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Introduction

The science of weed control has a solid basis for gaining
importance worldwide. Profitable production and harvesting of
quality crops depend on control of weeds, a fact recognized by
agriculturally-developed nations. For many other nations just
launching programs aimed at achieving agricultural
self-sufficiency and escaping present economic burdens,
weed-caused economic losses and production setbacks have
assumed increased importance, particularly in relation to the
introduction of new, high-yielding varieties and the “production
package' approach,

As with any science, weed control will continue maturing
only as its practitioners expand and refine their research
techniques. Merely testing chemicals for weed control
effectiveness and safety to crops is no longer sufficient. The
safety of man and preservation of his environment must now be
clearly demonstrated through collecting extensive data
concerning herbicides and their residues.

The FIELD MANUAL FOR WEED CONTROL RESEARCH
has been prepared to encourage improved weed control
research, It also has a second goal: to provide flexible
guidelines for successfully carrying out the crucial field
segment of weed control experimentation and research.

Research workers should be aware that, although this
publication primarily concerns control through use of
chemicals, weed control programs require integrated

1



application of other technologies. Seldom will chemical weed
control alone yield maximum benefits; cultural, manual, and
mechanical methods also warrant consideration. Weed biology
and ecology research techniques often bear similarity for
herbicidal, as well as non-herbicidal, weed control. In many
instances several weed control methods can be combined
effectively in a single trial.

The following material makes no pretense of being
all-inclusive (aerial application and aquatic weed research
have been omitted). However, the authors’ combined years of
experience have yielded a body of information that can assist
beginning researchers to establish viable weed control
research programs. More experienced investigators also may
find numerous useful ideas.

L. C. Burrili
J. Cardenas
E. Locatelli

Corvallis, Oregon / USA
June, 1978



1.1 REVIEW AND DEFINE THE
PROBLEM

The common phases of all sound research programs
are:

Planning

v

Execution

Data Coliection, Evalu;ﬁon. and Interpretation

Reporting Results

Planning a research program first calls for a concise
d=finition of the problem (or problems) and a clear
understanding of their magnitude. In the case of weed
problems, which generally associate with a geograph-
ical region and crop, the initial field survey should en-
compass a large enough physical area to firmly estab-
lish the overall situation. Visiting the region at different
periods of the growing season to observe the problem
during various stages, consulting with local farmers,
meeting with commercial enterprises, and discussing
the situation with area extension agents all help to
gain a realistic perspective of the problem.

Frequently a field review will determine that the
initial problem is, in reality, a complex of several
problems. Each individual problem then should be

Research
Planning

{0 Survey the area

O Identity problems

[ Review literature

O Selecttype of trials

ranked in importance, and also assigned a second
ranking according to feasibility of being solved, 1t may
be desirable to give highest priority to problems that
can be easily solved rather than to more serious. time-
consuming, and nearly unsolvable problems,

The careful researcher considers the possible con-
sequences of concentraling on, and eliminating, a pri-
mary problem. The secondary problem, under certain
~onditions, may then assume greater magnitude than
th2 original primary problem. For example, in some
corn growing areas of the world a relatively innocuous
weed such as Cucumis melo, (a wild cucumber) may
be the primary weed and the underlying secondary
problem may be a potentially more aggressive weed
such as Leptochloa filiformis (sprangletop), an annual
grass. Selective control of the wild cucumber may ro-
sult in lower yields due to the establishinent of {he
secondary population of sprangletop. If the problems
are defined, costly errors and waste of precious tima
usually can be avoided.




The scope of problem solving should be limited.
A common mistake involves initiating more research
than can be carried out effectively.

Limit the objectives of each experiment.
A single experiment will seldom, if ever,
provide all the answers to a problem.

All new experimentation should be preceded by a
thorough literature review. If necessary, use telephone
or mait 1o personally contact other workers concerned
with the same probiem to acquire the latest informa-
tion avaiavle, Knowledge of previous experience, not
only indiapensable in developing sound and useful ex-
henrmerts siso prevents needless duplication.

Results reporied for work on a similar prob-
lem can serve as guidelines, but the data
should be veritied under local conditions.

When background information suggests that a weed
control research program should include chemical
maethods. the investigator faces a two-siep choice.
First comos sclection of the mort promising matetials
—=inciuding combinations of compounds—ifor the par-
ucular problem, and climination of totally unsuitable
chemicals,

Secondly. the developmental stage of chemicals is
dso important with a choice of: a.) readily available
commicicial herbicides used for other crops, or being
considered fur use on the crop in question: and b.) ex-
poenmental nerbicides. The attrition rate among  the
latter s tuah, thus decreasing their useiulness for a
research program aimed at developing practical recom-
mendations, Also. under resource and time limitations.
the drgent need for a solution may preclude their use.
However, if time is ample or if available commercial
products wre totally unsuited for the problem, either
early or advance stage experimental chemicals be-
come a possibility.

When alternatives are limited, combinations of
herbicides should be considered. Combinations com-
pare favorably with individual herbicides.

TABLE 1-1
Possible Advantages of Herbicide Combinations

(1) increase spectrum of weeds controlled;
(2) improve consistency of control;

(3) increase tite margin of selectivity to crops due again to
lower application rates;

(4) decrease residue problems for subsequent crops;
(5) combine contact and residual action;

(6) reduce purchase cost associated with a single expensive
herbicide;

(7) retard development of resistant weed species;

(8) possibly cause synergism, thereby reducing amount
needed resulting in lowered cost.

Synergism, as well as antagonism and additive
effects, can be seen under field conditions. Although
true synergism is difficult to prove, there are instances
where increased weed control occurs compared to
what would be expected from a simple additive effect.
Antagonism between different herbicides also exists:
it can be due to chemical, physical, or physiological
incompatibilities,

Increasing the spectrum of weeds controlled results
from careful selection of the herbicides combined. A
useful and frequently applied formula mixes a herbi-
cide with particular effectiveness on grasses with one
having strong broadleaf control ability. An increased
margin of selectivity (or reduced toxicity to crops)
stems from using lower rates of herbicides in combi-
nations than for one herbicide used alone. Lower rates
also cause less residue problem. Teaming herbicides
with differing characteristics can provide both desired
contact and residual activity.

WHICH HERBICIDES TO TEST

a. commercial herbicides
b. combinations of herbicides

c. experimental herbicides

1.2 TYPES OF FIELD TRIALS

An experiment shoutd be planned according to ob-
jectives and based on available treatments, as well as
previous research performed on the particular prob-
lem. Certain general trials can be designed to provide
desired information most effectively. Trials tend to be
recognized by name more than by a specific pattern,
and the nature of the data collected may overlap
considerably,

The levels of experimentation are:

—primary screening trials (multi-crop, multi-herbi-
cide);

—secondary screening trials (mono-crop yield
trials);

—regional and demonstration trials;

—special studies, including weed control systems.
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1.2.1 Primary Screening Trials

Mainly conducted by companies screening a large
number of compounds and by a few universities, these
trials are very early stage efforts to determine the ac-
tivity level of a chemical toward specific species of
crop and weed plants. Experimentation can take place
in either the greenhouse (glasshouse) or field.

The most favorable conditions possible are desir-
able for this type of trial so the chemical can fully mani-
fest its effects. The material is usually applied in a
relatively wide range of rates to establish upper and
lower limits of both selectivity towards crops and ac-
tivity on weed species. Both preemergence and post-
emergence applications can be made, as well as in-
corporated and nonincorporated applications.

The choice of crop and weed species used in pri-
mary screening trials warrants careful consideration. A
region's most prevalent or important crop and weed
species should be included. Expanding the number of
species to include representatives from other plant
families also has utility in that a research worker can—
with caution—extrapolate data suggesting possible
susceptibility patterns of weed species. Perennial weed
species should be excluded from primary trials.

FIGURE 11
Primary Screening Trial Layout

The physical layout of a primary screening trial in
the field usually requires planting long paraliel rows of
various crop and weed speacics. Chemicals being
tested a-e sprayed in 1-2 m swatns at night angles to
the rows. Both standard commercial herbicides—ap-
plied at standard field rales and represcnting impor-
tant “famities” of heibicides—and unticated “check”
plots should be inciuded among the trial’s treatments.

All data obtained from the trial are subtective: that
is, the performance of the treatments is evaluated but
not measured by the resedrchar. The information,
essence. constitutes an estimate of performance and
activity based on standards derived from experience.

Since evaluation of the tnal is stiictly guaitative. a
nonreplicated study may be sufficient providing that
the plot area is uniform and the trial well conductad.
A minimum of two readings should be made for each
plot (treatment), recording reduction in stand and re-
duction in vigor. Toxicity symptoms, if present, should
be described in detail.

The primary screening trial will provide preliminary
information concerning a chemical's crop selectivity



and its toxicity to weeds. Herbicides selected for fur-
ther testing usually combine tolerance to one or more
crops and toxicity to a broad spectrum of weeds. Ex-
ceptions have been made for herbicides that effec-
tively control one serious weed species and few others
(example: trillate and barban for control of Avena
fatua L.).

Extrapolation may be useful when working with
related species. For instance, a herbicide that proves
to be safe on soybeans (legume) may be tested later
for use in f{orage legumes. Caution: extrapolation
should only be used as a guideline and not as a rule.

