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Summary
Efficient application of herbicides depends
on several factors, which are responsible for
the correct deposition of the chemical.
Correct deposition also means that the
protection of the environment will be
enhanced. Factors which must be consid-
ered include droplet size, boom height, wind
speed, crop openers, wind shields, air
assistance as well as operator knowledge.
New approaches to herbicide application
need to be combined with mechanical
control methods.

Introduction
According to a recently - published US report,
consumers are increasingly concerned about
pesticide residues in their food supply. Pesti-
cides were cited three times more frequently
than all other food issues such as spoilage,
preservatives and other additives (1).

Problems and risks in connection with,
spraying pesticides in field crops are often
discussed in conferences and publications.

. The growing ecological consciousness of
the public is appreciable, unfortunately it is
not without inconsequent emotions which
sometimes prevent relevant and useful discus-
sions and even activities. It is our duty to
explain the correct situation and to tell people
what is the truth and what is going on in the
chemical and engineering development of
pesticide application in order to keep our
environment as clean as possible.

In particular, the intensity of crop produc-
tion in densely populated areas like Europe
creates some controversies between farmers
and other people. Therefore, most technical
activities in recent years have been directed to
measures which reduce environmental and
human influences.

Many of the problems occurring in con-
junction with the application of chemicals in
agriculture may be traced to incorrect, unsuit-
able or even careless use. Consequently,
operators' knowledge, methods and equipment
are frequently of crucial importance, not only
with regard to the intended effect in the treated
area, but also with regard to the more, and
less, distant environments.

Good equipment design and special
operating rules should always be-considered in
order to avoid failures. The following three
demands should always be kept in mind:
1. Unintentional spreading of pesticides into

the surrounding environment has to be
avoided.

2. Sufficient biological control by the chemi-
cal should be achieved with the minimum
input possible.

3. Good safety for the environment, including
soil and water, as well as for the staff
participating in the work, has to be-en -
sured.
These aims end up in special requirements

for the spraying machines and are expressed
by different authors and institutes as follows:
1. Field crop sprayers must be designed so

that the spraying result is of even distribu-
tion and deposition which allows appropri-
ate results to be achieved when using the
lowest recommended application rate.
The boom must be designed such that an
even distribution can be reached independ-
ently of speed and terrain.
Nozzle and filters must be designed so that
uniform and controlled deposits can be
achieved.

2. Sprayers must be designed to allow a good
and easy control of the intended dose. This
includes using either manual or automatic
devices. The volume rate must be capable
of being delivered with satisfactory accu-
racy. Reliable devices for easy calibration
of pressure, speed, nozzle output rate have
to be installed.

3. The sprayer must be designed in such a
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way that unintended leakage does not
occur, and that no residual volume has to
be dumped.
Ways of fulfilling these requirements, and

demands, differ from country to country.
German plant protection law includes a
paragraph dealing with the licensing of new
machine types prepared for marketing. By this
law, the manufacturer or distributor of im-
ported machines has to guarantee, by a decla-
ration, that special specifications are fulfilled
by the machine. This enables the machine to
be registered and to then be available for
marketing.

Herbicide application
Herbicide application is definitely the most
important plant protection operation, consider-
ing all agricultural crops. For Germany its
portion is 62% of the agricultural chemicals
used. Eighty percent of all arable land is
treated with herbicides, 3/a of this area is used
for grain crops, therefore almost all grain is
treated with herbicides. Without the develop-
ment of selective herbicides, today's agricul-
tural production systems would be much
different and probably much less efficient.

However, all progress combines disadvan-
tages with risks. In such cases, technical
development is asked to reduce or eliminate
any drawbacks. Some disadvantages of
herbicide application relate to the disturbance
of the immediate or wider environment, i.e.,
effects to neighbouring crops, pollution of the
air and water and, according to some ecolo-
gists, even the extermination of certain plants.

The consequences are political, legal,
social and economic pressures. These are
encouraging farmers to use, and researchers to
examine, the minimum levels of herbicides
necessary to control weeds. This mostly
involves weed thresholds using integrated
weed control. It also includes studies of the
changes to weed populations when using lower
rates of herbicides and application methods
which lower the risk to farmers and the
environment.

Very often the question is raised, what
difference in yield, particularly in the net
return, is expected when operating with
intensive chemical use on the one hand, and
reduced but purposeful application on the
other.

Thorough investigations over years-id
wheat and barley by the Hannover Experiment
Station have shown interesting results. Five
different application systems have been
compared: no chemical, prophylactic applica-
tion, highly intensive application, lower
amount of chemical application with lower
risk and lower amount with higher risk.

The method with intensive chemical
application always resulted in the highest
yields 150% of the no chemical application.
But there was not much difference in the net
benefit compared to the applications with low
rates. Even when using only 40% of the
intensive chemical use rate, the monetary
return was more or less equal to the intensive
application. But this was only reached when
the application equipment was in optimal
condition (2).

In this connection it reminds me, that the
Danish government has legislated that the total
use of chemicals has to be reduced by 25% in
1991 and a further 25% by 1992.

Environmental problems
The general trend to reduce the total amount of
chemicals sprayed per area led to a reduction
in the number of herbicide applications. Pre -
emergent spraying of herbicides is more or less
out of use. Sugar beet and maize are treated
more or less only by post- emergent applica-
tions with reduced volumes of water. Two
hundred litres ha-' is a common volume rate,
100 litres ha-' is applied more and more
frequently. Reduced volume rates are possible
following the introduction of the new LP, XR
and LU fan jet nozzles. The dispersion of these
nozzles has a more narrow droplet spectrum,
reducing the volume of very small droplets
( <100pm). However, one has to take into
account, that the biological efficiency of .
several herbicides depends on correct droplet
size. Therefore, an inappropriate droplet
spectrum reduces efficacy, particularly when
spraying with low rates.

