
effects of herbicide, rate significantly decreased percent moisture but
did not significantly influence fresh or dry weight values. Jimsonweed
appears to be more sensitive to bentazon (Table 19).

The effect of acifluorfen and bentazon applied singly and averaged
over individual rates indicated that both herbicides significantly
reduced percent moisture and fresh weight when compared to the control
(Table 20). Bentazon, however, was significantly more effective in
reducing percent moisture and fresh weight values. Any rate of
acifluorfen added to any rate of bentazon, significantly increased
percent moisture. Fresh weight values were never significantly different
from the single rate of bentazon present in the combination. Percent
wmoisture and fresh weight values were always significantly less than the
rate of acifluorfen in the mix used singly. Thus, it appears that
acifluorfen antagonizes bentazon.

Since the interaction of acifluorfen and bentazon on percent
moisture was significant, a Colby's analysis was performed. Colby's
values indicated that acifluorfen antagonized bentazon at every
combination level (Table 21). This antagonism was considered significant
at every level (Figure 5). A Colby's analysis was not performed on fresh
and dry weight values as they were considered confounded as no
combination values were significantly different from the single rate of
bentazon present in the mix. The correct model is assumed to be

multiplicative.
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Table 18. The analysis of variance of jimsonweed grown in the
greenhouse on the measured parameters of percent moisture,
fresh weight and dry weight.

Significance
(* = L] ’ = .01)

‘ Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 * balel *
Bentazon 3 bl *k *
Acifluorfen x
Bentazon 9 ok *k ok

Table 19. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight
of jimsonweed grown in the greenhouse averaged over the main
effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 39.4 ¢ 329 a 89 a
0.28 54.6 a 151 b 42 b
0.43 50.0 b 128 bc 42 b
0.56 42.5 ¢ 108 ¢ 43 b
Bentazon
0.00 78.8 a 504 a 91 a
0.56 42.9 b 80 b 42 b
0.84 30.1d 63 b 41 b
1.12 34.7 ¢ 68 b 42 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 20. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
jimsongeed grown in the greenhouse averaged over herbicide
rates.

Herbicide rate

Acifluorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)
0.00 0.00 89.8 a 1148 a 221 a
0.00 0.56 29.2 h 70 e 50 b
0.00 0.84 16.7 1 4 e 40 b
0.00 1.12 22.0 1 52 e 44 b
0.28 0.00 81.9 b 362 b 51 b
0.43 0.00 80.3 b 290 ¢ 47 b
0.56 0.00 63.2 ¢ 215 d 45 b
0.28 0.56 56.6 d - 102 e 42 b
0.28 0.84 41.2 ef 74 e 39 b
0.28 1.12 38.9 fg 66 e 38 b
0.43 0.56 46.6 e 68 e 36 b
0.43 0.84 29.1 h 61 e 42 b
0.43 1.12 44,0 ef 85 e 45 b
0.56 0.56 39.3 fg 80 e 40 b
0.56 0.84 33.3 gh 73 e 45 b
0.56 1.12 34.0 gh 67 e 42 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Figure 5.
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Percent moisture of jimsonweed grown in the greenhouse 10
days following treatment with acifluorfen and bentazon (solid

1ines) and in a1l possible combinations (dashed 1ines) versus
the observed percent of control.
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Jimsonweed grown outside was significantly reduced by both
acifluorfen and bentazon over all measured parameters. No interaction
was measured with percent moisture but fresh and dry weight interactions
were significant (Table 22). |

Outside: Jimsonweed grown outside was more sensitive to bentazon
than to acifluorfen. Increasing rates of both herbicides had no
sfgnificant effect on any measured parameter except acifluorfen
significantly reduced fresh weight values at rates greater than 0.43
kg/ha (Table 23).

Percent moisture values for the combinations were lower than either
herbicide applied singly except for the lowest combined rate of each.
Fresh and dry weight values for the combinations were never significantly
different from the single value of bentazon in the mix but always lower
than the rate of acifluorfen present (Table 24).

Although the percent moisture values were significantly lower for
the combination than each herbicide applied singly, the values were
within the range of the additive ANOV model and no interaction was noted
for percent moisture. The interaction measured by fresh and dry weight
values was considered confounded because the combination rates were not
different from any single rate of bentazon so Colby's analysis was not
performed. The response for jimsonweed grown outside was considered
additive.

Greenhouse (0i1): Acifluorfen and bentazon plus a crop oil

concentrate applied to jimsonweed grown in the greenhouse significantly
reduced percent moisture, fresh and dry weight parameters. The

interaction values were also significant (Table 25).
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Table 22. The analysis of variance of jimsonweed grown outside on the
measured parameters of percent moisture, fresh weight and dry

weight.
Significance
(* =05, ¥ = ,01)
Degrees of

Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 bl balol *%
Bentazon 3 *x *ok *k

Acifluorfen x
Bentazon 9 - hadel *k

Table 23. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
Jimsonweed grown outside averaged over the main effects of

herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 52.1 a 535 a 129 a
0.28 319 b 267 b 110 b
0.43 26.5 b 213 ¢ 107 b
0.56 25.6 b 201 ¢ 108 b
Bentazon
0.00 62.1 a 783 a 160 a
0.56 28.2 b 153 b 98 b
0.84 23.4 b 138 b 98 b
1.12 22.3 b 141 b 99 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 24. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
Jimsonweed grown outside averaged over herbicide rates.?

Herbicide rate

Acifluorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)
0.00 0.00 86.0 a 1585 a 219 a
0.00 0.56 44.3 cd 198 d 104 d
0.00 0.84 37.1 de 161 d 91 d
0.00 1.12 40.9 de 198 d 101 d
0.28 0.00 58.0 b 665 b 157 b
0.43 0.00 55.9 bc 472 ¢ 132 ¢
0.56 0.00 48.7 bcd 413 ¢ 132 ¢
0.28 0.56 29.0 ef 149 d 94 d
0.28 0.84 20.2 fg 122 d 93 d
0.28 1.12 20.2 fg 130 d 97 d
0.43 0.56 21.4 fg 140 d 97 d
0.43 0.84 18.3 fg 128 d 99 d
0.43 1.12 103 g 113 d 101 d
0.56 0.56 18.0 fg 126 d 97 d
0.56 0.84 18.1 fg 143 d 109 d
0.56 1.12 17.7 fg 124 d 95 d

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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When a crop oil concentrate was present, both acifluorfen and
bentazon appeared equally effective in reducing percent moisture, fresh
and dry weights over the main effects of herbicide rates (Table 26).

When averaged over individual treatment rates, however, acifluorfen
decreased percent moisture and fresh and dry weight values significantly
by increasing the rate from 0.28 to 0.43 kg/ha (Table 27). Increasing
the rate of bentazon above 0.56 kg/ha did not significantly decrease any
measured parameter. Dry weight values were never significantly lower
than those obtained for the single values of bentazon regardless of the
rate or combination used. When combinations were compared to the
herbicides applied singly, there was not a consistent increase or
decrease of percent moisture or fresh weight values over rates or
combinations, but rather a random response. The highest combined rates
of both herbicides, however, had consistently lower percent moisture and
fresh weight values than either herbicide applied singly or in any
combination. Since the interaction terms were significant, a Colby's
analysis was performed on percent mofsture values (Table 28). The
results of the Colby's analysis also indicated a lack of consistent
response across rate combinations. This lack of consistency cannot be
interpreted as a synergistic response, but perhaps an independent
response. It appears that the correct model is probably the additive
model and the interactions of all the parameters in this case are
probably confounded due to the significant effect that bentazon and
acifluorfen both have on jimsonweed when a crop o011 concentrate is added.

Outside (0il1): Jimsonweed parameters of percent moisture, fresh

and dry weight values when grown outside were significantly decreased by

the main effects of acifluorfen and bentazon with a crop oil concentrate
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Table 25. The analysis of variance of jimsonweed grown in the greenhouse
on the measured parameters of percent moisture, fresh weight

and dry weight as effected by a crop o011 concentrate added to
acifluorfen and bentazon.

Significance
(* =05, * = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k *k *k
Bentazon 3 *k *k bkl
Acifluorfen x
Bentazon 9 *x badd *k

Table 26. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of jimsonweed grown in the
greenhouse averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 64.0 a 1101 a 222 a

0.28 2.3 50.1 b 597 b 188 b

0.43 2.3 48.5 b 487 ¢ 173 b

0.56 2.3 41.7 ¢ 423 ¢ 176 b
Bentazon

0.00 2.3 62.1 a 1364 a 281 a

0.56 2.3 53.4 b 454 b 165 b

0.84 2.3 45.4 ¢ 422 b 160 b

1.12 2.3 43.8 ¢ 367 b 153 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 27. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
jimsonweed grown in the greenhouse plus a crop oil concentrate
averaged over herbicide rates.?

Herbicide rate
RcTfTuorfen Bentazon Crop oil Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 84.9 a 2610 a 394 a
0.00 0.00 2.3 85.9 a 2702 a 384 a
0.00 0.56 2.3 56.3 bcd 492 def 158 d
0.00 0.84 2.3 58.2 bc 680 cd 182 d
0.00 1.12 2.3 56.9 bc 530 de 164 d
0.28 0.00 2.3 62.8 b 1105 b 276 b
0.43 0.00 2.3 50.6 cde 851 ¢ 235 ¢
0.56 0.00 2.3 49.2 cde 798 ¢ 228 ¢
0.28 0.56 2.3 57.1 be 554 de 170 d
0.28 0.84 2.3 36.3 f 363 efg 157 d
0.28 1.12 2.3 44.2 def 367 efg 148 d
0.43 0.56 2.3 46.9 c-f 358 efg 156 d
0.43 0.84 2.3 46.4 c-f 360 efg 148 d
0.43 1.12 2.3 50.1 cde 380 efg 153 d
0.56 0.56 2.3 53.1 bcd 413 efg 176 d
0.56 0.84 2.3 40.8 ef 287 fg 153 d
0.56 1.12 2.3 23.8 g 194 g 148 d

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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present (Table 29). The interaction of the main effects of acifluorfen
and bentazon was also significant.

When averaged_over the main effects of herbicide rates, there
appears to be 1ittle herbicidal difference between acifluorfen and
bentazon on the measured parameters (Table 30). Increasing the
acifluorfen rate from 0.28 to 0.56 kg/ha significantly decreased percent
moisture and was the only increase in rate which produced a significant
response to any measured parameter for either herbicide.

The effect of acifluorfen and bentazon plus a crop oil concentrate
averaged over individual herbicide rates (Table 31), indicated that
Jjimsonweed responded equally well to all single rates and rate
combinations of acifluorfen and bentazon regardless of the parameter
measured. Although a significant interaction of acifluorfen and béntazon
was measured, it appeared to be confounded due to the fact that both
herbicides when crop oi1 concentrate was added, caused the measured
parameters to respond essentfally equal. A Colby's analysis was not
performed on any data as the herbicide rates were probably too high to
measure interactions. Both herbicides appeared to be independent of each

other, therefore, the model in this case is assumed to be additive.

Redroot pigweed:

Greenhouse: Redroot pigweed grown in the greenhouse was
significantly reduced by the main effects of acifluorfen and bentazon
over all the measured parameters (Table 32). An interaction was also
measured between acifluorfen and bentazon over all the measured
parameters.

The effects of acifluorfen and bentazon on the percent moisture of

redroot pigweed grown in the greenhouse averaged over the main effects of
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Table 29. The analysis of variance of jimsonweed grown outside on the
measured parameters of percent moisture, fresh weight and dry
weight as effected by a crop oil concentrate added to
acifluorfen and bentazon.

Significance
(* =05, ** = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 ok *x *w
Bentazon 3 faled *k bl
Acifluorfen x
Bentazon 9 *k ok ok

Table 30. The effects of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of jimsonweed grown in the
greenhouse averaged over the main effects of herbicide.?

Rate Crop o1l Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (wmg) (mg)
Acifluorfen

0.00 2.3 40.3 a 1759 a 247 a

0.28 2.3 32.0 b 269 b 174 b

0.43 2.3 28.4 bc 266 b 181 b

0.56 2.3 24.8 ¢ 268 b 192 b
Bentazon

0.00 2.3 41.3 a 761 a 244 a

0.56 2.3 29.2 b 259 b 179 b

0.84 2.3 29.0 b 277 b 189 b

1.12 2.3 26.0 b 265 b 182 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.



Table




83

Table 31. The effect of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of jimsonweed grown outside
averaged over herbicide rates.?

Herbicide rate
Acifluorfen Bentazon Crop of1 Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)

0.00 0.00 0.0 83.0 a 2300 a 391 a
0.00 0.00 2.3 82.1 a 2210 a 392 a
0.00 0.56 2.3 25.7 cde 258 b 186 b
0.00 0.84 2.3 32.0 bed 298 b 198 b
0.00 1.12 2.3 21.4 ¢ 268 b 211 b
0.28 0.00 2.3 29.3 b-e 288 b 189 b
0.43 0.00 2.3 28.8 b-e 293 b 208 b
0.56 0.00 2.3 24.9 cde 251 b 185 b
0.28 0.56 2.3 35.8 b 257 b 161 b
0.28 0.84 2.3 33.4 be 284 b 182 b
0.28 1.12 2.3 29.4 b-e 245 b 166 b
0.43 0.56 2.3 31.4 bed 265 b 182 b
0.43 0.84 2.3 27.8 b-e 229 b 161 b
0.43 1.12 2.3 25.8 cde 278 b 173 b
0.56 0.56 2.3 23.9 de 256 b 189 b
0.56 0.84 2.3 22.9 de 298 b 215 b
0.56 1.12 2.3 27.4 b-e 267 b 177 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 32. The analysis of variance of redroot pigweed grown in the
greenhouse on the measured parameters of percent moisture,
fresh weight and dry weight.