Herbicides toxic to most of the crop and weed spe-
cies in the screening trial may be candidates for test-
ing on perennial crops and for use as industrial non-
selective herbicides.

1.2.2 Secondary Screening Trials

Herbicides. or combinations of herbicides, that per-
form well in early testing become candidates for sec-
ondary screening trials. This level of research aims at
comparing the performance of experimental (or other)
compounds on specific crops and weeds with estab-
lished weed control practices in the field.

The choice of herbicides nominated for secondary
trial work can be hased on materials that showed prom-
ise in a primary screaning trial. or on information sup-
plied by either chemical-producing companies or other
research sources. One or more of the herbicides com-
monly used on the crop under study should be in-
cluded, whencver possible. Should the best commer-
cial tresiment be a combination of two or more herbi-
cides. then each of the components should also be in-
cluded in the trial as individual treatments. Weed free
and unweeded/untreated check plots also provide use-
ful comparisons.

Factors to compare among the various treatments
are: yield: selectivity towards the crop: injury symp-
toms. their chatacteristics and perzistence as the
rlants mature: weed control (both primaiy and sec-
ondary populations): and any shifts in weed popula-
tion.

1.2.3 Yield Trials

Secondary trials specifically designated to test the
effect of chemical treatments on crop yield—otherwise
known as yield trials—take two forms. One is struc-
tured to assess the effect of the herbicide itself on the
crop. Therefore. weeds not controlled by the treatment
need to be removed by hand or by mechanical means
to isolate effects of the herbicide from effects of the
weeds.

In the second type of yield trial, weeds (those not
controlled by the treatments) are allowed to grow so
that the combined effect of competition and herbicide
toxicity (if any) can be determined. Subjective data

such as weed species controlled and herbicide symp-
toms can also be recorded from yield trials.

The number of separate treatments either can be
reduced or the same as a secondary trial. The weed
complex dictates the nature and number of treatments.

1.2.4 Regional Trials

These are conducled after secondary trials have
provided enough basic information on a herbicide's
performance to justify tests under more divcrse condi-
tions. Yield, injury symptoms, weeds controlled, popu-
tation shifts, and soil residue information should be
noted.

1.2.5 Demonstration Plots

After a compound has graduated from the basic
screening and yield trials, it may be ready lo display
its performance—under local field conditions—to other
researchers, extension personnel, farmers, and the
general public. Demonstration plots are not research
trials, although they can develop useful information.

Usually, demonstration plots consist oi relatively
few treatments, perhaps just iwo or three. One of these
should be the standard recommended treatment, which
may be an entirely diiferent compound, for the crop or
problem under attack.
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The size of the plots should be large enough to
allow proper demonstration of performance.

In some cases, regional trials can function as dem-
onstration plots also, but care must be taken to avoid
damage to the crops if harvest for yield data is planned.



1.2.6 Special Studies

As the name implies, special studies are designed
to provide complementary but essential information on
the perforrnance of a herbicide. For example, tests
could be undertaken to evaluate a chemical’s residual
activity in the soil, compatibility with other pesticides,
or effectiveness in differcnt formulations. Other exam-
ples include presence and extent of residue in plant
tissue, amount of water carrier for optimum perform-
ance of a compound, and weed susceptibility (i.e.,
trials without o crop).

Other special studies do not involve herbicide
pe.formance in 71 given crop, but concern weed or
crop competitio:, effect of other cultural practices and
interactions cn weed populations, effect of weeds on
insect populations and diseases afflicting crops, and
indirect effects of weeds on costs of production (i.e.,
Insect control, moisture requirements, fertility require-
ments, increased cost of harvesting, and decreased
return due to lowered crop quality). A few examples of
special studies are discussed below.

A. SOIL RESIDUE STUDIES—The ideal herbicide
for annual crops remains active only during the time
between planting and harvesting. But there are few
“ideal” herbicides and, in order to avoid problems, the
residual activity of all herbicides must be determined
under a variety of conditions. The most important en-
vironmental tactors affecting soil residue are rainfall,
soil moisture, soil texture, organic matter, and temper-
ature.

Chemical residuality can be simultaneously tested
in the field and greenhouse or laboratory. The mere
presence of herbicide in the soil does not necessarily
constitute a problem; however, a given concentration
of herbicide in the soil may not manifest its toxicity
unless specific stress conditions (drought, high tem-
perature) occur.

A specific herbicide under test should be applied
at a normal rate plus double, triple, or quadruple nor-
mal rate to establish a full range of effects. In the field,
residuality can be estimated directly by planting sus-
ceptible plant species in each field plot at different
times; or, soil samples can be removed from the plots
periodically, transferred to the greenhouse, and used
for growing sensitive plant species. A standard curve
can be derived for each herbicide (tested in the green-
house) by using the same soil with various known con-
centrations of the herbicide. A comparison of plants
grown in known and unknown samples will generate a
fairly close estimate of the soil residue.

An example of a hypothetical experiment to de-
termine the residual activity of a herbicide in the field
fullows.

The same indicator species used in the field can be
planted in the greenhouse in containers of soil col-

lected from the field plots. Evaluation of root growth is
possible also.

EXAMPLE 1-1
Residual Activity Experiment

plot size: 2 x 5 meters
replications: 4

layout: plot herbicide rate*

1 atrazine

2 atrazine

3 atrazine

4 atrazine

7 check
(unweeded)

O O &N -

sensitive species planted: cucumber, oats

data collected: percent germination/stand reduc-
tion

symptons {chlorosis/necrosis)
vigor

fresh weight 15-30 days after
germination

note: no crop, other than test spe<ies,
seeded in the experimental plots.

Highly variable environmental conditions can affect
field experiments. This situation reinforces the neces-
sity of complementary greenhouse experiments where
temperature and moisture factors can be controlled.
The effect of drought or temperature extremes (high or
low) on the manifestation of toxicily in the bioassay
(indicator) species should be noted.

Each treatment should be continued until a maxi-
mum of two, but preferably three, plantings show nor-
mal growth. Planting frequency will be determined by
information available from the chemical companies as
well as other research experience.

B. FORMULATION STUDIES-—Different formula-
tions, as the only variables, can be tested in an experi-
ment. Comparisons shou!d be made on the basis of
equivalent doses (amount applied). The rates of mate-
rial applied should be those that will not completely
kill weeds in the test plot. Overly high rates can mask
small, but important, differences in formulations.

C. VOLUME OF CARRIER STUDIES—The amount
of water carrier needed for optimum performance is
important, particuleily for herbicides applied post-
emergence. In some cases volume needs to be critic-
ally low; for contact herbicides, higher volumes are
required according to the amount of foliage to be
treated. As with formulation studies it is necessary to

* Rate ol application is usually expressed as kg ai/ha, kilograms
ol aclive ingredient per heclare. Sce scction 2.12.9 lor further
discussion.



use sublethal rates of the herbicide to avoid masking
small differences due to volume of water.

D. COMPETITION STUDIES—Often there is need
to assess weed competilion magnitude and timing
within the crop growth cycle both to justify weed con-
trol activities and to help determine feasible ap-
proaches to solving a problem. Weed competition ex-
periments usually involve timing and frequency of
weeding.

Experiments can take two approaches: keep test
plots weed-free for a given number of days after crop
pltanting, or ailow weeds to grow and then remove
them (and keep plots weed-free) a given number of
days before crop harvest. Other treatments may in-
clude weeding from one to three times, according to
the custom in the region.

TABLE 1-2

Various Weeding Treatments for a Short
Season Crop such as Sorghum (Sorghum bicolor)

plot |treatment
1 0-10 weed-free days after planting
0-20 weed-free days after planting
0-30 weed-free days after planting
0-45 weed-frec days after planting
0-80 weed-free days alter planting
0-30 weed-free days alter planting
weed-free
10 weed-free days before harvest
9 20 weed-Iree days before harvest
10 30 weed-free days before harvest
11 45 weed-free days before harvest
12 50 weed-free davs before harvest
13 90 weed-frec days before harvest
14 weeded all cycle
15 weed at 15 and 45 days after planting only
16t weed at 10 and 30 days after planting only
17 | apply standard (commercial) recommended che mical
treatment

[ JRCRY. W NPT XY

Crop stand and vigor, and weed population (counts)
are evaluated. Measurement of crop yield and assess-
ment of crop quality are very important as well. An
evaluation of harvestability can be recorded (just prior
lo harvest) using a 0-10-5 scale: 0 represents full access
to the crop and no weed intereference, whereas 5 iden-
tifies an unharvestable crop due to weeds. Incidence
of insects and discase may be evaluated also.

E. MISCELLANEOUS STUDIES—Greenhouse and
laboratory studies can be carried out to determine the
effects air temperature, soil organic matter (amount
and nature), soil texture, rainfall and moisture, and
other factors, have on herbicide persistence.

Experiments oriented toward cultural practice, ex-
cluding herbicides, can include paramelers such as
soil fertility levels, plant varieties, population densities
(crop and weed), row spacing, shading effect, etc.

1.3 LOCATION OF TRIALS

Site selection is of utmost importance, particularly
in off-station trials. The problems under investigation
should exist at the selected site. Other physical ele-
ments—weed population, soil type, fertility, moisture
and slope—need to be as uniform as possible.

