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PROBLEMS ASSOCIATED WITH HERBICIDE FIELD EXPERIMENTS
ON SUBMERGED AQUATIC WEEDS

T.0, Robson and P.R.F, Barrett
ARC Weed Research Organization, Begbroke Hill, Yarnton, Oxford 0X5 1FF

Summary Experiments on aquatic weeds involve a complex series of
problems not encountered in terrestrial work, This paper lists some of
these problems and suggests ways of overcoming or minimising them. The
sampling of water weeds and invertebrates is discussed and some other
effects on the ecosystem considered.

INTRODUCTION

Submerged aquatic weeds pose problems for the field experimenter that are not
encountered by those working with terrestrial plants, Many of these problems are
concerned with the practical difficulties of observing the plants themselves and
making quantitative assessments under water, Others arise from the fact that any
activity or treatment that has an effect on the target organism also directly or
indirectly affects the environment, This makes a comparison between treatments much
more complex and sometimes impossible, It is not only the experimenters' activities
that cause these changes but also the normal fluctuations in environmental conditions
and plant populations that occur from year to year. The report on the Bere Stream by
Ladle and Casey (1971), illustrates that the composition and form of the original
communities is in constant change. It is thus much more difficult to draw
comparisons between treated and untreated plots and to select uniform sites than it
is on land,

This report reviews the experimental methods now in use that attempt to overcome
these difficulties, in the hope that the experience gained so far will be of help to
future experimenters,

CHOICE OF SITE FOR HERBICIDE EXPERIMENTS

The choice of site depends not only upon the type of experiment required but
also upon the local conditions of water use and water flow, Priority must be given
to the avoidance of any risk to irrigated crops and fishing interests, and to
obtaining the co-operation of interested parties.

Flowing water should be avoided whenever possible because under conditions of
flow dilution occurs and it is impossible to maintain the required concentration of
herbicide. Also there is the danger of the herbicide being carried down stream and
contaminating other treatments and the rest of the water course.

The site chosen must have as uniform a weed population and water depth as
possible, The size and shape of the water body will determine to a large extent the
type of experiment most suitable, A large uniform area such as a lake may lend
itself to sub-division for a replicated experiment, whereas drainage ditches however
stagnant they may appear to be, are always liable to flcod and are generally only
suitable for simpler designs.

95




The site must also be accessible to the experimenter and preferably not to the
public, Assurances should be obtained that the experimental area will not be
interfered with for the period of the experiment to allow for adequate assessments,
This may include regrowth measurement in the following season.

CHOICE OF EXPERIMENTAL DESIGN

Replicated experiments

It is not possible to use the more advanced experimental designs used in
agronomic experiments, but under some circumstances simple randomised block designs
may be applicable. In this case it is necessary to isolate plots so that individual
treatments may be applied within each block and cross-contamination avoided. In a
lake, one way this may be done is by prefabricating enclosures constructed with
wooden frames supporting polythene sheeting., The corner posts of the frames must be
pointed and protrude about 15 cm below the lower cross bar so that they can be driven
into the bottom until the cross bar and polythene 'skirt' is buried in the mud. This
is essential to form an adequate seal and to prevent the loss of herbicide.
Satisfactory enclosures have been made from 5 x 5 cm timber but less robust frames
have been used in the United States 05 America (Gallagher, J.E. et al, 1968).
Prefabricated enclosures of about 4 m™ have been found satisfactory and can be
positioned where required with space left between them to prevent cross-contaminatien.
This size also provides acceptable experimental conditions for a period of a few
weeks, but, because the water has been isolated from the main water-body, seasonal
changes in biological populations and solutes will differ and eventually conditions
within the enclosures will become atypical and unreliable for comparison with the
other enclosures. However, for short term experiments (up to 2 months in the summer)
this type of layout is valuable,

Attempts have been made to replicate treatments in separate drainage ditches and
this can be successful if the weed populations are similar and careful records are
made before treatment. The main risk then is an unequal flow of water which will
affect herbicide concentration and, therefore, the time the plants are exposed to the
chemical, Regular monitoring of residues will help, but it will not be possible to
apply a statistical analysis of variance to the results.

Replicaticn in the same channel may be done by inserting barriers made of
polythene sheeting or hardboard across the water course and pressing their bases well
into the bottom mud., In most channels, however, it is impossible to stop water
movement entirely in this way and a large gap (50 m or mare) should be left between
plots. Residue data should be obtained from the treated water tc ascertain the
herbicide concentration at intervals throughout the experiment.

Unreplicated experiments

This type of experiment may involve several treatments and therefore barriers or
enclosures are normally necessary, However, by reducing the number of plects it is
often possible to increase their size thus avoiding the problem of atypical
conditions associated with small plots. Where experiments are unreplicated there is
no need to randomise the layout and the controls should be placed upstream as an
additional safety measure to prevent contamination. Unreplicated experiments involve
the risk that results may be lost when, for instance, a plot barrier breaks. It is
usually advisable to repeat the trials on a number of different sites in the same
year as a precaution against this risk and to provide confirmation of the results,

The use of large plots has important advantages over the smaller enclosures as
it can generally be assumed that any difference between the biological systems in
treated and untreated water will be a result of the treatment and not induced by
enclosure., However, to be sure of this it is necessary to have an untreated,
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uncontaminated body of water containing the test species in close proximity to the
treated plots. This will provide a check on the natural seasonal development of the
plants.

Frequently it is not possible to insert barriers across ditches and the treat-
ments must then be separated by untreated "buffer zones". The length of these
buffers will depend upon the movement of water expected and the formulation of
herbicide being used, but they should usually be no less than 100 m long. All
aquatic herbicides will diffuse as well as move with the water and the value of the
experiment will be enhanced by regular monitoring of the concentration in the treated
portion.

It is sometimes preferable to treat a whole lake at once without attempting to
divide it up with enclosures or barriers. The value of the results of this kind of
experiment depends upon the amount of care and effort put into the sampling and
assessment by the experimenter. If done well it can provide a large amount of valid
information as, for example, that reported by Way et al (1971) from the Oxton Lakes.

AS:ESSMENT OF RESULTS

Herbicide experiments are primarily concerned with the effect of a chemical or a
number of chemicals on a range of submerged vascular plants and filamentous algae.
Because of this, particular cars has to be given to obtaining accurate and acceptable
records of the species there before as well as after treatment. It is also valuable
and sometimes necessary to assess the effect of the treatments on certain
environmental factors, particularly dissolved oxygen levels, and on other organisms
that might affect fish production.

Assessment of wsed growth

It is not easy to work in water without disturbing the plants and mud and
therefore accepted quantitative methods are unreliable, if not impossible. Cutting
and weighing has been done in studies on the productivity of rivers (Edwards and
Owens, 1960) by cutting all plant growth in a transect across a river and
standardising dryness by spinning for a given length of time in a domestic spin-drier.
Attempts to use the same principles in stagnant water havenot yet proved successful
mainly because of the difficulties encountered in removing the plant material from a
column of water. Stem counts are equally difficult.

The most important principles for a successful experiment are firstly to know
what plants are there at the time of treatment, secondly to know which species
survive the treatment and thirdly to obtain evidence that the species that were
killed would have survived if they had not been treated.

Basically, the main need is to make careful records of the species distribution
before and at intervals of time after treatment. These may be either simple
observations along & ditch or more complex mapping, but the greater care taken in the
collection of the data the more valuable is the result.

Submerged weed populations are usually a mixture of numerous species and, early
in the year, they are difficult to distinguish from above the water. It is necessary
to take weed samples for identification and this can be done by either rake or a
small grapnel on a rope. Identification is specially difficult in the early growing
period when only the vegetative parts are available, but it is very important that it
should be accurate and if necessary specimens should be sent to an herbarium for
naming. If there is any doubt about its identity it is advisable to mark a plant of
the same species growing in the control plot so that it may be examined while
flowering and fruiting. A new key to the identification of water plants is nearing
completion by S.M. Haslam of the Natural Environmental Research Council at Cambridge
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and will specialise in British species.

Way et al (1971) in their work on the Oxton Lakes used regular visual estimates
of biomass on & 1-5 scale at intersections of a grid to assess the effect of paraquat
on the submerged plants. They then compared the records by means of different sized
dots on a series of maps for species and sampling dates. This gave a very good
record of the changes that tock place, however, it is probably more detailed than
required for many herbicide investigations.

It is often impartant to record the relative size of the plants as well as their
presence and a method of doing this by means of symbols representing visual estimates
has been used by Hoogers and van der Weij (1971).

In a uniform stand of one or two species adequate records may be obtained by
dreg sampling with a rake or grapnel. However, when the weed flora is mixed this
cannot be relied upon to give a representative sample of the population unless a
large number of samples are taken. In a mixed population it is better to use
permanent transects and quadrats. The area that each species occupies can then be
estimated as a percenmtage of the total transect area and plotted or sketched onto a
transect plan so that the position of each may be located at subseguent assessments.

The use of photometers to estimate light extinction and thus weed densities has
received considersble attention and is discussed with the general problem of
pacrophyte sampling in the IBP Handbook No. 12, (Vollenweider, R.A. (Ed.) 1969). It
is not, however, appiicable to mixed species stands and is very difficult to operate
if filamentous algae are present because they tend to wrap around the photocel and
disrupt light measurements.

Assessment of other aguatic organisms

Phytoplankton, zooplankton and other invertebrate animals are often migratory
and shortlived and populations fluctuate throughout the year. It would be necessary
to build up a detailsd picture of these population fluctuations over a number of
years in order to demonstrate minor changes resulting from a herbicide treatment.
However, only gross changes are usually of interest and these can be detected by
monitoring before and after treatment as reported by Newman (1967). Sampling devices
have been developed by freshwater research organizations and university departments
and are discussed in the IBP Handbooks (Vollenwider, (Ed.) 1969 and Edmondson and
Winberg (Bd.) 1971).

Assessment of envircnmental factors

The most important environmental factor involved is the level of dissolved
oxygen because the main risk to fish and other animals following the use of
nerbicides is usually deoxygenation. Newman (1967) reported a drop from 10 mg/l. of
oxygen to 0.4 mg/l. in 8 days in a lake following application of paraquat at 1 ng/l.

Measurement of dissolved oxygen in the field is a simple matter now that
portable dissolved oxygen meters are available, It involves introducing an electrode
into the water and reading off the percentage saturation and recording water
temperature. These data can then be converted to mg/l. of dissolved oxygen.
However, to obtain a representative sample a number of readings from different
points is required and care should be taken to avoid placing the electrode near the
bottom where anaerobic conditions are normally found. As it is seldom possible to
take continuous readings it is advisable to measure dissolved oxygen at the same
time of day on each occasion to minimise the effect of differences in the day-to-day
rate of photosynthesis and consequent oxygen evolution, The most reliabls sampling
time is at dawn before photosynthesis starts but this is seldom possible and a
compromise has to bz found.




DISCUSSION

Aquatic ecosystems are in a state of continuous change and this must be borne
in mind when planning field experiments and interpreting results.

Most herbicide experiments in water are primarily concerned with the gross
effects on higher plants and large floating mats of algas. They can usually be
assessed satisfactorily by "before and after" records. However, the value of the
results depends upon the amount of time and trouble given to obtaining accurate
records of the plants present, and their distribution, before as well as after
treatment, and also upon a study of the behaviour of the same species in an untreated
control containing a similar community.

It is much more difficult to determine the effect of herbicide treatments on
the invertebrate and phytoplankton communities because of the natural fluctuations
caused by their mobility, shorter life-spans and greater vulnerability to
environmental changes., Reliability will be improved only by repeated experiment and
the gradual accummulation of data and experience, although occasionally gross effects
may be observed.

Experiments must also be repeated to obtain reliable data on the effect of a
herbicide on dissolved oxygen levels because no two ecosystems are identical, and
differences in bacterial populations, for example, in superficially similar
communities, may produce very different results.

Overcoming these difficulties with more sophisticated experimental designs, is
seldom possible in aquatic situations because replicated experiments are difficult
to carry out. The physical problems involved and the development of atypical
conditions in isolated bodies of water limit their use to exceptionally uniform
situations. Unreplicated experiments repeated at different sites and incorporating
a high standard of recording are usually more suitable and yield better results.

The limitations placed on the results from unreplicated experiments in other
areas of research, however, must also apply to aquatic weed studies and the danger
of drawing premature general conclusions must be fully appreciated by workers in
this field.
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A TRACTOR MOUNTED PLOT SPRAYER

N.V. Turner
Agricultural Development Department, British Sugar Corporation Ltd.,
Holmewood Hall, Holme, Peterborough, PET 3PG

Summary In 1968 a plot sprayer was designed for trial work with the
object of bridging the gap between the knapsack sprayer and the commer-
cial farm sprayer which is often difficult to use on a small scale.
Primarily the design was tailored to meet the needs of those engaged in
work with sugar beet herbicides, although potentially this machine can
be used for a variety of situations. The main features of the sprayer
ares-

Accuracy in operation

Quick and easy alteration of volume or herbicide rate
Adaptability between overall and band spraying
Minimum pipework >

Operating pressure up to 100 1b/in

Quick interchange of nozzles to give volumes up to 100 gal/ac
Lances moveable to match row widths

Flexibility in plot size, including large plots for
demonstration purposes

Standard tractor mounting on the three point linkage
Reasonably compact for transport
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INTRODUCTION

With an increasing number of herbicides becoming available to sugar beet
growers, it was apparent in 1968 that further trial and demonstration work would be
necessary.

In this connection it was considered desirable to have a sprayer, capable of a
high degree of accuracy, which would fill the gap between the knapsack sprayer
commonly used for trial purposes and the cumbersome farm sprayer difficult to use on
a small scale with any degree of certainty.

Consequently a plot sprayer was designed incorporating the following features:-

(1) A high degree of accuracy
Quick alteration of volume and dosage rates
Ad justable to match varying drill widths
Adaptable to band or overall spraying
Reasonably compact for transport on a car trailer
Readily mounted on most types of tractor

The prototype was built by the British Sugar Corporation Ltd., and sponsored by
the Sugar Beet Research and Education Committee during the winter of 1968/69.




DESIGN AND CONSTRUCTION

Design features The machine consists essentially of three main units all of whick
are mounted directly on the headstock.

(1) Power unit - consisting of the suction hose, pump, pressure reducing valve,
on/off valve, distributor manifold, pressure gauges and two line filters.

(2) Cradles - designed to carry four 5 gallon pre-mixed containers readily
accessible from the power unit.

(3) Booms - interchangeable either for overall or band spraying.
A more detailed description of these units follows:-

Power Unit A 10 gal/min roller vane pump produces more than adequate output for
spraying and agitation. A standard pressure reducing valve provides spraying
pressures of up to 100 lb/in2 and the distributor with six lines each individually
controlled by on/off valves, is fed through the msin on/off valve.

Surplus liquid is fed -
(a) through the return flow agitation system operating under pressure, and
(b) to the inlet of the pump.

The need to keep pipe work to a minimum in a m2chine of this nature is apparent,
and was the reason for mounting the pump on the headstock complete with power drive
shaft rather than directly on the p.t.o. Even so approximately 22 fl. oz of liquid
remain in the system and this must be pumped out between treatments.

As a safeguard two pressure gauges are provided and these are readily detach-
able for protection when not in use by a bayonet fitting, which also allows the
gaugzes to be turned quickly to face front or rear.

As an additional safeguard two line filters, with interchangeable 100 and 50
mesh screens are incorporated in the circuit, one on either side of the pump.

Cradles These are mounted adjacent to the power unit and allow the suciion hose to
be moved freely to any one of the pre-mixed 5 gallon Jerricans as required. Return
flow agitation is utilised for thorough mixing within the containers and is contrel-
led by a quick acting on/off valve.

Additional cradles are also available to allow a further four containers tn be
carried, but these Jerricans have to be interchanged with the originals when required.

Booms For the type of work this machine was designed for boom widths have been
limited to the commonly used sugar beet drill widths, e.g. 5 rows at 20 in. and
6 rows at 18 in., and each lance can be moved to align with individuzl rows.
However if necessary, far greater widths could be covered.

Lances Bach of the six lances is made up from standard components suprlied by the
Spraying Systems Co., and consist of a diaphragm check valve, i.e. a spring loaded
anti-drip device, and a bayonet type socket for quick and easy nozzle tip attachment,
which simplifies changes of volume rate in the field.

A wide range of 'Quick-Tach' TeeJets are available and rive volumes of 15-100

gal/ac at pressures of 15-100 1b/min2, although for sugar beet herbicide work
pressures are normally limited to 20-40 lb/in2.
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Overall Spraying At the widths already mentioned, i.e. up to 9 ft, a simple rigid
angle iron boom is employed.

Band Spraying Individual units, with independent height control of each nozzle
through a parallel linkage and a small wheel running on or close to the beet row,
are mounted on a separate tool bar, and are adjusted to match the row widths.

DISCUSSION

The sprayer is now widely used within the company, in fact each of the 16 sugar
factories now have a machine, and in addition two outside research organisations have
been similarly equipped.

The simplicity and ease of operation of this sprayer make it particularly suit-
able for demonstration work together with basic research and screening trials,
especially if sizeable plots are desirable. Plot sizes commonly used in this work
are one drill width i.e. 8 ft to 9 ft by 25 yds. However plots considerably larger
than this are quite feasible, or conversely may be much smaller if desired.

Although originally designed for tractor mounting, this sprayer could be
adapted to fit other vehicles, i.e. Land Rover.
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TOWARDS MORE EFFICIENT FIELD EXPERIMENTATION

G.B, Lush and A.J. Mayes
The Boots Company, Lenton Research Station, Nottingham.

Summary The techniques of experimentation required for the evaluation in
Tield trials of new potential herbicidal products are outlined., The
design and development of suitable equipment to implement these trials are
described and methods for their subsequent assessment are discussed.

INTRODUCTION

The Boots Company Research and Development effort in agriculture covers all
aspects from the synthesis of new active ingredients through the various stages of
glasshouse and preliminary field testing up to the point of marketing. The area
dealt with in this paper is that involving the programme of field testing of
potential products for the U.K. market, reference being limited to the herbicide
context in field crops.

The objective of the field trial programme in question is to investigate all
relevant aspects of herbicidal activity and crop safety and to develop recom-
mendations for the safe and effective use of products in U.K. agriculture. A given
investigation usually lasts for 2 - 3 years and covers the period from the
definition of the candidate potential product up to the point of marketing.

Compounds included at this stage of development are those that have shown
herbicidal potential at previous testing stages but on which only preliminary field
data are available in relation to mode of action, rates of use and weed spectrum.
Thus the field trial programme that forms the background to this paper involves
pre and/or post emergence testing of a wide range of rates, possibly of different
formulations on a troad spectrum of weeds on all relevant soil types under all
relevant climatic conditions and on a wide range of crops and cultivars.

TRIAL TYPE AND LAYOUT

Such a programme calls for a large number of trials. Dose response trials
involving numerous rates of use are set up on different soil types in areas of
different climate. Weed spectrum tends to vary with soil type and climatic area,
but given sufficient sites there is usually enough overlap of weed species to allow
measurement of the influence of soil type and climate on response to the herbicide
under test. Timing trials for both weed and crop usually involve fewer rates cf
use being applied at a series of growth stages.

All such trials call for the siting of a large number of plots in areas of
homogeneity of soil, crop, weed species and stage of growth. For this reason plots
need to be as small as can accurately and conveniently be sprayed. In almost all
cases plot size is decided on field factors or on the means available for
harvesting. It would of course be theoretically possible to vary plot size from




trial to trial according to weed density and other factors but in a large programme
of trials it is desirable to standardise plot size within a given trial type as this
leads to standardisation of spraying technique and the amounts of materials and
water required, all of which tends to minimise the chance of error. Thus plot size
for weed control trials requires to be a compromise area, that on average will allow
for sufficient of each weed species present to be reasonable evenly distributed
across each plot. In our experience over many years, a plot size of 3 yd x 10 yd
has fulfilled this requirement satisfactorily for the majority of weed dose response
and timing trials in most field crops.

For measurement of crop yield, plot size requires to be related to the method
of determining yield and within the limits of accuracy needs to be sufficiently
small to allow their siting in homogeneous areas. With crops such as sugar beet
and potatoes for hand lifting, a plot of drill width x 15 - 20 yd has proved to be
satisfactory, assuming fourfold replication. With cereals,using & ft cut commercial
combine harvesters it has been established that cuts of 40 yd length were necessary
with sixfold replication. This will be discussed in more detail under "Assessment".

In the case of observational trials on crop varieties it is usual to make use
of facilities on the trial grounds of plant breeders and to spray across the
varieties, provided there are no great differences in growth stage. Under these
circumstances size of plot is dependent on number of varieties and the length of
the rows available.

Reference has several times been made above to the need for arranging as many
small plots as possible in areas of homogeneity. Sometimes it is more practical to
overcome field variation another way, namely by siting a limited number of large
plots across the variations in the field. This approach is particularly applicable
to the later stages of the programme when rate and optimum timing have been
established and it is necessary to compare the new product with existing standards

in say 100 - 200 locations across the country. Here, large (1 - 2 acre)
unreplicated plots sited across the field variations give a very good picture of
reliability under widely varying conditions, the large number of trials serving to
compensate for lack of replication.

In small plot trials, plots are laid out in replicated blocks separated by 3 yd
wide alleyways for access, Flots are marked by 4 ft, unpainted, 1 in square wooden
stakes located 4 yd apart, the middle 3 yd of which are sprayed. The unsprayed
strips left by this procedure are an invaluable means of monitoring any variation
across the trial area. The corner stakes of a trial are coloured, which enables the
plots to be recognised when the crop is fully grown. In exceptional circumstances
extension pieces are fitted to the corner stakes of the trial. The corners are
also marked by sinking 'mice' (small wooden pegs with wire tails) into the ground.
These are an invaluable aid should stakes be knocked down or removed. In cereal
trials stakes remain until harvest but in crops such as sugar beet and potatoes they
are sometimes temporarily removed to facilitate pesticide application, the corners
remaining marked by 'mice'. In addition to these means of locating plots, careful
measurements are made from fixed points in hedge, fence or wall.

Except where results are to be subjected to statistical analysis as in the case
of yield trials, distribution of treatments within the block is usually by
mathematical design rather than at random. This may sound the most blatant heresy
but long experience has shown the impracticability of classical randomisation except
in the very rare text book type situations where density and stage of weed growth
are distributed 'perfectly' over the trial area. The policy is to place together
those treatments which it is particularly important to compare, the chance of any
environmental gradient producing a bias in favour of particular treatments being
largely avoided by arranging treatments differently in the separate blocks. Thus
much of the effect of field variation is eliminated. The practice of leaving
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unsprayed strips of crop in between all plots also contributes greatly in this
direction.

APPLICATION

Reference is restricted in this paper to the application of herbicides in
liquid form, methods varying according to plot size.

Traditionally, application to small plots was made by a variety of production
knapsack sprayers variously modified to improve accuracy. Such sprayers are still
used for certain specific situations, for example, the spraying of very reugh
tilths in the winter cereal context and for application in restricted situations
such as in orchards, or on dyke banks etc.,

For small scale application in the majority of arable and grassland situations,
work was commenced in 1955 on the development of the Lenton Small Plot Sprayer a
summary of the development and main details of which are given below.

For application in the large plot reliability trials referred to earlier, us=2
is made of a good quality commercially available field sprayer, mounted on a well
maintained tractor, carefully checked, fitted with new tested jets and carefully
calibrated before use.

Lenton Small Plot Sprayer

In order to be able to apply the required dosage uniformly over the whole plot
is essential that the following requirements are met.

Application to be through jets designed and situated so as to give uniform
output across the width of the boom.

The boom to be adjustable vertically and to remain at constant height from the
ground during spraying.

The boom to move at constant forward speed during spraying.

The spray liquid to be contained in a vessel in which it can be maintained in
a state of agitation during spraying, as necessary.