Significance
(* =05, ¥ = ,01)

Degrees of ,
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 k *k *k
Bentazon 3 *x *k *k
Acifluorfen x
Bentazon 9 *% ** bl

Table 33. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
redroot pigweed grown in the greenhouse averaged over the main
effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 84.9 a 370 a 58 a
0.28 39.7 b 64 b 28 b
0.43 37.2 b 51 b 27 b
0.56 30.9 ¢ 46 b 29 b
Bentazon
0.00 35.9¢c 253 a 56 a
0.56 53.4 ab 114 b 3Bb
0.84 54.9 a 92 ¢ 26 b
1.12 48.6 b nd S5 b

38Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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herbicide rates, indicated that bentazoﬁ is antagonistic to acifluorfen
(Table 33). The main effect of acifluorfen rates showed a decrease of
percent moisture with increased rates of acifluorfen. Fresh and dry
weight averages, however, were not affected by rates, although they were
significantly lower than the control values.

The effect of acifluorfen and bentazon when averaged over individual
rates indicated that bentazon had no significant effect on percent
moisture but did significantly decrease fresh weight with increasing
rates (Table 34). The combined rates were all significantly less than
any rate of bentazon and significantly higher than any rate of
acifluorfen applied singly when percent moisture was measured. Fresh
weights were significantly reduced by increasing rates of bentazon, but
any rate of acifluorfen present in a mix significantly reduced fresh
weight below any rate of bentazon applied singly. Acifluorfen applied
singly or in a combination with bentazon at any rate reduced fresh and
dry weight to values equal to the amount of acifluorfen in the mix.

Since the acifluorfen and bentazon interaction was significant over
all the measured parameters, a Colby's analysis was performed. However,
Colby's was not performed on the fresh or dry weight results as the
values were probably confounded because the combination and acifluorfen
means were not significantly different from each other (Table 34). The
Colby's analysis of the percent moisture values indicated that bentazon
significantly antagonized acifluorfen across all rate combinations except
at the highest rate of acifluorfen and bentazon (Table 35, Figure 6).
This antagonism was probably not measured in fresh and dry weight values
due to the sensitivity of the redroot pigweed to acifluorfen and the
short 10 day period between herbicide application and plant harvest. The

correct model 1s assumed to be multiplicative.
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Table 34. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
redroot pigweed grown in the greenhouse averaged over
herbicide rates.

Herbicide rate

AcifTuorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)

0.00 0.00 85.1 a 821 a 131 a
0.00 0.56 85.0 a 269 b 4 b
0.00 0.84 85.1 a 226 ¢ 34 bcd
0.00 1.12 84.2 a 166 d 26 d
0.28 0.00 20.1 cd 83 e 30 bcd
0.43 0.00 22.3 cd 63 ef 32 bcd
0.56 0.00 15.9 d 45 ef 29 cd
0.28 0.56 49.1 b 69 ef 31 bed
0.28 0.84 48.0 b 507 ef 27 d
0.28 1.12 41.7 b 46 ef 25 d
0.43 0.56 40.7 b 55 ef 28 cd
0.43 0.84 44.3 b 44 ef 23 d
0.43 1.12 41.6 b 41 ef 24 d
0.56 0.56 38.7 b 61 ef 38 bc
0.56 0.84 42.3 b 44 ef 2 d
0.56 1.12 26.9 b 32 ef 24 d

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Figure 6. Percent moisture of redroot pigweed grown in the greenhouse

10 days following treatment with acifluorfen and bentazon

(sol1id 1ines) and in all possible combinations (dashed 11ines)
versus the observed percent of control.



89

9 a4nb4

HH/OM
9s°@ Ev°O 82°e
el ¥8°0 95°0

(98°9 D)= O
(E¥°0 )= O

4o &/S.Mo D)= V
&

N

INE X ) 3

TOULNOD 40 L1N3O¥3d



90

Outside: Redroot pigweed grown outside was significantly
reduced across all the measured parameters by acifluorfen and bentazon
(Table 36). Interactions between acifluorfen and bentazon were measured
in fresh and dry weights but not in percent mofsture.

Both herbicides significantly decreased all measured values below
the control over all measured parameters. When averaged over the main
effects of herbicide rates, generally there was not a significant
decrease in any measured parameter due to increasing rate except on
percent moisture with acifluorfen (Table 37).

The effect of bentazon when averaged over individual herbicide rates
indicated that no rate of bentazon applied alone, was significantly
different from the control when percent moisture was compared (Table 38),
but there was a significant decrease in fresh and dry weight values.
Acifluorfen rates significantly decreased percent moisture values with an
increase from 0.28 to 0.56 kg/ha. The combination of acifluorfen and
bentazon when percent moisture was compared was significantly lower than
either herbicide applied singly only at the lowest rate of acifluorfen
(0.28 kg/ha) across all the rates of bentazon. Once the rate of
acifluorfen was at least 0.43 kg/ha in any combination, a significant
decrease in percent moisture was no longer measured but was similar to
the single rate of acifluorfen. This significant decrease was not
wqasured with fresh or dry weights. Since a significant interaction was
not measured across all rate combinations, a Colby's analysis was only
performed on those rates (0.28 kg/ha acifluorfen and all rates of
bentazon) which were significantly different (Table 38).

Colby's analysis (Table 39) indicated that at the lowest rate of
acifluorfen (0.28 kg/ha) across all rates of bentazon the combination was

significantly lower than either herbicide applied singly. This synergism
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Table 36. The analysis of variance of redroot pigweed grown outéide on
the measured parameters of percent moisture, fresh weight and
dry weight.

Significance
(* = (] ’ ‘ .01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k ok *k
Bentazon 3 ** * *k
Acifluorfen x ,
Bentazon 9 - ok Tk

Table 37. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of

redroot pigweed grown outside averaged over the main effects
of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 80.3 a 1052 a 184 a
0.28 42,5 b 221 b 110 b
0.43 33.8 ¢ 165 b 97 b
0.56 29.3 ¢ 152 b 101 b
Bentazon
0.00 53.9 a 578 a 164 a
0.56 45.8 b 377 b 113 b
0.84 45.6 b 348 b 109 b
1.12 40.7 b 307 b 106 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 38. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
redroot pigweed grown outside averaged over herbicide rates.?

Herbicide rate

AcifTuorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)

0.00 0.00 80.7 a 1474 a 288 a
0.00 0.56 83.2 a 1022 b 185 b
0.00 0.84 83.8 a 921 bc 147 bc
0.00 1.12 73.4 a 792 ¢ 142 bed
0.28 0.00 53.4 b 329 d 136 bcd
0.43 0.00 45.0 bc 222 de 111 cde
0.56 0.00 36.0 cde 206 de 120 bcde
0.28 0.56 39.6 cd 184 de 102 cde
0.28 0.84 41.1 cd 206 de 109 cde
0.28 1.12 35.9 cde 164 de 95 de
0.43 0.56 32.7 cdef 160 de 95 de
0.43 0.84 25.1 ef 136 e 97 de
0.43 1.12 32.2 cdef 140 e 86 e
0.56 0.56 27.9 def 143 de 97 de
0.56 0.84 31.4 def 128 e 84 e
0.56 1.12 21.3 f 131 e 101 cde

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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was considered significant (Figure 7). The interactions measured by the
fresh and dry weight values were considered confounded as they did not
differ significantly from the value of the acifluorfen in the mix applied
singly. . The correct model would be multiplicative at the lowest rate of
acifluorfen and as the rate increased an additive model would be
considered appropriate.

Greenhouse (011): Redroot pigweed grown in the greenhouse and

treated with acifluorfen and bentazon plus a crop oil1 concentrate, showed
a significant reduction to the main effects of acifluorfen and bentazon
across all measured parameters (Table 40). The interaction of
acifluorfen and bentazon was also significant across all measured
parameters.

Bentazon appeared to antagonize acifluorfen when the main effects of
herbicide rates were compared as the average values of percent moisture
for bentazon were significantly increased from the overall average of
percent moisture where no bentazon was present (Table 41). Acifluorfen
significantly reduced percent moisture values with increasing rates. The
increasing rates of acifluorfen, however, had no decreasing effect on
fresh or dry weight measurements. Bentazon did not significantly
influence any measured parameter when averaged over the main effect of
herbicides.

When averaged over individual herbicide rates, bentazon applied
singly had significantly higher percent moisture values than the control
(Table 42). Except for the controls, all fresh and most dry weight
values were significantly lower than the values for bentazon applied
alone. The percent moisture of the acifluorfen treated plants did not
decrease sfgnificantly with increasing rates, however, they were

significantly less than any single rate of bentazon or any combination of



Figure 7.
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Percent moisture of redroot pigweed grown outside 10 days
following treatment with acifluorfen and bentazon (solid

11ines) and in al1 possible combinations (dashed 1ines) versus
the observed percent of control.
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Table 40. The analysis of variance of redroot pigweed grown in the
greenhouse on the measured parameters of percent moisture,
fresh weight and dry weight as affected by a crop ofl
concentrate added to acifluorfen and bentazon.

Significance
(* = .05, = = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *x baded **
Bentazon 3 ok *k k
Acifluorfen x
Bentazon 9 *k *k *ok

Table 41. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of redroot pigweed grown 1n the
greenhouse averaged over the main effects of herbicide.?

Rate Crop o1l Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 85.2 a 1530 a 239 a

0.28 2.3 33.6 b 206 b 111 b

0.43 2.3 27.5 ¢ 178 b 116 b

0.56 2.3 25.1 d 163 b 115 b
Bentazon

0.00 2.3 31.9 b 717 a 214 a

0.56 2.3 46.6 a 466 b 124 b

0.84 2.3 46.4 a 440 b 121 b

1.12 2.3 46.5 a 450 b 119 b

8Means in the same column with simiIar letters are not significantly
-different at the 5% level by Duncan's multiple range test.



98

Table 42. The effect of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of redroot piaweed grown in the
greenhouse averaged over herbicide rates.

Herbicide rate
AcTfTuorfen Bentazon Crop oil Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 82.4 b 2381 a 490 a
0.00 0.00 2.3 80.6 b 2363 a 460 a
0.00 0.56 2.3 86.4 a 1283 b 168 b
0.00 0.84 2.3 87.4 a 1199 b 153 be
0.00 1.12 2.3 86.4 a 1276 b 163 b
0.28 0.00 2.3 17.4 e 154 ¢ 120 cdef
0.43 0.00 2.3 15.6 e 178 ¢ 135 bcde
0.56 0.00 2.3 14.1 e 174 ¢ 143 bed
0.28 0.56 2.3 39.3 ¢ 234 ¢ 109 def
0.28 0.84 2.3 39.9 ¢ 252 ¢ 119 cdef
0.28 1.12 2.3 37.7 ¢ 183 ¢ 95 f
0.43 0.56 2.3 32.3 d 193 ¢ 114 def
0.43 0.84 2.3 30.3 d 169 ¢ 107 ef
0.43 1,12 2.3 31.9 d 172 ¢ 110 def
0.56 0.56 2.3 28.4 d 154 ¢ 105 ef
0.56 0.84 2.3 27.8 d 156 ¢ 105 ef
0.56 1.12 2.3 30.1 d 168 ¢ 107 ef

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.






99

acifluorfen or bentazon. Combination rates also had significantly lower
percent moisture values than any single rate of bentazon. Al1 fresh
weights, regardless of the rate of bentazon or acifluorfen present, were
significantly less than any rate of bentazon applied alone. Dry weights
where bentazon was applied alone were significantly higher than any rate
of acifluorfen applied singly or in any tank mix combination of
acifluorfen and bentazon if 0.43 kg/ha or more of acifluorfen was in that
combination regardless of the rate of bentazon.

Since the acifluorfen and bentazon interaction was significant, a
Colby's analysis was performed. Bentazon antagonized acifluorfen across
all combination rates of acifluorfen and was considered significant
(Table 43, Figure 8). Fresh and dry weight values, although showing a
significant interaction, were not consistently different from the values
of acifluorfen applied singly and were considered confounded so a
Colby's analysis was not performed. The correct model is multiplicative.

Outside (0oi1): Redroot pigweed grown outside and treated with

acifluorfen and bentazon plus a crop oil concentrate showed a significant
reduction across all the measured parameters (Table 44). The interaction
of acifluorfen and bentazon was also significant across all the measured
parameters.

When averaged over the main effects of herbicide, the presence of
acifluorfen significantly decreased percent moisture with increasing
rates (Table 45). Bentazon appears to be antagonistic to acifluorfen as
the average values of percent moisture for bentazon are significantly
higher from the overall average of percent moisture where no bentazon was
present. Overall fresh and dry weight values do not appear to be

significantly influenced by increasing acifluorfen or bentazon rates.
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Figure 8.
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Percent moisture of redroot pigweed grown in the greenhouse
10 days following treatment with acifluorfen and bentazon
(sol1id 1ines) and in al1 possible combinations (dashed 1ines)
with a1l treatments containing a crop oil concentrate versus
the observed percent of control.
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Table 44. The analysis of variance of redroot pigweed grown outside
on the measured parameters of percent moisture, fresh weight
and dry weight as affected by a crop oi1 concentrate added to
acifluorfen and bentazon.