These factors should be considered
when planning experiments so that
necessary adjustments can be made
to compensate for less-than-desirable
uniformity.

Trials can be located either on or off research sta-
tions depending on an experiment's objectives and the
availability of land for plots. Usually early screening
trials are conducted at research station facilities where
crop injury and poor weed control can be tolerated,
(i.e., causing no public concern). Stations may be op-
erated by a government, university, commodity group,
or private industry. Specific trials, such as studying the
control of a particular weed species, may have to be
conducted off-station. While most special study trials
are conducted at a research station, the majority of
regional and demonstration trials are not.

Although the bulk of initial investiga-
tion occurs at research stations, a new
weed control measure cannot be con-
sidered for wide-spread usage until
trials can be carried out under local
farm conditions to assess the effect of
temperature, soil type, weed species,
local cultural practices, and other
similar factors.

1.4 AGREEMENT WITH LAND
OWNER

In establishing off-station trials, careful selection
of a cooperating land owner, or manager, is crucial.
Off-station plots are easily lost due to a number of
causes, most commonly lack of proper communication
between researcher and cooperator.



The cooperator must fully understand what cultural
practices are to be followed and what the experiment's
goals are. He should know his role in the experiment
and should understand that injury to, or death of, the
crop may result and that uncontrolled weeds may make
some of the plots unsightly, If poor weed control
causes damage or decreased yields, proper compensa-
tion should be made to the cooperator. Also, laborers
need to be made aware of the trial and given very clear
instructions as to their role in it.

Plainly visible markers help protect the trial. Since
these are often lost, broken, or stolen, relatively fixed
or permanent objects, such as trees, roads or fences
should be used as reference points.

If yield data are needed, they are usually taken
before the rest of the area is harvested. Many good
trials are lost to over-anxious harvest crews. Fencing
Is required if livestock or wild animals will be grazing in
the area. The trial also should be readily accessible.
Even with the best of plans and security, a researcher
can expect to lose up to one-half of off-station trials.

Agreement should be reached with the cooperating
grower as to disposition of the treated crop. In some
countries it is illega!l to allow crops treated with experi-
mental pesticides to be sold in the market. In this case
the product should be purchased at a predetermined
price and then destroyed.

1.5 LEVEL OF PRODUCTION
TECHNOLOGY

The researcher has to decide whether to modify
environmental conditions, and to what exent, Fer re-
search to yield resuits that immediately benefit farmers
in an area, resour-es must be used that are available to
the farmer. Two examples follow:

(1) If farmers cannot obtain specialized machinery to in-
corporate herbicides, then incorporation during re-
search should be performed as the farmer will do it.

Perhaps a spike tooth harrow is not as effective as a
rotary tiller, but it may be an adequate substitute
when used properly.

(2) Some herbicides are highly dependent on adequate
soil moisture. Research with these hetbicides should
be questioned in low rainfall, non-irrigated areas.

Circumstances may prompt the researcher to use the
most advanced techniques even though the results are
not immediately applicable.
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2.1 ESTABLISHING TRIALS

After the planning stage has been carefully com-
pleted. the researcher is ready to initiate the exper-
iment. The actual establishment of the trial and its
subsequent development can take many iorms. but the
basic principles for all trials are the same. The method
employed is up to the individual researcher. it must be
kept 0 mind that research is costly in terms of money.
effort. and time and that each experiment should be
designed and conducted to minimize errors  while
simultaneously providing the maximum amount of in-
formation per unit of investiment.

o e e
Quality of data depends on design and
technique:

Poor technique . - poor data.

R S

All data should be recorded:
do not rely on memory alone.

o =

Plans and Data should be recorded in duplicate:
keep the duplicates in a separate, safe place.

50—

1"

Research
Procedure

Select site

Layout blocks
Square and mark area
Calibrate equipment

oooo

2.2 SITE SELECTION

As mentioned in the planning section. uniformity is
a main concern when selecling a field experiment site.
Maximum uniformity of weed numbers and species,
soil fertility, soil type, and moisture contribute to r»
liable evaluation of treatments being tested.

Unfortunately, researchers usuallty confront non-
uniformity of one or more important factors. Morcover,
field research is often initiated on newly prepared sced-
beds where differences are not apparent. Frequently. a
compromise regarding uniformity, accessibility, and
inconvenience to the farmer must be made. Roadsides,
row ends., and flield corners should be avoided as
normally being least uniform.

Whether on or ofl a research station, trials should
not be localed vn the site of a previous trial until a
least one, and preferably two, years of unitorm cron-
ping have occurted. Most weed control research leaves
nonuniformity of soil nutrients and weed seeds in
addition to herbicide residues. Herbicides may remain
in the soil at active levels for 6 to 19 months or longel
depending on the herbicide. amount used, and en-
vironmental conditions.

2.3 BLOCKANDPLOT
ARRANGEMENT
When a known gradient exisls, such as a slope or

change in weed species, the blocks should be placed
across the gradient rather than following the gradient.



Incorrect

Correct

DIAGRAM 2-1

Problern: Gradient in fertilily and moisture due to
slope.

The goal in locating blocks is toc have maximum
untormity  within the blacks., Differences between
blocks, althcugh ideally kept low, cain be accounted for
in the slatislical analysis of results,

A cemmon misconception is that blocks must be
located close together, If results can be improved by
spreading out blocks within a field or even in different
flields, it may be desirable to do so. Thus, regional trials
in farmer's lields can be analyzed statistically by con-

sidering each location as a replication. This assumes,
however, that the relative performance of the various
treatments will remain the same and providing that
climatic conditions allow a uniform harvesting.

Weeds tend to grow in concentrated spots, or
patches, within an area, Blocks and plots should be
arranged o ach:eve maximum uniformity both within
and between the blocks, assuming that differences in
soil fertility, soil moisture, and soil type don't constitute
a serious problem.
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DIAGRAM 2-2

Problem: Establish plots and blocks in an area with
patchy populations of weeds.
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Field researchers are often faced with using an area
of restricted size or irregular shape. Size and shape
limitations need not be a deterrent to research as
blocks' and plots can be arranged in a variety of con-
figurations to suit a specific area.

A

BLOCK

ec il Y D)

BLOCK III 1 2 3 :4

BLOCK  I11

BLOCK I 2

BLOCK
111

DIAGRAM 2-3

Examples of various block and plot arrangements for:
3 replications, 3 blocks, and 4 plots (treatments per
replication).
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A researcher can adjust a plot layout design before
a trial is located on the ground when lack of uniformity
is apparent, When preplant or preemergence herbicides
are part of a trial, it is suggested that research blocks
should be as square as possible. A square shape per-
mits space for all treatments while minimizing the
distance required in any one direction. The shorter
distance will provide less chance, theoretically, for
variations in weed population.

24 PLOT SIZE

Plots should be kept as small as possible, but still
provide the desired information without excess vari-
ability. Consideration should be given to the following
factors:

(a) Objectives: plols in screening lrials can be
smaller than in yield trials; demon-
stration plots are usually the largest.

(b) Uniformity of weeds: as uniformity improves,

plot size can decrease.

\c) Type of weeds: creeping perennals require

larger plols than upright an-
nuals,

(d) Type of crop: cassava requires more area than

rice or other small grains,

(e) Equipment: if only hand equipment is used,
plots can be smaller than if me-
chanized equipment is used; plant-
ing, cultivation, incorporation, and
harvest equipment also should be
considered.

(f) Cultural practices: plot size may need to be ad-

justed to fit plant or row
spacing or irrigation systems.

There may be instances where minimum plot size
that will provide reliable data is difficult to delermine.
Analysis of results from a single year of experimenta-
tion based on a desiagn of plots containing nested par-
cels (if previously recorded data are unavaiiable) can
be useful.

PLOT A PLOT B
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BLOCK 1
DIAGRAM 2-4

Plots with Nested Parcels to Help Determine Optimum
Plot Size.
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DIAGRAM 2-5
Establishing Borders in Row Crop Experimentation
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Each plot (A, B, etc.) receives a different treatment.
The results of parcel 1 from each plot are compared
statistically, then the results of adding parcels 1 and 2
from all plots, then parcels 1, plus 2, plus 3, and finally
the total of all parcels from each plot. The results of
calculating the coefficient of variation for each parcel
(or: combinations) are then compared to suggest which
plot size should be considered.

2.5 PLOT BORDERS

Borders constitute the transition zone between
two different treatments. When working with row crops
for yield purposes, at least three, and preferably four,
rows should' be used in each plot so that the outside
rows are not harvested.

A common method establishes plot boundaries
along the center of a crop row; one row thus serves
as the common border row for two adjacent plots. If
space is available, a better system involves placing
boundaries between rows so that each plot has a sep-
arate border row on each side (diagram 2-5).

In non-row crops (solid-seeded crops) a border
area is also desirable. Usually this is accomplished by
spraying the entire plot, but harvesting only a center
portion.