The spray liquid to be delivered to the boom at constant pressure under all
climatic conditions.

The equipment to be capable of applying chemical treatments in each of the
following ways:-

i) Finite dosages.

ii) Logarithmically decreasing dosages.

iii) Stepped finite dosages
The sprayer to be:-

a) Manoeuvrable and capable of use on rough tilths
b) Light and easily dismantlable for transport
c) Adjustable for row width in crops such as sugar beet

d) Designed to ensure minimal mechanical damage to crop
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After much experimentation it was decided that our particular purpose was best
served by a hand propelled four wheeled machine, the basic framework of which was
constructed from mild steel tubing. This relatively light weight, easily weldable,
very strong material has stood the test of many years hard work and all machines
have been built with it.

Early prototypes of the Lenton Small Plot Sprayer were built with extendable
wheelbase but on subsequent machines this facility was omitted since the extra
weight was not justified by additional convenience. Suspension consists of
standard heavy duty bicycle forks which are welded to the frame and which carry the
four fixed vertical axis heavy duty bicycle wheels, large at front (H), small at
rear, the diameters of which respectively are 26 in and 14 in.

Several means of mechanical propulsion have been investigated but to date all
have given rise to problems on all but the most even of surfaces, whilst the hand
propelled model is capable of accurate application over fairly rough tilths. It is
recognised that other organisations have developed successful mechanically propelled
plot sprayers and the matter is under frequent review.

The boom (A) consists of a bar to which the jet housings are attached, all jets
being fed individually from a manifold by equal lengths of P.V.C. tubing, thus
ensuring simultaneous supply of herbicide to all jets as spraying commences. A
great deal of attention is given to the accuracy of output during spraying. New
jets are selected annually after patternator tests and spray pattern across the
boom is carefully checked. Having worked with ceramic tipped and brass jets the
current preference is for the Watson G80 stainless steel tipped fan jet. Using
selected jets of this tvpe the minimum variation across the boom is 5% Until
recen?lygthis figure was nearer 10%. Application is generally at 20 gal/ac at
30 1b/in“.

After working with many purpose built brass vessels the current preference is
for stainless steel spray vessels obtained from the Cornelius Company (E). These
are strong, light weight, easily cleaned, possess quick release albeit secure lids,
will withstand pressures up to 60 lb/in2 and are available in 2 and 5 gallon sizes.

Due to experience of the unreliability of propane in cold weather, compressed
air has invariably been used as a source of pressure. For many years use has been
made of light weight ex-airforce air receivers with a working pressure of 150 lb/in2
but attention has recently been focussed on a type of high pressure alloy vessel (6)
capable of being pressurised to 2,500 1b/in2 and which will enable eighty plots of
3 yd x 10 yd to be sprayed on one filling.

In order to maintain constant speed during spraying, it is essential to provide
an accurate speedometer that responds rapidly to changes of speed yet is
sufficiently damped to prevent oscillation on uneven ground. Geared down
commercial vehicle speedometers gave good service for several years until attention
was turned to the building in the Company's workshops of a purpose made electrical
speedometer (B) driven by a dynohub.(C). Problems of humidity and oscillation
have been overcome and the performance of this model is uniformly accurate under all
relevant conditions.

The Lenton Small Plot Sprayer was initially designed for finite dose
application but in order to be able to evaluate the herbicidal properties of
mixtures of various active ingredients, it became necessary to develop means of
applying one ingredient or mixture of ingredients at finite dose and superimposing
upon this a further ingredient at logarithmically decreasing dosage. The
principles of logarithmic spraying being well established (Hartley et al 1956) it
became a matter of developing a suitable concentrate vessel for use with the
existing spray vessel and air receiver, using the van der Weij principle for
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intimate mixing of diluent and concentrate. For general use in post emergesnce work,
a 6 yd half dosage distance was found tc be suitable. In this type of trial, four-
fold replication is considered to be minimum.

Por use in situations where supply of herbicide is very limited, a contraction
of the Lenton Small Plot Sprayer has been designed and constructed. This machine,
also tubular in construction, is mounted on two wheels in tandem, has a smaller but
similar type boom, forward speed being controlled by a speedometer of the same type
as that fitted to the four wheeled machine. The spray liquid is contained in a
pressurised canister fitted with accurate regulating valve and supportec on the back
of the operator. Appnlication can be by finite or logarithmically decreasing
dosages.

Photographs of both types of sprayer appear at the end of the paper.

ASSESSMENT

Visual and quantitative methods of assessment are used for measurement of both
weed and crop response. Each type of method has particular advantages over the
other, the two being 2ssentially complementary.

In the assessment of weed control response, the use of a recognised scoring
method has the advantage over quantitative methods in that the whole plot is
assessed and the process is much more rapid. This means tha: more trials can be
conducted, an important factor in commercial development programmes. The use of
visual methods where the score s compounded of many facets such as number of weeds,
their size, shape, colour arnd maturity, imposes some restrictions. For example,
only the most experienced staff capable of objective assessment can be used and one
member of the staff must be responsible for the assessment of all trials in a given
project.

Visual assessment is particularly applicable, for example, to the measurement
of broad leaved weed control in cereals where the objective is not so much to kill
every weed completely but rather to suppress most of them to a state of moribund
insignificance. With grassy weeds such as Avena spp and Alopecurus myosuroides
however. the effect is often one of 'all or nothing' and here weed counts fill a
much more important role.

In the case of crop assessment, certain aspects such as size, vigour, colour
and shape lend themselves to a visual scoring method which, as in the case of weed
control, is based on a scale of O - 10 where O represents no effect and 10
represents complete kill.

Quantitative measurements are of paramount importance in crop assessment and
range from population counts on the emerging crop, through the subsequent post
treatment assecsments of density, height, tillering and occurrence of abnormality,
toc the measurement of crop vield and to the subsequent measurements of quality such
as sugar percentage in beet and the various measurements involved in malting and the
processed food context. With the increased emphasis on processed crops and
probable increased use of growth regulants it is envisaged that post harvest bio-
chemical assays of crops will become necessary.

The quantitative crop measurements that lend themselves to description in this
paper are those related to yield and these are of two kinds. The first is the
measurement of yield from plots treated with herbicide treated with N and 2N rate im
a weed free situation, which has the effect of detecting any adverse or even
advantageous effect on yield,directly attributable tec the chemical. The second
type of yield measurement is conducted in normal weedy situations where removal of

108




weeds contributes towards the attainment of the true crop potential. Such trials
are important in establishing the economic value of the herbicide.

In cereal crops, yield measurements are obtained by taking 6 ft median cuts
out of the 3 yd plots, using a Claas Comet combine harvester adapted so that plot
yield is weighed on the machine. This commercial type combine harvester gives
extremely accurate measurements of yield. The yields of beet, potato and other
field crops are still taken by hand from the middle 2 - 3 rows of the plots. In
all crops sampling for quality tests is made by the normal accepted procedures.

PRACTICAL USAGE

The experimental techniques and the Lenton Small Plot Sprayer described in
this paper have been used successfully for many years. They have for example
featured strongly in the development of mecoprop (Lush et al 1958), dichlorprop
(unpublished), pyrazon (Lush et al 1962, 1964 and 1966), triallate and diallate
(Lush and Mayes 1964) (Lush et al 1968), benazolin (Lush et al 1966 and 1968) and
potato herbicide mixtures (unpublished). In addition this type of sprayer has
been used extensively in the development of agricultural insecticides and fungicides.

FUTURE DEVELOPMENTS

The techniques used in field development programmes of the type referred to in
this paper are continually being reviewed in order to maximise efficiency.
Particular attention is being paid to application methods. The development for
the Lenton Small Plot Sprayer of a stepped dose adaptation is well in hand. This
will improve facilities particularly for dose response testing of new active
ingredients.

Many attempts at mechanising forward movement have been made but none has
proved to be as accurate as hand propulsion. This matter is under continual review
in the hope of finding a suitable and effective means of achieving this objective.
New methods of quantitative assessment are also under consideration.
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Fig. 1, Lenton Small Plot Sprayer in use.

110




Pig. 3, Sprayer for very small plots.
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MECHANISATIUN OF FI.iD EXPERIMcNTS

M.%. Thornton
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Summary This paper summarises the highlights of the Third International
Conference on Mechanization of rield Experiments, describing briefly some
of the more interesting pieces of machinery which were demonstrated at a
special exnibition of reseuzrch ejuipment.

INTRCDUCTICH

The Third International Conference on Mechanisation of Field Experiments held
at Brno, Czechoslovakia, was organized by the International sssociation on
Mechanization of Field cxperiments {IaMFE), and the Czechoslovak Academy of
agriculture. The Conference took pluce in the University of Agriculture, Brmo,
from the 10th to 15th July 1972, with an Exhibition und a Demonstration o Research
Equipment during the afternoon of the 10th July at the agricultural Research
Institute, Hrusovary, near Brno.

The IAMFE Crearisation was founded in 1964. Since then, the Headquarters of
the Secretariat and she Information Centre have been at Landbruksteknisk Institute
(Norwegian Institute of Agriculiural dngineering) hes, Norway. Previous Inter-
national Conferences were at Vollebekk, Norway in 1964, and at Braunschweig in the
Federal Republic of Germany in 1468. These conferences are held to stimulate
interest in th= obje ves of [ANFh whicn are to help research and development in
agriculture by increasing the efficiency and accuracy of field experimentation
through mechanizatien, thus contributing to the increuse of agricultural and
horticultural production throughout the world. The association promctes dessimina-
tion of information both throuch the Conferences and by publication of a Handbook
which provides descriptions and illustrations of experimental eguipment.

When declaring the Conference open, Jan Rod (Chairmun, of Czechoslovzk
I.A.M.F.E. Conferance Crianizing Committee and rresident of the Czechoslevak
Committee on Kechanization of Field zxperiments ena the Committee) asked the basic
question "... whethsr in a conference, dedic -ted fully to the questions of develop-
ment, construction and use of special equipment and machinery, the methodology of
field experimensal techniques should zlso be nandled." He elaborated on this to
some extent in his opening speech, but a summary of nis remarks would be that both
methodology and technigues, coupled with the use of specinlised eguipment should be
complementary and integrated.

There were seven sessicns of formul papers which totalled fifty three in all,
covering subjects such zs: Basic questions, Flot Drills, Implement Carriers,
Pesticide Applicuters, rorage Hurvesters, Plot Combines, Threshing Zquipment and
Miscellaneous Items. Several papers presented at the Conferance were noet included
in the originezl Prcceedings, but it is hoged that these will be published in a
Supplement at a later date. approximately 180 Delegztes from 40 differ=nt
countries attended the Conference.




EXHIBITS aND DEMONSTRATIONS

The Exhibitions and Demonstrations included a large number of machines and
specialised equipment designed for field experimentation.

In addition to the formsl sessions and demonstrations, the Conference provided
opportunity for informal discussion on reguirements for experimental equipment, and
promoted contact both with fellow research workers and manufacturers which will be
of use in the future.

It was plain to see from this Conference by the papers presented and the eguip-
ment demonstrated, that, as agricultural field research progresses, techniques and
experimental equipment become correspondingly more and more sophisticated. Auto-
matically, this means that the cost of developing prototypes and specialised equip-
ment rises continuously. For this reason, in developing countries where research
programmes are carried out on limited budgets and workshop facilities are almost
non-existent, very little money can be devoted to the development of such equipment.
IAMFE hopes to help to overcome this problem by encouraging research workers to
assist in compiling a record (IAMFE Handbook) of specialised equipment developed
either by Agricultural Engineers or experimenters for the benefit of others.

4 large proportion of the eguipment discussed and demonstrited was directly
connected with Plant Breeding, giving the impression that this type of research was
highly mechanised in comparison with other branches of Agricultural Research. Al-
though much of the equipment was developed for specific research projects, meny,
with or without soume ninor modifications, would fit into a varied number of research
programmes, includirg those concerned with weed control in all its aspects. Several
mechines which had proved successful as prototypes are now in production, in fact,
some machines, such as small plot combines, have been specifically produced by
manufacturers for the requirements of research workers.

PAPERS PRESENT:D

Five papers were presented on the subject of Pesticide Application, inclucing
two which described machires demonstrated. In addition the ARC Weed Research
Orgenization had on demonstration several typical exumples of their own experimental
spray eguipment. The mechine demonstrated by Czechoslovakia was a small pushed
trolley on which was fitted a jet based on en oscillating perforated sleeve mounted
between metul shields preventing sprsy drift. This equipment was mainly used for
the application of liguid fertilizers between row crors. A& much larger machine of
Norwegiun design was mounted on three wheels and used a smzl]l petrol engine for pump
and propulsive power. Two wheels were in tandem carrying the engine, liquid
contairers, pump unit and controls etc., whilst the third wheel supported a side
mounted boom which could be adjusted to give a variety of working heights. Various
spray liquids coula be drawn from any cne of a number cf medium capacity plastic
contairners mounted in a rack. On the front of the machire a larger container was
mounted to provide water for washing out the system between chemical trestments.

A peper by Friedlander and Hofmenn (¥. Germany) described a number of applica-
tion machines. These included a plot sprayer for plantation crops, a small - rlot
sprayer on bicycle wheels, and a large plot self-propelled sprayer. However the
most interesting sprayer was a versutile engine driven plot sprayer on & wheeled
frame, easily dismantled end capeble of applying 1li‘uids as corrosive as liouid
nitrogen fertiliser at vclume rates from 100 to 1,000 l/hu, This machine had
varicus other refinements inclucding the ability te carry a range of conical-based
spray tenks.




A paper by Lush and Msyes (U.K.) entitled "Plot Sprayers and Technigues"
described ancther manually propelled machine on wheels developed at the Lenton
Research Stetion for pesticide application, but this is mentioned sepurately in an-
other paper in the present Sessicn.

Dyck read a paper by Hergert and Cannon (Caznada) in which a pump used for
research into the use of Ultra-Low Volumes was described. The pump, drop generator
and blower were mounted on a small hand push-cart capable of operating in narrow
TOWS. This apyparatus was originally designed for investigaticns irto the control
of Colorado Beetle, (Leptinotursa decemlineata) with tecknically pure pesticides.
It is claimed that the application of ULV spray at 42C g/ha gave biclogicel resulte
comperable with a conventional applicstion of the seme amount of pesticide in 240
1/ha. Both methods directed the pesticide to the underside of the leaves. The
pump mekes use of hypodermic syringes for accurzte and repeatable applications;
this is operated by a series of chain driven flexible shafts and sprockets driven
by a ground wheel.

Pesticide application equipment is of obvious interest to weed research
workers. Whilst it is not feasible to give a summery of all other equipment dis-
cussed and demonstrated, a few items which were considered to be of particular
relevance are mentioned here.

Soil sampling has always presented many problems (such as ease of opereting the
sampling equipment, ccntamination, storage of cores, and sub-sampling, and has been
& source of controversy. Many mechines have been developed to attempt tc overcome
these problems, but Lave never been quite successful. A paper by Dr. Maag of
Ciba-Geigy (Switzerland) reported on the 'Humax' soil borer which was developed to
obtain samples for pesticide and herbicide residue anzlysis and goes a long way te
overcome most of the problems. The machine was electrically powered, and cornsisted
of & drill motor, connecting drive shaft, and bore tube fitted with cutting knives.
The power can be supplied either from the meins or a portable generator. The
efficiency of this machine is largely due to the r.V.C. transparent container which
fits inside the bore tube and is held in place by the cuttirg knives. ‘When the
bore tube is pushed into the ground the sample is driven irto the F.V.C. contairer.
After the bore tube has been pulled from the ground, the sample (300 mm depth x
50 mm diemeter) already sealed in the P.V.C. contairer is easily removed by detach-
ing the cutting knives. The sealed core can then be lzbelled and stored in a deep
freeze for future analysis. At a later date, the cores can be sub-sampled in a
frozen solid stute simply by cuttirng the required lengths with & small circular saw.

Baker (New Zeeland) described a system rather than an individual piece of
equipment. This was for the simple removal of turf blcocks in the field and arcused
most interest as this operazticn is generally a laborious task. In this instance,
the turf blocks were used for precisely controlled studies of the mechenical and
physical requirements of direct drilling. Nevertheless, it is considered that the
techniques used have potentiel in other aspects of agronomic research and field
experimentation. The turf sampler itself, consisted basically of a stirrup-shaped
cutter directly mounted onto the three-point linkage of a wheeled tractor. A bin
(2.0 m long, 680 mm wide, 210 mm deep) connected to the rear of the cutier by hooks,
collected the turf samples as they were cut.

Several smezll plot combines, all self-propelled and specifically designed far
harvesting experimental cereal plots, were presented. The two most cutstanding of
these were the 'HEGE 125' and the 'SEEDMASTER 1255'; both are in production and
manufacturered in Europe. There was very little to choose between these machines,
but the SEEDMASTER menufucturered by Walter zand Wintersteiger did have the sdded
refinement of a hydrostatic drive. This firm alsc produces the F.G.V. 125 Fodder
Crop Harvester, which they claim will reduce work time on large experimental plots
by approximztely 50%.
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If more detail is required of the equipment described, this can be acquired
from either the Proceedings of the Conference or IAMFE Headquarters.

CONCLUSION

In conclusion, it is relevant to draw the attention of research workers to the
remarks made by the President of IAMFE, Mr. Egil Oyjord: '"Because of lack of
technical data on machine performance, it is extremely difficult to evaluate the
manufactured and prototype experimental field plot equipment that does exist.
Therefore, increased emphasis should be put on testing of existing research equip-
ment and techniques for mechanisation of field plot research. There is also great
need for increased research to develop new equipment and techniques for mechanisation
of field plot research. It should also be pointed out that the small manufacturers
of research equipment for field experiments need assistance to improve their
equipment.

Last, but not least, the developing countries should not have to go the long
and expensive way of developing their own research equipment, which will be the
result if the industrialised countries are not able to give them the needed informa-
tion and assistance."
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METHODS FOR EVALUATING WEED COMPETITION USING
SYSTENMS OF HAND-WEEDING OR HCEING

N.C.B. Peters
ARC Weed Research Organization, Begbroke Hill, Yarnton, Oxford 0X5 1PF

Summary It is important to determine the period of crov srowth during
which competition from weeds can damage the final crop yield, because this
can influence the timing of weed control measures. By using existing
hand-weeding meshods it is possible to determine the onset and duration

of weed competizion in a crop. These methods are discussed and adapta—
tions are suggested for use in weed stands eerminating over a lonz period.

INTRCDUCTION

Losses in crop yield caused by competition from weeds are widesoread and econo-—
mically very importan:. Of particular significance is the peried during thz growth
of the crop in which the presence of the weed population is causing damage to final
crop yield. This information could be of vital importance in the timing of weed
control measures.

Two methods have been described (Nieto, 1960; Nieto et al, 1968) in which the
weeds are removed by hoesing at specific times, so that the critical period for weed
competition can be evaluated. The purpose of the present paper is to consider the
merits and the difficulties of the two methods and to suggest adantations for use
with weeds germinating over a long period.

DISCUSSION OF METHCDS

a) The onset of compstition

In one of the twp approaches (Nieto et al, 1968 ) they allowed the crop to be
weed-infested at first, and hand-weeded different plois after various intervals. The
purpose was to determine how long the weeds could remain in the crop before they
started competing, and whether there was a later period when the weeds did mot cause

crop damage.

One of the factors influencing this technique is that different weeds have
emergence periods of different lengths. If the length of the period of weed emer—
gence is short, then individual weeds will increase in size with time, but the weed
numbers will remain relatively constant. If, however, the weed has a long period of
emergence, as with Avena fatua, then at later stages there will be a larger number
of weeds as well as an increase in the size of individuals. With prolonged emergence
the weed population will be made up of various age groups of plants with different
competitive abilities. Each of the grouns would presnmably cormmence and cease to
compete at different dates. There is then the possibility that weeds emersing all
at one time may compete earlier than those with prolonged emersence.




The process of hand-removal, unavoidably disturbs *he soil. The treatments
where the weeds are removed at an early stage suffer much more cron disturbance due
to the continuous reweeding, particularly if the sermination neriod is prolonged,
than those treatments where the weeds are removed at a single and later date.
However, in the later-weeded treatments, the weeds are large and considerable crop
disturbance can occur, the extent depending unon the svecies of crop and weed. In
the earlier-weeded treatments, there is the possibility of crop compensation.
Effects that the weeds may have had on yield could be reduced again by harvest
(Koch, 1967). However, any crop comoensation trat will have occurred cannot be dis—
tinguished using this technique.

In considering the time at which competition commences and ceases, it is
necessary to take into account the numbers of weed and crop plants present per unit
area. For if a dense population of weeds is present, they might be expected to start
interference with the crop at an earlier date than a sparse population (Harper, 1961).

b) The termination of competition

In the other approach (Nieto et al, 1968) the crop is kept free of weeds at
first, but weeds are allowed to grow later on. The purpose is to determine how long
a crop must be kept free of weeds if maximum yields are to be obtained. If the
technique is used with a weed which has a short period of emergence, the time when
the crop needs to be kept free of weeds must be short, for very few weeds will germ-—
inate at the later stages. Conversely a weed with a long period of emergence will
have a lesser rate of decrease in density with time. Weed density will doubtless
influence the duration of competition, for a weed with a high density and a long
period of emergence will affect the crop for the longest time, because sufficient
weeds will emerge in the later stages to cause damage.

The soil disturbance with this technique is minimal, for there are never any
large weeds to remove. However, the treatments which are kept weed-free for the
longest times are subjected to more foliage disturbance than those kept weed-free
for the shortest periods. Where the soil is frequently disturbed, this may stimu-
late further germination and result in both a prolonred period of emergence and an
increase in total weed emergence. This may even result in an artificially prolonged
period of competition.

¢) A suggested method for division of a weed population into sroups by date of
emergence to investigate their relative competitive abilities

In this method, the weeds that emerge within certain periods of time, are
allowed to become established and those that emerge before and after each period are
removed. The purpose is to find out which fraction of the emerging pooulation is
relatively the most competitive. However, it disresards intra-specific comnetition,
which could occur between the emerging groups had they been growing together. This
might be particularly important at hi~h weed densities because earlier grouns of
weeds might have suppressed the later. An estimate of intra-snecific competition
occurring between groups can be obtained by commaring the yields on plots containing
only fractions of the total weed population wi*h vlots that have remained weedy or
have been kept weed—free throughout. The are composition of the total nomulation
can be determined by individual marking of all plants with coloured, nlastic-—coated
wire rings according to emergence date in the continuously weedy plots.

The method is orimarily for weeds with a lons emergence veried and is currently
being evaluated at the Weed Research Organization with esnecial reference to Avena
fatua. Soil disturbance is minimal, althourh reneated, for with the freaquent re—
weeding only small plants need to be removed, 2lthourh foliage disturbance will
increase with time.




In a further adaptation treatments can be included that have more and more of
the later—emerging grouns included with the earlier ones. Bv combinings these two
techniques it is possible to obtain further estimates of the intra-specific competi-
tion occurring betwezn groups.

A further alternative technimue is to remove a groun emergine between ziven
dates. The purpose is to determine the effect of the various grouos on the cron by
subtraction. Only a fraction of the total population is removed so that the
lessening of the intra-specific competition will be smaller than in the first alter-
native method. Soil disturbance is negligible in this method, for no lares plants
need to be removed; although foliage disturbance increases at the later dates.

In both of these suggested methods, which attempt to evaluate the effect of the
different fractions, the density of the weed stand is important, for sparse weed
stands, if divided into groups, may be insufficient to affect crop vields. None-
the-less density may not be as important as date of emergence relative to the crop.

Throurhout the discussion pure stands of weeds with either lon~ or skort
emergence periods have been assumed. With mixed weed stands, composed of some weeds
with long and some with short germination periods, the difficulties mentioned sinelv,
will be combined.