Significance
(* =05, ** = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k ok *k
Bentazon 3 ok *k *k
Acifluorfen x
Bentazon 9 * *ok *k

Table 45. The effects of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of redroot pigweed grown outside
averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen |

0.00 2.3 79.0 a 1104 a 230 a

0.28 2.3 36.5b 286 b 158 b

0.43 2.3 31.7 ¢ 236 bc 143 b

0.56 2.3 27.6 d 217 ¢ 145 b
Bentazon

0.00 2.3 39.2 b 529 a 195 a

0.56 2.3 44,5 a 452 b 163 b

0.84 2.3 45.1 a 426 b 178 b

1.12 2.3 45.9 a 436 b 159 b

3Means {n the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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The effect of acifluorfen and bentazon plus a crop oil concentrate
when averaged over individual herbicide rates indicated that percent
moisture was not significantly influenced by any rate of bentazon when
compared to the control (Table 46). Fresh and dry weight measurements of
the bentazon treated plants were significantly less than the control at
all single rates of bentazon and were significantly larger than the
weights of any rate of acifluorfen applied singly or in any rate
combination with bentazon. When percent moistures were compared, the
lowest rate of acifluorfen (0.28 kg/ha) across all rates of bentazon plus
a crop oi1 concentrate significantly increased percent moisture values
above any single rate of acifluorfen and lower than any single rate of
bentazon and actually increased percent moisture with increasing rates of
bentazon (Figure 9). Other rate combinations had percent moisture values
that were significantly lower than the value of bentazon, but were not
generally different from the single rate of acifluorfen in the
combination.

Since the interaction of acifluorfen and bentazon was significant, a
Colby's analysis was calculated (Table 47) and indicated that the
antagonism noted at the lowest rate of acifluorfen (0.28 kg/ha) was
significant. Although antagonism is indicated with other rate
combinations it was not consistent. The Colby's analysis was not
- performed on the fresh or dry weights as the means were generally not
significantly different from each other and were considered confounded.
The correct model is multiplicative and once the rate of acifluorfen is
above 0.43 kg/ha the antagonism would be considered under an additive
model.
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Table 46. The effect of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of redroot pigweed grown in the
greenhouse averaged over herbicide rates.

Herbicide rate
Acifluorfen Bentazon Crop ofl Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 78.2 a 1321 a 288 a
0.00 0.00 2.3 77.6 a 1301 a 293 a
0.00 0.56 2.3 79.2 a 1112 b 225 b
0.00 0.84 2.3 80.5 a 1000 b 196 bc
0.00 1.12 2.3 78.6 a 1004 b 206 bc
0.28 0.00 2.3 27.9 efg 317 ¢ 181 cd
0.43 0.00 2.3 27.2 fg 267 ¢ 158 de
0.56 0.00 2.3 24.1 g 271 ¢ 149 de
0.28 0.56 2.3 36.3 cd 228 ¢ 153 de
0.28 0.84 2.3 39.3 be 267 ¢ 147 de
0.28 1.12 2.3 42.3 b 271 ¢ 149 de
0.43 0.56 2.3 35.1 cd 290 ¢ 146 de
0.43 0.84 2.3 31.23 def 245 ¢ 141 de
0.43 1.12 2.3 33.1 de 217 ¢ 129 e
0.56 0.56 2.3 27.3 fg 189 ¢ 130 e
0.56 0.84 2.3 29.2 efg 218 ¢ 148 de
0.56 1.12 2.3 29.7 ef 238 ¢ 152 de

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.



Figure 9.
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Percent moisture of redroot pigweed grown outside 10 days
following treatment with acifluorfen and bentazon (solid
1ines) and in al1 possible combinations (dashed 1ines) with
all treatments containing a crop oil concentrate versus the
observed percent of control.
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Velvetleaf:

Greenhouse: Velvetleaf grown in the greenhouse and treated with
acifluorfen and bentazon showed a significant reduction to all measured
parameters (Table 48). The interaction of acifluorfen and bentazon was
significant only when percent moisture was considered.

The main effects of acifluorfen and bentazon averaged over rates,
indicated that when grown in the greenhouse the measured velvetleaf
parameters were significantly reduced by acifluorfen and bentazon
compared to the control. Increasing the rates of acifluorfen and
bentazon caused significant reductions in percent moisture but true when
fresh or dry weights were compared (Table 49).

When averaged over individual treatments and compared to the
controls (Table 50),. percent moisture was significantly reduced by
bentazon only at rates greater than 0.84 kg/ha and acifluorfen did not
affect percent moisture significantly at any rate. A1l combinations of
acifluorfen and bentazon significantly reduced the percent moisture below
the value of each herbicide applied singly. Both acifluorfen and
bentazon significantly reduced fresh weight values below the control but
the combinations were generally lower than each herbicide applied singly.
Dry weight measurements of acifluorfen and bentazon were significantly
less than the control, but each combination rate was seldom significantly
less than the single rate of bentazon present in the combination. Al1l
dry weights except the control were significantly less than any rate of
acifluorfen applied singly. Thus, velvetleaf appears to be more
sensitive to bentazon when grown in the greenhouse.

The acifluorfen and bentazon interaction was not significant when
fresh or dry weights were compared so a Colby's analysis was not

performed. Fresh weights appeared to be additive in their response to



Table 48.
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The analysis of variance of velvetleaf grown in the greenhouse

on the measured parameters of percent moisture, fresh weight
and dry weight.

Significance
(* =05, ¥ = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 ok *k *k
Bentazon 3 ok *k *k
Acifluorfen x
Bentazon 9 ok - -
Table 49. The effects of acifluorfen and bentazon on the measured

parameters of percent moisture, fresh weight and dry weight of
velvetleaf grown in the greenhouse averaged over the main
effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 71.4 a 236 a 58 a
0.28 58.3 b 151 b 5 b
0.43 57.3 bc 158 b 53 b
0.56 54.4 ¢ 147 b 51 b
Bentazon
0.00 75.8 a 312 a 72 a
0.56 64.3 b 170 b 5 b
0.84 52.5 ¢ 110 ¢ 45 ¢
1.12 48.9 d 100 ¢ 45 ¢

3Means in the same column with similar letters are not significantly

different

at the 5% level by Duncan's multiple range test.
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Table 50. . The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of

velvetleaf grown in the greenhouse averaged over herbicide
rates.?

Herbicide rate

Acifluorten Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)
0.00 0.00 78.0 a 358 a 77 a
0.00 0.56 76.2 a 268 b 57 b
0.00 0.84 65.7 b 155 ¢ 46 cd
0.00 1.12 65.9 b 162 ¢ 51 bcd
0.28 0.00 75.6 a 286 b 69 a
0.43 0.00 75.2 a 297 b 71 a
0.56 0.00 74.2 a 309 b 72 a
0.28 0.56 61.4 bc 141 cd 46 cd
0.28 0.84 50.7 d 98 de 43 d
0.28 1.12 45.4 def 8l e 42 d
0.43 0.56 62.6 bc 156 ¢ 53 bc
0.43 0.84 47.4 de 92 e 44 cd
0.43 1.12 43.8 ef 87 e 45 cd
0.56 0.56 56.8 ¢ 116 cde 43 d
0.56 0.84 46.a def 9 e 47 cd -
0.56 1.12 40.3 f 69 e 4 d

3Means 1n the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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the combinations when compared to each herbicide applied singly. When
percent moistures were compared, however, the interaction term was
significant. A Colby's analysis indicated acifluorfen and bentazon in
combination significantly reduced velvetleaf percent moisture
measurements below that of either herbicide applied singly (Table 51,
Figure 10). This synergism was considered significant across all
combinations. The model is considered to be multiplicative with a
synergistic response.

Outside: Velvetleaf grown outside and treated with acifluorfen and
bentazon showed a significant reduction in all measured parameter. The
interaction of acifluorfen and bentazon was also significant (Table 52).

The effect of acifluorfen and bentazon, when averaged over the main
effect of herbicide rates (Table 53) indicated that both herbicides
significantly reduced all the measured parameters below the control.
Bentazon significantly reduced percent moisture values with increasing
rates, acifluorfen did not. When fresh and dry weights were compared,
neither herbicide significantly reduced measured weights with increasing
rates of herbicide.

When averaged over individual herbicide treatments, acifluorfen did
not reduce percent moisture significantly below the control (Table 54).
Bentazon significantly reduced percent moisture below the control and
below all the single rates of acifluorfen. A1l combinations of
acifluorfen and bentazon were reduced significantly below all the single
rates of efther herbicide and increasing rates of bentazon significantly
decreased the percent moisture. No fresh or dry weight values were
significantly lower than the rate of bentazon applied singly in the

combination, although all combinations were lower than any rate of
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Figure 10. Percent moisture of velvetleaf grown in the greenhouse 10

days following treatment with acifluorfen and bentazon

(so1id 1ines) and in all1 possible combinations (dashed
1ines) versus the observed percent of control.
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Table 52. The analysis of variance of velvetleaf grown outside on the
measured parameters of percent moisture, fresh weight and dry

weight,
Significance
(* = L] [ ] = 001)
Degrees of

Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *% *k *k
Bentazon 3 *ok ok ok

Acifluorfen x
Bentazon 9 baded *k *k

Table 53. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
velvetleaf grown outside averaged over the main effects of

herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 62.4 a 327 a 9 a
0.28 56.8 b 2200 b 74 b
0.43 53.7 ¢ 204 b 75 b
0.56 52.3 ¢ 191 b 72 b
Bentazon
0.00 75.3 a 532 a 127 a
0.56 53.5 b 154 b 65 b
0.84 49.9 ¢ 132 b 62 b
1.12 46.5 d 124 b 62 b

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 54. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry welght of
velvetleaf grown outside averaged over herbicide rates.

Herbicide rate

AcifTuorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)
0.00 0.00 76.3 a 819 a 184 a
0.00 0.56 61.9 b 187 d 69 d
0.00 0.84 58.3 bc 160 d 65 d
0.00 1.12 53.1 d 143 d 64 d
0.28 0.00 75.8 a 495 b 119 b
0.43 0.00 75.2 a 420 ¢ 103 ¢
0.56 0.00 74.0 a 3% ¢ 101 ¢
0.28 0.56 55.4 cd 151 d 62 d
0.28 0.84 48.7 e 115 d 56 d
0.28 1.12 47.3 e 118 d 508 d
0.43 0.56 48.6 e 139 d 65 d
0.43 0.84 47.7 e 137 d 67 d
0.43 1.12 43.3 f 121 d 63 d
0.56 0.56 48.0 e 137 d 65 d
0.56 0.84 45.0 ef 116 d 5 d
0.56 1.12 42.1 f 115 d 62 d

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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acifluorfen applied singly. Bentazon was more effective at reducing all
parameters measured on velvetleaf grown outside than was acifluorfen.
Since the acifluorfen and bentazon interaction was significant over
all the measured parameters, a Colby's analysis was performed. The
Colby's analysis, however, was not performed on the fresh and dry weight
measurements as the means of the combinations were not significantly
different from the rate of bentazon applied singly and were
considered confounded. The Colby's analysis of the percent moisture
(Table 55) indicated that the combination of acifluorfen and bentazon was
synergistic across all combined rates and considered significant
(Figure 11). The correct model is considered to be multiplicative with a
synergistic response to all combinations of acifluorfen and bentazon.

Greenhouse (0i1): The analysis of variance of velvetleaf grown

in the greenhouse with a crop oi1 concentrate added to acifluorfen and
bentazon indicated all the measured parameters were significantly reduced
(Table 56). Interactions of acifluorfen and bentazon were measured with
fresh and dry weight measurements but not percent moistures.

Increasing rates of acifluorfen and bentazon significantly reduced
al1 the measured parameters when averaged over the main effects of
herbicide rates (Table 57). This decrease was generally larger for
bentazon than for acifluorfen.

When averaged over individual herbicide rates (Table 58),
acifluorfen plus a crop oil concentrate had no significant effect on
percent moisture when compared to the control, although fresh and dry
weights were significantly reduced but all values were significantly
higher than any rate of bentazon applied singly or in combination. Al1l
combination treatments, however, never had significantly lower fresh or

dry weight values than the bentazon in the combination applied singly.
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Figure 11.

120

Percent moisture of velvetleaf grown outside 10 days
following treatment with acifluorfen and bentazon (solid

1ines) and in al1 possible combinations (dashed 1ines)
versus the observed percent of control.

a o
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Table 56. The analysis of variance of velvetleaf grown in the greenhouse
added on the measured parameters of percent moisture, fresh
weight and dry weight as affected by acifluorfen and bentazon
with a crop o011 concentrate added.

Significance
(* = .05, ** = .01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 * - -
Acifluorfen 3 wrk *k %
Bentazon 3 ok *x ok
Acifluorfen x
Bentazon 9 - wk wk

Table 57. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of velvetleaf grown in the
greenhouse averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 62.6 a 336 a 86 a

0.28 2.3 58.3 ab 268 b 81 ab

0.43 2.3 55.6 bc 234 ¢ 78 bc

0.56 2.3 52.6 ¢ 205 ¢ 713 ¢
Bentazon

0.00 2.3 75.6 a 512 a 122 a

0.56 . 2.3 62.2 b 234 b n1b

0.84 2.3 47.8 ¢ 157 ¢ 63 ¢

1.12 2.3 43.4 ¢ 140 ¢ 63 ¢

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 58. The effect of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of velvetleaf grown in the
greenhouse averaged over herbicide rates.?