[ v 4

] Prot a

| Prot &

AREA
HARVESTED

L Spray A /

SPRAY ENTIRE PLOT

Spray B

DIAGRAM 2-6
Borders in Solid-Seeded Crops

Some researchers prefer to leave an unsprayed
zone between each plot to facilitate visual estimation
of crop injury and weed control. However, an unsprayed
zone may be undesirable because more area is re-
quired, weeds are not controlled, and yield is re-
duced. These aspects may be especially important for
research conducted on a cooperator's field.
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2.6 CONTROL PLOTS

Control treatments are usually:
(1) an untreated zone;
(2) a weed-free area;

(3) the common weed control practice for a region
(manual, mechanical, etc.);

(4) standard, or currently used, herbicide treatment,

The untreated control, where weeds are allowed
unrestricted growth, has utility for measuring deagree
of control and the gross effect of weeds. Since weads
usually are not permitted to grow complelely unchecked
in commercial fields, the method Is just not commerci-
ally realistic, but can provide usable and even es-
sential information.
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FIGURE 2-1
An Untreated (control) Plot

The control which is kept weed [ree serves to
determine any detrimental effect of a herbicide on a
crop. Numerous limely manual weedings or cultivations
may be needed, performed carefully to avoid damaging
the test crop. Excess mechanical activity poses the
hazard of yield reduction which can complicate or
confuse interpretations of results.

A plot (or plots) given the commonly used manual
or mechanical weed control practice for the crop
being tested often provides useful information. The
standard herbicide (if any) being used in the area
should also be included to provide a basis on which
to judge new herbicides,

2.7 HERBICIDE RATES

The nature of a weed control research exercise
determines the rate(s) of herbicide application. The
objeclive is to select that rate (or those rates) which
will generate maximum information within the scope
of a trial. In a screening trial, from three to five rates
(rather widely spacea) may be used since exacl rale
data is either insufficient or non-existent, An early tric!



could be established with a variable rate (logarithmic)
sprayer to identify promising rates.

When herbicide data are more plentiful, the number
ot rales can be teduced to two or three. |f an approxi-
mate optimum rate is known, one lower and one higher
rate could be used. And once a recommended rate is
eslablished, rates of two, four, and even eight times
should be tesled on a crop. Knowledge of a compound's
upper limit of selectivily (non-effect) toward a crop is
essenlial,

The double rate (two times the recommended rate)
has spccial importance. It simulates the condition of
overlapping spray applications; also, it can develop
vital information if a compound's selectivity toward
a crop falls in a narrow range, but does not manifest
itself under normal conditions. Some herbicides have
been fully developed for use in a crop before someone
discovered that under adverse climatic conditions
{drought or high temperature) selecti /e rates narrowed.
Including rates higher than those recommended helps
determine the margin of safety.

2.8 CULTURAL PRACTICES

Crop research consumes time and money. For these
two reasons, as well as the fact that temperate cliinates
usually have only one growing season per year, every-
thing within reason should be done to assure that an
otherwise useful trial is not wasted due to poor cultural
practices. The best cultural practices commonly used
in an area should be a minimum goal.

Uniformity should be stressed with all cultural prac-
lices. High quality seed of the recommended variety
and proper plant spacing (density) should be used.
Optimum  fertility levels and uniform application are
essential for sound crop growth.

In some areas irrigation is necessary, but crop
production without irrigation is common. Some re-
search stations located in rainfed areas nevertheless
offer irrigation systems. If irrigation is used for herbi-
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cide research under such conditions, it should be done
only with a full understanding of the relationship be-
tween irrigation and herbicide performance.

Many research trials are planted by hand. More
uniform conditions result from one person planting
the entire trial: such a procedure is impractical for
larger trials. The gcal remains: each plot within one
replication should be seeded exactly like its counter-
part plots. One person could seed all of one replica-
tion or plant one or two rows across all of the plots.

To obtain a uniform crop population, dircct seeded
crops can be slightly overplanted and then thinned to
the desired population at a very early stage of de-
velopment. In transplant crops, such as cassava, miss-
ing plants can be transplanted into the trial after the
experiment has begun. Great care must be taken be-
fore replanting to insure that the loss of plants was not
due to toxicity of the herbicide.

2.9 SEEDING WEEDS

To assure uniformily and presence of certain weed
species it is a common practice to plant weed seeds
in a trial area, usually in one of four different ways:

(1) Evenly broadcast the weed seeds over the en-
tire trial area (most common method).

(2) Plant weeds in rows just as the crops are
planted, a method often used in eerly screen-
ing trials,

(3) Spread weed seeds as strips of different species
within the crop itself.

(4) Spread weed seeds in strips separate from the
crop.

Weeds growing separately from the crop are usu-
ally easier to evaluate or harvest, but the competition
factor, often important in controlling weeds, cannot be
observed. Except where weeds are planted in rows
for screening trials, it is usually desirable to mix the
seeds into the soil so that they do not all grow from
one depth. Germination of weed seeds should be
determined before planting so allowances for poor
germination can be made, or new seed obtained. An
unnatural condition results from planting too many
seeds, When weeds are so crowded that they shield
each other from the spray (canopy effect), or when
delayed germination of even a small percentage of
the seeds occurs, the herbicides will often give mis-
leading results.



216 MARKING EXPERIMENTAL
AREA

When an experiment’s plots include trees or peren-
nial shrubs, or are situated along roadsides or ditches,
bright color paint can be used to mark plot location.
Also, brightly colored corner markers may prove use-
ful in protecting trials from unwanted cultivation, mow-
ing, spraying, or other cultural practices, particularly in
off-station trials.

Once the seedbed is prepared, the test area is
measured and plot markers put in place. If the trial
includes herbicides to be incorporated in the soil be-
fore planting (preplant incorporated), the trial corners
should be marked (see squaring method, below) as
well as the plots that will receive the incorporation
treatment. Incorporation and seeding follow spraying
(or granule spreading). The incorporation process in-
volves stirring and mixing the herbicide into the soil
thereby altering seedbed physical characteristics.
There is a choice of methods to restcre desired over-
all plot uniformity:

{a) the plots with incorporation can be rolled or
otherwise firmed;

(b) all plots can receive the same mechanical (but
not chemical) treatment.

NOTE: caution is required during incorporation to avoid
spreading treated soil inlo adjacent plots.

The trial is now ready to be squared and then
staked. Expensive transits, or a simple, easily fabri-
cated sighting device can be used to square a trial.

Even more useful and economical, a triangle with
sides 3, 4, and 5 units long can be employed as a con-
venient and accurate method (based on the formula
a: + b* = ¢?).

Steps for using a 3 x 4 x 5 triangle to establish a
90 degree corner are:

(1) Lay out the front tine from point A to point D.

(2) Measure 3 units (meters, feel, yards, or other)
from A toward D and establish point d.

(3) Extend the measuring lape (string, rope, chain.
etc.) from point A at an approximate right angle
(90 degrees) ‘o line AD to establish o temporary
line AB.

{(4) From point A, measure 4 units toward point B
along temporary line AB and astablish point b

(5) Next measure 5 units from d toward b and move
point b to either side of temparary line AB to
give the full 5 units and create an exact right
angle.

(6) Re-establish point b at the full & urit mark,

(7) Establish point B so as to exactly align with
points A and b.

{(8) Lines AD and AB are now squact with each
other and the remainder cf the tial can be
laid out.

.
Gy i

DIAGRAM 2-7
Using A 3 x 4 x § Triangle to Square Plots
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FIGURE 2-2

Simple Sighting Device for Squaring Plofs

Plols are staked or marked for identitication using
wooden, plastic, motal, o1 wire markers. Wood is the
first choice (of materials) because it will decompose
if accidentally left in the tield. In some cases (e.g.,
expecting aumerous visitors 1o the plot area) it is help-
ful to attach labels to the markers listing plot number,
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treatment, rate, and time of application. Rain and sun-
light cause deterioration and suggest use of permanent
ink or water resistant paint, and, for paper labels, coat-
ing with melted wax after marking. If there is a chance
of bias being introduced when the plots are evaluated,
treatments should not be included on the label. (An
alternative is to evaluate the plots from back to front
without being able to see the labels.)

Plot number

Herbicide code number
or {reatment name

Rate, kg/a.i./ha

Time of application,
pre, pp, ppi, or post

FIGURE 2-3

Plot Label for Demonstration Purposes or for After
Evaluation

211 NUMBERING PiOTS

Perhaps. among all ways of numbering plots, the
most useful can be described as follows: consider the
first block as 100s, such as 101, 102, 103—etc. The
second block will be 200s, the third, 300s, etc. The
first digit always refers to the block and the second
and third numbers refer to plot numbers.



Plotg ———» | |

301{302|3031C” 310|311
201202203 210 (211
Replications
or blocks
101 102 {103 110 |11

DIAGRAM 2-8
Example of Numbering Plots

Some researchers place numbers on plots at ran-
dom as a means of randomizing treatments. This adds
unnecessary confusion to an otherwise orderly process.

212 EQUIPMENT

In selecting application equipment, research work-
ers need to be aware that each crop and herbicide
may present a special problem. Availability, however,
often determines which type of equipment is used.