Competition studies are therefore es-ecially difficult in that, no matter which
technique is used in investigating it, a number of artifacts ~re inevitably
introduced. The susrested adavtations described abtove may help to investigate com-
petitiveness of weeds with a rrolonged emergence veriod.
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TECHNIQUES FOR THE ASSESSMENT OF AVENA SPP. IN THE FIELD

J. Holroyd
ARC Weed Research Organization, Begbroke Hill, Yarnton, Oxford OXS5 1PF

Summary Simple techniques for the assessment of Avena spp. in the
field are described and discussed. These include, characterisation
of the Avena population at the time of treatment in terms of density
and sge; ‘'colour coding' - the labelling of individual plants
according to their stage of growth at the time of treatment and the
'sizing' of panicles to increase the precision of measurement of Avena
seed production.

INTRODUCTION

The objectives of weed control include both the reduction of the competitive
powers of the weed and the prevention of return of viable weed seed to the soil. It
is debatable which is the more important when considering annual weeds such as
Avena spp. or in fact 2ny weed which is entirely dependent on seed to maintain its
population from season to season. However in weed control experiments assessment
techniques should obviously be aimed at measuring the effectiveness of any particu-
lar treatment in achieving both these objectives. It is a little surprising
therefore that many experimenters still rely on simple counts of Avena plants or
panicles. This can often seriously underestimate the degree of control which has
been obtained (Holroyd, 1960).

In a consideration of assessment techniques it is natural to think of methods of
measuring the end situation as exemplified by crop yield and quality, counts of
surviving weeds, or seed return, but it is equally important to describe accurately
the population of crop and weeds at the time that a treatment is applied.

The growth of a cereal crop, particularly in the early stages is generally
relatively uniform and it can be characterised simply, by taking a number of
randomly distributed samples of plants from the experimental area and counting the
number of leaves on the main shoot. However, one of the characteristics of Avena
fatua populations in this country, is the wide range of growth stages which they may
contain. For example, in winter cereals during the last two sessons in the south-
ern half of the country, numerous A. fatua germinated during the autumn, over-
wintered and when well tillered in the spring, were joined by newly emerging plants.
Even in spring crops, a cool season can result in A. fatua emerging from March to
mid-May. Not only may the inherent susceptibility of these plants to a herbicide
vary according to growth stage but also their ability to survive crop competition.
Without some characterisation of individual plants according to their stage of
growth it is almost impossible to obtain a clear picture of the pattern of response

of the Avena spp. to a herbicide except in =z very generalised way.
TECHNIQUES

1) Characterisation of the wild oat population Characterisation of an Avena
population as a whole at the time of treatment requires measurement of the plant
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density and age distribution. This can be done most easily by counting and
classifying, accordimg to their age, all the Avena plants either within a 30 cm
quadrat or a 30 cm length of inter-row at five randomly selected positions across
the experimental arena. The number of sampling sites should be increased where the
populations are low. In general a total of at least 50 plants should be counted
but this is dependent on the range of ages present in the population.

In an even aged population which is newly emerged, 50 plants would be more than
adequate but, in a crop of winter cerezl with for example two distinct populations
of Avena (autumn and spring germinated) 100 plants would be more appropriate. The
age of the plants is determined Dy counting the number of lesves on the main shoot
to the nearest half leaf. In an open situation tillering may begin shortly after
the third leaf has fully expanded but in a more competitive and shaded situation
five or more leaves may develop without tiller formation. When tillering does occur
it should be noted together with the number of leaves on the tillers, unless these

are excessive.

The counts from tae individual sampling areas will also indicate the distribu-—
tion of the Avena population in space (across the experimental area) as well as in
time.

This type of assessment will describe the Avena population as a whole over
the experimental area at a specific point in time,but some of the plants in the
specific age groups which make up that population must be labelled if differences in
their response to a herbicidal treatment are to be detected. 'Colour coding' is a
technique for doing this.

2) Colour coding This is 2 relatively simple way of labelling individual plants
according to their stage of growth, so as to study their ultimate fate. The
labelling is done with plastic covered single strand copper wire. This is
convenient to use and readily available in a variety of colours. The actual label-
ling operation consists of pushing one end of a 4-5 cm length of suitably coloured
wire into the ground adjacent to an Avena plant and wrapping the other end loosely
round the base of the plant. The colour of the wire indicates the stage of growth
of the particuler plant. Initial identification of the plants can be somewhat
difficult particularly when they have only ! to 1 leaf and other graminaceous weeds
are present but with experience relatively few mistakes are made. Preferably the
density of the Avena population should not be more than 40-50 plants/m“.

A specific number of plants of each growth stage should be coded e.g. ten on
each plot, including controls. Experimenters can vary the detail of the classifica-
tion according to their own needs and the particular Avena population. Difficulty
may be experienced in finding the requisite number of plants at extremes of the
classification i.e. the younger or older plants, and if so a note should be made of
the number which car be easily found and coded. The growth stage of the crop should
also be noted at the time of coding.

Final assessment of coded plants is made just before harvest of the crop. The
number recovered is generally in excess of 90% although some plants may be dead and
others may have developed into large plants with several panicles.

Colour coding can take an appreciable amount of time depending on how inten-
sively it is carried out but it will provide very precise information which would
otherwise be missed. For example data from control plots will indicate how Avena
plants at differing growth stages, at one specific point in time, react to subse-
quent crop competition. This may vary from death for many of those emerging late
or otherwise delayed in growth, to the vigorous production of several large panicles
by those which emerged early. The susceptibility of A. fatua to competition is well
illustrated by the results from an experiment last season in spring barley in which




the natural mortality of plants labelled when they had reached the two-leaf stage
increased from 3% to 48% over a period of fourteen days. At the start of this
period the crop had 2.0 leaves and at the end 4.0-4.5 leaves. The stage at which
Avena plants are treated with a herbicide can be very important firstly because any
check to their growth will be enhanced by crop competition and secondly their
inherent susceptibility to the herbicide may vary, as is well illustrated by barban.

'Colour coding' is generally only relevant when post-emergence herbicides are
used or patterns of emergence of Avena spp. are being studied, but another factor,
seldom measured but known to influence the activity of a soil applied herbicide such
as tri-allate, is the depth in the soil from which the Avena plant originates. A
method of studying this factor was described in an earlier paper (Holroyd, 1964).

All the techniques mentioned so far have been primarily concerned with the
Avena population at the time of treatment or in the early stages of development.
However, as has already been mentioned, the methods used to assess Avena spp. at
maturity are also often lacking in accuracy, and the simple 'sizing' of panicles at
the time of the final assessment can help considerably.

3) 'Sizing' panicles Just prior to harvest the Avena panicles present on each
plot of the experiment being assessed, are counted in the usual way, using a number
of suitably sized quadrats if the plots are large or the Avena population is dense.
The maximum number counted per plot is generally 200-300.

As the panicles are counted they are classified into one of three categories
according to their size as follows:

1. 'Small' - panicles with 1-10 spikelets
2. 'Medium'- . ” 11-30 o

" "

3. ‘'Large' - " 31+

Occasionally if the plants are particularly vigorous this classification may be
slightly modified so that 'medium' covers the range 11-40 and 'large' 40+.

Mt the time of assessment 100 panicles of each category are collected by the
assessors preferably from the control plots but failing this from discard areas or
the remainder of the field, always providing that these areas have not been treated
with 2 herbicide for the control of Avena spp. The total numbers of spikelets on
the panicles are counted and mean figures calculated for each category. The numbers
of spikelets produced on the experimental plots are then calculated by simple
multiplication of the numbers of panicles in each category. These figures give an
estimate of the production of spikelets by the Avena plants on the experimental
plots and are a more accurate measurement of treatment effects than simple panicle
counts. This type of assessment is particularly important when comparing a
herbicide such as barban which tends to reduce the size of the panicles produced
with a herbicide such as tri-allate which does not. For example, in an experiment
reported to the 1968 British Weed Control Conference (Holroyd, 1968), the panicles
on the control plots were categorised as follows: 'small® 9.8%, 'medium' 80.7%,
and 'large' 9.5% whereazs on plots which had been treated with 5 oz a.i./ac of barban
they were: ‘'small' 21.5%, 'medium’ 78.5% and 'large' none, indicating a very marked
increase in the proportion of 'small' panicles at the expense of the 'large'.
Panicle counts alone would have seriously underestimated the effectiveness of the
barban treatment. The additional labour involved in 'sizing' panicles in this way
is small and well worth while for the consequent increase in accuracy. However
there are limitations to the accuracy of this technique which should be mentioned.
There is 8 risk that the mean spikelets/panicle figures calculated from the un-
treated panicles may be high, particularly for the 'large' category, when applied to
the treated panicles. If the mean spikelets/panicle figure for a particular
category is obviously high and there are a considerable number of panicles in that
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category on the treated plots, it would be worthwhile recalculating the figure using
50 of the treated panicles in the appropriate category. Similarly the number of
Avena seeds in each spikelet varies between 1 and 3 with a tendency for 'small!
panicles to have a greater number of single seeded spikelets. 'Large' panicles
have correspondingly more three seeded spikelets. A further refinement therefore
is to include a weighting factor for the number of seeds per spikelet in each
category. However the quality of seed produced is as important as the quantity

and the experimenter should consider, for example, whether the viability and
dormancy of the seed should al:o be tested.

CONCLUSIONS

The accuracy and intensity of assessment of experiments will depend, in the
end, on the amount of time snd effort which is available, but a large number of
experiments are often undertaken to cover a wide range of conditions, and yet, the
effects of the range of conditions, admittedly smaller, which exist withir anyone
experiment are not adequately measured.

Finally, although these techniques are designed specifically for Avena spp.,
with modification they may be applicable to other weed problems and situations.
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AN AUTOMATIC PUNCHING COUNTER AND METERING DISPENSER

R.C. Simmons and J.C. Caseley
ARC Weed Research Organization, Begbroke Hill, Yarnton, Oxford O0X5 1FF

Summary An automatic punching counter is described which allows the re-
cording of counts directly on perforated paper tapes. Auxiliary devices
permit the recording of water dispensed to plants and the entry of numeri-
cal data. The machine automatically divides the stream of data into lines
of suitable length and interposes the correct line termination characters.
The instrument consists of a 3-decade electromechanical counter connected
by a suitable encoding device to a paper tape punch. Circuitry is provi-
ded to enable a range of functions to be performed and to return informa-
tion on the current state of the machine to the operator. The design of
the machine allows remote operation from a considerable distance, and is
tolerant of wide variations in supply voltage and frequency. Interruptions
of the supply do not cause false operation of the instrument. The equip-—
ment has reached a satisfactory level of reliability and shows a saving in
time over conventional methods of collecting similar data. Trials indicate
that water usage, as recorded on the equipment, may be suitable as an
objective indicator of herbicide damage.

INTRCDUCT1ON

A large proportion of the working time of the staff at WRCO, and no doubt other
research establishments, is spent collecting, collating and processing data. At WRO
objective factors such as shoot number and subjective data such as damage scores
following herbicide treatment are usually recorded with pencil and paper, the excep-—
tion being the use of punch cards for scoring some herbicide evaluation experiments.
Small amounts of experimental data can readily be collated and subjected to statisti-
cal analysis using desk top electronic calculators. However many of our experiments
involve large quantities of data and this is transferred to punched paper tape for
processing by the computer at Rothamsted.

The object of the making of the equipment described here was (1) to eliminate
pencil and paper recording for subjective and objective data, and to put the informa-
tion directly onto paper tape in a format compatible with the requirement of computer
input. This enables mistakes in recording and copying to be eliminated. Furthermore
manpower can be reduced, as the person assessing plant parameters can record them
unassisted. (2) in the more specific case of experiments involving herbicide treat-
ments conducted in pots, the water metering dispenser has been used to assess the
water throughput of plants with a view to replacing subjective scores as estimates of
herbicide damage with objective water-throughput data.

DESIGN

The requirements for paper tape compatible with the computer available to us are
that numbers shall be separated by at least one space, and shall be grouped into
'lines' of less than a certain length. Such requirements with minor variations, are
usual for many kinds of computing installation. Circuitry therefore has to be
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introduced to count the entries on the tape, and divide them up with the appropriate
line termination symbols.

The equipment consists of a 3-decade counter coupled via a diode encoding matrix
to an 8-hole paper tape punch. A motorised sequence switch is employed to scan the
counter decades in the correct order, and zlso to provide impulses to the space, tape
advance and line length counter mechanisms. A single decade counter is used to count
how many values have been punched in the current line; when a preset line length is
reached this counter outputs a signal to punch the characters 'carriage return' and
'line feed' onto the tape.

The counting and control circuitry follows telephone practice, employing uni-
selector switches as the counter elements, and electromechanical relays to perform
the control functions. Several advantages occur from this — all the circuit elements
are robust and easily replaceable, and as no solid-state or vacuum devices are used,
a relatively cheap and unsophisticated power supply can be employed.

Manual reset keys are provided fer both counters, and function keys are also
provided to enable a special symbol to be punched to indicate a missing value,
necessary if a plant has to be omitted from the assessment for some reason. This is
effected by causing the sequence switch to scan a preset character code instead of
the decade counters.

Circuitry is also provided to reset the decade counter automatically after
punching, and to enable runout - blank sprocketed tape - to be produced. The details
of the control circuitry will not be dealt with here, but a more detailed account of
the equipment, with circuit diagrams, will be available (Simmons, 1972).

USES

The instrument is used for recording water dispensed to plante in pots, and of
numerical assessments of plant parameters, such as shoot and leaf count. The water
is metered by a device working on the positive-displacement principle - dispensing
units of water of fixed volume (normally 10 ml). A count is recorded for each unit
of water dispensed.

Counts of plant parameters are recorded by a simple hand or fool operated push-
button switch. A small switch can be worn on the hand to allow counting without the
need to remove the hands from the plant.

Where it is desired to enter numbers, for example a damage score for a plant, a
telephone dial assembly is used to generate a train of pulses of the required length.
For convenience a remote dial assemtly was made containing the telephone dial and
some of the more frequently used function buttons such as 'count', 'punch' and 'enter
missing value'. Using this assembly the operator can enter mixed counts and numeri-
cal values while remaining remote from the machine. Indicator lamps are provided on
the remote unit to indicate when the machine is clear to accept another entry.

The electromechanical components used in the counting stages are intrinsically
immune to switch bounce (Atkinson 1951) and will tolerate remote lead lengths in
excess of one mile using suitable cable.

Normal mode of operation

The unit will normally be used to record one or two pieces of information about
each one of a set of plants in an experiment. Several tapes, identical in format but
produced at different dates will be generated during the course of one experiment.
After the tape, which may contain, for example, watering figures for 400 plants for
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one day, is made, it must have a brief heading inserted manually before being sent %o
be inserted on a magnetic disc file at the computer department. The file has a line
format analogous to that created on the paper tape, and the information is held ir a
set of numbered lines in a storage allocation bearing a name given by the user. The
file can be edited, added to, or deleted, and can form the data for a FORTRAN
programme. A validatzon programme (Clarke, 1970) is first run on the data to test
for correct format and zo locate data figures lying outside bounds of size set by

the user. In the case of watering pots in the present research project of the
authors, for example, it is unlikely that any entry would exceed 17, since it is
impossible to put more than 170 ml of water in the containers used. The range tested
can therefore be set as minimum O and maximum 17, and figures outside this range will
cause a warning to be printed to an output file together with the line containing the
suspect data. The dasa file can then be edited if necessary from a remcte teletype
terminal and the correscted file stored on magnetic tape. At the end of the experi-
ment the tapes form the data set for a programme to recover routine statistical
information from the data and print a summary of the experimental results.

Scope

The basic machins can be adapted to record most factors which can be counted or
which can be made to oroduce a switch closure corresponding to a unit quantity.

The instrument has been tested successfully using power from a portable genera-
tor. The voltage and frequency are not critical over wide limits and interruptions
of the supply do not cause false operation of the circuitry. The instrument can
therefore be vehicle-smounted if desired for use in the field (Fig. 2). 4 D.C.
operated battery powered version can be constructed if desired. The power consump—
tion of the unit could be reduced for this application by the use of non-illuminated
switches and digit indicators which were illuminated only on demand. Power consump—
tion would then depend on the type of punch used and the frequency of counting and
punching.

EXPERIENCE IN USE

The machine underwent & period of trials before being placed in general service
in the laboratery. During this time laboratory staff used the machine and made notes
on faults occurring. The machine was also assessed for ease of use, and as a result
of this a number of modifications were made to the machine and to its input devices.
One target was that tne machine should be able to be used by casual staff who water
experiments at weekends, and to this end the controls of the instruments were re-—
designed and a system adopted whereby only a minimum of switch operation, etc was
required. Experience has indicated that staff need one or two dummy runs to get used
to pressing the punch buttcn after each operation, and to impress upon them the need
to record a value for each plant, even zerces, and to keep strictly to the numerical
order of the plants. These were the main errors in the early runs but have occurred
with decreasing frequancy during later operations. The regular laboratory staff whc
use the machine both for watering and for assessments of shoot numbers and herbicide
damage ":ave become used to the instrument and have been able to take over the task of
heading the tapes and despztching them with the correct documents.

The instrument allows a faster rate of work with fewer mistakes and eliminates
the need for subsequent repunching of data where a computer analysis is desired.
Reliability has been imprcved during the machine's trial period; one of the problems
remaining is the incursion of dirt from the laboratory and greenhouses intc the
selector mechanisms and contact surfaces. The selection of suitable contact lubri-
cants together with regular routine service periods has mitigated this problem to a
large extent.
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Since entering regular service in the laberatory the machine has performed some
34,000 punch overaticns, and during this period some of the original compoments have
been replaced vy heavy duty alternatives as excessive wear or failure occurred. The
machine is now consicered to have a satisfactory reliability record, though the need
remains for regular cleaning of contacts etc, due to operation in humid environments.

Timed tests

To ascertain wheiher the instrument does in fact save time compared to the
methods previously used, a short test was carried out. The time taken to water the
plants in a controlled environment cabinet using the water dispenser and automatic
counter, was compared with the time taken to water a similar set of plants using the
water dispenser but writing the results down by hand. The figures given are the
means of two tests, the staff performing the test changing over between tests to
eliminate any bias dne to innate differences in their ability.

AUTOMATIC KECCRDING

Preparing macliine for use min
Watering using automatic counter min per block

Total Tor 2 blocks 5 min

MANUAL RECOADING

Preparation min
Watering using manual recording min per block

Total for 2 blocks

An experimental example

In a limited preliminary test of various herbicides for effect on Agropyron
repens, subjective scores were compared with water usage data to determine whether
there was a significant correlation between a subjective assessment of herbicide
damage and the record of water usage. Ir Table 1 the mean values of scores and water
usage for various treatments are shown, together with a value obtained frecm a re-—
gression analysis on the data, which indicates the degree of correlation accounted
for by the regression.

The low correlation in the case of chlorflurecol may be due to its failure, in
this case to cause effective damage to the plants, most of the scores being clustered
in the 6-7 region. #here there is little spread of values a high correlation is
unlikely to be achieved. Further correlaticns between data from treated rlants anc
their water usage are under analysis in order to determine to what extent and with
which herbicides water usage is & valid indicator of herbicide damage. It seems
unlikely that any single objective parameter will completely supplant the visual
score because of the wide range of physiological responses which can be provoked by
herbicides, but 1t is possible that measurement of water usage may be useful in many
cases, particularly as its recording carries no extra labour penalty beyond that
normally involved in watering. In this way 1t represents an advantage over the many
other objective measurements which may be made to record the effects of herbicides on
plants, to replace cr augment subjective scoring.




Table 1

Mean Percent of variation
water accounted for by
usage regression

Mean Mean

Berbdaile rate kg/ha score

Control 1189 -
Paraquat 705 60.4%*
Glyphosate . 801 67 . g%nx
Chlorflurecol : 1181 23.9*

'Score' is a visual assessment of herbicide damage ranging from
O — plant dead, to 7 - indistinguishable from control

CONCLUSION

The equipment described has proved useful for the automatic recording of re-
petitive data associated with herbicide evaluation experiments. The use of electro-
mechanical counting and switching elements provides immunity from electrical noise
and supply variations and interruptions, and allows the use of long remote control
cables. These factors make the design adaptable for field use. Kecording of data
directly onto tape reduces the opportunity for error and eliminates some of the
effort involved in manual repunching of data.
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+L8" AN 41D FOR RrSws. CH, DEVELOFMENT
IMFKOVEMENT CF WEED CCNTRCL PRACTICES
IN RHODESIAN CRCP PRODUCTION

T.i. Borland

Weed Research Unit, Department of Research & Specialist Services, Henderson
Research Station, P.B. 222 A, Salisbury, khodesia.

Summary Until the recent formation of the "Research on ‘theels"
unit, weed research in .rodesia was, of necessity, restricted to
research stations, or their close envircns. Conseguently, the
worked covered only a limited range of agro-ecological regions and
farming conditions. A mobile, weed research unit has offered a
means of applying weed research findings further afield, and of
instructing farmers in the use of up-to-date weed c\ntrol prac=
tices. This paper describss the development of the mcvile unit,
and the adaptation of the "Research on iwheels" technigue to su1t
Rhodesian conditions.

INTACDUCTICN

Efficient and economic weed control is essentizl i:
methods of doing this lLave become an importent discipline of re ca“ch a
discipline that has been considerably broadened by the introduction of herbi-
cides.

Over the past five years there b been a .reate
of all aspects cof improved weed control, especially t
gained from the correct use of herbicides. Comrmerce

e advantuges to be

as promoted the use cf
atrazine on maize, especially it's application from the air, and trifluralin
and nitralin in cotton, soyabeans and groundnuts. This has enh:nced the
farmers' awareness of herbicide and weeds in these crops are now commonly
controlled by chemicals.

r awareness by farmers
k
li

The Weed Research Unit at Henderson & ch Station since its for-
ration six years ago, has encouraged tre mo use 1mprrv(* Acud control
practices. The Unit has screened many herbicices, ard investigated cultural
practices involving herbicides, and other cl rol theds, applicable to
local weed proble a farming conditicns iis work progressed it be-
came increasingly evident, that an extension of srch findings to a widex
range of environmental regicns and f]e d conditior found in the country was
v1ta1, if farmers were to reco:nise t} benefits iusing even more up-to=-
date weed con%trol practices tkan zitier O

The realization that further education of both duropean and African farm-
ers and extension officers in the correct use of improved weed control prac-
tices, in the understanding of the basic principles of chemical weed control,
and in weed identification, resulted in the introduction of the idea of form-
ing the mobile unit. The "Research on Yheels" technique was first suggested
by Richards (1971), and tue Unit was formed scon after the sturt of the 1971/
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72 season, with funds donated by the Khodesia Grain Froducers' Association.

CBJECTIVES
The main objectives of the mobile Unit are:-

1) To test research findings, which of necessity mainly originate from
one site, under a wide range of azro-ecological conditions.

2) To report and record problems encountered in the field, especially
with herbicide usage, such as resistant weeds, crop phytotoxicity and herbi-
cide residues (carry over) for further research consideration.

3) To disseminate research information on improved weed control prac-
tices in a form which is clearly understood and acceptable to farmers.

4) To ensure that farmers interpret results correctly and apply the ad-
vocated practices in such a way that they will venefit his farming enter-
prise.

EQUIPMENT USkD BY THE KC E REODESIA

At present the personnel involved in operating the mobile Unit consists
of the writer with two assistants. The Unit runs a light delivery truck and
trailer carrying knapsack sprayers, and three single wheeled, manually pushed,
gas pressurised sprayers. These sprayers have been made up to simulate
tractor-mounted spray operations as closely as possible, and cannot be used on
wet soils when conventional tractor application would also be impossible. The
knapsack sprayers are used to apply in-row band and directed post-emergence
applications.