Herbicide rate
RcifTuorfen Bentazon Crop ofl Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) - (mg)
0.00 0.00 0.0 78.1 a 641 a 125 a
0.00 0.00 2.3 77.6 a 636 a 142 a
0.00 0.56 2.3 67.0 bc 319 d 77 d
0.00 0.84 2.3 54.6 def 200 ef 62 de
0.00 1.12 2.3 51.1 efg 188 fg 63 de
0.28 0.00 2.3 76.6 ab 525 b 121 b
0.43 0.00 2.3 74.3 ab 493 b 125 b
0.56 0.00 2.3 73.9 ab 392 ¢ 99 ¢
0.28 0.56 2.3 63.8 cd 264 de 77 d
0.28 0.84 2.3 44.0 gh 151 fg 68 de
0.28 1.12 2.3 48.9 fg 131 fg 60 e
0.43 0.56 2.3 60.8 cde 175 fg 61 de
0.43 0.84 2.3 48.6 fg 145 fg 61 de
0.43 1.12 2.3 38.8 h 123 g 64 de
0.56 0.56 2.3 57.2 def 178 fg 67 de
0.56 0.84 2.3 44.2 gh 131 fg 60 e
0.56 1.12 2.3 35.0 117 g 67 de

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Bentazon and combination treatments significantly reduced percent
moisture below the control and below acifluorfen applied singly. Some
combinations also had significantly lower percent moisture values than
the rate of bentazon in the combination applied singly. However, this
reduction was not consistent but random and acifluorfen and bentazon
interaction was not significant. The significant interactions noted
from the fresh and dry weight measurements were considered confounded as
the combination rates were never significantly different from the single
rate of bentazon. Therefore, a Colby's analysis was not performed. The
response of velvetleaf grown in the greenhouse to acifluorfen and
bentazon plus a crop o011 concentrate was considered additive.

Outside (0i1): Velvetleaf grown outside was affected by acifluorfen

and bentazon plus a crop oil concentrate by significantly reducing the
measured parameters. Interactions of acifluorfen and bentazon were
considered highly significant with fresh and dry weight measurements but
no interaction was measured with percent moisture (Table 59).

The overall effects of acifluorfen and bentazon plus a crop oil
concentrate on velvetleaf grown outside indicated bentazon was more
effective than was acifluorfen although all measured parameters were
generally reduced significantly (Table 60).

When averaged over individual herbicide treatments, bentazon plus
oil significantly reduced all measured parameters below those of
acifluorfen plus oil (Table 61). Acifluorfen did not significantly
reduce percent moisture values below the control but did significantly
reduce fresh and dry weights. The fresh and dry weight values of the
combination treatments, however, were always significantly lower than the
single rates of acifluorfen but were never significantly lower than the

single rate of bentazon in the mix. The only treatments that had
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Table 59. The analysis of variance of velvetleaf grown outside
on the measured parameters of percent moisture, fresh weight
and dry weight as affected by acifluorfen and bentazon.
Significance
(* =05, ¥ = ,01)
Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *x *x -
Bentazon 3 *k ** *k
Acifluorfen x
Bentazon 9 - ** ok
Table 60. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of velvetleaf grown outside
averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 61.6 a 432 a 163 ab

0.28 2.3 60.7 a 428 a 168 a

0.43 2.3 59.2 ab 388 b 156 b

0.56 2.3 57.5 b 380 b 178 ab
Bentazon

0.00 2.3 64.3 a 647 a 226 a

0.56 2.3 59.9 b 270 b 151 b

0.84 2.3 59.5 b 338 b 143 b

1.12 2.3 55.2 ¢ 274 ¢ 125 ¢

3Means in the same column with similar letters are not significantly

different

at the 5% level by Duncan's multiple range test.
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Table 61. The effect of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of velvetleaf grown outside
averaged over herbicide rates.?

Herbicide rate

AcTfTuorfen Bentazon Crop oi1 Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 68.1 a 784 a 260 a
0.00 0.00 2.3 66.0 a 771 a 255 a
0.00 0.56 2.3 60.3 bcde 348 def 143 def
0.00 0.84 2.3 63.7 abc 351 de 136 efg
0.00 1.12 2.3 56.2 efg 257 g 116 g
0.28 0.00 2.3 65.0 ab _671 b 233 b
0.43 0.00 2.3 64.9 ab 605 bc 214 be
0.56 0.00 2.3 61.0 abcde 542 c 204 ¢
0.28 0.56 2.3 62.0 abcd 403 d 154 de
0.28 0.84 2.3 57.0 defg 333 defg 157 de
0.28 1.12 2.3 58.3 cdef 305 fg 129 fg
0.43 0.56 2.3 60.a bcde . 352 de 145 def
0.43 0.84 2.3 58.9 cdef 336 defg 138 defg
0.43 1.12 2.3 52.0 g 260 g 127 fg
0.56 0.56 2.3 57.1 defg 379 de 160 d
0.56 0.84 2.3 58.3 cdef 331 defg 142 def
0.56 1.12 2.3 53.4 fg 270 fg 126 g

3Means in the same column with similar letters are not significantly

different

at the 5% level by Duncan's multiple range test.
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consistent lower percent moisture values were those that had 1.12 kg/ha
of bentazon present, either in combination or alone. The interaction of
acifluorfen and bentazon was considered significant when fresh and dry
weights were evaluated but both were considered confounded as the
combinations did not differ significantly from the single value of
bentazon, therefore a Colby's analysis was not performed. The percent
moisture values indicated no measured interaction. The response of
velvetleaf grown outside to acifluorfen and bentazon with a crop o1l

concentrate was considered additive.

Soybeans:

Greenhouse: The analysis of variance of soybeans grown in the
greenhouse indicated that percent moisture was significantly increased by
acifluorfen and bentazon but fresh weights were not affected (Table 62).
Acifluorfen significantly reduced dry weight values, where bentazon did

not. No interactions were significant over the measured parameters.

When averaged over the main effects of herbicides (Table 63), both
acifluorfen and bentazon had higher percent moisture values than the
control. The fresh and dry weight values, however, were not
significantly different from the control unless the highest rate of both
herbicides was present, then the values were significantly reduced.

When averaged over individual herbicide rates, neither acifluorfen
nor bentazon applied singly was significantly different from the control
when any parameter was compared (Table 64). Fresh weight regardless of
rate or combination was never significantly different from the control.
Dry weight was significantly lowered only at the highest combined rate of
both herbicides. A11 combined rates of acifluorfen had significantly

higher percent moisture values than the control. Since no interaction
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Table 62. The analysis of variance of soybeans grown in the greenhouse
on the measured parameters of percent moisture, fresh weight
and dry weight.

Significance
(* =05, ¥ = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 ** - *
Bentazon 3 ** - -
Acifluorfen x
Bentazon 9 - - -

Table 63. The effects of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
soybeans grown in the greenhouse averaged over the main
effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 79.2 b 2743 a 583 a
0.28 80.4 a 2759 a 547 ab
0.43 80.7 a 2763 a 549 ab
0.56 80.5 a 2611 a 520 b
Bentazon
0.00 79.1 b 2678 a 574 a
0.56 80.4 a 2784 a 557 ab
0.84 80.8 a 2731 a 536 ab
1.12 80.6 a 2684 a 531 b

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
soybeans grown in the greenhouse averaged over herbicide

rates.?

Herbicide rate

Acifluorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (wmg) (mg)
0.00 0.00 78.4 f 2668 a 583 ab
0.00 0.56 79.7 cdef 2919 a 617 a
0.00 0.84 80.0 bcdef 2703 a 552 ab
0.00 1.12 78.8 ef 2682 a 578 abc
0.28 0.00 79.2 def 2672 a 565 abc
0.43 0.00 79.3 def 2686 a 588 ab
0.56 0.00 79.3 def 2686 a 562 abc
0.28 0.56 80.7 abcd 2764 a 540 abc
0.28 0.84 80.6 abcd 2817 a 554 abc
0.28 1.12 81.3 ab 2785 a 530 abc
0.43 0.56 81.2 ab 2940 a 561 abc
0.43 0.84 81.6 a 2719 a 516 bc
0.43 1.12 80.9 abc 2708 a 530 abc
0.56 0.56 80.1 abcde 2512 a 508 bc
0.56 0.84 8l.1 ab 2683 a 522 bc
0.56 1.12 81.3 ab 2563 a 487 ¢

3Means in the same column with similar letters are not significantly

different at the 5% level by Duncan's multiple range test.
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was significant a Colby's analysis was not performed. The effect of
acifluorfen and bentazon combination on soybeans grown in the greenhouse
appears to be additive.

Outside: The analysis of variance of soybeans grown outside
indicated that percent moisture was significantly increased by
acifluorfen and bentazon but fresh and dry weights were not (Table 65).
There were no significant interactions measured.

When averaged over the main effects of herbicides, both acifluorfen
and bentazon had percent moistures significantly higher and dry weights
significantly lower than the control. Fresh weights were significantly
Tower than the control only at the highest rates of both herbicides
(Table 66).

When averaged over individual herbicide rates (Table 67), dry weight
values of each herbicide applied singly were never significantly
different from the control. The combination rates, however,
significantly decreased dry weight values below the control once wmore
than 0.43 kg/ha acifluorfen was present in the combination. Fresh weight
values, regardless of herbicide rate, were significantly different from
the control only at the higher combined rates. Percent moisture values
were all significantly higher than the control values except for rates of
acifluorfen applied singly. Since no interaction was significant, a
Colby's analysis was not performed. The effect of acifluorfen and
bentazon combination on soybeans grown in the greenhouse appears to be
additive.

Greenhouse (011): The analysis of variance of soybeans grown in

the greenhouse treated with acifluorfen and bentazon plus a crop oil

concentrate significantly increased percent moisture values (Table 68).
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The analysis of variance of soybeans grown outside on the
measured parameters of percent mofsture, fresh weight and dry
weight

Significance
(* =05, ** = .01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *x *x *%
Bentazon 3 *% *k **
Acifluorfen x
Bentazon 9 - - -
Table 66. The effects of acifluorfen and bentazon on the measured

parameters of percent moisture, fresh weight and dry weight of
soybeans outside averaged over the main effects of herbicide.?

Rate Moisture Fresh weight Dry weight
(kg/ha) (%) (mg) (mg)
Acifluorfen

0.00 76.9a 2953 a 685 a
0.28 77.6 a 2788 ab 626 b
0.43 77.6 a 2685 bc 601 b
0.56 77.5 a 2594 ¢ 587 b
Bentazon
0.00 76.1 b 2945 a 709 a
0.56 77.7 a 2821 ab 628 b
0.84 77.9 a 2671 ab 591 bc
1.12 77.9 a 2583 b 571 ¢

3Means in the same column with similar letters are not significantly

different

at the 5% level by Duncan's multiple range test.
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Table 67. The effect of acifluorfen and bentazon on the measured
parameters of percent moisture, fresh weight and dry weight of
soybeans grown outside averaged over herbicide rates.?

Herbicide rate

AcTfTuorfen Bentazon Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (kg/ha) (mg) (mg)

0.00 0.00 75.6 d 2926 abc 722 a
0.00 0.56 77.1 ¢ 2918 abc 668 abc
0.00 0.84 77.3 bc 2904 abc 689 abcd
0.00 1.12 77.6 abc 3063 a 692 ab
0.28 0.00 76.2 d 2952 ab 707 a
0.43 0.00 76.2 d 2951 ab 704 a
0.56 0.00 76.3 d 2950 ab 701 a
0.28 0.56 78.0 ab 2965 ab 653 abcd
0.28 0.84 78.2 a 2703 abcde 587 cd
0.28 1.12 78.0 ab 2533 cde 556 e
0.43 0.56 77.9 abc 2748 abcd 604 bcde
0.43 0.84 78.2 a 2636 bcde 574 de
0.43 1.12 78.2 a 2404 de 520 e
0.56 0.56 77.9 abc 2651 bcde 585 cde
0.56 0.84 77.8 abc 2441 de 542 e
0.56 1.12 77.9 abc 2333 e 518 e

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Acifluorfen also significantly decreased fresh and dry weight values.
There were no significant interactions.

When averaged over main effects of herbicide rates (Table 69),
acifluorfen significantly increased average percent moisture values over
all rates and bentazon only where 0.84 kg/ha was present.

When averaged over individual herbicide treatments,'both herbicides
applied singly and all combinations had significantly higher percent
moisture values than the control except the lowest rate of bentazon
(Table 70). The combinations were seldom significantly different than
the components of the combinations when percent moistures were compared.
Fresh weight values were significantly less than the control only at the
highest rate of acifluorfen and bentazon. Al11 acifluorfen rates and
combinations reduced dry weight values significantly below the control.
Acifluorfen appears to have a greater effect on soybeans than does
bentazon as evidenced by reduced fresh and dry weight values. No
interaction was significant so a Colby's analysis was not performed. The
effect of acifluorfen and bentazon combinations plus a crop oil
concentrate on soybeans grown in the greenhouse appears to be additive.

Outside (0i1): The analysis of variance of soybeans grown

outside with a crop oil concentrate present on the measured parameters
indicated that percent moisture was influenced only by acifluorfen (Table
71). Acifluorfen and bentazon both had a significant effect on fresh and
dry weight measurements as well as a significant interaction terms.

When averaged over main effects, acifluorfen significantly reduced
the percent moisture and fresh weight values below the control.
Increased rates did not continue to significantly decrease percent
mofsture but at the highest rate there was reduced fresh and dry weight

values (Table 72). Bentazon had no significant effect on percent
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Table 68. The analysis of variance of soybean grown in the greenhouse on
the measured parameters of percent moisture, fresh weight and
dry weight as affected by acifluorfen and bentazon with a crop
011 concentrate added.

Significance
(* = .05, ¥ = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k ok *k
Bentazon 3 ** - -
Acifluorfen x
Bentazon 9 - - -

Table 69. The effects of acifluorfen and bentazon plus a crop oi1
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of soybeans grown in the
greenhouse averaged over the main effects of herbicide.?