Many different types and models of sprayers are
available ranging from units specificaliy designed for
research to those intended for commercial use. The
more common types of applicators are manually
pumped sprayers, compressed air or gas sprayers,
logarithmic sprayers, and engine driven tractor
mounted sprayers.
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Primarily for commercial use in areas of non-
mechanized agriculture, this type of applicator is
relatively uncomplicated, rugged, and dependable, im-
portant aspects in areas where repairs and replace-
ment parts may be difficult to obtain. The person carry-
ing the unit moves a lever arm up and down to actuate
the pump. Continuous pumping maintains the pressure
on some sprayers, whereas on other models pumping
is minimal after achieving adequate pressure initially.
Pressure chambers fitted to some models eliminate
variations in pressure,

Manually Pumped Sprayer

Most manually pumped machines deliver spray
through a hand-held lance or wand to a single nozzle.
Frequently sprayers are sold with a cone nozzle; it
should be changed to a flat-fan or flood jet nozzle for
spraying research plots.

N

FIGURE 2-4

Manually Pumped “'Knapsack’ Style Sprayer o

A more uniform application can be achieved, when

using a manually pumped sprayer with 2 single nozzlo,
by spraying the piot area scveral times. The second
spraying should be in swaths perpendicular to swriths

of the first spraying. Replacing the single nozzhe with
a two- or four-nozzle boom may be desirabia 1o gain
more uniform application on larger plots. A pressure
regulating valve and a pressure gauge are alse uselul
additions for research applications.

2.12.2 Compressed Air Sprayer

Although many compressed air sprayers e also
hand pumped, the pumping is performed all at one tune
with the sprayer resting on a surface. not during actual
application. There are also models that we designed
to accept compressed air from a mechanical souee
again occurring prior to actual spraying.

Components include a metal or plastic tank (with
capacities generally in the range of 3-10 liters), many-
ally operated pump with “D” or “T" shaped handie
and plunger, discharge tube, hose, control valve, wand/
lance, and nozzle or boom. Most models are delivered
with a cone nozzle which should be changed to a
flat-fan or flood jet nozzle for spraying most rescarch
plots.



FIGURE 2-5
Compressed Air Sprayer
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FIGURE 2-6
Manually Carried Compressed Gas Sprayer

Pressure is built up in the spray solution holding
tank before starting to spray. Since this type of sprayer
is not pumped while spraying, it operates most effici-
ently when no more than two-thirds full of liquid. This
produces enough air capacily to spray normal sized
plots and also to prevent sudden pressure drops. The
pressure drops are greatest when the ratio of liquid-
to-air in the tank is greatest; small volumes of liquid and
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large volumes of compressed air minimize pressure
drops. A pressure regulator can be added to prevent
fluctuation in output,

The hand-pumped, compressed air sprayer is the
simplest sprayer used in research. It is inexpensive,
usually easy to maintain, and commonly sold for home
and garden use. It can be utilized to conduct effective
research if its limitations are kept in mind.

2.12.3 Compressed Gas Sprayer

Sprayers using compressed CJ, or nitrogen as a
spray propellant have been developed for pesticide
research. They provide rapid spraying {no pumping
required), plus the advantage of constant pressure.

Basic components, in addition to a spray delivery
system of tubing and nozzle (or nozzles), include a
steel cylinder, pressure gauge, and regulator for the
compressed gas. Herbicide solution is carried in a
glass or metal container; glass bottles must be en-
closed within a metal container to protect the operator.

The few moving parts of these sprayers keep their
required maintenance minimal. Nonetheless, they
should be kept in first class operating condition. Al-
though cylinders (for gas) are relatively expensive to
purchase, the gas itself is not. One or two refillable
cylinders are sufficient for average size trials.

2.12.4 Bicycle Wheel Sprayers

These applicators have spray tanks, hoses, booms,
pressure regulators, line strainers, and controls
mounted on a simple framework supported by one
or two bicycle-style wheels. Bicycle wheel sprayers

FIGURE 2-7
Bicycle Wheel-mounted Compressed Gas Sprayer




are very satisfactory for use on smooth ground, bu}
difficult to use on rough ground or sandy soil. They
facilitate keeping a constant height of the boom above
ground level, but are more expensive and difficult to
transport than either manually pumped or compressed
air/gas sprayers. The wheeled type sprayer is usefu!
for spraying larger plots because of its increased ca-
pacity and wider boom. Two wheels provide stability
on smooth ground, but a single wheel is much easier
to push and hold level on rough or sloping land.

2.12,5 Engine Driven Tractor Mounted
Sprayers

Tractor sprayers are usually best suited for larger
plots. The pump is operated by a small auxiliary engine
on the sprayer, or by the tractor engine through a
power take-off shaft. A few tractor sprayers used for
research use compressed air to propel the spray.
Several tanks can be mounted so more than one treat-
ment can be applied in one pass over a plot or plots.
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DIAGRAM 2-9

Water and Concentrate Percentage of Spray Applied
by a Logarithmic Sprayer

2.12.6 Logarithmic Sprayers

The logarithmic sprayer is used mainly for initial
screening of herbicides when a variable, or decreasing,
dosage is desired. It is often used to determine spe-
cific rates in primary screening trials. This type of
sprayer is equipped with two tanks, one for concentrate
and the other for diluent. The desired starting concen-
tration is prepared and placed in the concentrate tank,
(i.e., the high rate of the herbicide); the concentrate
is diluted on a logarithmic scale during application
until only diluent is left in both tanks. Assuming perfect
mixing, the half dosage time in seconds (Dz) is given
by the formula:

0.7 Vo

v

where Vo = volume in concentrate tank in ml.
V = output of sprayer in ml/sec.

=D1/2

Logarithmic sprayers are used commonly to apply
material to single long rows of a few species to de-
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termine a new compound's optimum dosage range. The
specialized nature of the logarithmic sprayer, how-
ever, precludes its wide use in most non-industry re-
search.

2127 General Comments on Equip-
ment

A. AGITATION—Herbicide mixtures require agi-
tation to ensure that material does not settle out of the
“tank mix" during application. This is especially im-
portant when working with wettable powders. Since
most sprayers used for small plot research lack me-
chanical agitators, it is imperative that the herbicides
be well mixed when first placed in the sprayer tark.
This means that there cannol be a long delay between
mixing and spraying. Even so. a thorough agitation
just prior to actual spraying is recommended.

B. PRESSURE GAUGES AND PRESSURE
REGULATORS — All spray applicators need to bo fit-
ted with an accurate pressure gauge and p:essure regu-
lator in order to attain correct spray delivery. Prossues
used for applying herbicides genecrally rang.s fiom 0.7—
2.8 kg. per cm* (10-40 Ibs, per in.-). For an applicator
with a multiple nozzle, wide swath boom. a second
drop can occur between pump and nozzles.

C. HOSE AND BOOM-—A sprayer's conduction
system—the tubing, hose, etc., conducting spray from
tank to nozzle(s)—should be durable, but also light
weight. Inside diameter should fall between 0.5-1.5 ¢in.
Polyethylene or metal, such as aluminum, copper, or
stainless steel, can be used, but not rubber which tends
to absorb chemicals.
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FIGURE 2-8
Components of a 4-part Nozzle

D. NOZZLES—Though nozzle requirements may
differ from one application to the next, the basic func-
tions of all nozzles are the same: to atomize or break



up liquids into droplets and disperse these droplets
into specified patterns, and to determine flow rate in
conjunction with pressure in the system.

Nozzles are constructed of either brass, aluminum,
plastic, stainless steel, or nylon. Accuracy is usually
satisfactory with all new nozzles; however, resistance
to wear depends upon the material selected. Aluminum,
plastic, and brass will wear rapidly if used to spray
wettable powders or other avbrasive materials, Nylon,
stainless steel, and other specially processed nozzles
are wear resistant to varying degrees. The most re-
sistant are usually the most expensive. All nozzles ex-
perience wear when used and need to be inspected
periodically; excessive wear changes the delivery pat-
tern and rate,

Besides wearing out, nozzles are easily plugged by
debris. Nozzles should be cleaned with a soft brush
(an oid loothbrush is useful) and not with hard objects
such as wire or knives, particularly when the nozzle
is made of brass or aluminum.

For herbicides. the most commonly used spray
patterns include the flat-fan and flooding type for
broadcast application, even flat-fan for band applica-
tions, and off-center nozzles for directed applications.

Even flat-fan

Flooding

Off center

FIGURE 2-8
Various Types of Nozzles

Nozzles, even within a given spray pattern, can be
obtained with various spray delivery angles. With the
flat-fan pattern and even flat-fan pattern nozzles, the
most commonly used angles are 65 degrees, 73 de-
grees, and 80 degrees. Flooding nozzles are more
frequently used at wide angles up to 137 degrees.

Wider angles of spray delivery for boom-mounted
nozzles permit a lower boom height (distance above
the target surface) to obtain full coverage, with the
important plus of shortening spray travel and reducing
exposure to wind. Research spray work can be per-
formcu conveniently with a relatively short boom and
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FIGURE 2-10
Angle of Spray Delivery

80 degree fiat-fan nozzles. The boom can be kept
relatively close to the target surface with this arrange-
ment, thus reducing drift hazard while giving a uniform
distribution of spray material over the entire length of
the boom,

Narrow angle nozzles are used when the boom
needs to be higher (or further from the target) to avoid
growing plants, or when the terrain is very uneven,

The wider-angled flood nozzles are used rarely for
research spraying except as a single nozzle fitted to a
manually pumped sprayer.