Although not as sophisticated as its American counterpart, the unit is
nevertheless self-contained for herbicide spraying operations, and has been
suitably adapted to fit in with local reguirements. RHeliance on farmers
sprayers is kept at a minimum, thus not unduly inconveniencing the farmer
during planting operations. All mechanical weed control operations, and large
scale incorporation of herbicides must however be undertaken by the farmer.

OPERATION OF UNIT IN THE FI1ELD DURING THE 1971/72
CROPPING SnASON

Funds were suddenly made available and the rescarch post created in Sep-
tember 1971. This left one month in which to egquip and plan the Unit's op-
erations before the main start of the 1971/72 cropping season. The haste
with which the project had to be launched in time for the season, led to a
consequent lack of detailed planning. The policy adopted therefore, was to do
as many small field trials in as many cropping areas as time and season per-
mitted. Sites were selected in arezs where results of research at Henderson
Research Station were thought to be applicable and where known problems exist-
ed.

Thirty-seven trials on twenty farms covering eleven cropping regions
were eventually laid down. The areas of the sprayed plots were in most cases
small and invariably had to be located in inconspicuous corners of out of the
way lands, so as not to inconvenience the farmer. Flot size used was in most
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cases 1/10th acre or smaller.

'he operations served to confirm research ults and gave information
on the control of troublesome weeds under przctical farming conditions, but
failed completely as extension teesching aids. snthusiasm of co-operating
farmers or extension officers not arocused, and therefore, tne most im-

portant extension objectives of the project were not entirely fulfilled.

Kt OFu: 218 STRATEGY

As a result of the first season's operations, the objectives have now
been carefully reconsidered, and tie conduct of the project has been revised.
It is planned for the 1972/73 season to co-operate with fewer farmers, and
where possible to cover the whole range of crops of particular interest to
the Unit on each individual's farm. It is planned to make use of the "result
demonstration" technique on these sites.

"Result demonstrations" have been much used by Agricultural Zxtension id-
visory Services in the United States (#ilson et al., 1955) and are recognised
by farmers as useful scurces of relia.le, impartial and factual information,
They have proved to be of special value when used in situations involving any
major change in traditional methods, in evaluation e¢f new nethcds, materials
or technigues, and in selecting the best technigue or materials from a range of
similar cnes. The primary purpose of the "result demonstration" is Yo furnish,
in a relatively uncomplicated manner, local proof of the desirability of a
practice suggested by researcl.ers. They therefore play a logical part in re-
search development, in that they serve as a means of bridging the vital gap be-
tween research station trials, znd final commercial usage and full-sgale
adoption of practices advocated by reszarchers.

In the trials to be conducted by h it, it has been accepted
that the criterion of s or fai i e efficiency of the herbicides
to control weeds. Crop phy icity 5.oough n iLn red, is considsred of
minor importance, as p n nearren 3] . covers this aspect.

It is the writer's opinion that large plot (minimum size 1/4 acre)
"result demonstration" ials, provide a perfectly satisfactory means of eval-
uating the performance of pre-emergent rerbicides on weeds. Large plots,
whether replicated or not, will in the majority of cases include a sufficient-
ly representative sample of weeds, whether controlled or more especially un-
controlled, in a field. (Smaller plots, however, are considered satisfactory
for post-emercent herbicide trials, as tie weeds have _erminated and repre-
sentative areas of ou°b¢flﬁ weeds can usually easily be selected for herbi-
cide treatment). Large plots are more conspicuous, and can more readily in-
volve the farmer in the trial's pro ress than snall plot, complex research
trials. Judicious cultivation, when reguired, can more readily te undertaken
by the farmer without complication.

The writer consid 1 a carefully planned ries of impartial "result
demcnstrations" zare i i development of herbicices, and should always
precede any release of = w herbicide te the farner. The more widely the
demonstrations are distx I throughout the zacroc-ecological regicns, and
over different far Lions ile more prsctical information on the herpi-
cides is obtained ane onfiden in weed contrel performances is gained.

Besides the tained f he 4 istrations, large plots are
more likely to make an impyr:i:ssion on e ar small plots. The strat
siting of the 4 1straticns on propertic of co-operative farmers (preferanly

leaders in the unity, would te useful for extension purposes.

n + o ! ) e as igus ai £ many ty i
plots could be used as sua i1ds Tor many types of gatherings, and pro-
<




vide basic information for use by extension and research officers in pub-
lished articles and circulars.

"Result demonstrations" inspire the confidence of farmers and extension
officers in the researchers, while the researcher, and all others concerned
with the trial's evaluation, gain first hand knowledge and experience, and
thus develop more confidence in the practice advocated.

It is acknowledged here, however, that advantases of a practice must be
proved by research before that practice is demonstrated. "Result demon-
strations" do not always carry out research, they show to what extent
research findings apply in practice, and serve to highlight any specific
problem for further attention by researchers.

DISCUSSION

The overall success of the "Research on Wheels" project relies to a
great extent on the co-operation between extension and research staff,
commercial representatives and farmers. Between them, singly or collective-
ly, they have to select suitable sites; supervise operaticns; supply labour,
equipment and herbicides; and disseminate results.

Before embarking on any future operation full ccnsideration should be
given to: the nature of the specific problem under consideration; the most
objective siting of the trials; co-operation of farmers; and dependence of
treatment application on planting rains and irrigation, which may in turn
determine time of planting. The actual number of trials that be under-
taken by the one mobile unit will depend on its efficiency, availability of
and distance between suitable sites, amount of recording to be done, the
number of meetings to be organized, weather and road conditions, and availa-
bility of funds.
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THE USE OF PRE- AND POST-EMERGENCE HERBICIDES IN DIRECT
DRILLED BRUSSELS SPROUTS

M. B. Wood
Stockbridge House Experimental Horticulture Station,
Cawood, Near Selby, Yorkshire

Summary Propachlor, aziprotryne, trifluralin, nitrofen, desmetryne and
phenmedipham were used either alone or in various combinations in crops

of direct drilled Brussels sprout grown on coarse sandy soil at
Stockbridge House EHS in 1969 and 1970. In the 1969 experiment either
propachlor at 4 1b a.i./ac or aziprotryne at 2 1b a.i./ac used as pre-
emergence treatments followed by a post-emergence application of
desmetryne at 6 oz a.i./ac proved to be the best materials where both

pre- and post-emergence treatments were necessary. In 1970, when drier
conditions reduced the efficiency of residual materials applied to the
soil surface, a combined treatment of trifluralin at 3 1b a.i./ac incor-
porated before drilling followed by propachlor at 4 1b a.i./ac immediately
after drilling, gave a good weed control. Chenopodium album which appears
to continue germinating in fairly dry soil, was particularly well con-
trolled by this treatment to the extent that follow up treatments were
unnecessary.

INTRODUCTION

Over the last few years there has been a move towards the direct drilling of
the Brussels sprout crop. Whereas the newly transplanted crop has an initial advan-
tage of size, even in non-herbicide treated soil, over subsequent weed growth, soil
for the drilled crop requires the use of residual herbicide in order to gain a sim=
ilar advantage. Also, the drilled crop occupies the ground for a longer period and
therefore a more comprehensive herbicide programme is often necessary if mechanical
weed control is to be kept to a minimum. These aspects of herbicide use were
examined in two experiments at Stockbridge House EHS in 1969 and 1970 respectively.

METHODS AND MATERIALS

The experiments were conducted on soils of the Stockbridge series which contain
approximately 5% silt, 10% clay and only 1 - 2% of organic matter. In the 1969
experiment the range of pre-emergence and follow up treatments listed in Tables 1
and 2 was applied to a crop of Brussels sprout, (cv. Champion) drilled on 12 May in
rows 21 in.apart. The seeds were spaced 3 in. apart and the crop was thinned to
21 in. in the row on 17 June. A randomised block layout was used, with three
replicates and each plot consisted of an effective area of 147 ftz. The range of
pre-emergence materials was reduced for the 1970 trial; these are shown in Table 3.
Because of dry soil conditions there was insufficient weed emergence to justify the
use of any follow up treatments in the 1970 experiment and these were omitted. Im
this trial, seed of the Brussels sprout (cv. Thor) was drilled on 30 April in rows
24 in. apart and the crop was thinned to 18 in. in the row on 3 June. A layout
similar to that used in the 1969 experiment was used but the plot size was increased
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2 3 . 3
to 216 ft”. In both trials the materials were applied with a Dorman Wheelaway
sprayer in 50 gal water/ac. The main weed species on the sites used are shown in
the respective tables along with an assessment of the efficiency of the herbicide.

RESULTS

1969 Experiment

The results of a weed assessment made on 11 June are shown in Table 1. These
show that treatment 2) trifluralin + propachlor, and treatment 5) aziprotryne gave
a good control of all the main species present. Some of the pre-emergence treat-
ments showed their typical weakness against certain weed species (see Table 1). The
usual practice of using nitrofen and chlorpropham together in order to increase the
weed spectrum was omitted to avoid the crop damage chlorpropham usually causes on
the Stockbridge soils.

Table 1

Assessment of weed control by pre-emergence treatments
made on 11 June C = No Control 10 = Full Control

Propachlor Propachlor + Trifluralin Nitrofen Azipro-
trifluralin tryne
3.9 1b 3.9 1b & 0.5 L0 16 2.1 1b 2.0 1b
Weed Species a.i./ac a.i./ac a.i./ac a.i./ac a.i./ac

Tripleurospermum
maritimum ssp. inodorum ] 10

Stellaria media
Polygonum convolvulus
Polygonum persicaria
Poa annua

Polygonum aviculare

Average

Each of the follow up treatments gave a similar measure of weed control, the
main feature being their effect on the crop (see Table 2). Several of these mater-
ials caused scorching and chlorosis but this is not reflected in the yield figures
(see also Table 2). The variations in yield are attributed more to slight varia-
tions in soil and the variability within a non hybrid sprout cultivar of which
Champion is an example.




Table 2

Crop damage assessment made 2 July to determine effect of
follow-up treatment. C = No visible symptoms 5 = Severe damage

Marketable yield in t/ac and t/ha

Total Total
Marketable Marketable
Rate 1b a.i. Leaf Yield Yield
Herbicide per ac Yellowing Scorch (t/ac) (t/ha)

Propachlor 3.9
followed by 5.9 14 .8
aziprotryne 1.75

Propachlor 3.9
followed by
desmetryne

Propachlor
followed by
phenmedipham

Trifluralin +
propachlor
followed by
aziprotryne

Trifluralin
followed by
aziprotryne

Nitrofen

followed by
aziprotryne

Nitrofen
followed by
desmetryne

Aziprotryne
followed by
aziprotryne

Aziprotryne
followed by
desmetryne

Hoed

1970 Experiment

It was noted on the 25 May that the combined trifluralin/propachlor treatment
was giving a good control of weeds and this is confirmed by a weed assessment
carried out on 12 June (see Table 3). The trifluralin/propachlor treatmemt gave the
best control of the six main weed species on the site, and was the only treatment
which continued to control Chenopodium album, the most prevelant weed, during the
dry conditions of June and July. Because of the poor control of this weed on most
of the other plots, it was necessary to hoe the trial on 19 June. From then on the
crop formed a good canopy of leaves preventing any further weed problems. In terms
of yield there was little to choose between any of the treatments, (see also Table
3
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Table 3

Assessment of weed control by pre-emergence treatment made
on 12 June - 0 = No Control 10 = Full Control

Yield of marketable sprouts in

t/ac and t/ha

Herbicides

Trifluralin +
Propachlor Propachlor Aziprotryne
41badi./ 31b&41b 13 1b a.d./ Hand
Weed Species ac a.i./ac ac Weeded

Chenopodium album
Stellaria media

Urtica urens

Capsella bursa~pastoris

Tripleurospermum
maritimum ssp. inodorum

Polygonum aviculare

Average

T/ac

T/ha

DISCUSSION

It appears from the 1969 experiment, that where moist soil conditions are
likely to coincide with the application of a pre-emergence herbicide, propachlor or
aziprotryne are the best ones to use. Aziprotryne will give a better control of
polygonum species if these are a problem. If a further treatment is needed,
desmetryne at 6 oz a.i./ac provides a relatively cheap and efficient follow up
treatment. The results of the 1970 experiment show that a combined treatment of
trifluralin at 4 1b a.i./ac rotovated in before drilling followed by propachlor at
4 1b a.i./ac immediately after drilling is a very useful pre-emergence treatment.
This is particularly so in a dry season when residual materials applied to the soil
surface are unlikely to be fully effective. The results of this experiment also
show that in such a season where a trifluralin/propachlor treatment has been used,
a follow up treatment may be unnecessary.
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AN EVALUATION OF R.7465 FOR THE CONTROL OF ANNUAL WEEDS IN BRASSICA CROPS

G.P. Griffithe and C.T. Lake

rele

Farm Protection Ltd., Glaston Fark, Glaston, Uppingham, Rutland.

Summary Pre-planting soil-incorporated treatments of R.7465 were
evaluated in replicated and grower-usage trials for weed control in
brassica crops. Weed control with 1.25 1b/ac was generally found to be
acceptable, control being more effective in crops planted on flat ground as
opposed to crops grown on ridges. Vegetable brassicae and drilled root
brassicae showed good tolerance of R.7465, but the tolerance of drilled
forage brassicae was variable., Mixt s of K.7455 and cycloate proved
superior to R.7465 alone for the control of Galeopsis tetrahit in Scotland.

Its physical and chemical
properties were described by Van den Brink et al (1969). The herbicidal activity of
R.7465 was also outlined by Van den Brink al, and its use in oil seed rape and
brassica crops was described by Ludwig (1968) and Holroyd (1968) respectively. The
latter indicated that pre-planting soil-incorporation increased the herbicidal
activity of R.7465 whilst retaining its selectivity in brassica crops.

Farm Protection Ltd. carried out field triale in 1971 which confirmed the
improvement in activity 7465 obtai y soil incorporation, particularly in a
dry season. ther trials have been ¢ »d out in 1372 on a range of brassica
crops, and the results are reported herein.

MATERIALS

eight one-acre unreplicated grcwer-usage
trials were carried out. The trials prograr as divided into three sections:
(1) root and forage brassicae in England and Wales (2 icated and 7 grower trisls)
(2) root brassicae in Scotland (2 replicated and 1 grower trial) and (3) brassicae
grown as vegetables in Eng_.and (5 rep!l

Replicated small-plot f a i
replicates and a plot size o ( 160 ac, Lpplication was pre-planting, using
a Dorman Wheelaway sprayer with a vressure of 29 giving a spray volume of
40 gal/ac. Treatments were soil-incorporated rotovating within 30 min of
spraying, to a depth of 2 in. for crops srown or nnd, and 4-6 in. for crops
grown on the ridge system. Grower tr 8 were plicated one-acre plois, and the
chemical was sprayed and incorporated by the zrower, using his own machinery.




Weed control and crop tolerance were assessed according to the following scales-

% Weed Control Score % Crop Tolerance

100
97.5
95
90
80

100 i |

HMNWAUOMO~I ®OWOO

A score of 7 is taken as a minimum level of commercial acceptability.

Replicated Trials - Site Details

Code Trial County Of Date Of
No Section Location Geap Eelsivae Application Planting

Brecon Rape and Kale - 17/6 25/6
Brecon Rape and Kale - 17/6 23/6
Aberdeen Turnip Wallace 1/6 10/6
Aberdeen Turnip Wwallace 1/6 3/6
Bedford Cabbage Autumn Supreme 25/4
Worcester Calabrese Gem 26/6
Worcester Brussels Sprout Edwin's 19/5
Lincoln Cauliflower Barrier Reef 15/6
Lincoln Cauliflower Lawyna 15/6

|
|

1
1
2
2
3
>
3
3
3

é
é
|

OO BN

a: drilled crops b: transplanted crops

Table 2

Grower Trials - Site Details

Code Trial County Of 650 Gt bivas Dose a.i. Date Of
No Section Location P 1b/ac Application Planting

Brecon Swede Tipperary 1.10 16/6 16/6
Brecon Swede Tipperary 0.85 15/6 16/6
Devon Swede  Acme 1.25 6/7 16/7
Devon Swede  Acme 1.25 22/6 23/6
Somerset Swede Acme 1.25 24/6 25/6
Pembroke Swede Wilhelmsburger 1.25 29/6 1/7
Salop Kale Marrows tem 1.25 23/5 20/6
Aberdeen Turnip Wallace 1.25 11/6 12/6




Control Of Annual Broad-leaved Weeds

1. Root and Forage Brassicae in England and Wales

A. Crops grown on ridges:

Weed control with R.7465 was considered acceptable at only one of the five
grower-usage sites, and was inferior to trifluralin at two sites, 14 and 15 (Table 3)
where the main weeds were Capsella bursa-pastoris, Veronica spp. and Solanum nigrum.
R.7465 proved superior to trifluralin at site 12 where Matricaria spp. were dominant.
At site 11, weed control was poor and indicates that dose rates below 1.0 tb/ac are
relatively ineffective.

Table 3

Weed Control - Crops Grown On Ridges

Dose a.i. Grower Trial Number

T t a
Teg et 1b/ac 1 12 13 14 15

R.7465 0.85 9 =
R.7465 1.25 - 5 6
Trifluralin 1.0 - 1 9

Spraying to assessment (days): 54 47 43 36

In many instances, the degree of weed control on the apex of the ridge was
superior to that on the sides and bottom, and suggests that incorporation was
inadequate, However, this problem could be overcome by shallower ridging, which
would not necessitate deep incorporation and hence dilution of the product in the
soil.

B. Crops grown on flat ground:

In general, weed control with R.7465 in both replicated and grower trials was
commercially acceptable, and showed little dose response. At sites 1 and 2, R.T7465
proved superior to trifluralin, and gave better control of C. bursa-pastoris at
site 2.

Table 4

Weed Control - Crops Grown On Flat Ground

Dose a.i. Replicated Trial Number Grower Trial Number

Treatment Thjac 2 10

R.7465
R.T7465
R.7465
R.7465
Trifluralin

Spraying to assessment (days)s:




Weed control with R.7465 in crops grown on flat ground was superior to that in
ridge-grown crops, and is probably associated with a dilution effect caused by the
deeper incorporation which is necessary for ridge-grown crops, and also the possible
exposure of "untreated" soil during ridging.

2. Root Brassicae in Scotland (Ridge-grown)

In Scotland, weed control with R.7465 alone proved unacceptable, largely due to
the presence in the trials of Galeopsis tetrahit, which was indifferently controlled.
However, a mixture of R.7465 and cycloate gave satisfactory control of this weed, and
also improved the control of Polygonum persicaria and Polygonum aviculare.
Trifluralin gave satisfactory control of G. tetrahit, but control of other weed
species (Stellaria media, P. persicaria, P. aviculare, Fumaria officinalis) was
unacceptable, and inferior to the mixtures of R.7465 and cycloate.

Table 5
Weed Control In Scotland - Ridge-grown Crops

Dose a.i Replicated Grower
Treatment ol Trial Number Trial Number

17

R.7465

R.7465 + Cycloate
R.7465 + Cycloate
Cycloate
Trifluralin

Spraying to assessment (days)t

As in the trials carried out in England and Wales on ridged crops, weeds were
more prevalent in the bottoms and on the lower side of the ridges, whereas weed
control on the ridge tops was generally acceptable.

3. Vegetable Brassicae in England (Grown On Flat Ground)

Weed control with 1.25 lb/ac R.7465 was satisfactory at three of the four
trials, and was superior to trifluralin at site 7, where Senecio vulgaris was the
dominant weed. R.7465, at site 5, gave poor control of Urtica urens, which was
better controlled with trifluralin in this trial,

Table 6

Weed Control - Vegetable Brassicae Grown On Flat Ground

Dose a.i. Replicated Trial Number

Treatment Tl e 5

R.7465
R.T465
R.7465
R.7465
Trifluralin

Spraying to assessment (days): 48

At site 6, poor control of Solanum nigrum was common to both R.7465 and
trifluralin, and no other weeds were present,
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Crop Tolerance

Brassica crops varied in their tolerance to R.7465. Transplanted vegetable
brassicae and drilled calabrese showed no signs of phytotoxicity, even at a dose rate
of 2.5 1b/ac R.7465. Drilled root brassicae showed complete tolerance of 1.25 1b/ac
R.7465, but mixtures of 1.0 lb/ac R.7465 and 2.7 1b/ac cycloate produced marked
chlorosis of the leaf margins, cycloate being the probable cause of this
phytotoxicity. Drilled forage brassicae varied in their tolerance of R.7465. Kale
alone showed good tolerance, but slight damage was detected in rape/kale mixtures at
two sites,

DISCUSSION

Weed control with R.7465 at 1.25 1b/ac proved commercially acceptable at most
trial sites, and was most effective in crops grown on flat ground. Weed control in
ridge grown crops was variable and was probably influenced by the efficiency of
incorporation allied to the depth of ridging. The weed spectrum compiled from trial
results is shown in Table 7.

Table 7

Weed Spectrum Of R.7465 (1.25 1b/ac)

Anagallis arvensis Resistant

Capsella bursa-pastoris Moderately resistant
Chencpodium album Moderately susceptible
Fumaria officinalis Susceptible

Galegpsis tetrahit Moderately resistant
Galium aparine Moderately susceptible
Lamium purpureum Moderately susceptible

Matricaris spp. Susceptible

Poa annua Susceptible

Polygonum aviculare Susceptible

Polygonum convolvulus Moderately susceptible
Polygonum persicaria Moderately resistant
Senecio vulgaris Moderately susceptible
Sinapis arvensis Resistant

Solarum nigrum Resistant

Spergula arvensis Susceptible
Stellaria media Susceptible
Urtica urens Moderately resistant

Veronica spp. Resistant

Crop tolerance appeared good on all brassica crops investigated, except forage
rape, with no detectable damage occurring at 2.5 1b/ac, but mixtures with cycloate
caused damage to turnips when cycloate was included at 2.7 1b/ac.
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WEED CONTROL IN BRASSICA CROPS ON ORGANIC SOILS

F. S. MacNaeidhe

Peatland Research Station, Lullymore, Rathangan, Co. Kildare

Summary 0f a number of herbicides applied p rgence, post-emergence and
post-planting in cabbage and cauliflower only ! at 0.5 L and 1. O 1b/
ac gave good weed control. This material was safe oxi{ in cabb

pre-emergence stage. The growth of many broadleaved v

aziprotryne, simazine and prynachlor, therefore reducin

crop to a minimum. Propachlor, sulfallate and nnlornvoy

a narrow weed spectrun but are suitable for use in herbicide c

The main problem weeds encountered were Stellaria media, PolvgunAm

Chenopodium album and Senecio wvulgaris.

INTRODUCTION

Brassicae particularly cabbage and cauliflower sown
soils produce excellent autumn crops but yield and guuli
by weed competition. A comprehensive weed control prog
the crop weed free until head or curd formaticn begins

growing, more sensitive to herbicides and 1

and n s weed free conditions for a longer j Alt transplan crops
give more rapid ground cover than drilled crops hie he vigorous weed growth
which occurs on the peat in the summer months ean seriously hin crop growth.
paper describes the resul of trials in cabbage and cauliflower which were cond

at Lullymore in 1969-

METHCDS

Trials were carried out on fen peat in transplanted and drilled cabbage av’
cauliflower. A randomised block design v used with three replications in 196
and four replications i Tith standard bt size of 5 yd x 2 yd.
were applied with a ¢ o retaining kmapsack sprayer in a volume of LO g
All doses were applied as Bslle Herbicide treatments are given either in the
tables or in the text. A Rnhhts of weed growth and crop damage were made_at least
twice during the growing season. Weed counts were recorded in random six ft<
quadrats per plot. The trial area in drilled crops in 1969 was previously uncultiv-
ated. As a result the weed densities recorded were low, weed distribution was
uneven and accurate counts of individual species could not be made.