Rate Crop oil Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 74.4 b 3398 a 877 a

0.28 2.3 76.3 a 3046 b 727 b

0.43 2.3 76.1 a 2985 b 720 b

0.56 2.3 76.4 a 2906 b 695 b
Bentazon

0.00 2.3 74.8 b 3093 a 784 a

0.56 2.3 75.3 b 3121 a 779 a

0.84 2.3 76.5 a 3120 a 743 a

1.12 2.3 76.5 a 3000 a 713 a

8Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 70. The effect of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of soybeans grown in the
greenhouse averaged over herbicide rates.?

Herbicide rate -
AcifTuorfen Bentazon Crop ofl Moisture Fresh weight Dry weight

(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)

0.00 0.00 0.0 73.8 ef 3430 ab 909 a
0.00 0.00 2.3 73.2 f 3411 ab 945 a
0.00 0.56 2.3 73.7 ef 3531 a 938 a
0.00 0.84 2.3 75.4 bed 3391 abc 842 b
0.00 1.12 2.3 75.2 cde 3258 abc 813 ab
0.28 0.00 2.3 75.6 bcd 3126 abcd 762 bc
0.43 0.00 2.3 75.1 de 2870 cd 716 bc
0.56 0.00 2.3 75.3 bed 2966 bcd 741 be
0.28 0.56 2.3 76.0 abcd 2990 bcd 719 bc
0.28 0.84 2.3 76.9 abc 3049 abcd 705 be
0.28 1.12 2.3 76.6 abcd 3018 bcd 727 be
0.43 0.56 2.3 75.9 abcd 3014 bcd 734 be
0.43 0.84 2.3 76.6 abcd 3053 abcd 728 bc
0.43 1.12 2.3 76.7 abcd 3.004 bcd 702 be
0.56 0.56 2.3 75.8 bcd 2.951 bcd 727 bc
0.56 0.84 2.3 77.0 ab 2.987 bed 699 bc
0.56 1.12 2.3 77.6 a 2719 d 614 ¢

3Means in the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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Table 71. The analysis of variance of soybeans grown outside on the
measured parameters of percent moisture, fresh weight and dry

weight as affected by acifluorfen and bentazon with a crop o1l
concentrate added.

Significance
(* =05, ¥ = ,01)

Degrees of
Source freedom % Moisture Fresh weight Dry weight
Replication 2 - - -
Acifluorfen 3 *k ok *k
Bentazon 3 - wok *k
Acifluorfen x
Bentazon 9 - *k ok

Table 72. The effects of acifluorfen and bentazon plus a crop oil
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of soybeans grown outside averaged
over the main effects of herbicide.?

Rate Crop o1l Moisture Fresh weight Dry weight
(kg/ha) (L/ha) (%) (mg) (mg)
Acifluorfen

0.00 2.3 76.9 a 3091 a 720 a

0.28 2.3 75.3 b 2813 b 714 a

0.43 2.3 76.4 b 2804 b 703 a

0.56 2.3 76.0 b 2519 ¢ 626 b
Bentazon

0.00 2.3 75.6 a 3156 a 788 a

0.56 2.3 75.6 a 2846 b 701 b

0.84 2.3 76.0 a 2617 c 641 c

1.12 2.3 76.3 a 2609 c 634 ¢

3Means 1n the same column with similar letters are not significantly
different at the 5% level by Duncan's multiple range test.
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moisture values but significantly reduced fresh and dry weight values
below the control. When rates of 0.84 kg/ha of bentazon were present,
the average fresh and dry weight values were no longer significantly
reduced by increasing the rate of bentazon.

When averaged over the individual herbicide treatments (Table 73),
no herbicide applied singly or in combination was significantly lower
than the control when percent moistures were compared. Fresh weights
for the combinations generally had significantly lower fresh weight
values than the control and each herbicide applied singly. The
exceptions were random and not consistent. Dry weights were
significantly less than the control only at the highest rates of both
herbicides applied in combination. The interaction of fresh and dry
weight values was considered confounded as they were never significantly
different than the components applied singly. Colby's analysis was not
calculated. The effect of acifluorfen and bentazon combinations plus a

crop oil concentrate on soybeans grown outside was considered additive.

Velvetleaf field study:

A field study using the same combination of treatments utilized in
the containers was initiated at Sunfield, Michigan as described in the
materials and methods section on velvetleaf. The plots were visually
rated (Table 74). The presence of a crop oil had a significant effect
over all three rating periods as did the main effects of acifluorfen and
bentazon. The interactions between acifluorfen and bentazon and the
three way interaction with crop oil was significant at all three rating
periods.

The results averaged over the three replications and rating periods

indicated velvetleaf was more sensitive to bentazon than acifluorfen with
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Table 73. The effect of acifluorfen and bentazon plus a crop ofl
concentrate on the measured parameters of percent moisture,
fresh weight and dry weight of soybeans grown outside averaged
over herbicide rates.?

Herbicide rate

Acifluorfen Bentazon Crop oi1 Moisture Fresh weight Dry weight
(kg/ha) (kg/ha) (L/ha) (kg/ha) (mg) (mg)
0.00 0.00 0.0 76.5 ab 3228 abc 741 abc
0.00 0.00 2.3 77.1 ab 3226 abc 739 abc
0.00 0.56 2.3 76.9 ab 3287 ab 769 ab
0.00 0.84 2.3 76.9 ab 2885 bcde 671 bc
0.00 1.12 2.3 76.5 abc 2966 bcd 703 bc
0.28 0.00 2.3 74.6 bc 2971 bed 783 bc
0.43 0.00 2.3 75.3 bc 3428 a 866 a
0.56 0.00 2.3 75.3 bc 2998 bcd 762 abc
0.28 0.56 2.3 75.2 bc 2759 de 686 bc
0.28 0.84 2.3 75.8 abc 2798 cde 693 bc
0.28 1.12 2.3 75.4 abc 2726 de 696 bc
0.43 0.56 2.3 75.1 bc 2484 ef 627 cd
0.43 0.84 2.3 75.6 abc 2669 de 665 bc
0.43 1.12 2.3 75.8 abc 2635 de 655 bcd
0.56 0.56 2.3 75.4 abc 2852 cde 722 bc
0.56 0.84 2.3 75.7 abc 2115 f 537 de
0.56 1.12 2.3 77.4 a 2109 f 482 e

3Means in the same column with similar letters are not significantly

different

at the 5% level by Duncan's multiple range test.
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Table 74. Velvetleaf control at Sunfield using combinations of
acifluorfen and bentazon with and without a crop oil
concentrate. Ratings were taken 3, 10, 21 days after

treatment.
Statistjcs
3 patl TU‘DITI— 21 DAT!
cocl ok *k *k
BNTI *k b 2 x%k
ACFI *k *k Rk
BNT! X ACF1 wx *x w
COC X BNT X ACF! ok wox ok

1paT = Days after treatment, BNT = bentazon, ACF = acifluorfen, COC =
crop oil concentrate.
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and without a crop oil concentrate (Table 75). Increasing rates of
acifluorfen and bentazon increased phytotoxicity. Combinations at the
early ratings were not significantly different from the single rate of
bentazon present in the mix regardless of whether or not a crop oil was
present.

The results 10 days after application indicated that a crop ofl
concentrate significantly influenced control overall. Increasing rates
of both herbicides generally increased control with or without a crop oil
concentrate. Velvetleaf was more sensitive to bentazon than to
acifluorfen. The combinations were generally not rated significantly
better than the single rate of bentazon in the mix. The lower rates of
bentazon (0.56 kg/ha) were more often helped by the combination than were
the higher rates of bentazon.

The results 21 days after treatment indicated that crop oil
significantly increased herbicide activity on velvetleaf, although
acifluorfen appeared to be more influenced by the crop oil concentrate
than did bentazon. Bentazon was rated more effective than acifluorfen
when applied singly. The combinations were consistently better than
acifluorfen applied singly, but generally were not much better than the
rate of bentazon in the mix applied singly. The exception was the
highest rate of both acifluorfen and bentazon gave the highest consistent
control.

The results from the field test were similar to those in the
container grown plants in that the addition of a crop oil concentrate
increased control over no crop oil concentrate. Bentazon also was
significantly more effective than was acifluorfen in controlling
velvetleaf. The combinations were generally better than acifluorfen

alone but not always better than rate of bentazon in the mix. The
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Table 75. Velvetleaf contraol at Sunfield using combinations of
acifluorfen and bentazon with and without a crop oil1 concen-
trate. Ratings were at 3, 10 21 DAT (days after treatment)
where 0 = no control and 100 = total plant death.

Herbicide rate

(kg/ha) Crop 011 % Control - Visual Ratings
Acf Bnt (L/ha) 3 DAT 10 DAT BI DAT

0 0 0 0k 01 01
.28 0 0 18.3 j 23.3 k 13.3 1
.43 0 0 36.7 1 35.0 16.7 1
.56 0 0 48.3 gh 40.0 1J 16.7 1

0 .56 0 70.0 f 50.0 ghi 40.0 h

0 .84 0 82.7 cde 55.0 efgh 43.3 fgh

0 1.12 0 82.7 cde 70.0 abcd 52.7 defgh
.28 .56 0 80.0 de 65.0 cdef 50.0 defgh
.28 .84 0 85.0 bcde 65.0 cdef 60.0 cdefg
.28 1.12 0 86.7 abcde 70.0 abcde 48.3 defgh
.43 .56 0 .78.3 e 50.0 ghi 45.0 efgh
.43 .84 0 83.3 cde 66.7 bcdef 50.0 defgh
.43 1.12 0 86.7 abcde 70.0 abcd 40.0 h
.56 .56 0 80.0 de 65.0 cdef 50.0 defgh
.56 .84 0 82.7 cde 65.0 cdefe 40.0 h
.56 1.12 0 87.7 abcd 65.0 cdef 56.7 defgh

0 0 2.3 0k : 01 09
.28 0 2.3 41.7 hi 46.7 hij 41.7 hi
.43 0 2.3 50.0 g 53.3 fgh 41.7 ni
.56 0 2.3 70.0 f 40.0 1j 45.0 efgh

0 .56 2.3 80.3 abcd 60.0 defgh 42.7 gh

0 .84 2.3 85.0 bcde 66.7 bcdef 50.0 defgh

0 1.12 2.3 92.7 abc 75.0 abc 60.0 cdefg
.28 .56 2.3 80.0 de 65.0 cdef 46.7 efgh
.28 84 2.3 88.3 abcd 73.3 abcd 56.7 defgh
.28 1.12 2.3 90.0 abc 75.0 abc 63.3 bcde
.43 .56 2.3 90.0 abc 77.7 abc 67.7 bed
.43 .84 2.3 90.0 abc 78.3 abc 76.7 abc
.43 1.12 2.3 92.7 ab 80.0 ab 67.7 bed
.56 .56 2.3 92.7 ab 68.3 bcde 62.0 bcdef
.56 .84 2.3 95.0 ab 80.0 ab 80.0 ab
.56 1.12 2.3 95.0 a 83.3 a 86.7 a
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combinations helped bentazon only at the lowest rates and decreased with
increasing rates of bentazon. The highest rates of both herbicides in

combination plus a crop oil concentrate were always the most effective.



1é
N
th
of

Cre
inc
for

A

xpc

0.28

Conce
Pedrg
"N doy
PeCony
DYant‘

s!mwm



CHAPTER 3

DROPLET SIZE AS INFLUENCED BY ACIFLUORFEN,
BENTAZON AND CROP OIL

INTRODUCTION
To determine whether the interactions measured on common

lambsquarters, redroot pigweed, jimsonweed and velvetleaf were due to
some internal physiological factor or to some external factor caused by
the herbicide combinations, a comparison was made measuring the effects
of acifluorfen and bentazon alone and in combination with and without a
crop o1l concentrate on the physical diameter of a 2 ul droplet. An
increased surface area induced by the herbicide or herbicides would allow
for more surface-herbicide contact and thus, increase the treated area.
A11 things being equal, it would be logical to assume that a herbicide

exposing the greatest plant area would be more effective.

MATERIALS AND METHODS

The experiment was a four factor factorial with acifluorfen (0,
0.28, 0.43, 0.56 kg/ha), bentazon (0, 0.56, 0.83, 1.12 kg/ha), crop oi1l
concentrate (0, 2.3 L/ha), and weed species (common 1ambsquarters,
redroot pigweed, jimsonweed and velvetleaf) arranged in a completely
randomized factorial design. The plants were grown to maximum height
recommended by the label and leaves were selected at random from each
plant. Herbicides were mixed in equivalent application volumes to

simulate the previous interaction study application rate of 355 L/ha of
143
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water. A microliter syringe was used to apply a 2 ul droplet to two
locations on each 1eaf. Two fully expanded leaves were selected at
random from each plant and 2 random plants from each of the four weed
species. The droplets were allowed to spread approximately 30 seconds
after the application and then the diameter of the droplet was measured

through a dissecting 1ight microscope using an ocular micrometer.

RESULTS AND DISCUSSION

The effect of acifluorfen when averaged over each rate indicated a
significant increase in droplet size from the lowest to the highest rate
of acifluorfen compared to when no acifluorfen was present as measured by
Duncan's Multiple Range Test (Table 76). When overall mean rates of
bentazon were compared they were significantly less than the confrol but
also increased in diameter from lowest to highest rate as compared by the
Duncan's multiple range test. These overall averages are used for
comparison only as they are gross averages over all rates of herbicide,
oi1 and weed species. The interaction of acifluorfen x bentazon appeared
to be confounded as no single rate or combination of rates significantly
increased the droplet size more than any other except for acifluorfen at
0.28 and 0.56 kg/ha applied singly.