E. NOZZLE SCREEN—Since foreign matter can
easily plug the small orifice in nozzle tips. a screen
should be placed behind the nozzle tip to help reduce
nozzie plugging. There are two sizes of screens com-
monly available: 50 mesh and 100 mesh. Mesh size
refers to the number of holes per linear inch: a 50-mesh
screen has 2500 holes per square inch. For mos:

herbicide spraying, the 50-mesh screen is satisfactory.
Many wettable powders will not pass through a 100-
mesh screen, so it should be used with only very small
nozzles spraying liquid formulations. NOTE: nozzle
screens also can be referred to as nozzle strainers as
in figure 2-8.

Nozzle dribble and dripping must be kept to a
minimum-—or eliminated, if possible—in small plot
research. Nozzies may dribble liquid after flow to the
boom has been shut off. A nozzle screen incorporating
a check valve will help to eliminate dribble without



otherwise affecting the operation of the sprayer. Care
must be taken to make certain that the ball in the
check valve does not become jammed and that soil or
chemical particiles do not hold the ball off its seat.

F. NOZZLE OVERLAPPING—Only two nozzle
types—the flat-fan and flood type—are designed to
have an overlapping patiern. The even flat-fan and off-
center nozzles are not designed for overlapping pat-
terns; even flat-fan nozzles are best suited for band
applications, while off-center nozzles are for directed
spray patterns, When' possible, tips of overlapping
nozzles should be oriented at a slight angle to prevent
overlapping spray patlerns from hitting each other
and possibly causing excessive dripping.

Front view

L
T

1

Top view
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DIAGRAM 2-10
Nozzle Orientation—Overlapping Spray Pattern

Doubling the number of nozzles produces a ‘‘double
overlap'' or 'double coverage' system. Under ideal
conditions this arrangement double covers the target
area. However, the system is designed for less than
ideal condilions (i.e., rough ierrain or uneven weed
height) to ensure application of at least one-half the
desired rate to all areas.

FRONT VIEW

DIAGRAM 2-11

Double Coverage System for Less-than-ldeal Condi-
tions

If wind is not 3 problem, double-overlap can be
cbtained by raising the boom to double the height

required for single coverage. Any ‘''double spraying"
system should be used with caution on postemergence
applications; the increased volume of water may re-
duce the herbicide performance.

G. EFFECT OF PRESSURE—Pressure regula-
tors control the pressure of spray liquid at the nozzle.
Most small, manually operated application equipment
does not include a pressure regulator; small, inexpen-
sive regulators can be obtained and attached. In the
event of having lo use an applicator without & pressure
regulator to spray research plots, it is helpful to re-
member that a high volume of air in relation to the
volume of liquid will produce the minimum rate of
pressure drop.,

If for any reason the pressure changes, the ap-
plication rate will change, but not in direct proportion.
The relative change in delivery is proportional to the
square root of the relative change in pressure al the
riozzle. Pressure must be increased fourfold in order
to double output,

Pressure and nozzle orifice size determine droplet
size. Higher pressures produce smaller droplets with
greater risk of drift.

H. CHANGING OUTPUT—To change the rate of
spray output, it is far better to change nozzle size and
travel speed (terrain permitting) rather than to change
pressure. For example, to double the volume dis-
charged, either travel speed could be reduced 50 per
cent, or nozzles with orilices twice as large could be
used, Doubling the pressure would cause only a 43 per-
cent increase in discharge for the case illustrated in
Table 2-2.

TABLE 2-1
Effect of Forward Speed on Spray Output

kilometers per hour liters per heclare

2 800

4 400

8 200
TABLE 2-2

Effect of Nozzle Size and Pressure on Spray Output

PRESSURE 1.5 KGM/cm® 2.8 KGM/cm'
DISCHARGE DISCHARGE
LITERS/ LITERS/
MINUTE MINUTE
Nozzle size 8001 0.265 0.380
8002 0.535 0.780
8004 1.060 1.520

43% change due lo pressure
100% change due to nozzle size



2.12.8 Application of Granular
Herbicides

Apphcation of granular “erbicides often presents a
problem to tesearchers since only a small proportion
of herbirides are used as granules and since standard
research application equipment is not readily available,
Lawn fertitizar applicators have been used, adding sand
ar other suitable material as a diluent to obtain a more
uniform distnibution. Holes can be punched in the lids
af smioll containers for spreading herbicides evenly.

Uniferimity of application is critical and thereby a
stminsn vource of error when testing granular formula-
tians.

2.12.9 Calibration and Calculations

The method of applying herbicides to research plots
will be determined by formulation of the chemicals in-
volved (i.e., liquid or granular) and the application
equipment available. A researcher should feel free o
select the method and equipment best suited 1o a
program’s needs so long as accuracy and uniformity
are assured. A critically important facetl of minimizing
experimental variabilily concerns accurately calibrating
application equipment. Small research plots magnify
minute application errors. As an example. a desired
rate of 3 kg of material per hectare based on a 10 m+
plot becomes 3.3 kg per hectare if inadventently ap-
plied to only 9 m-. or 2.7 kg per hectare when applied
to an 11 m- area.

There are tvo general approaches to. or methods
of, applying herbicides: area basis and volume basis.
Calculations for the amount of herbicide needed will
be based on the application method chosen.

A. AREA BASIS—The area of the plot. or plots,
to be sprayed with a particular material at a prede-
termined rate forms the keystone of this system. How-
ever, should less than the full plot width be sprayed,
the area actually sprayed supercedes the full plot area
in calculating amounts,

Note: A small amount of liquid is sprayed at the
beginning edge of (but outside) each plot to be sure
that all lines and the boom are full and that all nozzles
are operating properly, An additional amount is left in
the boom and hoses at the end of the plot. Allowances
are made by adding a predetermined amount of waler
and herbicide. With the area system. this step amounts
to simply factoring additional area into the calculations.
The added area should always be the same for a given
boom. regardless of plot size. buing based on the
extra liquid needed to fill that boom and to check nozzie
operetion. This method is most satisfactorily used with
a sprd/ tank shaped to allow discharge of all the liquid.

Ulcing a predetermined area size permits all calcu-
latinns to be made in advance. Dry herbicides should
be weighed into bottles, plastic bags. or paper en-

FIGURE 2-11 velopes in the herbiciQe storage urea,' bzacause most
) balances do not funclion well under field conditions.
Manually Operated Granule Applicators Liquid formulations cither can be measured in advance
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or measured from original containers in the field im-
mediately prior to application.

EXAMPLE 2-1

Material: atrazine
Rale: 2 kq aclive ingredient. ha
Plot size: 2x5m
Replications: 3

Calculations:
(1) Plot size—2m x 5m == 10m" x 3 replicalions == 30m’
(2) Add 1.5 m-" to allow lor filling boom and hose
(3) One hectare (10,000m’) requires 2000g aclive In-
gredient, 31.5m* requires X g
31.5 x 2000

—— = 6.3g active ingredient
10,000

(4) X =

The commercial product required if the formulation is an
80 per cenl wetlable powder will be:

(5) in 100 grams commercial produci there are 80g
active ingredient;

(6) in X grams commercial product there are 6.3g
active ingredient;

6.3 x 100

(7) X = ———

80

= 7.8g atrazine commercial product.

Caution: The above example assumes the herbicide
and water for all three replications are mixed together,
When spraying wetlable powders, each replication
should be MIXED and SPRAYED SEPARATELY unless
great care is taken to prevent the herbicide from
seltling to the bottom of the tank.

Greater accuracy is also required when all replica-
tions are mixed together: any error in application rate
will not be noticed until the last plot of the series is
sprayed. This iIs especially seiious if all the spray is
used before completing the last plot.

The amount of water required to cover the area
to be sprayed can be determined by filling the sprayer's
tank with clean waler (only) and spraying the area at
the desired pressure and speed and measuring the
amount of water consumed. The operator should then
pace himself by applying the measured amount of water
to a non-plot area having the same size, surface, and
walking conditions as the actual plot. Pacing requires
several passes until the correct amount of water can be
sprayed each time, making sure to actually begin spray-
ing at the beginning of the pacing test and to stop
spraying precisely at the test end as will be the case
in applying herbicide to the plots.

B. VOLUME BASIS—With this method the
amount of herbicide is calculated for a given amount
of waler rather than for a certain area. The volume of
water used usually exceeds that required to spray the
plot or plots; consequenily a method should be de-
vised to assure a constant and accurate speed. A stop
watch serves this purpose. The volume method is use-
ful when plots are large enough to require refilling
the spray tank and when the spray tank design prevents

using all of the liquid. There does not appear to be any
other advantage in spraying small plots by this method.

The first step requires calibrating the sprayer to
determine the output of water, A very convenient
method of calibrating a small plol sprayer is described
by L. Kasasian in his book, Weed Conlrol in the Trenics:

“Pour a measured amount of walter in the sprayer
and, spray 100m* exactly as if one were applying
herbicide. When this is done, measure the amount
of waler left, and by sublraction, calculate the amount
used. Then multiply by 100 to obtain the volume rate
per hectare."