Transplanted crops 1969-70

Cabbage (c.v. Winningstadt) In the 1969 trial all herbicides were olied three
weeks after the crop was transplanted. Applications of haloxydine 2.0 1b caused
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Haloxydine at 1.0 1b and aziprotryme
.0 1b reduced crop vigour and caused interveinal chlorosis in the leaf but the
had fully recoverzd after two weeks. Propachlor at 5.2 1b ard simazine at
1b caused no crop damage but in 1970 when applied immediately after planting these
atments caused a slight temporary reduction in crop vigour. Slight crop damzge
was caused by desmetryne at 0.25 1b and prometryne at 0.75 lb applied two weeks after
planting. Haloxydinz at 0.5 and 1.0 1b caused injury similar to 1969 but yields were
not reduced.

The predominant wzed species in 1970 were Rumex acetosella, Polygonum persicaria,
Stellaria media and Poa annua. Poor weed control resulted from application of
trifluralin at 1.0 1b and 2.0 lb incorporated before planting, propachlor at 5.2 1b
and simazine at 3.0 1b applied immediately after planting. Aziprotryne at 2.0 1b,
prometryne at 0,75 1b and desmetryne at 0.25 1b caused a reduction in weed vigour but
weed density was not reduced. Haloxydine at 0.5 1b and 1.0 1b gave excellent control
of P. annua and S. media. Although these treatments gave a poor kill of P. persic-
aria and R. acetosella damage was severe and neither weed rscovered sufficisntly to
cause competition with the crop. The results are given in Table

Table 1

Effect of treatments in transplanted cabbags (c.v. Winningstadt) 1965 - 70

Assessmentsl

Yield
Doss tan/ac Crop Weeds % weed kill 1970

Treatment lb/ac 1363 1970 1969 1970 1969 1970 P.a. P.p.

0 33
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o
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N
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o o
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O

L Rating scale : - Crop : O (complete kill) = 10 (no damage)
Weeds : O (dense cover of weeds) - 10 (no weeds)
N.A. not applied
.a. = Poa annua, P.p. = Polygonum persicaria, R.a. = Rumex acetosella,
m. Stellaria med

Cauliflower (c.v. Igloo) Haloxydine at 1.0 1lb applied 4 weeks after plant-
ing caused a severe reduction in crop vigour and yield. Haloxydine at 0.5 1lb and
iprotryne at 2.0 1b applied one week after planting and aziprotryne at
letryne at 0.25 1b applied four weeks after planting caused a slight
initial reduction in crop vigour.
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emerge one week after planting a

planting. Of the treatments applied one we
and propachlor at 5.2 1b provided ex

Y ctively. Aziprotryne 0 1b and hal
good initial weed kill but weeds re-emer

four weeks after planting aziprotryne at

at 1.0 1b caused severe injury to 8 cio reduc
at 0.25 1lb and prometryne at 0.75

ence application 1969 - 70
caboage seedlings and s
showed a high degree of
species in the trial were S. i annua ¢

herbicides a ied gave tisfactory contro

11 wes
sity.

lin at

Effect of pre-emergence

ton/a:

1969 1970

achlor 5.2 20.3
otryne /

2.5% 1.92
ft¢ in control plots

Table 1.

llaria media.

application 1969-70
A reduction

aLne

Al though




haloxydine at 0.5 1b caused severe leaf chlorosis and desmetryne and prometryne

caused severe scorch the crop recovered rapidly and yields were not reduced. Aziprot-
ryne at 2.0 1b caused slight marginal scorch in the crop, but pronamide at 1.0 and
2,0 1b caused no crop injury. Weeds were in the 2 - 3 leaf stage at the time of
herbicide application. S. media and P. persicaria were controlled by haloxydine at
0.5 1b and 1.0 1b. Aziprotryne at 2.0 1b, prometryne at 0.75 1lb and desmetryne at
0.75 1b severely retarded weed growth for three weeks. The results are given in
Table 4.

Table 4

Effect of post-emergence treatment on crop and weeds - drilled cabbage 1969-70

1
Assessments

Dose Crop ' % weed kill 1970
Treatment 1b/ac 96 1969 1970 S.m. P.p.

38
43
84
94
45
N.A.

66

0
28

0

Aziprotryne 2.0

Desmetryne 0.25

Haloxydine 0.50
n
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n
Control
S.E. of treatment mean ¢
No. of weeds/ft2in control plots 5
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4 Rating scale as in Table 1.
N.A. = not applied
S.m. = Stellaria media. P.p. = Polygonum persicaria

Drilled cauliflower

Pre-emergence application 1970 Although a severe crop check,which was still in
evidence four weeks after the crop emerged, was caused by haloxydine at 0.5 1lb and
1.0 1b and propachlor at 5.2 1b combined with chlorpropham at 1.0 1b or 2.0 1b yield
was not reduced (Table 5). Propachlor at 5.2 1b combined with chlorpropham at 1.0
1b or 2.0 1b gave excellent control of Senecio vulgaris, the dominant weed in the
trial, but unsatisfactory control of this weed was given by trifluralin at 2.0 1b +
propachlor at 5.2 1b, trifluralin at 1.0 1b and 2.0 1b and haloxydine at 0.5 1lb and
1.0 1v.

Post-emergence application 1970 Severe crop damage which persisted for 3 weeks
was caused by haloxydine at 0.5 1b and 1.0 1lb, aziprotryne at 2.0 1b and simazine at
3.0 1b applied at the 3 - 4 leaf stage of the crop and simazine at 3.0 1b applied at
the one leaf stage of the crop. Prynachlor at 2.0 1b applied at the 3 - L true leaf
stage caused only slight crop injury. Application of propachlor at 5.2 1lb either at
the one true leaf stage or the 3 - L true leaf stage showed high crop selectivity.

At the one true leaf stage of the crop when simazine and propachlor were applied

S. vulgaris the main weed was in the cotyledon - 2 true leaf stage. At the time

of application of the remaining treatments when the crop was in the 3 - 4 true leaf
stage this weed was in the four to six leaf stage.




None of the treatments satisfactorily reduced weed numbers but aziprotryme at
2.0 1b and simazine at 3.0 1b applied at the 3 - 4 true leaf stage and simazine at
3.0 1b applied at the first true leaf stage caused a reduction in weed vigour for
three weeks.

Table 5

Pre-emergence application of herbicides in drilled cauliflower 197C
*

Dose Time of No. of marketable Assessmentsl % weed kill
Treatment lb/ac  application curds/plot Crop Weeds Senecic vulgaris

1 21 8.8 4.5 0
1 20 10.0 6.0 0
L

Trifluralin
n
Trifluralin
+
Propachlor
Haloxydine
n

NN
« s e
o O o

20

2L
21

n

N owm

Propachlor

+
Chlorpropham
Propachlor

+
Chlorpropham 2.0
Control
S.E. of treatment mean
No. of weeds/ft in control plots

19

U = v oW
. « . .

.
N O

4 Rating scale as in Table 1

*
1 = incorporated before drilling. 2 = applied pre-emergence.

DISCUSSION

The pre-emergence, post-emergence and post planting treatments used for weed
control in autumn brassicae are applied in the May to July period at a time when the
surface & in. of the peat is usually dry. Even if rain occurs the dry layer is
difficult to rewet and in contrast to spray application in early sown crops the
herbicides applied about this time have little residual effect. Because of this a
wide range of herbicides tested in brassicae in 1969 and 1970 have not, with the
exception of haloxydine, given the desired weed Kl Pre-emergence or post-plant-
ing application of haloxydine in cabbage has given promising results, but the main
drawbacks of this material is its poor selectivity when applied as a pre- or post-
emergence treatment in cauliflower, and its failure to control S. vulgaris. Although
the density of all the weed species had not been satisfactorily reduced by any of
the other treatments tne vigour of the main weeds was in some cases retarded to such
an extent that competition with the crop was minimal up to harvest. For example,
aziprotryne, simazine and prynachlor caused a severe inhibition in the growth of
P. persicaria, S. media and C. ablum. The weed control given by these treatments
was much better than weed counts indicate, but their selectivity was marginal when

- applied post-emergence in cauliflower.

In transplanted cauliflower and in the pre-emergence trials in cabbage and
cauliflower,propachlor gave excellent control of S. vulgaris but after 5 - 6 weeks
further seedlings emerged. With the exception of haloxydine at 1.0 1lb none of the
treatments applied gave consistent control of P. annua and R. acetosella. Although
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difficult to control these weeds are not a serious problem in brassica crops because
of their relatively small size.

Of the other materials tested, chlorpropham gave good control of the Polygon-
acaea and sulfallate gave good control of S. vulgaris. These materials might
usefully be included in combinations with other herbicides, but although sulfallate
shows excellent crop tolerance in brassicae generally, the selectivity of chlor-
propham in cauliflower is suspect. Trifluralin has now been well tested on the
peat and has proved to be ineffective on this type of medium, Phenmedipham and
ioxynil octanocate applied post-emergence in drilled cabbage have shown insufficient

selectivity.

The results of this paper clearly indicate that weed control in brassica crops
on peat is still not satisfactory. While it is possible to grow relatively weed
free crops on the peat with the materials now available considerable loss of yield
can be incurred due to uncontrolled weeds, and for this reason more attention must
be given to the use of herbicidal mixtures, or combinations to effect control of as
wide a weed spectrum as possible.
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WEED CONTROL IN FODDER BRASSICAS AND VEGETABLES
USING GRANULAR ALACHLOR AND PROPACHLOR

H.D, Hodkinson
Monsanto Chemicals Limited, London

Summary Alachlor at 1.5 to 3 1b a.i./ac and propachlor at 4 1b to 8 1b a.i./ac
as spray, and granular formulations were applied pre-emergence to 31 trials in
the U.K., from 1969 to 1972. A similar control was obtained of a wide spectrum
of weeds, the granular formulations producing similar results to the sprays.
Although both chemicals showed selectivity in brassicas, alachlor proved to be
slightly more phytotoxic. Band applications of propachlor granules gave a
good weed control in swedes grown on ridges in north-east Scotland.

INTRODUCTION

Selleck et al (1965) first described the chemistry and properties of
propachlor. Evans et al (1968) found alachlor to have similar crop selectivity
and weed control to propachlor. Holroyd (1968) found alachlor to be more active
and more phytotoxic than propachlor in brassicas. Scragg (1970) showed that both
alachlor and propachlor applied as overall sprays could be successfully used in
swedes grown on ridges in the north of Scotland.

With the introduction of better granule applicators, a programme commenced in
1969 to investigate the commercial possibilities of granular formulations of
alachlor and propachler for pre-em. weed control.

METHODS AND MATERIALS

Most of the trials were conducted in commercial crops. A randomised block
layout with 4 replicates of each treatment was generally used with small plots of
15 to 30 yd2 and large plots of 1/16 to 1 ac. Some large non-replicated trials
were also conducted.

Sprays were applied with a precision knapsack sprayer and a calibrated
contractor's sprayer. Granules were first applied by hand and later using Horstine
Farmery Microband and Airflow applicators. Normal commercial materials were used,
i.e. alachlor (Lasso) as a 48% w/v e.c. and a 10% w/w granule, propachlor (Ramrod)
as a 65% w/w w.p. and a 20% w/w granule. Both granules were 24/48 mesh attapulgite
clay.

Alachlor was used at 1.5 to 3 1b a.i./ac and propaclor at 4 1b to 8 1b a.i./ac
The distribution of granules was checked by means of 4 in. trays placed acress the
width of the applicator - see Fig. 1. Assessments were made 6 to 8 weeks after
application of granules. Crop assessments were made visually for effect on vigour.
Weed assessments were made visually and by quadrat counts. In Scotland swede seed-
ling counts were made., Sites and details are shown in Table 1.




RESULTS

Alachlor damaged onion and leek severely, but brassicas were more tolerant
(Tables 2 and 3). Alachlor granules were more damaging than the spray. Both
formulations of propachlor proved safe on the crops tested. The percentage weed
control is given (Tables 4 and 5). Alachlor and propachlor gave a good control of
Capsella bursa-pastoris, Matricaria spp, Poa annua, Senecio vulgaris, Stellaria media
Urtica urens, Chenopodium album. Moderate to poor control was obtained of the
Polygonum spp. Granules proved as efficient as the spray treatments.

Band application of granules using a 9 in. fishtail outlet fitted to the
Microband applicator was made to 22 sites in north-east Scotland in 1971 and 1972,
(Tables 6,7 and 8). Crop effects were slight - in the nature of checks to vigour.
No reduction in seedling numbers was recorded. In 1971 alachlor granules produced
a greater crop check than propachlor granules but the effects were only transient.
In 1972 a severe crop check was seen when heavy rain and poor growing conditions
followed the application of the propachlor granules (Tables 7 and 8). In both
seasons propachlor granules gave a good control of S media, Galeopsis tetrahit,
Spergula arvensis and C album, with only moderate control of Polygonum spp.

DISCUSSION

Alachlor and propachlor performed differently in the trials from 1969 to 1972.
Propachlor proved to be the safer chemical on the crops tested in both a w.p. and a
granular formulation. Alachlor was more damaging, but most of the damage to
brassicas was only transient. Effects on yield are only recorded when growing
conditions were adverse, confirming (Scragg 1970).
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TABLE 1

SITE DETAILS

Planting
date

Application
date

Pershore
Worcs

Lenton
Arnold
Notts

Bishops Castle
Shropshire

Biggleswade
Beds

Lilleshall
Shropshire

Whaplode Drove
Lincs

Clifton
Beds

Clifton
Beds

Various
Table 2

Various
Table 2

Cabbage

Swedes

Brussel
Sprouts

Swedes

Onions

Brussel
Sprouts

Cabbage

2.7:69.

21:5:69

20.4.69.

19.6.70

5=-11:5.71

L3:3.71.

L5371

£3-15.5,72,

2.6..72.

5769

22,5.69;

25.4,69,

19.6.70

11.5.71.

16:53.71.

2471

Y7572

56,72+

Dry/soil,
Showers then hot and dry.

Moist soil
Rain after application.

Moist soil
Rain after application.

Wet soil
Rain day after application.

Soil dry
Rain after 2 days than hot
and dry

Soil moist.

Rain same day.

Dry soil.
Showers then hot and dry
for 3 weeks.

Showers after planting.

Rain after 3 days




TABLE 2

Crop Selectivity 7% loss of vigour

Alachlor 1b a.i./ac Propachlor 1b a.i./ac

E.C. 10G

—
.

wv
—
w

3.0 3.0

Onions 60

Leeks 60
20
30
20
20
30

20

Cabbage
Cauliflower
Brussel Sprouts
0il Seed Rape

Turnip

O O O O O O O o
O O O O O o o o
O O O O O O O ©o
O O 0O @ 0 o o O
O O O O O O O O
o O b O 0 o o ©
O O O O O O O ©

Swedes

Site No.

TABLE 3

Crop Selectivity % Loss of Vigour

Alachlor 1.5 1b a.i./ac Propachlor 4.0 1b a.i./ac

E.C, 106G W.P. 206G

Onions 0
Cabbage

Brussel
Sprouts

Swedes

Site No.




Site No.

TABLE &

% Control of Individual Species

ALACHLOR 1.5
EiC.
3

1b/a.i./ac

Capsella bursa-pastoris
Mayweed spp

Poa annua

Senecio vulgaris
Solanum nigrum
Sonchus arvensis
Stellaria media
Urtica urens
Chenopodium album
Veronica persica
Polygonum aviculare
Polygonum convolvulus
Polygonum persicaria

Site No.

TABLE 5

% Control of Individual Species

PROPACHLOR 4.0 1b a.i./ac

W.P,
3

Capsella bursa-pastoris
Mayweed spp

Poa annua

Senecio vulgaris
Solanum nigrum
Sonchus arvensis
Stellaria media
Urtica urens
Chenopodium album
Veronica persica
Polygonum aviculare
Polygonum convolvulus
Polygonum persicaria




TABLE 6

SITE DETAILS

1971
Applied Rainfall Site Applied Rainfall

°

Northwaterbridge 2/5 23/5
Inverbervie 3/5 3/5
Pitmedden 4/5 5/5
. South Buredales 575 5/5
Fordafourie 10/5 10/5
Culbeuchley 10/5 20/5
Forres (1) 10/5 31/5
. Forres (2) 10/5 3L/5
Hatton 1175 11/8
. Insch 11/5 11/5
. Drumlithie (1) 11/5 11/5
Drumlithie (2) 11/5 11/5
Kennethmont 14/5

Alva 1/6 20/6
Forres - 10/5 17/5
. Drumlithie (1) T/5 6/5
Drumlithie (2) 10/5 6/5
. Mintlaw 10/5 26/5
Crimond (1) 17/5 21-26/5
Crimond (2) 17/5 21-26/5
. Fordyce 6/5 26/5
Adziel 10/5 26/5

o . .
. P

.

o
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TABLE 7

THE PERFORMANCE OF GRANULAR ALACHLOR AND PROPACHLOR
IN SCOTLAND 1971

ALACHLOR 16 1b/ac PROPACHLOR 21 1b/ac

10G

% Weed Control

Stellaria media
Galeopsis tetrahit
Spergula arvensis
Chenopodium album
Polygonum persicaria
Polygonum aviculare
Chrysanthemum segetum

% Loss of Crop Vigour

SITE No.




TABLE 8

THE PERFORMANCE OF PROPACHLOR GRANULES IN SCOTLAND 1972

7% Weed control at
21 1b/ac

Stellaria media
Spergula arvensis
Chenopodium album
Polygonum persicaria
Polygonum convolvulus
Polygonum aviculare
Galeopsis tetrahit
Poa annua

Matricaria spp
Veronica spp
Capsella bursa-pastoris
Lycopsis arvensis
Fumaria officinalis
Ranunculus spp
Myosotis
Chrysanthemum segetum

Galium aparine

7% Loss in Vigour

50 10 0 0 0 0 0
(70)  (40) (0) (0) (0) (0) (0)




dT1ZZON q1ZZaN dT1ZZON

d1Z@0N

——t

%S0T =

%S°1T +

—

%S "01 =
%G 11 + UOTI3BTIBA 2 /8 3yStom o98BIaAY

de3 -ut % pue s2381d of1 Y3ITm P93I3ITI pue 33 # Surpeaads yoeo sa[zzoN 3IoBdw] 4
‘Ul Q] 9OUBIBI[) PuNoOIy utw/Ad1 Q00‘Y poadg ueyg
SAVYL

NI %# ONISQ ANV avddds Id 91 V ¥HA0 YOIVOITddV MOTJ¥IV ¢ VWL AJIW¥vd
ANILSMOH ONISN SHTANVED ¥OTHOVAO¥d %07 ¥Od NYILIVd NOILNII¥ISIA HHL

1 '81d

N




Proc. 11th Br Weed Control Conf (1972)

THE INFLUENCE CF ACTIVATED CHARCOAL ON THE TCLERANCE CF VEGETABLE CROPS TC
SOIL-ACTING H.RBICIDES

D J Allott* and S D Uprichard

Horticultural Centre, Loughgall, Co Armzgh, Northern Ireland

Summary A root dip of powdered steam activate charcoal increzsed

the tolerance of lettuce to simazine, atrazine and linuron and of
cauliflower and tomato to simazine in biocassay experiments. In a

field experiment the root dip incrensed the tolerance of cauliflower

to pre-planting applications of simazine and linuron but w-s ineffective
against post-planting treatments. Charcoal did not protect cauliflower
against terbacil, It is concluded that 2 root dip of activated
charcoal can provide a significant protection of some vegetables
against herbicide soil residues but not against overhead applications.

The evident value of persistent soil-acting herbicides for selective weed
control in various crops has led to their incre-sing use in recent years. The
sensitivity cf some crops, however, limits their use when they might otherwise
be advantageous. Their soil persistency could 2lso be detrimental if
susceptible crops zre sown or planted too scon after their application to a
previous crop. Gast (1962) showed that simazine was adsorbed by chmrcoal
znd Robinson (1965) demonstrated the practical value of tliis when he showed
that newly planted strawberry runners could be protected from simazine injury,
by dipping their roots in zctivate charcoal before planting.

During experiments at the Horticultur-l Centre, Loughgall, which were
designed to evaluate improved weed con:.rol methods for brassica crops, the
normal susceptibility of which render them difficult subjects for selective
weed control, it was decided to exnmine the incre-se in crop tolerance that
could be achieved in some vegetables by root dips of activeted charcoal and
to determine whether this technique might be used on a field sc:le.

IVETHOD AND LIATERIALS

Powdered steam activ-ted charcoal w-s used as a rcot dip in bioassays in
which lettuce (cv Delta), cauliflower (cv A1l the Yezr Round) -nd tomato
(ev Ware Cross) were planted as test plants into herbicide treated soil. The
charcoal hzd an iodine index of £0.5. This represents the weight of iodine
(gm)lbsorbed by 100 gm of dry activeted powder. Herbicides were intimately
incorporated into soil after which a series of herbicide/scil dilutions were
formed to give concentrations in the range of 0.4 to 8.0 ppm in experiment

ey

*
Present Address: MNanagement Services Building 2, Stoney Rd, Belfast BT4 35X




1 and 0.2 to 4.0 ppm in experiment 2, A concise account of this bio-assay
technique has been given by Allott (1970). Test seedlings were plinted at the
2-3 true leaf stage. Their roots were dipped in activated charcoal according
to treatment immedistely before planting. Dipping ensured th:t the roots

were uniformly covered by charcoal whilst the foliage was not affected. The
root treatment was applied to bundles of twelve plants simultaneously.

Experiment 1 examined the tolerance of lettuce to simazine, atr-zine,
lenacil and linuron and Experiment 2 examined the tolerznce of lettuce.
cauliflower and tomato to simazine. In botli experiments crop responses to
be analysed were expresced as ratios of the approprizte unsprayed ccntrols.
The fresh weight above soil level of each crop plant wns reccrded. Lettuce
was recorded when the unsprayed control plants reached the € true leaf stag

nd tomato and cauliflower the 7 true leaf stage.

The value of steam activated charcoal as a rcot dip wns zlsc
in a field experiment (Experiment 3) in which simazine, linuron
were applied to cauliflower (cv All the Ye:r Round) the rcots of which were
either dipped or undipped in chorcoal. Herbicides were 2 plied before or
after planting. Each herbicide wss =pplied at 2.0 1b/ac .i. This relatively
high herbicide dose was deliberately chosen to incresse the severity of the
test of the efficiency of the charcoal root dip.

RESULTS

Experiment 1

The soil that was used =s both test soil and diluent h=d the following
physical analysis:

% Coarse Sand Fine Sznd Silt Clay Loss on Ignition
56.0

The mean leaf number ra
weight rotios =and potency es
no consistent differences in numbe:
after planting dipped plants all had @ higher lenf
undipped plants. An examin tion of the mecn fre
plants were more developed when ch-rcozl dipping
exception of the lenacil treztment where there wis n
dipped and undipped plants. The benefits of the ch
emphasised by the potency estimates in Tzble 1 which ow th-t the root
dip increased the tolerance to simazine by 75,., to linuron by 60 nd to
atrazine by 505 but thet it only had & marginal effect against lenacil.

Experiment 2

The test and diluent soils in this rinent h~d the following physical
analysiss

% Coarse Sand Fine Sand

21.1 34.6




Fresh weight ratios and potency estimates are presented for each crop
in Table 2. Regression coefficients for lettuce dipped znd undipped were
similar and therefore comparable. Similsrly for cculiflower and temato.
Potency estimates should, therefore, be compared in groups of two e=ch crop
being treated separately. IDstimates are not comparable between crops. The
potency estimates suggest that to produce the same effect on dipped as on
undipped plants dipped lettuce would need twice the simazine dose, dipped
cauliflower four times and dipped tomato five times. The undipped fresh
weight ratios show thet czuliflower is the most sensitive crop to simnzine.
It is evident from the yields that charcoal root dipping signific-ntly
incressed the yield of ezch crop. (P<0.05).