The calculated significant effect of acifluorfen was closely
analyzed. Individual analysis of variances were run with each weed
species at each rate to try to determine where the significant effect of
acifluorfen occurred. The individual analysis of variance showed the
effect of acifluorfen on droplet size was a random variable occurring at
random rates across weed species and never in consistent order or rate.

The significant effect of acifluorfen measured in the analysis of
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Table 76. The analysis of variance summary of the effect of herbicide,
crop oil1 and weed species on droplet spreadability.

Degrees of Mean

Source freedom Square 95% 99%
Replications 1 .32

Acifluorfen (A) 3 14.1 * o
Bentazon (B) 3 4.44

AxB 9 9.71 * o
Crop oil (0) 1 14235 * *k
AxO0 3 1.26

BxO 3 5.57

AxBx0 9 4.6

Weed species (S) 3 816.8 * ok
SxA 9 23.6 * *k
SxB 9 6.0

SxAxB 27 5.6 *

Sx0 3 124.1 * *k
SxAXO 9 2.4

SxBxO 9 9.37 * *k
SxAxBxO0 27 7.10 * *k
Error 127 3.16
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variance was considered confounded and therefore, not considered
significant.

Crop oi1 had a significant effect on droplet diameter. The average
increase over all species and rates when a crop oil concentrate was 34
percent. Each individual plant species responded differently to the crop
oil but all had a significant increase in droplet size regardless of
herbicide rate or combination. The increase in droplet diameter averaged
over all herbicide rates for conmon 1ambsquarters, redroot pigweed,
Jimsonweed and velvetleaf was 53, 27, 28, and 41 percent respectively
when a crop o1l concentrate was added.

Plant species had a significant effect on droplet size. When
overall averages were compared droplet size increased significantly from
common lambsquarters > redroot pigweed > jimsonweed > velvetleaf.

A species x acifluorfen interaction was significant but was
considered confounded as the only consistent pattern was that common
lambsquarters had the smallest droplet diameters regardless of
acifluorfen rate. The response of the other species was more or less
random. The large effect due to species may have added to the term being
considered significant.

Species x oil1 interaction was considered significant. There was a
change in the species order when overall averages were compared. When no
oi1 was present droplet size increased from common 1ambsquarters >
redroot pigweed > jimsonweed > velvetleaf. If a crop oil concentrate was
present the overall increase in droplet size was from redroot pigweed >
common lambsquarters = jimsonweed > velvetleaf.

The three way interac;ion of species x bentazon x oil was
significant. This interaction was considered confounded as the

ifndividual ANOVA's indicated droplet size was not significantly different
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with increasing rates of herbicides within weed species. 0il
consistently increased the droplet size regardless of species but never
significantly within herbicide or herbicide rate combinations. Since
there was a size difference in droplet diameter from species to species
and from no oil to oil a large portion of this three way error can be
explained as there was no significance difference noted due to bentazon

or acifluorfen rates singly or in combination.

CONCLUSION

Crop oil1 concentrate significantly increased droplet diameter.
The increased diameter of the droplet increased the amount of plant
surface exposed to the herbicide and this increase was measured in
increased herbicide damage over all weed species tested compared to no
crop oil concentrate present. Crop oil concentrate may influence an
interaction measured between two herbicides if the interaction occurred
internally in the plant and uptake was increased by increased exposure to
herbicide through larger droplets. If the weed species is more sensitive
to one herbicide in the combination than the other, then a crop oil
concentrate could increase the uptake of the more sensitive herbicide by
increasing the exposure area and the interaction would be less
noticeable.

Species influenced droplet size due to physical plant features. Al1l
specigs tested had an increase in droplet size with the addition of oil.
The droplet size increase varied with plant species.

Acifluorfen and bentazon had no significant influence on droplet
size regardless of rate or combinations used or weed species involved.

It appears 1ikely that the measured interactions are not likely due to

the impact of acifluorfen and bentazon on the physical size and diameter
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of the droplets. Crop oil concentrate does affect the interactions
measured and it appears to have its action by exposing more plant surface
to the herbicide or increasing droplet size. A plant species physical
features may also be a factor as each species responds differently to

whether or not a crop oil is present.
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CHAPTER 4

RADIOLABELED UPTAKE STUDY

INTRODUCTION

An interaction was measured when four weed species i.e. common
lambsquarters, jimsonweed, redroot pigweed, and velvetleaf, were grown in
a greenhouse situation. The interaction was measured over all the
combined rates of acifluorfen (0, 0.28, 0.43, 0.56 kg/ha) and bentazon
(0, 0.56, 0.84, 1.12 kg/ha). The herbicides were shown to have no
sfignificant effect on the physical diameter of a 2 ul droplet either
applied singly or in any herbicide combination. This lack of physical
effect on droplet diameter, indicates that the combined application would
not expose a greater surface area of the plant to the herbicide than
would each herbicide applied alone. A possible explanation may be that
one herbicide influences the uptake of the other due to some
physiological aspect in the plant system. The purpose of this study was
to determine 1) if uptake of acifluorfen and bentazon can be influenced
by combinations over each herbicide applied alone, 2) 1f translocation
can be influenced by a combination over each herbicide applied singly and

3) if interactions can be explained on the basis of uptake differences.

MATERIALS AND METHODS
The weed species common 1ambsquarters, jimsonweed, redroot
pigweed, and velvetleaf were grown in the greenhouse. An interaction had

been measured with each weed species grown in that situation. Each weed
149
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species was grown under conditions similar to those for the interaction
study described in Chapter 2.

The labeled acifluorfen was obtained from Rohm and Haas Company. It
was uniformly labeled on the second benzene ring or the ring containing
the nitrogen group. The acifluorfen was formulated in a 10.75 percent
aqueous solution with a specific activity of 3.32 mCi/g. In order to
apply the equivalent of 0.28 kg/ha of acifluorfen equivalent, the
radiolabeled acifluorfen was diluted to .00931 microcuries per dose or
approximately 20,670 d.p.m. (disintegration per minute).

The 1abeled bentazon was obtained from BASF Company. It was labeled
uniformly on the phenyl ring. The specific activity of the bentazon was
13.7 mCi/mMole and was prepared by dissolving the 1abeled material in a
0.02 molar solution of NaOH to form the Na salt of bentazon. In order to
apply the equivalent of 0.56 kg/ha of bentazon, the radiolabeled bentazon
was diluted to .1599 microcuries per dose or approximately 350,000 d.p.m.
The combined applications were made by mixing one l1abeled herbicide with
the technical grade of the other, both in ratios to equal field
applications and brought up to the equivalent field volume by adding
water. This mixture was then applied to the one square centimeter area
in 4 microliters to approximate the kg/ha use rate in 400 L/ha of
diluent. The technical grade herbicide will be referred to as the cold
or non-labeled treatment.

The experimental design was a completely randomized three factor
factorial with a split. The main factors acifluorfen and bentazon were
split by time. Each experimental unit was a weed species, with four
treatments and four replications. Each experiment was repeated twice.
The four treatments were 1) 14C acifluorfen (0.28 kg/ha equivalent), 2)
14c acifluorfen (0.28 kg/ha equivalent) plus cold-bentazon (0.56 kg/ha),
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3) 14 bentazon (0.56 kg/ha equivalent), 4) 14¢ pentazon (0.56 kg/ha)
equivalent) plus cold-acifluorfen (0.28 kg/ha) equivalent). Each plant
had one treated leaf and was considered one replication. The Teaf
treated on each species was the first fully expanded leaf below the shoot
apex. The treated area was about three-quarters of the distance from the
leaf base to the leaf tip and was an area one centimeter square. Each
treatment was applied in eight one-half microliter drops within the
square centimeter. Following treatment, the plants were placed under
sodium-halide 1ights emitting 250 uE n~2 sec -1 and rerandomized dail y
for five days before harvest. The plants were also exposed to the
natural sunlight available after the treatment time.

The plants at treatment were at the maximum leaf and growth stage as
recommended by the herbicide l1abel and similar to those grown in the
interaction study (Chapter 2). The plants were rated for visual
herbicide daniage and harvested five days following treatment.

At harvest, the centimeter square treated are;l was excised and
placed in ten mililiters of a 90:10 distilled water:methanol wash for one
minute. The excised leaf was allowed to air dry for approximately four
to five minutes before being washed in a 10 chloroform wash for one
minute. The plant was divided into five sections: 1) the leaf tip or all
leaf tissue remaining from the treated area to the tip of the treated
leaf (tip), 2) the treated area or the centimeter square (cm?), 3) leaf
base or remaining tissue from the treated area to where the petiole
attached to the plant main stem (base), 4) above the treated leaf or from
the point of petiole attachment to the growing apex (above), 5) below the
treated leaf or from the point of petiole attachment to the soil surface
(below). A1l harvested parts were placed in a freezer at -180C for 48 h.
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The samples were then freeze dried for 48 h and kept in the freezer until
analyzed.

The water:methanol and chloroform washes were placed on a N-
vaporator and evaporated to dryness by compressed air, filtered through
an activated charcoal and an anhydrous CaSO4 filter. After being
completely dried each wash was redissolved with water:methanol or
chloroform using one or one-half ml1 respectively. After a one minute
shaking period to redissolve the 1abel, 15 m1 of Safety-Solve
scintillation cocktail was added to the redissolved washes and the vials
were again shaken for one minute. The vials were immediately counted on
a LS-100 scintillation counter.

The plant parts were individually oxidized in an 0X-200 biological
oxidizer made by RJ. Harvey Instrument Company. The combustion furnace
was maintained between 750 to 900°C and the CO, gas was trapped in a 2:1
mixture of Safety-Solve scintillation cocktail and Carbo Sorb II organic
amine CO, trapper. The combustion period was for four minutes. An
efficiency test was performed at the beginning and end of each oxidation
period with an average efficiency of about 93 percent.

The samples were counted on a Beckman LS-100 scintillation counter.
Each sample was counted once for a maximum of 10 minutes.

During the first experiment in January and February, plants re;eived
1ight mainly from the high pressure sodium-halide lamps. The 1ight was
measured at 250 ,E m*2 sec -1 for a 15 h photoperiod. During the second
experiment on common lambsquarters and redroot pigweed, in addition to
the halide l1amps, the plants received increased natural sunlight a
wmaximum of 450 uE m2 sec~l for approximately a four to five h period and
an increased day length. The normal greenhouse temperature was also

increased above the normal 239 to 299C.
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The total amount of recovered label from all washes and plant parts
was generally 90-94 percent. Each analysis of variance was run using the
arc-sine transformation of the percent total recovered label.

Each weed species will be discussed individually. Within each weed
species the results of the ANOV will be discussed as it relates to each
labeled herbicide individually and the effect on the 1abeled herbicide by
the combination. A summary will be included at the end of each weed
species. |

RESULTS AND DISCUSSION

A preliminary uptake study was completed to determine the amount
of time required for maximum uptake and translocation of acifluorfen and
bentazon. Uptake and translocation of labeled material found in the leaf
base, tip, and chloroform wash genera]ly did not increase with time
regardless of herbicide used. The treated area, regardless of species or
herbicide used, increased the amount of radiolabeled herbicide taken up
with time, generally about 2 percent per day. The recovered label in the
water:methanol wash, decreased with time proportionally to that which was
recovered in the treated area. Five days appeared to be a suitable time

period that would provide for maximum uptake of both herbicides.

Common lambsquarters:

The analysis of variance indicated a significant response due to the
mafn effects of treatment and plant part. Significant interactions were
also measured for time x treatment, time x plant part, plant part x
treatment, and time x treatment x plant part.

The time x treatment interaction showed an increase of l4C
acifluorfen uptake from time 1 to time 2 when applied singly but no

effect when bentazon was added.
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14¢ acifluorfen: The time x plant part interaction indicated that

when time 1 was compared to time 2 no significant change occurred with
respect to the amount of herbicide label recovered in the leaf tip, base,
tissue above or below the treated leaf, nor in the chloroform wash. The
amount of label recovered in the water: methanol wash, however, decreased
from 60 to 32 percent and the amount recovered in the treated area
increased from 35 to 56 percent. This increase in uptake from time 1 to
time 2 is attributed to the bright sunny days and increased greenhouse
temperature that occurred during the second experimental period. The
treatment x plant part interaction means indicated, when bentazon was
added to the 14C acifluorfen, movement of the labeled acifluorfen did not
change significantly in the leaf tip, base, above or below the treated
leaf nor did the amount recovered by the chloroform wash increase (Table
77). However, the amount of 1%C-1abeled acifluorfen that was recovered
in the treated area was significantly reduced when bentazon was’qdded to
the 14c acifiuorfen compared to the 14¢ acifluorfen applied alone and the
amount of label recovered by the water:methanol wash was increased
proportionally.

The 3-way interaction of time x treatment x plant part, which was
also significant, indicated that when the experiment was performed under
lower 1ight and temperature values (time 1) the uptake differences
between 14C acifluorfen and 14C acifluorfen with bentazon were not
significantly different when the treated areas or the water:methanol
washes were compared. However, under the higher 1ight and temperature
values of the second experiment, the uptake of the 14¢ acifluorfen
applied alone in the treated area was significantly increased by 28
percent over the 14¢ acifluorfen plus bentazon. The 14¢ acifiuorfen

uptake in the treated area when bentazon was present under the higher
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1ight and temperature values was not significantly different from those
of the lower 1ight values of the first experiment. The only significant
change in label recovery from time 1 to time 2 was an increase in uptake
of 14C acifluorfen in the treated area and the proportional decrease of
14 acifluorfen in the water:methanol wash.