EXAMPLE 2-2

Assume: sprayer applies 200 liters of water ha
Tolal plot area: 3 plols, 2 x5 m each — 30m
Solution: use proportions

liters/ ha X liters 200 liters X litars
m'/ ha 30m- 10,000 m a0m
200 x 30
X == —————— = 0.6 litars for 3 plots
10.000
Since 0.6 liters is the exact amount of waler needed it
spray. 30m’, the researcher might deciae (0 use one liter a
the total velume for edch throe plot seres. The romaining
0.4 liter is used to choek thé nozzles and allow loperar The

amount of herbicide can then be caloulated fur ono Hiot

EXAMPLE 2-3

Compound: atrazine
Desired Rate: 2 kg aclive ingredient ha
Total plot area: 3 plots. 2 x5 m each—30m
Assume: sprayer applies 200 liters of waler i

grams ha xagrams 2000 grams .

liters . 30m® 200 liters 1 hter

liters, ha
2000 x 1
X . ———— 10 grams active ingredient
200

The commercial product (c.p.) required il the formulation
1s an 80 per cent active wellable powder can be calculated
as follows assuming 100 grams of c.p..

100 grams c.p. 80 grams active ingredient

grams of commercial product

grams of active ingredient

x grams commercial product

10 grams active ingredienl

100 grams X
80 grams 10 grams
10 x 100

== 12.5 grams commercial product
80 for 1 liter of water
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C. FIELD SPRAYERS—Occasionally engine driv-
en commercial sprayers are used for large research
and demanstration plots. It is equally important that
these sprayers be calibrated and operated correctly.

Three methods of calibrating field sprayers are:

Method 1
(1) measure one hectare, acre, or other land unit;
(2} fill'the sprayer with clean water only;
(3) spray the area at a predetermined speed and pressure;
(4) retill the sprayer measuting the amount of water

needed to do so.

The volume ol waler consumed provides the calibrated
rate of hguid application lo be used for calculating the
amount ol herbicide required,

The same method can be used for a smaller area:

Method 2

(1

place a marker at each end of some cenvenient length
test strip, e, 100 meters;

(2) fill the sprayer with clean water;

(3) spray the measured test strip at a predetermined
speed and pressure;

(4) refill the sprayer measuring the amount of water
needed to do se and soive the following equation:
10,000 m* ha x liters used
liters ha — —— — e

strip length » width of spray swath

EXAMPLE 2-4
Waler consumed: 8 lilers
Length of test ulrip: 100 m
Width of spray swath: 6m

10,000 x 8
liters/ha —————— == 133.3
100 X 6

Another technique for calibrating:

Method 3

(1) fill the sprayer with clean water;
(2) operale the sprayer at a predetermined pressure;

(3) use vessels to collect the water spray discharged
from one-third of the nozzles simultaneously during
one minute;

(4) have the sprayer move at field speed, then measure
the distance travelled in one minute.

The amounts collected for each are measured, then aver-
aged. The average delivery for onc nozzle multiplied by the
total number of nozzles equals the total discharge.

EXAMPLE 2-5

Total discharge: 8 liters/minute
Width of spray swath: 6m
Distance travelled: 100 m/minute
8 x 10,000 m’/ha

liters per ha = = 133,3
6 x 100

The sprayer has been calibrated at 133.3 liters/ha.
The next step requires determining the area to be
sprayed and the amount of water needed. Recall that
extra water has to be added to fill the hoses and
boom, check the nozzles at the beginning of spraying
operations, and allow for the small amount of liquid
that cannot be pumped out of the sprayer. Usually
30 per cent extra water will be sufficient depending,
however, on the number and size of plots and the
sprayer type.

EXAMPLE 2-6

Plots (replications) to be sprayed: 3
Plot size: ,25 ha
Area =3 x.25 = .75 ha
= .75 x30% = .975 ha
or rounding off, 1 ha.

Herbicide enough to spray 1 ha plus 133.3 liters of
water is required.



213 PRECAUTIONS AND
TECHNIQUES

A few, seemingly minor, precautions and techniques
can mean the difference between acceptable and non-
acceptable data. The following suggestions may help
prevent problems and mistakes during application.

(a) Dry formutations should be weighed in the herbi-
cide storage area and put in individual paper envelopes
or other containers. Liquid formulations can be mea-
sured in the field with a pipette or graduated cylinder;
always use a squeeze bulb for pipetting, never suck
with the mouth. Herbicides at high concentrations can
be toxic. They should be transported to the field in
sturdy containers only and preferably separately from
personnel,

(b) When mixing wettable powders, it is convenient
to have two mixing containers: first add some water
(about 100 m!) to one of the containers and then add
the wettable powder. Stir and mix until a uniform lump-
free suspension is obtained. Then add water to reach
the total volume desired. The suspension is then
thoroughly mixed by pouring carefully back and forth
between the two containers. When ready to spray, pour
the suspension into the spray tank. It is advisable to
mix all formulations in the same manner.

(c) Mixing and spraying a given herbicide shouid
always be carried out in this order: begin with the
lowest concentration, then follow with progressively
higher concentrations, and then combinations with
other herbicides.

(d) Solutions should be applied first, followed by
wettable powders, and finally emulsions. This order is
based on ease of cleaning different formulations out
of spray equipment. The equipment should be thor-
oughly cleaned between different herbicides. A small
amount of detergent or acetone will aid cleaning. Use
care with acetone as it is toxic to humans and is
rapidly absorbed through the skin.

{e) When mixing emulsifiable concentrates and
wettable powders, the wettable powder should be
added first followed by the emulsifiable concentrate.
This will avoid many compatibility problems between
the two formulations.

(fy Drift of spray into adjacent plots should be
avoided. Early morning is often a good time to spray.
Wind blowing across plots is most troublesome. When
the wind is blowing in the direction of the plot length,
spraying should be done with the wind at the operator's
back. In this way, the effective speed of the wind is
reduced by an amount equal to the speed of the
sprayer. This will also prevent the herbicide from
being blown back on the operator.

{g) When applying foliage active herbicides, at-
tention shou!d be given to the rainfall pattern or fore-
cast. To be effective certain herbicides require a mini-
mum period of time in contact with the plant surface.

a7

(h) Many soil applied herbicides require soil in-
corporation by mechanical means, irrigation, or rain-
fall to assure good activity. Weather conditions need
to be considered for these processes as well as actual
applications.

(i) Clean equipment after spraying and store it in
an organized way so it will be ready for use,

(i) A standard application data sheet such as the
one shown in Figure 2-12 should be prepared. This
form should be filled in before leaving the field each
time a research trial is sprayed.

2.14 SOIL PERSISTENCE TRIALS

These tests are conducted to delermine the life
span of the herbicides in the soil in order to establish
the effect, if any, on subsequent ciops or persistence
and accumulation in the environment. Laboratory and
greenhouse tests and field bioassays can be utilized
Laboratory methods involve chemica!l analysis, gas
chromatography, etc., techniques that are much more
precise and quantitative than biocassay methods, but
which require a higher level of sophistication not al-
ways available to the researcher. Howover, lah methods
are inescapably essential lor determining nvironmental
residues.

Bioassay, as the name suggests. comprises re-
search based on using an organism to determine bio-
logical activity—in this case, using indicaior plant
species to evaluate the activity of « chormcal or treat-
ment. While field bioassays are not as precise as lab
methods, they can develop highly practical informa-
tion. Two approaches can be taken: cairy cut residue
trials as an extension of other herbiciue risenrch trials,
or establish specific trials for residual actvity.

2.14.1

Plots utilized for either secondary screening or
regional trials are carefully conserved and one or more
susceptible plant species planted at set time intervals.

Combined Trials
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Soil tillage equipment, if used, shou!d be moved in
the direction of the length of the plot rather than across
the plot, whenever practical, to minimize movement
of treated soil. A new seedbed does not need to be
prepared if doing so is not a normal production prac-
tice. For example, if beans are normally planted be-
tween rows of mature corn with no seedbed prepara-
tion, the soil persistance trial should be conducted the
same way.

As much old plant material as possible should be
removed from the trial site to prevent interferring with
planting the indicator species. The seedbed is then
prepared and—a very important step—fertilized. if fer-
tilizer is not used to overcome unequal nutrient utiliza-
tion by the plants in the earlier trials, there will be
better growth of the indicator plants in the plots which
had the least amount of earlier growth and conse-
quently lowest utilization of soil nutrients. Results of
the persistence work will be masked by the effect of
varied growth due to nutrient levels,

Residue plots should be kept weed free by hand
weeding or by use of a nonresidual contact herbicide.

Bioassays also can be performed in the greenhouse
with soil samples taken from treated areas. These
samples are placed in pots followed by planting sus-
ceptible test species. Effect on germination, growth,
and development is recorded.

2.14.2 Specific Residue Trials

Since no former trial-caused fertility difference
exists, a specific residue trial tends to be more uniform
than a combined trial. A crop usually is not grown; the
susceptible (indicator} plant species (one or more) is
planted at intervals during the growing season and
into the next season if needed. The trial should be
kept weed free.

Selection of the test species is very important. If
a single species is used, it should be kncwn to have
extreme sensitivity to the herbicide. For a second
species, the common rotation crop should be used.
More than one indicator species should be planted
when residual properties of several herbicides are
being tested: for instance, consider one or more grass
species and one or more broadleaf species. The test
species can be either crops or weeds. Some bioassay
species for selected herbicides are shown in Table 2-3.