Experiment 3

This experiment was conducted in the field where the physic:1l soil
analysis was:

% Coarse 3and Fine Sand i Clay Loss on Ignition
29.9 41.2 ) 11.3 6.2

The use of simazine and linuron provided = link with the glnsshouse
bio-assays whilst terbacil w:s included zs a persistent herbicide with
increasing potential use which could cause residue problems. Table 3 shows
that an activated charcoal rcot dip significantly incre’"ed crop tolerance to
pre-planting applications of simzzine znd linuron (P<0.07) but it hzad no
effect when the hervicides were applied after planting. Charceal was
ineffective against terbacil.

As Table 4 emphasises even when the rel-tively high dose of simzzine
of 2.0 1b/ac was used as in this experiment cauliflover was surprisingly
tolerant to post-planting treatment ~lthough it suffered 2 significnnt yleld
reduction (P<0.05). Pre-pl-nting treatment with liruron w-s less damaging
than post-planting whilst terbacil czused severe damage irrespective of the
time of application. Table 4 zlso shiows that the charcoal rcot dip
significantly incressed crop tolerance (P£0.05).

Where crop tolerance to soil applied herbicides such z2s sim- ine is
inadequate such as in newly plonted strawberries or in transplanted
brassicae it h2s been shown by Ahrens (1965), Robinson (1965), :illott (196€)
and others that it can be improved by dipping the roots of plants into
activated charcoal immedi:tely before planting. . hilat this techniq
been mainly used for protection against simazine the experiments
reported in this paper show thut it could haveuses against other herbicides
such as atrazine and linuron.

Cauliflower was chosen as a test plant beciuse of its know susceptibility
to applied herbicides. Under glasshouse conditions in which simazine wos
intimately mixed with the soil the soil potency to cauliflower was reduced by
over 7. by charcoal root dipping. Similarly the potency t¢ lettuce and
tomato, which are also susceptible plants, was reduced by 5. ~nd 80
respectively. In another experiment in which lettuce w=s used ‘s the
indicator plant the potency of simazine was reduced by 7%, atrazine 50
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and linuron by 60%. This discrepancy in the protection of lettuce c=n
probably be partly explained by differences in the piiysical composition of
the soils in the two experiments where the clay percentzges were 23.1 and
8.2 respectively. A4s could have been anticipzted the simazine was less
potent to lettuce in the former soil. From the results it is evident that
this technique can be effective against a number of herbicides. It is also
of value for the protection of different plants under particularly severe
conditions in which the plant roots are completely surrounded by herbicide
treated soil there being no physical soil barrier between the herbicide and
the roots as could be expected to apply under field conditions.

Experiments on a field scale have been described by G-st (1962) in which
a layer of activated charcoal 1 mm thick was applied to the soil. He
concluded, however, that 50-100 purts of charcoal zre needed to inactivzte
1 part of simazine to the point at which it is no longer biologically
detectable. It would, thus, appear that vhen charcozl is applied to the
soil instead of as a root dip the effective dose may be so high that
economiczlly this would not be a practical proposition. In addition to
increasing the cost of herbicide treatments the presence of charcoal in
the soil would probably reduce the level of weed control due to herbicide
inactivation. The root dip technique woull, therefore, apperr to be
preferable as this in effect only involves the placement of charcoal
where it is required. Ixperiment 3 demonstrates the value of this technique
under field conditions. It is intcresting to note, however, that it was
only effective following pre-planting herbicide treatments. It is, thus,
evident that charcozl root dipping could provide zn effective means of plant
protection when herbicide soil residues are suspected - a conclusion that is
supported by the bio-assay results. Vhilst it might have a use in limited
situation such azs this it is unlikely to provide a method of protection for
normal herbicide treatment as it could only be used effectively after pre-
planting herbicide applications. Soil disturbance during planting would
limit the efficiency of soil-applied herbicides =nd, therefore, necessit-te
their post-planting application.

Charcoal root dipping, therefore, provides a useful technique in minimising
crop damage from herbicide soil residues of simacine =and linuron ~nd to a
lesser extent of atrazine. It's use, however, would avpe=r to be limited to
transplanted crops and to situaztions where the herbicides are present in
the soil before planting.
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and potency estimates* following herbicide treutments to lettuce (cv Delta
with and without charcoal roottreatment

Mean leaf number

Root kLo Potency

Treatment 7 days 14 days estimate

after planting

Herbicides

Simazine dipped 1.80
» undipped 0.90
Atrazine dipped 0.87
" undipped 0.93
Lenacil dipped 0.85
. ‘ undipped 1.00
Linuron dipped 1.02
" undipped 1.04

e o o
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O-=2000000
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S.E. of a difference
between two means

Error d.f. 117

*

Potency estimates are compared in pairs, ie comparisons zre made between root
treatments for each herbicide individually.




Table 2

Preparation means (rotio of trestment response to unsprayed control response)
and potency estimates* of dipped relative to undipoed plants for each crop
following simazine treatment with and without charcozl root tre-tment

Root Preparstion mean Potency

Crop plant treatment (fresh wt ratio)

Lettuce dipped 1.98
" undipped 1.31
Cauliflower dipped 1D
" undipped 0.29
Tomato dipped 2.82
" undipped 1.29

S5.E. of a difference
between two means

Error d.f. 105

*
Potency estimntes are compaired in poirs ie comporisonszre made between root
treatments for each crop individually.

Table 3
Total plant wt (1b/plot) following herbicides applic-tions to transplented

cauliflover (cv A1l the Yeor Round) the roots of which had cither been
dipped or not dipped in activ-ted charcoal

Herbicide Root treatment

o herbicide
Simazine pre-plonting
" post-pla
Linuron pre-pl:nting
ke post-planting
Terbacil pre-planting
R post-planzing

S.8. of a difference
between two menns

Error d.f. 26




Table 4

Mean plant wt. (1b/plot) following herbicide applic-tions to transplanted
cauliflower (cv All the Year Round) the roots of ch had either been di
or not dipped in activated c

Herbicide Total plant wt.

No herbicide 20.90
Simazine pre-planting 7.46
= post-planting 15.40
Linuron pre-~planting 12575
" post-planting 0.08
Terbacil pre-planting 0.1
" post-planting 0.42

S.E. of a difference
between two menns

Root treatment

Dipped
Undipped

S.E. of a difference
between two mezns

Error 4f 26
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FIELD TRIALS WITH 2-(4-CHLORO-6-ETHYLAMINO -S-
TRIAZIN-2-YLAMINO) -2-METHYL-PROPIONITRILE
(CYANAZINE)* FOR WEED CONTROL IN ERASSICAS

B.C. Haddow, R.G. Jones & A.W. Gillespie
Shellstar Ltd. Ince Marshes, Chester.

Summary. Cyanazine, 2-(lL-chloro-6-ethylamino-S-triazin-2-ylamino)-2
methyl-propionitrile, was evaluated as a herbicide for use in a range of
emerged and transplanted brassicas in a series of trials during 1971 and
1972. At 1.40 kg a.i./ha cyanazine gave good control of a wide range of
annual weeds frequently better than the standard treatments and was well
tolerated by established transplants of cabbage and Brussels sprouts.

It was not sufficiently selective on cauliflower, calabrese or the 4-5
leaf stage of drilled crops generally. Crop symptoms on transplants
were temporary and the crop recovered to give yield increases of between
15 and 24% over standard treatments on transplanted cabbage. The optimum
rate was the same for the range of soil types covered by the trials with
the exception of sandy loam soils.

INTRODUCTION

Cyanazine was introduced by Chapman et al at the 9th British Weed Control
Conference in 1968 as a herbicide showing promise on a range of crops. Preliminary
work carried out in the U.K. and Europe confirmed the effective weed control and
demonstrated a useful degree of selectivity on emerged and transplanted brassica
crops.

Further trials were accordingly undertaken on these crops during 1971 and 1972
to determine the effective selective dose.

METHODS AND MATERIALS

Cyanazine was used as a 50% wettable powder and a 50% suspension concentrate
in 1971 and 1972 respectively. Rates of use are expressed as kg a.i./ha. Sites
were located in the main brassica growing areas of England and Scotland and covered
a representative range of conditions, growing techniques and varieties. Rainfall
data and soil analyses were obtained for each site. The layout used was a
randomised block with 3 or 4 replicates and a plot size of 1.8 m x 11.0 m.
Treatments were applied in 281-562 l./ha at a pressure of 2.1 kg/cm2 using a
precision sprayer. In the farmer user trials, strips of 0.25 hectare were treated
at 1.40 kg in 280-560 1l./ha.

* Provisional chemical name. Known also in the U.K. as WL 19805 and DW 3418, in
the U.S.A. as SD 15418 and in Europe and N. America as Bladex.




The following trials were laid down at sites in Scotland and England.

Replicated
Cabbage Brussels Sprouts Cauliflower Calabrese
T D T D i D T D

1971 1 3
1972 3 2 2 0

2 ¥ i 1
1 2

Farmer User

1571 = =
1972 2 - -

(T - Transplanted; D - Drilled)

In 1971 the rates applied were 1.12, 1.40, 1.68 and 2.24 kg, but in 1972 rates
of 1.05, 1.40, 2.10 and 2.80 kg were used and at two siteson light soil a rate of
0.70 kg was included. Treatments were applied to drilled crops when the plants were
at least 15 cm high with 4-5 true leaves. Those weeds present were at a range of
stages. Applications to transplants were made when the plants became fully
established, 2-4 weeks after planting, pre-emergence or early post-emergence of the
weeds. An appropriate commercial herbicide at the recommended rate was used as a
standard at each site.

Following treatments, weeds were assessed using either EWRC scores, quadrat
counts or percentage cover at 1l days, and 4-6 weeks. With crops of longer duration
a third assessment was made when plants were approaching maturity. EWRC scores were
used throughout to record crop effect.

Weed Control

General weed control results and individual weed responses are set out in
Tables 1 and 2. In general, treatments of cyanazine gave a performance superior to
that of the standards, the 1.40 kg rate giving a mean weed control of 90% at 4-6
weeks after treatment.

Good control of most annual weeds was obtained whether the treatments were
applied before weed emergence (transplant sites) or after weed emergence (drilled
sites) but the stage of growth of certain weeds was important. 1.40 kg gave an
outstanding control of Spergula arvensis and Senecio vulgaris (Table 2) and at
those sites where applications were made to emerged young weeds it gave a markedly
better control of Capsella bursa-pastoris and Matricaria spp. than the standard.

An excellent control of Polygonum persicaria was obtained up to the young plant
stage and both Matricaria spp. and Chenopodium album were well controlled at the
seedling stage. However, treatment was not so successful in those farmer user
trials where applications had been made in an attempt to control larger weeds of
these three species established within rows that had been inter-row cultivated.

Poa annua and other annual grasses were well controlled in those trials where
applications were made before ueed emergence. Perennial weeds suffered only a
slight check.
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Table 2

Summary of the control of individual weed species with cyanazine
at 1.40 kg.

Weed Species Mean Range of
Control Control

82 60-100
91 83-96

70 45-91

97 =

86 -

97 -

81

Capsella bursa-pastoris
Chenopodium album

Diplotaxis muralis
Fumaria officinalis
Lamium purpureum

Matricaria spp.
Polygonum aviculare

Polygonum convolvulus
Polygonum persicaria
Poa annua

Spergula arvensis
Stellaria media
Solanum nigrum
Senecio vulgaris
Urtica urens

Veronica persica

\NO\\nNm}—'N\NNF‘\JJO’\HP—'F"bG\N

Crop effect and yields

Crop effect scores are shown in Table 3 and yields in Table 4. In most of the
trials there was an increasing crop effect with increase in rate. At 1.40 kg
cabbage and Brussels sprouts were treated successfully on all sites except those on
light sandy loams, (Irials 10, 11 and 19, with 80, 82 and 63% sand respectively).
There was an adequate selectivity margin in transplants, but rates higher than 1.40
kg proved unacceptable on drilled sites (Fig 1) unless the crops were well beyond
the 4-5 leaf stage on application (Trial 12). Except in one trial where treatments
caused a slight check, crop effects from farmer-user applications were minimal,
regardless of whether the crop was direct drilled or transplanted. In these
instances drilled crops were well beyond the 4-5 leaf stage at application.
Symptoms which took the form of chlorosis were consistently unacceptable at all
rates on cauliflower, and resulted in a delay in maturity. Applications to calabrese
(Trials 6 and 7) also proved unacceptable.

Table 4

Crop Yield as percentage Standard Control

( 2.10 Standard yield  L.S.D.at
1.0 1.68 (=2.24 2.8 000's kg/ha p = 0.05

Cabbage (drilled)
118 103 = 48 L6

Cabbage (transplanted)
- 124 120 L6.7 24

Cauliflowers (transplanted)
88 76 - 6h.L
= 103 101 k9.3
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DISCUSSION

Work during 1971 and 1972 showed that cyanazine provided a highly effective
weed control together with a useful degree of selectivity in well established
transplants (8 leaves) of cabbage and Brussels sprouts, where it compared very
favourably with commercial standards, (Fig 1). Except on light sandy losms the
optimum rate for good weed control consistent with crop safety was 1.4 kg. Any
crop reaction was quickly outgrown with no effect on yields, which were equivalent
or superior to those of the commercial comparisons. However, this rate was not
well tolerated by cauliflowers.

At 1.4 kg there was an insufficient selectivity margin on drilled crops treated
at the 4-5 leaf stage. However treatments applied at the 8 leaf stage of drilled
cabbage at site 12, for the control of weeds within the row following tractor hoeing,
indicated a greater selectivity margin and similar results were obtained in two
farmer user trials. This suggests that selectivity to the crop is dependent on
plant size as well as soil type and soil moisture content. Advantage could well be
taken of this improvement of selectivity by employing cyanazine as a follow=-up
treatment after the breakdown of short persistence pre-emergence herbicides.

Applications made to young weeds show that herbicidal activity occurred in two
main stages; contact action resulting in leaf scorch, followed by root uptake and
subsequent death. The second stage depended on soil moisture and could be delayed
by drought or cold conditions following application. Because of this contact action
it was found necessary for the protective covering of the leaf in the crop to be
well developed at spraying.

Spray volume between 280 and 560 1l./ha had no noticeable influence on crop
effect.
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PRE- AND POST-EMERGENCE WEED CONTROL IN DRILLED ONIONS

F. S. MacNaeidhe
Peatland Research Station, Lullymore, Rathangan, Co. Kildare

Summa, The results of trials carried out from 1969 - 72 show that pre-
emergence application of paraquat at 0.5 1lb + propachlor at 4.0 1b + chlor-
propham at 1.0 1b gave good weed control until mid-July on fen soil. The
substitution of prymachlor at 4.0 1b for propachlor at 4.0 1b in this programme
resulted in improved weed control. Application of paraquat at 0.5 1b pre-
emergence and prynachlor at 4.0 1b + chlorpropham at 6.0 1b at the loop stage
of the crop gave good control of broadleaved weeds and potato volunteers until
the end of July. Pre-emergence and loop-stage application of chlorpropham

at doses up to 12,0 1b caused no crop damage. The use of synthetic oil as a
carrier caused marked reduction in the selectivity of herbicides.

INTRODUCTION

Peat is regarded as an ideal medium for the growing of main crop onions but one
of the major limiting production factors is the control of weeds. Onion seedlings
emerge early in the season and make slow progress from spring to mid summer. Ths
heavy weed flushes which occur on peat from April onwards can cause a serious reduct-
ion in the vigour of the crop and a programme for early weed control is essential.
The onion crop with its upright growth habit provides poor ground cover even when the
foliage is fully developed and the weeds which grow rapidly under the ideal growing
conditions of late summer can cause a reduction in bulb yield, an increase in the
incidence of botrytis and difficulty with harvesting. A comprehensive pre- and
post-emergence programme is therefore necessary for the full control of weeds from
crop emergence to harvest. This paper describes the results of a number of pre- and
post-emergence trials conducted at Lullymore in 1969-72.

MATERTALS AND METHODS

A1l experiments were carried out at the Peatland Experimental Station, Lullymore
on fen peat. A randomised block design with 4 - 6 replications and a standard
plot size 5 yd x 2 yd was used. Herbicides were applied with a pressure retaining
sprayer. In all trials, a volume of 40 - 50 gal/ac of water carrier was used.
With some of the treatments in 1971 and 1972 a volume of 8 gal/ac TVO or 8 gal/ac of
the more crop tolerant synthetic oil (No. 3,08) was used as a carrier. All herbic-
ide doses are given as 1lb/ac a.i. Assessment of weed and crop growth was made at
least twice during the growing season. In 1969 - 71 weed kill was assessed by
counting survivors in a number of random quadrats on each plot.

RESULTS

Pre-emergence application -~ 1969 At the time of herbicide application 1 - 2 onions
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zr £+2 had emerged in the crop rows. Paraquat at 0.5 1b was applied pre-emergence
n all plots except contrcls. A1l treatments (Table 1) reduced crop stand and
vigour. Aziprotryne at 2.0 1b caused the most severe crop injury. After eleven
weeks onion plants had regained full vigour in all treatments. Stellaria media
and Bumex acetosella were in the cotyledon - 2 true leaf stage and Poa annua was in
the cotyledon stage at the time of herbicide application.  Polygonum persicaria did
not emerge until mid May, 10 days af'ter weed density was recorded. Plots treated
with aziprotryne at 2.0 1b were completely weed free two weeks after application but
dense weed growth was present three weeks later. P. persicaria, P. annua and

R. acetosella were growing vigorously in plots sprayed with propachlor at 5.2 1lb ten
ceks after application, but although some 3. media had emerged its growth was sever-
ely suppressed. Propachlor at 5.2 1b + chlorpropham at 1.0 1b gave excellent weed
control for 11 weeks.

Table 1

ro-emergence herbicides on crop and weeds 1969

1 Weed weight
Assessments / i (all spp.)
e Plant Stand Crop Weeds : 8/7/69
Treatment /2 % control 27/5/69 (ton/ac)

ziprotryne 2 79
Propachlor 5.2 76
Propachlor 5el 79

-
Chlorpropham

9.6
3ok
1.5

(oA N

7.
9.
10.

@~

100 0.0
S.E. of treatment mean 8.8
No. of weeds/ft? in control plots

Rating scales : Crop : 10 (no dama
Weeds : 10 (no weed

ge) = 0 (complete kill)
s) - 0 (dense cover of weeds)

5 1b applied prior to emergence

= Rumex acetosella. C.a. = Chenopodiur_album

Pre—emergence application - 1970 The first of the two trials was conducted to
determine the optimum doses of chlorpropham and propachlor for use in orions. Par-
aquat at 0.5 lb was sprayed on the trial area immediately before the treatments were
pplied. Normally propachlor is applied to peat soil at 5.2 b and chlorpropham
i at 1.0 1b. Pre-emergence application of propachlor at 4.0 1b + chlor-
0 1b and 2.0 1b, and propachlor at 5.2 1b + chlorpropham at 1.0 and 2.0
lective and gave equally good weed control.

trial ioxynil octanoate was compared with paraquat as a contact
treatment in onions. Barley in the 1 - 2 leaf stage providas
tection for the onion crop at emergence but is suspectible to
-sults of this trial shows that ioxynil octanocate used as a
raquat gives equally effective results without damage to the barley.
ation - 1971 Prynachlor, pronamide, high doses of chlerproph-
~ for propachlor and chlorpropham w compared with the stand-
quat at 0.5 1b + propachlor at 5.2 1b + chlorpropham at 1.0 1b.

None of the herbicides applied caused crop damage (Tabl




The weeds, mainly Polygonum lapathifolium and Chenopodium ablum were in the
early cotyledon stage at the time of application. Polygonum lapathifolium was
susceptible to all doses of chlorpropham, prynachlor and pronamide. Any remaining
in plots treated with these herbicides were severely stunted and never made a full
recovery, but this species shows a resistance to propachlor. The activity of
pronamide at 2,0 1b and 6.0 1b was slow and many P. lapathifolium survived up to the
Lth true leaf. Prynachlor at 5.2 1b and 10.4 1lb and chlorpropham at 12.0 1b gave
good control of C. album. Although the numbers of this weed were not greatly
reduced by paraquat at 0.5 lb + propachlor at 5.2 1b + chlorpropham at 1.0 1b,
propachlor at 5.2 1b + chlorpropham at 6.0 1b in TVO 8 gal and chlorpropham at 6.0 1b
those surviving were severely stunted and did not cause a serious problem in the crop
before harvest.

Table 2

The effect of pre-emergence herbicides on crop and weeds 1971
1 Wt. of
Assessments™ % weed kill potato
Dose Plant Stand Yield shoots
Treatment 1v/ac % control ton/ac Crop Weeds P.l. C.a. 1b/plot

Paraquat
+
Chlorpropham
+
Propachlor
Chlorpropham
"

\O 00 O\ \O \O \O
@ 00\ AN U AN

o \gTul N O\
NN OoOON

[}

ropachlor
Prynachlor
n

=

Propachlor
+
Chlorpropham
+
VO 8 gal
Pronamide 2.0
" 6.0
Control
S.E. of treatment mean
Weeds/ft2 in control plots

[
(@]

N0 0N
AN

3 Rating scale as in Table 1
N.R. = not recorded

P.1l. = P. lapathifolium. C.as = Chenopodium album

Pronamide at 2.0 1b and 6.0 1b gave poor control of C. album and propachlor at
5.2 1b gave poor control of both weed species. Potato volunteers are a serious
weed problem in peat soil even following a severe winter. In 1970 potatoes were
grown on the trial site. The herbicidss were applied ten days before the potato
shoots emerged. Prynachlor at 5.2 1b and 10.4 1b and chlorpropham at 12.0 1b
severely inhibited shoot growth for eight weeks. Results are given in Table 2.

Pre-emergence application - 1972 The crop showed a high degree of tolerance to
all herbicides. In 1972 the surface layer of the peat was removed during grading
of the experimental site. Few weeds occurred and with the exception of P. annua
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were erratically distributed. As a result meaningful counts could not be recorded.
Nevertheless, where control was poor those that did occur were vigorous enough to
cause severe competition to the crop as bulbs were beginning to develop. FPrynachlor
at 4.0 1b + chlorpropham at 6.0 1b, prynachlor at 6.0 lb, propachlor at 4.0 1b +
chlorpropham at 6.0 1b and dinitramine at 2.0 1b gave good weed control. These
treatments caused severe stunting of S. media, R. acetosella and P. persicaria.
Propachlor at 6.0 1b, prynachlor at 4.0 1b and pronamide at 2.0 1b were slightly
less effective. Chlorpropham at 3.0 1b, 6.0 1b and 12.0 1b gave excellens control
of P, annue, P. persicaria and R. acetosella. Although only a few S. media occurr-
ed these were large and vigorous in all plots treated with this material. Propachlor
at 4.0 1b, and dinitramine at 1.0 1lb gave poor weed control. The shoots of volunt-
eer potatoes were beginning to emerge when the spraying was done. Prynachlor at
4.0 1b + chlorpropham at 6.0 1b, chlorpropham at 3.0 1b, 6.0 1b and 12.0 1lb caused
severe inhibition of potato shoot growth for seven weeks. Results are given in
Table 3.

Table 3

The effect of pre—emergence herbicides on crop and weeds 1972

Plant Stand Assessment % weed kill
Treatment % control Weed P.a. Other spp. Potato

*Propachlor { 100 76 L0 14
" 1.1 79 39 16
*Prynachlor 89 7o 58 48
*Prynachlor
+

Chlorpropham T L 89
*Propachlor

L
82
I
55

100

89
111

89
100
89
122
Control 100
S.E. of treatment mean 14.6
No. of weeds/ft2 in control plots

+
Chlorpropham

*Chlorpropham
n

.