The effect of treatments was significant and indicated that there
was a significant decrease in uptake of 14 1abeled acifluorfen when
bentazon was added.

14C Bentazon: The time x treatment interaction 1ndicated that the

14¢ pentazon and 14C bentazon plus acifluorfen did not change
significantly from time 1 to time 2 when overall means are compared.
However, the amount of 14c bentazon that was measured was significantly
reduced by 3 percent in both time periods when acifluorfen was added to
the labeled bentazon treatment.

The plant part x treatment interaction showed a significant 5
percent increase in uptake of 14c bentazon in the treated area when
acifluorfen was present (Table 77). The plant parts i.e. leaf tip, base
and above or below the treated leaf, were not significantly changed with
respect to the amount of 14¢ pentazon recovered when acifluorfen was
added.

The three way interaction of time x treatment x plant part indicated
that there was a 36 percent increase in 14¢ pentazon taken up in the
treated area with a proportional decrease in the water:methanol wash with
the increase in 1ight from time 1 to time 2. A11 other plant parts and
chloroform wash did not change significantly from time 1 to time 2. When
ac1f1uorfen‘was present, the increase in 14¢ pentazon uptake in the
treated area from time 1 to time 2 was a significant 12 percent. If
applied alone, the uptake increased a significant 35 percent and there
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Table 77. The treatment x plant part interaction means of percent
recoverable 1abeled acifluorfen and bentazon as separated by
Duncan's multiple range test on common 1ambsquarters.

Percent

Treatment! Plant Part?  Recovered Arc-Sine  Duncan's
14c ace Tip 1 .75 e
. H50 39 22.79 d
. CE} 3 1.96 e
. C 56 34.38 a
. Base 1 .78 e
. Above 1 .35 e
. Below 1 .35 3
14¢ acf + Bnt T4 2 1.00 e
. H 54 32.59 a
. C 3 1.46 e
. C 41 24.21 bcd
" Base 1 .31 e
. Above 4 .25 e
. Below .4 .24 e
- 14¢ pnt Tip 6 3.38 e
. H,0 47 28.15 b
. CE} 1 .80 e
. C 45 27.04 bc
. Base 1 .70 e
. Above 1 .63 e
. Below 1 .45 e
14c Bnt + Acf Tip 7 3.88 e
. H50 46 27.41 bc
. CE} 2 1.0 e
. C 40 23.53 cd
. Base 2 1.35 e
. Above 2 1.25 e
. Below 2 1.09 e

ltreatments: 14c Acf = 14 1abeled acifluorfen
%:c Acf + an = 4%C labeled acifluorfen + unlabeled bentazon
C Bnt = **C la?iled bentazon
14c gnt + Acf = 1%C labeled bentazon + unlabeled bentazon

2p1ant parts:

Tip = Tip of treated leaf

H,0 = Water:methanol wash

Ch]l = Chloroform wash

Cm© = Treated area

Base = Base of treated leaf

Above = Plant tissue above the treated leaf
Below = Plant tissue below the treated leaf
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was proportional decrease in the water:methanol wash. There was no
significant change in the other plant parts or chloroform wash. The
comparison of treatments indicated that there was no significant effect
of acifluorfen on 14C bentazon uptake in time 1. However, there was a
significant decrease in 14¢ pentazon uptake when acifluorfen was present
in time 2.

The main effect of treatments was significant. The overall means
indicated that there was a significant decrease in uptake of 14¢ pentazon
when acifluorfen was present.

Conclusion: The increase in 1ight from time 1 to time 2
significantly increased the uptake of both labeled herbicides applied
singly. Both herbicides showed reduced 1abel uptake whenever used in
combination with the other regardless of 1ight intensity. The uptake

differences were restricted to the treated area.

J imsonweed:

The analysis of variance indicated a highly significant response of
the main effects treatment and plant part. The interactions that were
highly significant included time x treatment, time x plant part,
treatment x plant part and time x treatment x plant part. The time x
plant part interaction indicates that there was a significant increase in
the uptake of herbicide from time 1 to time 2. The amount recovered in
the water:methanol wash also decreased proportionally to the increased
uptake of the treated area.

14c acifluorfen: The time x treatment interaction showed a

significant increase in the amount of 14¢ acifluorfen recovered when
bentazon is added compared to 14¢ acifluorfen applied alone over both

time periods.
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The treatment x plant part means indicated there was an increase in
the amount of 14C acifluorfen recovered in the water:methanol wash when
bentazon was added and a concurrent increase in 14C acifluorfen
recovered in the treated area when acifluorfen was applied singly as
compared to the treatment when bentazon was added but the difference was
not significant.

The three-way interaction of time x treatment x plant part shows
that the amount of 14C acifluorfen being recovered in the water:methanol
wash increased whenever bentazon was added. There was also a correspond-
ing increase in measured uptake of 14C acifluorfen in the treated area
when no bentazon was present, but the increase was never significant.

140 bentazon: The time x treatment interaction indicated that the

14c pentazon recovered did not change significantly if acifluorfen was
added 1n time 1. In time 2 the amount of 14C bentazon significantly
increased when acifluorfen was present. This was probably due to the
higher amount of 14¢ bentazon recovered in the water:methanol wash and
not an increase in uptake.

The treatment x plant part means indicated there was a significant
increase in the amount of 14C bentazon 1n the water:methanol wash when
acifluorfen was present (Table 78). Conversely, there was a sfgnificant
increase in 19C bentazon recovered from the treated area when no
acifluorfen was present.

The three way interaction of time x treatment x plant part shows
that the amount of 14¢ pentazon in the water:methanol wash significantly
decreased from time 1 to time 2. There was a corresponding increased 14¢
bentazon uptake measured in all plant parts, the increase, however, was
not significant. The increase in uptake in time 2 was probably due to
the increase in 1ight intensity and temperature over time 1. The uptake
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Table 78. The treatment x plant part interaction means of percent
recoverable labeled acifluorfen and bentazon as separated by
Duncan's multiple range test on jimsonweed.

Percent
Treatment! Plant Part? Recovered  Arc-Sine  Duncan's
14¢ pcfl Tip .26 .15 e
: i v
. e
" Cmg 4 2.13 de
" Base .35 .20 e
4¢ acf + Bnt Tip 1 .58 e
" HEO 97 75.72 a
* C 1 .4 e
" CInl 2 1.1 e
. Base .46 .26 e
14 Bnt Tip 2 1.09 e
: 2€0 9% 67.2% c
. e
" Cmé 7 3.78 d
* Base 1 .68 e
14¢ gnt + Acf Tip 1 .53 e
. HEO 9? 71.;5 b
. c . e
" Cm} 3 1.61 e
* Base 1 .61 e

1Treatments: i:p Acf = 14¢ ‘ﬁﬁf1ed acifluorfen
14c Acf + gnﬁ = 4%C labeled acifluorfen + unlabeled bentazon
C Bnt = *°C laksled bentazon
14¢ Bnt + Acf = **C labeled bentazon + unlabeled bentazon

2p1ant parts:

Tip = Tip of treated leaf
Ho0 = Water:methanol wash
cﬁ = Chloroform wash

Cm® = Treated area

Base = Base of treated leaf
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in the treated area was significantly greater when bentazon was applied
singly.

The main effects of treatments was highly significant. The means
indicated that the combinations had higher uptake values than either
herbicide applied singly. This is somewhat a misnomer as the higher
values of the water:methanol washes are reflected in the averages.
Decreases in water:methanol wash values were not offset by increases in
the uptake of labeled material into plant parts. There was no
significant difference measured in any plant part except 14¢ pentazon
applied alone to the treated area had a significantly higher value than
when acifluorfen was present.

Conclusion: The uptake of labeled herbicide by jimsonweed was
extremely limited as most (94 percent) was recovered in the water:
methanol wash. Acifluorfen uptake did not appear to be influenced by
the presence of bentazon although bentazon did increase the amount of
acifluorfen l1abel in the water:methanol wash if it were present. The 14¢
acifluorfen reco#ered from all plant parts was not significantly changed
if bentazon were present. Labeled bentazon uptake, however, was
significantly influenced by the bresence of acifluorfen. When no
acifluorfen was present the uptake of 14c  pentazon was significantly

increased (4 percent) compared to when acifluorfen was added.

Redroot pigweed:

The analysis of variance indicated that the main effects of
treatment and plant part were highly significant. The interactions time
x treatment, treatment x plant part, and time x treatment x plant part
were also highly significant. There was a significant difference between

time 1 and time 2, due probably to the intensity of the sunlight and
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temperature that was present following the herbicide treatments in time
2. The only plant parts or washes significantly different from time 1 to
time 2 were the water:methanol wash and the treated area (cw?).

140 acifluorfen: The time x treatment interaction indicated that

there was a significant decrease in overall 14C acifluorfen measured
when bentazon was present under the lower 1ight and temperature of time
1. Conversely, There was a mean increase in overall 14¢ acifluorfen
wmeasured if bentazon was present under the higher 1ight and temperature
values of time 2. This {s probably due to the increased uptake in label
in all plant parts. However, only the water:methanol wash and treated
area was significantly changed.

The treatment x plant part interaction indicated that when
treatments were averaged over time there was a significant decrease in
14 acifluorfen recovered in the treated area and a corresponding
increase of 14C acifluorfen recovered in the water:methanol wash if
bentazon was present compared to 14C acifluorfen applied alone (Table
79). No other plant part or wash was significantly influenced by the
presence of bentazon.

The time x treatment x plant part interaction showed that no plant
part or wash other than the treated area and the water:methanol wash was
influenced by the addition of bentazon. In time 1 the addition of
bentazon significantly increased by 10 percent the amount of 14¢
acifluorfen recovered in the treated area. However, in time 2 under
higher 1ight intensities the converse was true, the amount of 14¢
acifluorfen recovered in the treated area decreased by 23 percent when
bentazon was present. The amount of 14¢ acifluorfen recovered in the
water:methanol washes were respectively decreased and increased when

bentazon was added to the 14C acifluorfen proportionally to the amount
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Table 79. The treatment x plant part interaction means of percent
recoverable labeled acifluorfen and bentazon as separated by
Duncan's multiple range test on redroot pigweed.

Percent
Treatmentl Plant Part? Recovered Arc-Sine Duncan's
14¢ pcfl Tip 1 .44 g
. H,0 67 42.45 b
" CE} -6 3.48 g
" c 29 17.15 e
" Base .3 .19 g
" Above .4 .24 g
" Below 1 .36 g
14¢ Acf + Bnt Ti 1 .32 g
. H 78 48.54 a
. c 2 1.00 g
" c 22 12.91 f
" Base .3 17.50 g
" Above .4 .20 g
" Below .5 .26 g
14¢ gnt Tip 5 2.7 g
" 53 31.90 c
" CE} 1 .29 g
" C 40 23.44 d
" Base 1 .79 g
‘ Above 1 .61 g
. Below 1 .60 g
4¢ Bnt + Acf Tip 6 3.7 g
. H,0 33 19.45 e
. CE} 1 .63 g
. C 51 30.40 c
" Base 4 2.1 g
. Above 32 1.44 g
* Below 2 1.39 g

17reatments: 14c Acf = 14c 1 abpled acifluorfen
i:c Acf + ﬁm C labeled acifluorfen + unlabeled bentazon
C Bnt = **C labeled bentazon
14c gnt + Acf = labeled bentazon + unlabeled bentazon

2p1ant parts:

Tip = Tip of treated leaf

Ho0 Water:methanol wash

Cﬁ = Chloroform wash

= Treated area

Base = Base of treated leaf

Above = Plant tissue above the treated leaf
Below = Plant tissue below the treated leaf
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recovered in the treated area. No other wash or plant part was
significantly influenced by the addition of bentazon as weasured by 14¢
acifluorfen recovery.

14c bentazon: The time x treatment interaction indicated that there

was a significant decrease in the overall amount of 14c bentazon measured
when acifluorfen is present in time 1. In time 2 the presence of
acifluorfen had no significant effect on 14¢ pentazon.

The treatment x plant part interaction indicated when treatments
were averaged over time, there was a significant 11 percent increase in
the amount of 14C bentazon measured in the treated area and a
proportional decrease in the water:methanol wash 1f acifluorfen were
present, as compared to when 14¢ pentazon was applied alone. No other
plant part or wash was signifi;antly influenced by the presence of
acifluorfen.

The time x treatment x plant part interaction indicated that only
the water:methanol wash and the treated area (cn?) were significantly
influenced by treatment or time. In time 1 under lower 1ight values and
in time 2 under higher 1ight values, there was a significant, 10 and 12
percent respective increase of 14 pentazon and a corresponding decrease
in the water:methanol wash in the treated area when acifluorfen was .pa
present. No other plant part or wash was significantly influenced by the
addition of acifluorfen to the 14C bentazon.

The main effect of treatments indicated that 13C acifluorfen
recovery was significantly decreased when bentazon was present. This
overall average may be somewhat misleading. At higher 1ight and
temperature values it appears that the presence of bentazon does reduce
uptake of 14c acifluorfen. However, at lower femperatures and 1ight

values the uptake of 14¢ acifluorfen was increased by the presence of
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bentazon. The uptake of 14c bentazon in the treated area was
significantly increased by the presence of acifluorfen regardless of
1ight or temperature when compared to uptake valués of 14¢ bentazon
applied alone.