From this point of view we have to balance
efficacy on the one side, and drift on the other
side. These have to be considered by the
designer of the machine as well as in the
correct adjustment of the machine by the user.

Drift
Drift is caused by several means, not only by
the droplet size. When considering drift we
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should be aware of to what we are referring. A
general definition says that drift is that portion
of the spray liquid droplets, solid particles or
vapour, that is not deposited in the treated
field. An often underestimated form of drift of
a pesticide is in the form of vapour.

Problems caused by drift are various.
Hagenvall (3) listed them as follows:

Risk of acute damage to crops close to the
treated field. This is the most commonly
noticed problem caused by drift.
Risk of other acute damage, in the immedi-
ate neighbourhood, on plants, wild animals,
livestock or human beings.
Risk of long -term damage by way of soil,
air or water, on plants, animals and human
beings.
Risk of pesticide residues in food and
fodder. (Damage is not always visible).
Risk of crop damage in the treated area.
Public concern about the risk of drift.

Factors creating and avoiding drift will be
discussed in the following section.

The droplet spectrum: This is one factor
responsible for the amount of liquid which is
transferred out of the treated area in both the
liquid and vapour phase. Figure 1 shows the
existence time of water droplets and the
distance from the outlet of the nozzle until
complete evaporation. These phenomena are a
major cause of the differences measured by
many researchers when relating the amount of
spray output at the nozzle to that deposited on
plants.

The speed of the natural wind: This will
influence the transport of the droplets consid-
erably (Figure 2). This is exacerbated by boom
height above the target surface which also
adversely affects droplet drift (Figure 3). One
practical measure to avoid the influence of the
wind is to avoid spraying when the wind speed
exceeds a certain limit. Several authors have
pointed out the input parameters needed to
predict the droplet drift. Hagenvall (3) summa-
rized the values for wind speeds between 2 and
5 ms-'. A more detailed assessment by Ripke
(4) from Germany are shown in Figure 4.

Many technical solutions to the drift
problems have been presented in the literature
and probably even more are used in practice.
Figure 5 shows the principle ones:

1. Keeping the droplet size under control.
2. Short distance between nozzle and target.
3. Crop opener.
4. Wind shields.
5. Air assistance.
6. Electrostatically charged droplets.
7. Recycling devices.

Some comments should be added on air
assisted spraying. Compared to no air assist-
ance, the reduction of drift using air assistance
may be reduced by up to 50 %. These results
are consistent in many places, including our
own tests using the HARDI TWIN SPRAY
SYSTEM from Denmark (Figure 6). The
difference in chemical deposition on the top or
underside of the leaves, with or without air
assistance, was very small. However, an
increase of the deposition could be detected
underneath the leaves, although total deposi-
tion on the leaves did not change (5). This
result confirms previous experiments done in
1970 with air assisted field sprayers (6).

When judging the efficiency of spraying
under practical conditions, we have to realize
the age, and consequently the wear, on farm-
ers' machines. Investigations in Germany have
shown that 95% of the sprayers are up to 10
years old. Smaller farms in particular use older
machines; average age 8.5 years.

This may cause application precision to
drop. According to results of sprayer tests in
Germany, faults with the boom and the nozzles
are the most common cause of decreasing
precision. From these tests, it has been discov-
ered that sprayer testing, by authorized dealers
or institutes, at least each second year is very
highly recommended. Fifty to 65% of all
sprayers, depending on the agricultural region,
were tested in 1989 by an extensive testing
network in Germany and neighbouring coun-
tries. This has existed since 1969. In addition
to the testing, each new type of sprayer which
comes on to the market has to fulfill special
requirements. European standards for safety
requirements are in preparation (CEN/TC 144/
WG 1).

Mechanical weed control: Its use is gradually
increasing, particularly for row crops like
maize and sugar beet. There are three main
reasons for this trend. One is the appearance of
herbicide resistant weeds; second is the
accumulation of chemicals in the soil and
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water in sensitive areas; third is the chánce to
reduce weed control costs. In general, me-
chanical treatments alone have not led to the
desired level of weed control. But the combi-
nation of chemical and mechanical control,
particularly for row crops, is increasing. The
chemical is applied in a small band along the
row, mostly from both sides, and the area
between the rows is only hoed by special
cultivator tools (Figure 7, Figure 8b).

An increased growth effect of the plants
has been observed if the soil is cultivated.
Sixty percent of sugar beet and maize crops
are already treated in this way in some parts of
Germany. Seventy percent of the chemical is
saved compared to normal overall spraying.
Special fan-jet nozzles are used with very low
output.

Some farmers are motivated to spray
instead of doing mechanical cultivation,
because of soil compaction. Using small
sprayers mounted on light vehicles with
balloon -tyres enables farmers to work in the
field without significant soil compaction
(Figure 9).

Let me indicate some future trends.
The combination of mechanical cultivation
and application of herbicides will increase
for row crops. Less chemical, less drift and
even better plant growth are obvious
advantages.
Measures for drift reduction by several
methods will become obligatory, at least
under critical conditions.
Electronic control units will become
standard accessories even on medium-

priced machines, together with a coupling
system to the tractor- bus - system. Comput-
ers will measure the area treated, and other
operational data, in order to provide the
farmer with the necessary economic and
planning data. .

The satellite guided trilateration will
become reality as soon as more satellites
and more field maps of the soil characteris-
tics are available (Figurel0).
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Figure 7 Combined spraying and hoeing for row crops
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Figure 9 Light weight sprayer

Figure 10 Trilateration by satellites