[wRolofsfeRols]

"

*Pronamide

*Dinitramine
n

N NN OV O

O U1 O£ Ol oW

1 Rating scale : - Crop : 1 (no damage) - 9 (complete kill)
Weeds : 1 (no weeds) - 9 (dense cover of weeds)

* paraquat applied pre-emergence

P.a. = Poa_annua

Application at the loop stage 1971 - 72 In 1971, simazine at 2.0 1lb and methazole
TVCS 438) at 2.0 1b caused a severe reduction in crop stand and vigour. —Simazine
caused no crop damage in the 1972 trial. All other treatments showed high crop
selectivity (Table L) In 1972 weed density in the trial area was low. Weed
distribution was very erratic and accurate recordings of weed species in the varicus
treatments could not be obtained. Nevertheless, those weeds that did occur were
vigorous enough to cause severe crop competition on plots with poor weed control.
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Paraquat at 0.5 1b was applied pre-emergence and weeds had not emerged when the
herbicides were applied at the loop stage. In 1971 chlorpropham at 6.0 1b and
12.0 1b, pronamide at 2.0 1b and 4.0 1b and propachlor 5.2 1b + chlorpropham at
6.0 1b gave excellent control of P. lapathifolium.

Table 4

Effect of application at the loop stage on weeds and crop - 1971-72

Plant Stand Assessmentsl
% control Crop Weed % weed kill All species
Treatment 1971 1972 1971 1971 1972 P.1l. GC.as 1972

92 92 10.0
N.A. 92 N. A,
85 92 10.0
92 83 10.0
68 83 10.0
i1 100 10.0
90 2 10.0
86 N.A. 10.0
63 N.A. 1«5
N.A. 83 N.A.

56 67 37
N.A. N.A. 22
100 22 33
100 70 50

76 89 L7

93 20 L7

99 42 50

78 75 N.A.

82 6l N.A.
N.A. N.A. 75

Propachlor
Prynachlor
Chlorpropham

.
0

2w~ o~ O\0 O = N
BUwWwuUiu O oW B O

. by
~N e UTU W W~ O

1

Simazine
Pronamide
n

Methazole

O W\ o~

NHEPEN N NDONE WD

.
fFfFooooocoof

O =

3
.

Prynachlor

+
Chlorpropham
Propachlor

+
Chlorpropham
Control 100 100 10.0 2.9
S.E. of treatment mean 10.7 8.3
No. of weeds/ft* in control plots

O
N o

86 110 10.0 9.5 10.0 56 67 Bl

[onY
o

= Rating scale as in Table 1

P.l. = P.lapathifolium. C.a. = Chenopodium album

Simazine at 3.0 1b and methozole at 1.0 1b and 2.0 1b caused a severe inhibit-
ion in the growth of P. lapathifolium and C. album which was still evident ten weeks
after application. Chlorpropham at 6.0 1b and 12.0 1b, pronamide at 4.0 1b and
propachlor at 5.2 1b + chlorpropham at 6.0 1b caused a similar inhibition in C.
album. Propachlor at 5.9 1b gave poor weed control. In a trial comparing the use
of a pure synthetic o0il carrier with water, chlorpropham at 3.0 1b and 6.0 1b,
chlorpropham at 6.0 1b + propachlor at 5.2 1b and nitrofen at 0.5 and 1.0 1b were
applied in 8 gal of the oil. All treatments caused severe crop damage. In 1972
all treatments except propachlor at 5.9 1b gave good weed control.

Application at 2 - 3 leaf stage 1972 Toxynil octanoate at 0.63 1b, bentazon at
3.5 1b, cyanazine at 1.0 1b, propachlor at 4.0 1b + chlorpropham at 3.0 1b in oil,
aziprotryne at 2.0 1b in oil and linuron at 0.5 1b + ioxynil at 0.5 1lb caused severe
crop injury but the crop had fully recovered after 6 weeks in all cases. Methazole
at 2.0 1b, aziprotryne at 2.0 lb + simazine at 2.0'1lb, dinitramine at 1.0 1b and
2.0 1b were highly selective. The trial area was sprayed with the standard propa-
chlor/chlorpropham programme and few weeds were present when the treatments were
applied. All treatments except aziprotryne at 2.0 1b in water gave good weed
control. Results are given in Table 5.




Table 5
Effect of application on crop and weeds at the 2 leaf stage - 1972

1
Assessment
Dose Plant Stand Crop Weeds % weed kill
Treatment 1b/ac % control 4/7 28/7 all species

38
38
10

90
110
100

90
100
100

N

Toxynil octanoate
Methazole
Aziprotryne
Bentazon
Cyanazine
Aziprotryne
+

Simazine
Propachlor
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+
*Chlorpropham
*Aziprotryne
Linuron

+
Toxynil octanoate
Dinitramine

n

Control
S.E. of treatment mean
No. of weeds/ft2 in control plots

Rating scale as in Table 3

*
3408 oil

DISCUSSION

The results of many trials carried out from 1969-72 have shown that with pre-
emergence spraying, good weed control can be obtained until mid July. Application
is made in April when the peat surface is usually moist and the residual activity
of the propachlor/chlorpropham mixture is at a maximum. Weed emergence takes place
well in advance of crop emergence and the inclusion of a contact herbicide is
necessary to allow for flexibility in the time of application. The results indic-
ate that the more selective ioxynil octanoate may be substituted for paraguat whers
barley is used for shelter in emerging onions. It was also shown that no increassd
benefit was gained from using propachlor at doses in excess of 4.0 I1b.

Further weed seedlings begin to emerge in mid July as bulb formation is beginn-
ing. These weeds, in particular P. lapathifolium, P. persicaria, R. acetoselia
and P. annua are especially hazardous to the crop and create problems with harvest—
ing. In 1971 the use of alternative materials to propachlor and the standard
propachlor/chlorprorham mixture were investigated. ynachlor at 5.2 1t applied
pre-emergence showed excellent selectivity and gave better control than propachlcr
of all species except P. annua. An important factor adding to its overall useful-
ness is the ability of this material used alone or in combination with cklorpropham
to inhibit the emergence of potato 'volunteers' thus allowing onions to te used in a
cropping rotation immediately following potatoes.




One of the highlights of these trials is the remarkable tolerance of onions to
high doses of chlorpropham applied pre-emergence or at the loop stage. These
treatments gave excellent control of the Polygonaceae and Poa but their failure to
arrest the vigour of some S. media which escaped control is a major drawback. Loop
stage application of herbicides had the advantage of prolonging the period of control
in 1971 and 1972 and pre-emergence application of paraquat followed by loop stage
application of a prynachlor/chlorpropham mixture may be the answer to more lasting
weed control. The use of synthetic oil as a carrier enhanced the herbicidal
properties of the materials tested but severely reduced crop selectivity.

0f a number of herbicides tested, only methazole at 2.0 1b, aziprotryne at 2.0

1b + simazine at 2.0 1b and dinitramine at 2.0 1b provided the required standard
0? selectivity and weed control for application at the 2 true leaf stage.
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POST-EMERGENCE CONTROL OF WEEDS IN ONIONS WITH METHAZOLE

C. Baker and C,J. Edwards
Fisons Ltd., Chesterford Park Research Station, Nr. Saffron Walden, Essex.

Summary Methazole was tested in 1968 - 71 in both small plot and grower
trials, and became commercially available in 1972, for the selective
control of weeds post emergence in onions.

To prevent early weed competition a residual weedkiller, usually
propachlor, was applied pre-emergence followed by methazole post
emergence.

Results using rates of 2.0 to 2,2 kg/ha at or after the 2 true leaf
stage of the onions, have been consistently satisfactory, giving no more
than slight temporary yellowing of the crop and killing a wide range of
weeds, in some species up to an advanced stage of growth, Control of
Polygonum spp. Stellaria media and Chenopodium album has been good, and
Veronica spp. (susceptible tc propachlor) has been the only important
resistant species.

The residual action of methazole has usually maintained good weed
control until harvest. Winter wheat was grown satisfactorily on
several sites after the onions were harvested.

INTRODUCTION

Methazole (VCS 438, 2- (3.4- dichlorophenyl) - 4-methyl- 1,2,4 -
oxadiazolidine - 3,5, - dione) a product of the Velsicol Chemical Corporationm, first
showed promise for selective weed control in onions post emergence in a field
screening experiment by Fisons Agrochemicals in 1968, Further field tests were
carried out in 1969 and 1970, and grower trials in 1971 led to commercial marketing
in 1972,

This report covers the above work.

MATERIALS AND METHODS

In field screening in 1968, 3 dosage rates of methazole were used on two
replicates of plots 2 x 1.5 m (2 x 20 m for weeds) sprayed at 220 l/ha.

In three experiments on commercial crops in 1969 methazole was applied post-
emergence at 2.2 kg/ha on plots of 15 m2, using four replicates following the
farmer's pre-emergence herbicide. Desmetryne was used as a standard.

In one experiment in 1970 methazole was applied at three dosage rates and at 3
growth stages, on 2 replicates of plots of 4 m2 following propachlor. Ioxynil was
used as a standard.




In 18 grower trials in 1971 plots of one acre were sprayed post-emergence by
farmers with methazole at 2.1 kg/ha following pre-emergence treatment with
propachlor, pyrazon/chlorbufam, chlorpropham or paraquat. The standard post-
emergence treatments were propachlor, pyrazon/chlorbufam, ioxynil or ioxynil/linuron.

Methazole was used as a wettable powder in most experiments (Flocon suspension
in 1969). Toxynil was used as an ester in emulsifiable oil. Desmetryne was used as
a wettable powder.

RESULTS

1968 Field Screening Experiment

Onions: Variety Bedfordshire Champion, 2 true leaves, 12.5 cm.
Weeds: Up to 10 cm,

Table 1

Effect of Methazole on Onions and Weeds, 1968,

Methazole 9 crop reduction 7 Weed Control (after 8 weeks)
kg/ha after after Polygonum Stellaria Chenopodium Veronica All
1 wk. 8 wks. aviculare media album persica Species

30 0 100 20 90
10 0 95 0 75
0 0 85 0 50

IT. 1969 Experiments on Farm Crops

Onions: Variety Produrijn, Sprayed at early post crook stage.
Table 2

Effect of Methazole (2.2 kg/ha) and Desmetryne (1.7 kg/ha)
on Onions and Weeds, 1969,

% Weed Cover % Crop Chlorosis Onion Yield
after 5 - 8 wks, (initial) (% of Hand=Hoed)

Meth, Des, Hand, Meth. Des. Meth. Des.

A 41 32 67 18 4 - -
B - - - 11 9 95 82
c 10 L 22 7 6 270 183

At site A, the pre-emergence treatment with chlorpropham, on organic soil, was
not very effective and failed to control Avena fatua, Polygonum convolvulus and
P,persicaria, Chenopodium album, Tripleurospermum maritimum and Senecio vulgaris.
On this site with Avena fatua, no post emergence treatment gave acceptable control
and yields were not taken,

At site B, the pre-emergence treatment with propachlor, was effective, and in
addition the crop was kept clean mechanically so that no results for weed control
could be obtained.




At site C, the pre-emergence treatment was chlorbufam + pyrazon and species
surviving this treatment were Chenopodium album, Tripleurospermum maritimum,
Polygonum aviculare and Senecio vulgaris. It proved impossible to keep the hand-
hoed plots clean.

In all experiments the level of initial crop chlorosis was commercially
acceptable,

I1I. 1970 Growth Stage Experiment

Onions: Variety Bedfordshire Champion.

Pre-emergence treatment: Propachlor 4,5 kg/ha over the whole experiment.

Weeds: Polygonum aviculare dominant. Also P, convolvulus, Chenopodium album,
Tripleurcspermum maritimum, Senecio vulgaris, Viola tricolor, Aethusa

cynapium,

Table 3

Effect of Methazole and Ioxynil on Onions and Weeds, Applied
at 3 Growth Stages., Assessed Visually at Harvest.

On Onions (% Reduction) On Weeds (% Reduction)

Methazole Ioxynil Stage Methazole Ioxynil
(kg/ha) (kg/ha) (kg/ha) (kg/ha)

4,5 2.2 1.1 0.8 0.4 (P.aviculare) 4.5 2,2 1.1 0.8 0.4

Early crook 45 10 10 + + 2.5 cm 100 100 87 + +
2 lvse 7.5 em 25 0 0 0 7.5 cm 97 100 77 + 15
2klvs, 18 cm - - - - 20=30 cm 90 82 70 25 0

= material not used
not assessable - damaged by weed competition before spraying.

1971 Grower Trials

a) Weed Control

Methazole has both contact and residual action. Excellent control was obtained
on a wide range of annual broad leaved weeds. In some instances good control of
large weeds was obtained within about 7 days after spraying e.g. fat hen up to
30 cm, chickweed up to 38 cm and annual nettle up to 30 cm, The effect was thought
to be due mainly to the contact effect of the chemical perhaps accentuated by the
warm weather experienced shortly after spraying.




The following table gives categories of weed control obtained.
Table &4

Weeds Controlled by Methazole

Susceptible Intermediate

Anagallis arvensis Daucus carota

Atriplex patula Silene alba

Capsella bursa-pastoris Plantago major

Chenopodium album Tripleurospermum maritimum spp.
Galeopsis tetrahit Inodorum

Poa Annua

Polygonum aviculare

Polygonum convolvulus

Polygonum lapathifolium

Polygonum persicaria

Senecio vulgaris Resistant

Sinapis arvensis

Solanum nigrum Alopecurus myosuroides
Sonchus oleraceus Fumaria officinalis
Stellaria media Lamium purpureum
Urtica urens Veronica spp

Viola tricolor

The weed control by methazole was better and lasted longer than any of the
standards used in these trials.

b) Effect on the Crop

In several trials the onions were damaged especially when they had only one
true leaf. The young plants were either scorched or occasionally killed especially
where they were growing on loamy sands or lighter soils. When the onions had 2 or
more true leaves any scorch or check to the plants was much less severe and
recovery took place within a few weeks.

c) Soil Persistance

As weeds were controlled in some trials for up to 14 weeks it was desirable to
ascertain whether normal crops could be grown safely after an onion crop treated
with methazole has been harvested. Soil samples were therefore taken from 6 trial
sites in October after a May application of methazole. In the glasshouse there was
no effect on the germination and growth of the test species - Amaranthus, clover,
poppy, lettuce, ryegrass, mustard, wheat and sugar beet.

DISCUSSION
Effect on Onions
In the experiments reported, and in other trials, lasting crop toxicity has not
occurred at a rate of 2.2 kg/ha so long as spraying was delayed until the crop had
two true leaves., Table 3 shows that onions were affected even at 1.1 kg/ha when

sprayed at an earlier stage.

When sprayed at the two true leaf stage visual and yield assessments (Tables 1
and 2 respectively) have shown that any temporary check is quickly outgrown.




Effect on weeds

The degree of weed control obtained both in these and in other experiments, in
grower trials and in commercial use has been consistently good at a rate of
2.0 - 2.2 kg/ha in favourable conditions. Susceptible species, in some species up
to 38 cm high have been controlled at these rates and the range of susceptible
species is wide. Veronica spp, the most important species resistant to methazole
(Table 1) are susceptible to propachlor applied pre-emergence.

Nevertheless the delay in spraying until the two true leaf stage of the onions,
required for crop safety, together with the susceptibility of onions to weed
competition in the early stages make the use of a pre-emergence chemical treatment
necessary before post emergence treatment with methazole., The two spray progra=me
adopted in most of these experiments has given good results in commercial practice
in 1972,

Persistence

Tables 1 and 3 show that a high level of weed control was maintained until
harvest. While the post emergence activity of methazole is partly based upon uptake
through the foliage it is also active and persistent as a residual herbicide, thus
preventing weed germination. Experiments and commercial practice have shown that omn
mineral soils weed control is reliably maintained for approximately 3 months after

spraying.

Bioassays on treated soil after harvest showed that several crops could be
safely grown, In practice the most likely crop after onions is winter wheat and
this crop was grown without adverse effect on several of the grower trial sites.
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EXPERIMENTS WITH METHAZOLE ON ONICNS AND LEEKS

H.A. Roberts and W. Bond

National Vegetable Research Station, Wellesbourne, Warwick

Summary In 1970-71, methazole was examined in seven experiments with

bulb onions, salad onions and drilled leeks as a post-emergence spray
following pre-emergence treatment with propachlor + paraguat/diquat.

Bulb onions and leeks were severely injured at early growth stages, but
application of doses up to 2 1b/ac a.i. at the 2-leaf stuge had no
significant adverse effect. At this stage salad onions for over-
wintering were injured, but slightly later application caused only
transient injury. Control of most weed species was very good, and because
of the considerable residual action, was more long-lasting than that
given by ioxynil or ioxynil + linuron with which methazole was compared.

INTRCDUCTICON

1t was shown by Griffiths & Baker (1970) that methazole (VCS-438) could provide
selective control of weeds in bulb onions provided tnat application was delayed until
the crop had reached the 2-leaf stage. This findin; wes substantiated in further
experiments described by Edwards (1971) and Lake & Grifriths (1971). Methazole was
included in seven experiments at Wellesbourne in 1970-71 with bulb onions, salad
onions and drilled leeks as a follow-up to routine pre-emergence treatment, and the
results obtained are summarised in this report.

METHCDS AND NATERIALS

The experiments were of randomised block design, with plots of 5-10 ya‘ and
three replicates. The soil was a sandy loam (2: o.m.), the treatments were applied
as HV sprays, and doses are given as lb/ac a.i. The formulation of methazole used
was a /5. wettable powder, and for comparison ioxynil octanoate (Totril) and ioxynil
+ linuron (Certrol-Lin) were included. 1In all experiments a uniform spray of propa-
chlor 3.9 1b/ac, with or without paraguat/diquat 0.5 1b/ac was applied shortly before
crop emergence and the post-emergence sprays applied as follow-up trestments at
appropriate growth stages. Relative estimates of weed control and crop injury were
made by visual scoring on a scale of O (no different from that with the vre-emergence
treatment alone) to 10 (complete kill). Crop stands and total yields were recorded
and are expressed as percentages of the values for hand-weeded controls. Those
significantly less than the control values are indicated by single (F = 0.05) and
double (P = 0.01) asterisks.

RESULTS
In 19570, methazole at 1.0 and 2.0 1b/ac was compared with otner post-emergence
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treatments on bulb onions at the 2-3-leaf stage; in this experiment pyrazome 0.75 +
chlorbufam 0.60 1b/ac had been applied post-crook, in addition to the standard pre-
emergence spray.

Table 1

Effect of methazole on bulb onions and leeks in 1370

Unions Leeks

Herbicide Weed Stand Yield Leaf eed Stand Yield
control No. control
0-10 at 9 % 0-10 % %o
narvest 24 Jun

Methazole
n
Toxynil
Toxynil +
linuron

The weed control was very good except for some plunts of Fumaria officinalis, and
at harvest the plots treated with methazole were cleaner than those of' any other
treatment. There was no visivle crop injury, other than transient scorch with
ioxynil, and the stands and yields of dry bulbs were not significantly different
from those of the weeded control (Table 1)e

The same treatments were also compared on arilled leeks, applied at the 2-leaf
stage. Again, weed control was very good and the only weeds present on tne metha~-
zole-treated plots by the end of June were occasional Fumaria officinalis and Poly-
gonunm aviculare. There was little visible crop injury, and stands and yields did
not differ significantly from those of the weeded control (Table 1) e

In an experiment on overwintered salad onions drilled in iugust, 1970, netha-
zole was applied at the early 1-leaf and 2-3-leaf stages and conpared witn ioxynil
and ioxynil #+ linuron at the 2-3-leaf stage. Then applied early, methazole caused
severe crop damage and both doses significantly reduced the stand (Table 2).

When applied at the later stage, none oi' the treatments caused other than
slight damage, and neither stana nor yield was reduced. The mein survivers of the
pre-emergence treatment were Stellaria media und Thlaspi arvense, with some
Capsella bursa—pastoris, and these were killed by all the post-emergence treatments.
Further emergence of seedlings occurred during autumn; these were killed on the
methazole-treated plcts, so thet by the following april the plots were still clesn
except for a few FPoa annua, l.atricaria spp. and Fumaria officinalis. The control of
weeds withioxynil + linuron was initially good, but less versistent than that with
methazole, while on the ioxynil plots there was exlensive development of Stellaria
media during winter.

In 1971, methazole at a single dose of 1.87 1lb/ac was included in four experi-
ments with the main object of determining the effect on the crop when applied at
different growtn stages.




Table 2

.Effect of methazole on overwintered salad onions in 1970

Leaf Weed control Crop injury Stand Yield
Herbicide 1b/ac number 0-10 0-10
% %

25 Nov 13 Apr 25 Nov

(L
2% %
107
14
102

COON=>N=—
o
NN ONO O OO

Methazole
"

Methazole

n

Toxynil
Toxynil +
linuron

°

108

In two experiments with bulb onions, methazole caused some visible injury when
applied at the 1-leaf stage, and in one of them significantly reduced both stand
and yield (Table 3).

Table 3

Effect of methazole on bulb onions, leeks and overwintered salad

onions in 1971

Bulb onions Leeks
Herbicide 1b/ac Leaf Expo 1 Exp. 2 Stand Yield
number % %
Stand Yield Stand Yield
7 % % %

Methazole 9 90 TT**  82*
98 102 100
92 110 99 91
98 110 108 101
Ioxynil 97 95
Ioxynil +
linuron z 108 104 101 96

At the later stages, the damage was only slight, comparable with that produced dy
ioxynil and ioxynil + linuron, and there was no significant reduction in either
stand or yield. In both experiments, the pre-emergence treatment of propachlor +
paraquat/diquat was very effective, but emergence of Fumaria officinalis occurred
with that of the crop a few days after application. Methazole did not control this
species, and the plants were later removed by hand from these plots. Otherwise,
the control of weeds was excellent.
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buplicate samples of bules rrem plots which nad been treated with mezhazole at
the 2=leaf sta, and trom the control nlots of cu experiment were placed in nets
and kept in a vulk store until Fesruary, when their condition was assessed. There
wzs no significant aifference in tne mean numvers of sound, unsprouted oulbs, the
values being 73% for the metnazole treatment and 7% for the control.

The results cbtainel with drillea leeks were similar to those for onions
(Table 5). Vhen zopolied a2t the 1-leaf stage, etnazole caused a significant
reduction in stand, out at later st.-es there was only transient injury, with no
signiiicant eflfect on stasa 1

In an exveriment on salau onlons Jrillew in jusust Uor overwintering, metha-
zole signiticantly rezuced crop stund wnen applied eitier at the 1-leaf or 2-leaf
stages, and tue injury was grezter at the Z-leaf stage, leauing to significant
yield depression. Treatment at the 23-leai sta,e, nowever, caused only slight
injury and did not arfect stand or yield.

wISCUSBICH

The results obtained with buld onions sup; i indings of Griffiths &
Baker (1970) in showinz ituet providei ihe crop nud rescned the 2-leuf stage metha-
zole apgplied gt doses to 2 lb/ac caused no sl nifi jury . In the sicgle
test wnich was made, tnere eijearei to “e no aiverse efrect ol" treatment on the

Y

pehaviour of tune bulbs in storage. The twe experiments th leeks (Tables 1 and 3)
indicatea e aegree of tolerance siui * 4o tuat with owlons, and again wnen applied
at the 2-leaf stuge or later, nethazole . no permanently injurlous effscts.