Conclusion: Light and temperature appear to have more influence on
14c acifluorfen uptake than that of 14C bentazon. At lower 11ght and
temperature values bentazon increased the uptake of 14¢ actifluorfen in
the treated area. Under higher 1ight and temperature values, however,
bentazon decreased the amount of 14C acifluorfen recovered in the treated
area. The uptake of 14¢ bentazon 1n the treated area was significantly
increased when acifluorfen was present regardless of temperature or 1ight
values. Neither 1ight, temperature, or herbicide had any significant
effect on 14C acifluorfen or 14C bentazon movement or recovery in any
plant part or wash other than the treated area and the water:methanol

wash in redroot pigweed.

Velvetleaf:

The analysis of variance indicated that the main effects of
treatment and plant part were highly significant. The interactions,
treatment x plant part, and time x treatment x plant part were all highly
significant. The leaf tip and base‘of the treated leaf were not
significantly influenced by time or treatment. Concerning plant parts,
most of the labeled herbicide, 95 percent, was recovered in the
water:methanol wash. The overall recovery averages for the chloroform
wash and the treated area were 3 and 2 percent respectively, and were not
significantly different from each other but had significantly greater

label recovery than the other plant parts measured.
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14¢ aAcifiuorfen: The treatment x plant part interaction indicated

(Table 80) that the addition of bentazon to the 14C acifluorfen had no
significant effect on the amount of 14C acifluorfen that was recovered
from the treated area. When 14C acifluorfen was added alone, a
significant increase (7 percent) in label was recovered in the chloroform
wash compared to when bentazon was present (2 percent). If bentazon was
present, the amount of 14c acifluorfen recovered in the water:methanol
wash also significantly increased. The addition of bentazon had no
effect on the amount of 14C acifluorfen recovered in the other plant part
areas.

The time x treatment x plant part interaction indicated that the
presence of bentazon had no significant effect on the amount of 14¢
acifluorfen recovered in the treated area but increased the recovered
amount in the water:methanol wash and decreased the amount in the
chloroform wash. The amount of 14C acifluorfen recovered in leaf tipor
base of the treated leaf was not significantly influenced by the addition
of bentazon.

14¢ pentazon: The treatment x plant part interaction indicated

(Table 80) that the addition of acifluorfen had no significant effect on
the amount of 14C bentazon recovered in any plant part or wash.

The time x treatment x plant part interaction indicated that in both
time periods 14¢ pentazon was not significantly influenced by acifluorfen
as measured by recovery of 14c pentazon in any plant part or wash.

The overall main effect of treatments indicated that there was an
increase in 13C acifluorfen when bentazon was present. This is probably
confounded in that the only consistent increase of 14¢ acifluorfen
recovery was in the chloroform wash when bentazon was absent.

Acifluorfen had no significant effect on 14¢ pentazon.
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Table 80. The treatment x plant part interaction means of percent
recoverable labeled acifluorfen and bentazon as separated by
Duncan's multiple range test on velvetleaf.

Percent

Treatment! Plant Part? Recovered Arc-Sine Duncan's
14¢ pctl Tip .14 .08 f
'-' Bl 2 R ;
" Clna 4 2.21 e
. Base .3 .17 f
14¢ act + Bnt Tip .4 .20 £
. HEO 96 73.79 b
. (¥ 2 .94 ef
. C 2 1.25 ef
. Base .13 .08 f
14¢ gnt Tip 1 .51 ef
: gﬁo 9; 76.28 af
. e
. Cm! 1 .75 ef
. Base .22 .13 f
14c Bt + Acf Tip 1 .30 £
" H,0 97 75.83 a
. Cﬁ 1 .60 ef
. ( 1 .76 ef
" Base .24 .14 f

1Treatments: i:c Acf = 14¢ led acifluorfen
14C.Acf + qm = 2%C labeled acifluorfen + unlabeled bentazon
C Bnt = *°C la?sIed bentazon
14¢ gnt + Acf = C labeled bentazon + unlabeled bentazon

2p1ant parts:

Tip = Tip of treated leaf

Ho0 = Water:methanol wash

CE} = Chloroform wash

Cm“ = Treated area

Base = Base of treated leaf

Above = Plant tissue above the treated leaf
Below = Plant tissue below the treated leaf
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Conclusion: Bentazon had no significant influence on the uptake or
movement of 14C acifluorfen in any plant part. There was 5 significant
increase in 1%c acifiuorfen that was recovered in the chloroform wash and
conversely an increase in the water:methanol wash when bentazon was
present. Acifluorfen had no significant effect on 14¢ pentazon

measurement in any plant part or wash on velvetleaf.



CHAPTER 5

SUMMARY AND CONCLUSIONS

The greenhouse and outside grown plants and a comparison field study
indicated that an interaction exists between acifluorfen and bentazon
when used in combination. The interactions were measured using percent
moisture as an indicator of herbicidal action. Percent moisture appeared
to be more consistent and accurate than were visual ratings of fresh and
dry weight measurements in estimating actual herbicide damage. Visual
ratings were too variable and easily subject to bias. Fresh weight was
fairly consistent when compared to percent moisture but in cases where
plants had been heavily damaged by herbicide treatments and yet
recovering, this weight did not reflect the present recovery condition
and false conclusions could be drawn. This was especially true because
of the short 10 day period used between herbicide treatment and harvest.
Dry weight differences were simply not great enough to detect
interactions because if extensive herbicide damage had stunted growth,
but regrowth was evident during the 10 day period following herbicide
treatment, this lack of herbicidal activity was not reflected in the dry
weight measurements of a recovering plant. A dead plant was not
significantly different from a recovering plant when only dry weight
masses were compared. Percent moisture reflected herbicide damage and
the percent recovery that may have occurred. This method of measurement

is especially true for the contact-type herbicides used in this study.
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The measured interactions when acifluorfen and bentazon were used in
combination occurred across all tested rates unless noted (Table 81).
The type of interaction listed was measured by use of a Fishers ANOV and
if appropriate, a Colby's analysis.

Common lambsquarters response to the combinations was considered
synergistic at all combined levels of acifluorfen and bentazon when no
crop oi1 was added to the combihation regardless of where the plants were
grown. If a crop oil concentrate was added, the interaction was no longer
significant and synergism was no longer measured but the results were
considered additive.

Jimsonweed response to the combination was considered antagonistic
at all the combined levels of acifluorfen and bentazon when plants were
grown in the greenhouse and no crop oil1 was added. When grown outside,
the results of the interaction was no longer significant and the response
was considered additive. If a crop oil concentrate was present
regardless of location, both herbicides were equally effective on
Jimsonweed and the combinations were no better than either herbicide
applied singly. Even though the herbicides appear to act independently,
they are considered part of the additive response.

Redroot pigweed grown in the greenhouse was antagonistic across all
the combined rates of acifluorfen and bentazon whether or not a crop oil
concentrate was present. Pigweed response to the combinations was
significantly antagonistic when grown outside if a crop oi1 concentrate
was present and synergistic 1f grown outside when no crop oil concentrate
was present, only at the lowest rate of acifluorfen (0.28 kg/ha) across
all the combined rates of bentazon. Once the rate of acifluorfen was
increased to 0.43 kg/ha the interaction was no longer significant and was

considered additive.
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Table 81. A summary of measured interactions using combinations of
acifluorfen and bentazon with and without a crop o1l
concentrate in plants grown inside and outside a greenhouse.

No oil present Crop o1l present
Weed species areenhouse Outside areenhouse Outside
Lambsquarter Syn Syn Add Add
J imsonweed Ant Add Add* Add*
Redroot pigweed Ant (Syn)1 Ant (Ant)1
Velvetleaf Syn Syn Add Add
Soybeans Add Add Add Add

Add = Additive
Ant = Antagonistic
Syn = Synergistic

*Rz:gl:s indicated herbicides acted independently but are considered as
additive.

1The () indicates the interaction was measured only at the lowest rate of
acifluorfen across all rates of bentazon. Al11 other rate combinations
of acifluorfen plus bentazon were considered additive.
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Velvetleaf response to the combinations was significantly
synergistic at all the combined rates of acifluorfen and bentazon 1f no
oi1 was present regardless of where the plants were grown. The addition
of a crop oil concentrate caused the interaction term to no longer be
significant and the combinations were considered additive. A field study
on velvetleaf, which was visually rated, showed results similar to those
of the outside container grown plants.

Soybeans, regardless of location or crop oil concentrate present,
never had a significant interaction term when combinations were compared.
The combinations are considered to cause additive damage to the soybeans.

The cause of the interactions was not considered to be due to the
effect of either herbicide or combinations of herbicides on the physical
diameter of a water droplet. Neither acifluorfen nor bentazon nor any
combination had any significant effect on droplet size. Crop oil
significantly increased the droplet diameter regardless of weed species
used. Weed species also influenced droplet size due to plant physical
features.

The use of 14C 1abeled acifluorfen and bentazon allowed a method of
measuring whether one herbicide influenced the uptake of the other.
Neither herbicide significantly influenced the movement of the other
outside of the treated area regardless of weed species used. There was
aléo no relation to the amount of herbicide taken up and sensitivity of
the plant to the herbicide.

The amount of 18C acifluorfen recovered in the treated area of
lambsquarters was reduced a significant 15 percent by the addition of
bentazon. If the combination occurred under low 1ight intensity then
bentazon had no effect on the 14¢ acifluorfen uptake. Under higher 1ight
intensities and temperatures bentazon reduced 14¢ acifluorfen uptake by a
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significant 28 percent over 18¢ acifluorfen applied alone. The 14¢
bentazon was not significantly influenced by the addition of acifluorfen
unless under the conditions of higher 1ight intensities and temperatures.
Under these increases acifluorfen decreased 14C bentazon uptake by a
significant 17 percent.

The uptake of 14c acifluorfen was not affected by the addition of
bentazon in jimsonweed. With l4C bentazon, however, the presence of
acifluorfen reduced the uptake of labeled bentazon by a significant 4
percent compared to when no acifluorfen was present. Most (94 percent)
of the labeled acifluorfen and bentazon was recovered in the
water:methanol wash.

The amount of 14C acifluorfen that was taken up by redroot pigweed
was reduced a significant 7 percent when bentazon was added. If treated
plants were placed under lower 1ights and temperatures after treatment,
however, a significant 10 percent increase in 14¢ acifluorfen uptake was
measured if bentazon was present. Under higher 1ights and temperatures a
significant 23 percent decrease in 14c acifluorfen was measured when
bentazon was present compared to 14¢ acifiuorfen applied alone. The 14¢
bentazon showed a significant 10 percent increase in uptake values under
both 1ight and temperature conditions {if acifluorfen was present.

Velvetleaf treated with 14C acifluorfen did significantly change
uptake values with the addition of the bentazon. Neither did the 14¢
bentazon uptake values change with the addition of acifluorfen. Neither
herbicide was significantly influenced by the addition of the other.

The measured synergism of acifluorfen and bentazon when applied in
combination to lambsquarters, jimsonweed and velvetleaf when no crop oil
was used may occur because of the different site of actions of both

herbicides. Bentazon inhibits in the photosynthetic area where
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acifluorfen action is with the carotenoids. Both are activated in the
presence of 1ight and are inactive in the dark. This dual site of action
also helps explain why synergism may occur with the combination as two
sites of action are indicative of the multiplicative model. The addition
of a crop o011 concentrate increased the droplet size and hence more
surface area for uptake. The addition of the crop oil1 tended to mask the
measured interactions due probably to increased uptake of both herbicides
or at least increased the uptake of the more sensitive herbicide. The
measured decrease in uptake of both labeled herbicides as measured in
lambsquarters when used in combination may explain why the response to
the combination although greater than either herbicide applied singly is
not asgreat as when as crop oil concentrate was present.

The antagonism measured in jimsonweed occurred only in the
greenhouse grown plants. The labeled work indicated that 14¢ pentazon
uptake was reduced when acifluorfen was present. Jimsonweed was also
more sensitive to bentazon.

The antagonism measured when combinations of acifluorfen and
bentazon were used on redroot pigweed, occurred in every situation except
when the plants were grown outside and no crop 011 concentrate was used.
The labeled uptake study indicated that the uptake of both herbicides was
significantly reduced by the presence of the other. Redroot pigweed is
much more sensitive to acifluorfen than to bentazon and a decrease in the
uptake of acifluorfen could result in a reduced or antagonistic response.
When grown outside with no crop oil1 concentrate applied with the
combination, redroot pigweed responded synergistically only when the
lowest rate of acifluorfen was used across all rates of bentazon. This
synergism may have occurred because at lower l1ight levels and

temperatures 14¢ acifiuorfen uptake was increased in the presence of
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bentazon. The amount of labeled bentazon was always increased in the
presence of acifluorfen and that increase may have had a significant
herbicidal impact on redroot pigweed. The plants were grown outside
during September and October when cooler temperatures and short days were
present. The rate of 0.43 kg/ha of acifluorfen, however, seemed to
overcome whatever interaction may have occurred when the plants were
grown outside by supplying enough acifluorfen to mask whatever
interactions may have occurred at the lower acifluorfen rates. The
measured interactions were not due to uptake differences, however, but
more 1ikely because of the different sites of action of these two
herbicides.

Further suggested studies into the effect of acifluorfen and
bentazon might include: 1) More detailed data on the effect of 1ight
intensity and temperature on the interaction, 2) the causes of the uptake
interactions (internal, external, physiological), 3) the effects of
environment i.e. greenhouse versus outside grown plants on the
interaction and what causes these differences, 4) the effect of
increasing rates on the uptake of labeled herbicides, 5) do the labeled
uptake values continue to explain responses 1f used outside or with crop

oi1 concentrate.
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