The results with salad oniorns urillea in late sumrer Jor overwintering were
retuer less clear-cute hen avglied al tuo ly 1-leati” stage in 1370, %there was
severe crop injury, but no elfect on stand or yielld wien application was delayed
until tune 2-3-leaf stage (Table 2). In 1971, avplication at tone 1-leai stage

nilficantly r ced tue d, wneress at tne zé—le* [ stage there was again no
injury (Tavle 3). Flants sprayed at tne ¢-leal’ stuge, nowever, were daraged more
than ti eated earlier, and it seens ihet this was cssociated with & rainy
oceurrea at tuis tine.

tuazole cousistently gerforned as well or better
included in the experinents. As pointea out gy Crifiiths
Baker (19/u), metuazole iy efr'vetive oy foliar untake ana can kill guite large
plants of a wide range ol weed svecies, including sone like Poly:onum aviculare
and Poa annua which can te a problem ir onions und leeks. In the presert experi-
ments the ability to xil1l plants of L's aviculare waich Lad escaped the pre-emergence
propachlor ireatm v ;3 such control cannot be nieved with any other
ros t-engrgence hercicide ¢ vently azvailable lor use on onions. PFumaria officinelis,
however, ich is also toleran pactlor, was not xilled cy methazole in these

Besides foliur action, retaazoie is versistent in soi :t on mineral
scils tnere is an exier je erd 1 resiuucd weea itro sometimes ug to 14
weeks (Bdwarus, 1571). i i y np se present

v itss It is vpossible, B
could ¢ e a preblen in relailorn Lo foiiowins cro, relininary tests have shown
4
t

L
the soil residues

that when aueliex to bulb onions au the : : Lo 405 of : anount
ag, dded uld still > debected by bioe g ot cnion harvest (Zoberts & RBond,1972);

tliese tests are Yein: continued.
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PROPERTIES OF METHAZOLE (VCS-438)
FOR DEVELOPMENT AS A SELECTIVE HERBICIDE IN AGRICULTURE

J.N. Barlow
Velsicol Chemical Corporation, 66 Tilehurst Road, Reading, Berkshire
W. Furness
Velsicol Chemical Corporation, Box 922, Beirut, Lebanon

Summar Methazole and bioxone are the approved common names for
2-(3',L' - dichlorophenyl)-4-methyl-1,2,k4-oxadiazolidine -3,5-dione,
known also as YCS-438.

Methazole e=xhibits residual activity as a soil applied herbicide
and contact activity upon the foliage of certain plants.

On medium loam soil, when applied pre-emergence at 2 kg a.is/ha,
methazole provides good control over Capsella oursa-pastoris,
Chenopodiuvm album, Matricaria spp, Polygonum spp, Solanum nigrum,
Thlaspi arvense, Urtica urens and many other annual weeds: at slightly
increased rates, applied post-emergence at the L6 leaf stage, a
similar range of weeds is susceptible. Poa annua and Veronica spp.
beyond the seedling stage are not readily controlled.

Onion is cne of several crops tolerant to methazole at rates up
to 4 kg a.i./ka applied pre-emergence or, especially, post-emergence
after the 2-leaf stage. Other crops on which methazole may be used
selectively include garlic, leek, potato, cereals, maize, sorghum, cotton,
deciduous fruizs, citrus, lucerne, vines.

INTRODUCTION

During the period 1964-1966 many substituted oxadiazolidines were
synthesised and screened in respect of herbicidal activity. One of those which
seemed highly selective on many desirable crops was 2-(3',4'-dichlorophenyl)-k-
methyl - 1,2,4-oxadiazolidine-3,5-dione.

0—C=0

15
=
N 3 4
4:-——»4—-0#13
0

Cl

Under the slightly different nomenclature 2- 3! L'_dichlorophenyl)-k-metnyl-
3,5=-diketo-1,2,4-oxadiazole this same compound was descridved by one of us (Furress,
1970) with the purpose of introducing its characteristics for development as a
herbicide in various crops. Second and third papers (Furness,1971; a,b)
described in detazil the researches which have brought methazole into commercial
use for selective weed control in onion, and a fourth paper (Furness, 1972)
outlining recent investigations on many crops has since been published.




In this report the technical grade 2-(3',4'-dichlorophenyl)-4-methyl-1,2,k%-
oxadiazolidine-3,5-dione is conveniently designated by Velsicol code VCS=4328.
The American National Standards Institute has recently approved the common name
methazole to designate this compound in its pure state. The approved WSSA
common name is bioxone. Trade marks include Probe (Velsicol Chemical Corporation)
and Paxilon (Fisons) for the 7% wettable powder. Methazole can be prepared, for
example, from l-methyl-3-(3',L4'-dichlorophenyl)-3-hydroxyurea by cyclisation with
an alkyl chloroformate or with methyl isocyanate ( Velsicol, 1966).

The pure compound is crystalline and of melting point 124°¢. Its
solubility in water is believed to be between 1 and 2 ppm, and the solution is
basic. Accordingly, it is adsorbed by soil, the capacity for and tenacity of
adsorption being much greater upon soils of high organic content than upon medium
loam or sandy soils. From experiments by Dr. E. Bosch (1970) there is evidence
that its partial vapour pressure at 25 C is too small to enable methazole to exert
any appreciable herbicidal activity through the vapour phase even upon such
sensitive plants as lettuce. Other researches show that the activity of
methazole is manifest in two distinct ways:

(a) by desorption from soil particles and so by
diffusion through the agueous phase of the soil
towards plant roots,

(b) by direct contact with foliage.

In connection with (a) it follows that availability of methazole and its
degradation products for herbicidal activity in the soil cannot ever be directly
proportional to the applied dosage, and that much greater dosages will be required
on organic soils than on light soils to achieve comparable instantaneous residual
activity. It also follows that activity is greater in a moist soil than in the
same soil when dry, that plants whose roots are near the surface will be more
susceptible than plants even of the same species having deeper roots. Accordingly
in testing the selectivity of methazole as between plants of different species we
have to bear in mind not only dosage and soil type, but also rainfall and
irrigation, depth of root formation, precision of drilling. In connection with
(b), possibilities for control of deep rooted perennial weeds will be dependent
much more upon contact of methazole with foliage than upon residual activity in the
soil.

For a compound of suck slight agueous solubility whose performance is so
dependent upon its adsorption and desorption from particles of soil, it follows
also that its most reliable performance in terms of selectivity will be realised
when it can be adsorbed most uniform upon the uppermost layers of soil. Two
factors which contribute directly towards this ideal are:

(i) application of methazole in the most finely-divided
state, preferably as emulsifiable concentrate

) application of methazole to a soil surface which is

already uniformly moist.

(ii
However, as we shall show, there are significant differences between the ideal and
the practicable performance.

The toxicology of methazole is currently under study, and the following data
are now available:




Acute oral toxicity LDsg of technical methazole (94% purity)

To albino rats 1350 £194 mg/kg

Acute toxicology of methazole 7F% wettable powder

Acute oral LDgn to albine rats 1769 =277 mg/kg
Acute dermal LDsy to albino rabbits greater than 10200 mg/kg
cute zerosol inhalation LCs
(4 hours exposure’ greater than 0.053 ng/litre

Chronic toxicology

Ninety-day feeding studies with diets containing up to
been completed in the rat and dog; there were no significant
histopathologic changes

When it ie used in agriculture, met
in plants, the prircipal plant me

N-dichlorophenyl-N'-methyi urea. Now in progress are many other metabclic studies
which are esssntial to the continuing toxicological research

METHOD AND MATERIALS

The low solubilities of methazole in those cheap solvents which are commonly

available for the formulation of herbicides limit the concentration in emulsifiable

and dispersible solutions to about 120 grams per litre. An emulsifiable
formulation is technically ideal for e Hhing such an active ingredient to become
uniformly adsorbed upon the surface cf seed beds of finely-divided ever cilth andy
in fact, emulsifiable concentrates of m lm"ule'é“ ed well in early screening and
field trials; however, the maximum concentration of methazole was too 11 for
economic commercial uses A granular 'u15u10n containing 5% of methazole is
available for tests; but there is evidence that the granular formulation does nol
distribution of methazole which is sufficiently uniform even in the
prepared seed bed.

technical and field developmen a wett e powder containing 7% of methazole.
The preparation of this formulation in a very finely divided state anc the
incorporation of carefully chosen surfactants enables the active ingredient to ke
well dispersed in the water of the spraying tank, hence distributed evenly over
the surface of a seed bed. If that seed bed has been previously moisitened by
rainfall or by irrigation, the methazole dissolves and quickly becomes =dsorbed
uniformly uporn the soil. Thereafter, so long as the soil surface is not disturt
this technigue provides in the 1 -nost layer of soil a reservoir of methazole

1ich is available for residual h jal acti whenever 2 soil is rioistened
naturally by rain and dew or at

For these r ons the greater part of our effort has been ted to the
4+ e
t of

red,




RESULTS

On moist medium loam soil the following species of weeds are susceptible to
pre-emergence applications of methazole at 2 kg active per ha.

Aethusa cynapium

Alchemilla arvensis
Alopercurus _myosuroides
Amaranthus spp
Anagallis arvensis

Atriplex patula
Capsella bursa-pastoris

Centaurea cyanus

Chenopodium album
Chrozophora plicata

Convolvulus arvensis
Daucus carota
Fumaria officinalis
Galeopsis tetrahit
Galinsoga parviflora

Galium aparine
Lamium purpureumn
Malva spp
Matricaria spp

Phytolacca spp
Plantago major

*Poa _annua

Polygonum aviculare
Polygonum convolvulus
Polygonum persicaria
Portulaca spp
Raphanus_raphanistrum
Senecio vulgaris
Silene zlba

Sinapis arvensis
Solanum nigrum
Sonchus oleraceus
Spergula arvensis
Stachys spp

Stellaria media
o ——

Thlaspi arvense
Tripleurospermum maritimum

spp inodorum

Medicago hispida Urtica urens
Melilotus indicus *Veronica arvensis

Mercurialis annua Viola spp

* susceptible only in young seedling stage

Post-emergence also, at the stage L_6 leaves, most of the foregoing species
(excepting those marked *) are susceptible to methazole when applied at 2-3 kg
a.i./ha. Phytotoxic effects are then due to a combination of contact action on
emerged leaves and of residual action through the soil; however, for effective
control of perennial weeds (especially those having deep or extensive rhizomes)

contact action is of much the greater importance.

Among the crops on which methazole can provide selective weed control, by
application either pre- or post-emergence of the crop, are onion, garlic, leek,
potato, cereals, maize, sorghum, cotton, deciduous fruits, citrus, lucerne, and
vines. Details are presented in the Proceedings of the Sixth International
Velsicol Symposium (1972); whereas in this paper we are to confine our attention
to the onion crop.

DISCUSSION

When bulb onion is grown from seed in organic loam soil methazole e.c. can
be used as a pre-emergence herbicide. In this case it is essential that the seed
bed shall be carefully prepared so as to be uniform in composition and evenly of
fine moist tilth. The seed, for example of Rijnsburger type, is drilled at depth
1.5 cm, the soil is lightly compressed over the seed and within 4 or 5 days, while
the soil is still thoroughly moist, methazole formulated as emulsifiable
concentrate is sprayed at 2-5 kg asis«/has In England the seeding and spraying
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of methazole are ususlly in the second half of Aprilj after 3 months the degree of
control over broad leaf weeds may be expected to be 7 when the dosage rate is

2 kg a.i./ha or 9% if the higher rate 5 kg a.i./ha has been employed. In England
and in Europe the onion crop offers little competition to annual weeds, and so the
vigour of the crop is always greatly improved by the action of the methazoie,
although at 5 kg a.i./ha the crop may suffer slight phytotoxicity and the plants
might be reduced in number for example by 10%.

It is important to notice that methazole in its formulation as 7% wekttable
powder may not always be safely and effectively substituted for the emulsifiable
concentrate in the foregoing pre-emergence application.

At the moment of its emergence through the soil, and through the stages of
growth known as the crook stage up to the first true leaf, onion is highly
susceptible to fresh applications of methazole; the crop might suffsr between 50f%
and 100% of damage if methazole were applied, for example at 2-4 kg a.i./ha, at
these stages. However, from the stage of two true leaves, most varieties of bulb
onion suffer no significant damage by the applicaticn of methazole as 75 wettatle
powder within the range 2-4 kg a.i./ha. This discovery can be traced back
through the work of Griffiths and Baker (1970) to Baker and Pfeiffer (1969).

In many countries, it is highly desirable to protect the onion crop as from
the date of seeding. Pre-emergence trestment with chlorpropham, propachlor, or
chlorbufam with pyrazon, already in commercial use for several years, can provide
weed control which is effective up to or just later than the moment of emergence.
From this moment onwards, it is desirable to make use of a post-emergence
technique for weed control; zccordingly, the treatment with methazole as from the
two-leaf stage of the onion can follow the aforementioned pre-emergence kerbicides.

During the 1972 season, for commercial use in England and some European
countries on the varieties Rijnsburger, Primadora, Produrijn, Bedfordshire Champicn
and others, the recommended post-emergence dosage on mineral soils of low organic
content is 2 kg a.i./ha. In experimental work in Italy a similar procecure has
been found safe on the varieties Dorata di Bologna and Dorata di Parmaj but the
varieties Precocissima and Americana were susceptible to damage by post-emergence
applications of methazole, whereas pre-emergence treatments with metha
2 kg a.i./ha were found safe (Kovics 1972).

Methazole may be used for the protection of orion seedlings
transplanted as in the practices of Upper EIgypt and of Sudan.
two-to three-leaf stage can be transplanted directly into a bed whose su
been sprayed just oreviously with methazole at 2-4 kg a.i./ha; zlternatively, the
transplants slready in their new bed can be sprayed after the two-leaf stage at
2-4 kg a.i./ha.

Zahran et al. (1971) showed how methazole may be used in association with
chlorthal, fluorodifen, noruron, nitrofen, vetween 4 gnd 18 days after the date of
transplanting. In an extended series of tests, they showed that the greatest
yield of onion bulbs followed the use of a methazole/chlorthal combination.

Recommendaticns for the use of methazole for weed control in onion, with
descriptions of the supporting experimental work have been collected in a series
of five papers by Edwards, by lake and Griffiths, by Kovacs et al., by Zahran
et al., and by Furness. A1l these papers were presented to the Fifth Internaticnal
Velsicol Symposium (1971). There is alsc a later paper by Furness (19713 b) of
which the text is in French.
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CONTROL OF COMPOSITAE WZED SPECIHS IN TRANSPLANTED LETTUCE

S.D. Uprichard
Horticultural Research Centre, Loughgall, Armagh, N, Ireland

Summary Results are presented which indicated good tolerance by
transplanted lettuce (cv Suzan) to pre-planting applications of
pronamide 1,0 1b/ac, chloroxuron 5.0 1b/ac and prometryne 1.0 1b/
a.i./ac. The weed spectrum of chloroxuron and prometryne can
effectively be widened by addition of 0.5 1b/ac pronamide, while crop
tolerance remains good for the mixtures., Trifluralin at 1.0 and 2,0
1b/ac also appears to be safe in transplanted lettuce,

High residual herbicide soil activity (31 - 43%) at harvest indicates

that extreme caution is necessary in the selection of a crop to follow
lettuce which were treated with the herbicides mentioned.

INTRODUCTION

The introduction of pronamide for weed control in lettuce represented a
significant improvement over earlier methods. Pronamide possesses a wider weed
spectrum than the previously used chlorpropham and was seen to be particularly

suitable for the control of grass weeds. Crop tolerance is also good. However in
spite of its many advantages, pronamide has disadvantages in that it fails to control
certain weed species such as Senecio vulgaris and Capsella bursa-pastcris
(Uprichard and Allott, 1970). Roberts and Hewson (1970) found that pronamide did

not control Anagallis arvensis and, that under warm dry summer conditions its
effectiveness was seriously reduced.

Uprichard and Allott (1970) reported good tolerance of chloroxuron and
prometryne by transplanted lettuce., Both these herbicides control the resistant
weeds just mentioned and they are also less likely to be influenced by seil
temperature,

Experiments were designed to study the effectiveness and safety with which
chloroxuron and prometryne could be used in transplanted lettuce, The use of
trifluralin in lettuce was also thought to merit investigation, it being effective
under dry soil conditions,

MATERTALS AND METHODS

Experiments were conducted on a medium loam soil using transplanted lettuce
(cv. Suzan). Experiment 1 was designed as a split plot with 4 replicates of the
main plot treatments, Herbicide treatments formed the main plots and these were
divided into 2 sub-plots to accommodate the pre and post-planting applications,
Experiment 2 was unreplicated with 9 treatments in a simple randomised design.
Herbicides were applied either pre-planting or 9 days later (post-planting) using an
Oxford precision sprayer and a spray volume of 50 gal/ac. All herbicide doses refer
to active ingredient., The lettuce were planted on a 9 in, spacing with 7 rows on a
72 in, wide bed, Standard fertilizer, pest and disease control recommerdations were
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used throughout, At harvest total number of plants and their weight in 1b was
recorded from the 5 centre rows of each sub-plot. A double row of lettuce was left
as guard plants between adjacent sub-plots. Weed and crop vigour scores were made
on a O -— 5 scale; for weeds O = no weeds, 5 = weeds dominant and for crop vigour
0 = complete death of all plants, 5 = no visible crop injury with healthy vigorous
growth,

Soil samples were taken at O = 2 in, depth from Experiment 1 at harvest and
after air drying residual herbicide potency was measured using the bioassay
technique of Allott and O'Neill (1970). These authors suggested lettuce seedlings
as the most reliable test species, but for obvious reasons lettuce could not be
used in this case, Pre-germinated oats (cv. Stormont Zephyr) were used to measure
residual potency.

Experiment 1

This experiment was planted on 19 April 1972 and the post-planting treatments
applied overhead on 3 May, Trifluralin was applied at 2 rates pre-planting and
incorporated according to the manufacturer's recommendation, The crop was
harvested on 20 June and yield results (1b/plant) along with weed and crop vigour
scores are presented in Table 1.

From Table 1 it can be seen that no significant differences occurred between
pre-planting treatments. Prometryne, pronamide + prometryne and pronamide +
chloroxuron (1.0 + 5.0 1b/ac) caused significant yield reductions (P < 0.01) when

used post-planting. Post-planting applications of chloroxuron alone and the
mixture of pronamide + chloroxuron (0.5 + 2.5 1b/ac), did not significantly affect
crop yield when compared with pronamide alone. Neither rate of trifluralin had any
adverse effect on crop yield.

Pronamide alone, chloroxuron zlone and mixtures of these herbicides, gave the
most satisfactory overall weed control. The main weeds on the site were Senecio
vulgaris, Capsella bursa-pastoris, Veronica persica and Poa annua.




Table 1

Effect on weeds, crop vigour and yield at harvest of herbicides
applied to transplanted lettuce

Total Crop vigour Crop yield
weed score 21.6.72 score 30.5.72 1b/plant 20.6.72

Pre-~ Poste Pre=- Poste Pre- Post=

Hexlicide appdicd planting planting planting planting planting planting

1, Pronamide
(1.0 1v/ac) 1.33 5.00 5,00 0.56 0.67

Chloroxuron
(5.0 1b/ac) ‘ 0.60

Prometryne
(1.0 1b/ac) 0.16

Pronamide
+ chloroxuron )
(0.5 + 2.5 1b/ac) 0.58

Pronamide
+ chloroxuron
(1.0 + 5.0 1b/ac)

Pronamide
+ prometryne
(0,5 + 0.5 1b/ac)

Pronamide
+ prometryne
(1.0 + 1.0 1b/ac)

S.BE. of a difference
Variance within
treatment means

Additional (pre-planting)
Trifluralin (1.0 1b/ac)
Trifluralin (2.0 1t/ac)




Experiment 2

This experiment was vlanted on 19 Aerl 1972 and the post-planting treatments
applied overhead on 3 May. The crop was harvested on 20 June and yield results
(1b/plant) along with crop vigour scores are presented in Table 2.

Table 2

Tolerance of transplanted lettuce (cv. Suzan) to a range of nerbicide doses

Crop vigour Crop yield

score 30.5.72 1b/plant 20.6.72
Herbicide applied Pre- Post- Pre- Post-
HEELIEIEE BiR planting planting planting planting
Pronamide
Chloroxuron

.0 1b/ac 5.00 5.00 0.46
1b/ac 5.00 4,00 4 0.44
Chloroxuron 1b/ac 5.00 3400 0.31
Chloroxuron .0 1b/ac 4,00 3400 0.38

1.0
540
To5
0.0
Chloroxuron 5.0 1b/ac 5.00 2.00 0.26
1.0
1.5
2.0
3.0

.

o

Prometryne 1t/ac 5.00 2.00 0.09
Frome tryne 1b/ac 500 2.00 0.10
Prometryne 1b/ac 4.00 1.00 .
Prometryne 1b/ac 3400 0.00 X

Yield results in Table 2 indicate that transplanted letituce will tolerate up to
7.5 1b/ac of chloroxuron applied pre-pianting, without any significant yield
reduction. However a similar rate applied post-planting would cause crop damage.
Tolerance of lettuce to pre-planting onrometryne zpplications is very limited - rates
above 1.0 1b/ac caused a reduction in yield,

Experiment 3

Soil samples from ixperiment 1 were tuken (0 - 2 in.) i"'e'i"~t'1v after harvest
and these were air dried for biocassay neasurement of resi herbicide potency.
Bioassay results were calculated using statistical analysis of tie parallel line
acsay type and estinates of herbicide residual potency obtained by computing the
relative responses of test and standard soiis until a cencentration was found which
gave a similar response in both. The percentage residual potency indicating the
amount of herbicide activity present in the soil at harvest, is given in Table 3.

The results in Table 3 represent the amount of herbicide activity in soil 9
weeks after application to a lettuce crop. cxcept for Treatment 4, all herbicides
showed a residual activity in the renge 31 = 43%. Unfortunately no estimate for
pronamide alone is aveilable. However it is intereuting to note that Roberts and
Hewson (1970) reported a 40% residual potency for pronamide following a lettuce crop.




Table 3

otency at harvest for herbicides

used in Experiment 1

% Residual
Herbicide Rate 1b/ac potency
20.6.72
*
36.9
43.3

21.3

Pronamide
Chloroxuron
Prome tryne
Pronamide

+ chloroxuron
Pronamide

+ chloroxuron
Pronamide

+ prometryne
Pronamide

+ prometryne
Trifluralin

40,7

41.4

HFHEFFOOWHNOKFWU M
.
coOowVMwUVMoOoOoOUVMUNO OO

42.1
31.6

#*The figure for pronamide is not available.

DISCUSSION

These experiments clearly demonstrate a definite tolerance by transplanted
lettuce to normal rates of chloroxuron and prometryne, However, Experiment 2 would
suggest that lettuce are more tolerant of chloroxuron than of prometryne. Due to
its contact action prometryne caused severe damage when used post-planting.
Chloroxuron on the other hand can safely be applied post-planting, although from
Tables 1 and 2 there is a noticeable tendency for the pre-planting applications toe
result in a higher weight per plant at harvest. Previous work (Watkinson, 1969)
suggested that when applied post-planting, chloroxuron might cause a slight but
acceptable amount of initial crop damage in lettuce, However, the resulis presented
in this paper indicate that pre-planting applications of both chloroxuron and
prometryne are perfectly safe and that no crop damage will result.

The use of either chloroxuron or prometryne in lettuce would enable troublesome
weeds such as Capsella bursa-pastoris, Senecio vulgaris or Anagallis arvensis, to be
easily controlled, While chloroxuron will not control Poa annua, addition of
pronamide at 0.5 1b/ac, would give supression of this weed. In addition to
controlling the compositae weed species mentioned above, prometryne will also conirol
Veronica and mayweed spp., while addition of pronamide 0.5 1b/ac would give improved
control of grass weeds. While the tolerance of transplanted lettuce to trifluralin
seems good, this herbicide's inability to control compositae species would seem to
limit its use in this crop to situations where dry soil conditions are encountered
and where irrigation is not practiced.

High residual herbicide potency values experienced after harvesting lettuce is
not a new phenomenon (Roberts and Hewson, 1970), However this undoubtedly results
not from the particularly persistent nature of the chemical used, but from the short
term nature of the crop (9 weeks from planting to harvest), Growers whc are aware of
this situation and who follow lettuce with a tolerant crop, can avoid the
unnecessary loss of income that might otherwise result.
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