The type of data to collect depends in part on the
herbicide and its effect on the test species. Plant
counts can be made if the herbicide acts on germi-
nating seeds and emerging seedlings. For the photo-
synthetic inhibitors (triazines, uracils, ureas, etc.), plant
height may Le an adequate measurement if the level
of activity is fairly high. Plant weight (fresh or dry) may
give a more accurate expression of lower residue levels.
Certain herbicides can cause obvious symptoms with-
out reducing plant weight. A visual estimation of plant
vigor or degree of symptoms may provide the most

TABLE 2-3

Bioassay Species Suggested for Selecled Herbicide
Families

SELECTED HERBICIDE

FAMILIES" BIOASSAY SPECIES

Aliphatic halogenated acids  oats, millet, cucumbers. barley.
{e.q., dalapon) wheat, rice

Acetamides crabgrass. oats, batley, ye-
(e.g., diphenamid) grass, pigweed
Acetanilides crabgrass, ryegraus

(e.g., alachlor)
Benzoic acid derivatives

chloramben cucumber  oats axtail pig-
weed
dicamba heans, sorghur. moamning glery
Carbamates
chlorpropham CUCUMDGIS . il Tyearass,
crabaraca
karbutilate sorghurm ol

cucumbier by oy
crabgrase

Diphenylethers
(e.q.. Hluorodiphen)
Phenoxy-derivatives morng alery oo tan pgweedd,
(e.g.. 24-D) tomatoes gt
Substituted ureas CUCUMDET 1yt ity
(e.g.. diuron) oat, muller <oornhuem o
beets crouarass
Thiocarbamates barmyaragrass ot
{e.g., EPTC) qrass. cate !

Dinitroanalines oats, sorghum o v,
(e.g.. trifluralin) TYEqIass

Triazines (e.qg.. atrazine) Ol cucu b reen Lo
2, suaar Lo AT
mustatd, mesaee s alory

Uracils (e.g.. bromacil) Sate, Datley e matted
ghum. prgee g

picloram tOmatoes e d et v
cucumber

* The species listed should be considered aniy s potentiad

bi rssay species; investigators need to carroborate for ol
particular herbicide.

reliable information. In all cases, the test species. if a
crop, can be grown to maturity and its yield recorded.

When the amount of ~hemical remaining active
needs to be estimated, s‘andard curves, based on
plotting known concentrations of chemical aganist
reduction of height or weight of the test species. can
be used. The measured height or weight reducticn
caused by the chemical under test is compared to the
standard curves of reduction caused by known cor-
centrations to provide the desired information.

Conditions such as soil type, moisture, etc.. should
be uniform. This more precise type of experimernt is
conducted ir greenhouses, either by using soil fiom
treated field plots, or by simulating field conditions
using the same kind of soil.



Generally the results of soil residue trials are ex-
pressed as a percentage of the growth of the non-
treated plants.

Herbicides which affect root growth present spe-
cial problems. Under favorable growing conditions, top
growih may be normal. When adverse growing condi-
tions occur, the roots may not be able to support normal
growth.

Since environmental and soil factors influence her-
hicide persistence, persistence in the soil at several
localitins should be tested and each particular set of
environmeantal conditions should be described (type of
soil. organic matter, etc.).

Researchers should note that persistence trials can
L of quite lang duration, However, the effort required
decreases with time since plots in which two succes-
sive notmal growth patterns are obtained can be
discontinued.



Every treatment undergoing evaluation must be
compared to current control practices. Factors to be
evaluated are: economics, safety to the crop, control
of weeds, ease of application, residual activity, com-
patibility with other pesticides, etc. A single trial will
not furnish all the information desired. A research pro-
gram is broken down into experimental units, each
adding information to complete the whole.

An ideal herbicide manifests high selectivity to-
wards the crop, produces a broad spectrum of weed
control with sufficient residual activity to afford season-
long weed suppression, yet does not carry over into
the next growing season. Additionally, it should not
present a hazard to the operator nor be corrosive to
equipment. Its cost should provide a reasonable margin
of monetary gain for the user. Rarely are all of these
ideals met; however, they need to be considered when
evaluating any new herbicide.

3

Research
Evaluation

[ Plan logistics for evaluation
[C] Select methods of evaluation

[C] Perfoin evaluation

3.1 TIME OF EVALUATION

There are several factors lo be considered when
choosing the time for visual evaluation:

CROP—evaluatior~ should be made before the
crop is large encugn to block the weeds from view.

WEEDS—control of established perennial weeds
usually requires more time than control of annuals,

HERBICIDE—not all herbicides affect plants at the
same speed; some act in a few hours while others
may take much longer. If weed mortality is being de-
termined by a single evaluation, enough time must be
allowed for even the slowest herbicide to demonstrate
its effect. Also, when weeds have not been completely
killed, enough time should elapse between evaluations
to allow for possible recovery.

ENVIRONMENTAL FACTORS—generally environ-
mental conditions favoring plant growth also favor rapid
herbicidal activity.

DISTANCE TO RESEARCH AREA—time required
for travel and availability of vehicles may determine the
number of evaluations taken and when.

MIXED APPLICATION DATES—it is rare to have all
treatments applied at the same time in one trial, Early
applications may be ready for evaluation before late
applications.

CROP TOXICITY—toxicity symptoms, especially
from foliage applications, often are apparent for only
a few days following application; evaluations must be
carefully timed to observe these symptoms.
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These factors usually result in a compromise to
allow collecting the maximurn amount of information
within restrictions imposed by time and resource avail-
ability, Often ratings of injury to crops or weeds are
taken soon alter application, as well as at harvest:
control ratings also are taken at 30, 60, or 90 days after
application,

Data obtained from weed control experiments can
bo qualitative, quantitative, or both, Qualitative data,
thouah subjective, are a necessary and useful supple-
ment to quantitative data,

In preliminary screening trials, qualitative data
usually suffice, but in more advanced trials a combina-
tion of qualitative and quantitative data are normally
collected.

3.2 QUALITATIVE METHODS OF
EVALUATION

Subjective methods, as used in qualitative evalua-
tion, are based on established arbitrary scales. Values
1anging dlong a scale are assigned to each species.
The most common method rates percent control of
weeds and percent injury to the crop. Zero percent
indicates either no control of weeds or no injury to
the crop. One hundred percent, applied to weeds,
represents complete control; applied to the crop, it
indicales complete kill.

Variations of the above methods use the scales
0-10; 0-5; 1-5; and 1-9. These are comparable as shown
in Table 3.1,

TABLE 3-1

Qualitative Scales for Rating Degree of Weed Control
and Crop Injury

SCALES

Percent  0-10 0-5 1-5

QR O FSR() —8] s ()

10- 20 1- 2 S

20=- 30 2=-13 L

30- 40  3- 4 2

A 0= 15 0N, S
VALUES 50- 60 5- 6 3

607 ONNETo =~ B

70- 80 7- 8 4

80- 90 8- 9 -

90-100 9-10 5 2
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In the 1-5 and 0-5 systems each number represents
a level of commercial acceptability. One through three
are not acceptable, four is the minimum acceptable
level of control, and five Is excellent controi.

It is difficult to generalize on an accep‘able level
of control. Acceptability depends on the crop and
weeds involved, environmental factors, crop value, and
cost and effectiveness of alternative control measures.

Some European researchers use a more complex
system in which the scale ranges from one to nine
with the value of the scale being reversed between
weed control and crop injury. With this system, the
scale from one through four is the positive range while
six through nine constitutes the negative range,

TABLE 3-2

Suggested European System of Weed Control and
Crop Injury Evaluation

Rating

Scale Eflect on Weeds Effect on Crop
1 Complete kill No ellect
2 Very good Very light symptoms
3 Good Light symptoms
4 Suflicient in practice  Symptoms not reflected

in yield

5 Medium Medium
6 Fair Fairly heavy damage
7 Poor Heavy damage
8 Very poor Very heavy damage
9 No effect Complete Kkill

Other methods compare percent cover and vigor by
species, Again the control plot is used as reference.
Percent cover and vigor allow evaluation of stand
(cover) and growth (vigor).

Changes in weed population and composition from
one plot to another frustrate even the most experienced
researcher. A natural shift in density of a given species,
or a change from one part of the trial to another part,
causes variation. Variation also occurs when a plot
treatment controls the dominant species sufficiently to
allow another species to grow. If the second species s
not present in the control plots, or in plots where the
treatment did not control the dominant species, there
is no reliable way to assess the amount of control in
treated plots. The researcher then has the option of
using a “present-absent’’ system or guessing at a con-
trol level based on population in nearby plots,

On the sample data evaluation sheet (Figure 3.1)
observe that each primary weed species is evaluated
independently and that specific notes are to be taken
long-hand when needed. Weeds can be grouped into
the broad categories of grasses, broadleafs, and sedges
satisfactorily for only the secondary weed population
and then only after a list of these weeds has been
recorded,
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A well-lested, practical technique for making visual
evalualions follows:

STEP 1: walk over the entire test to get an idea of
overall results and any change in crop growth or weed
population in dilferent parts of the trial.

STEP 2: observe the control plots closely.

STEP 3: perform evaluation without knowledge of
the treatments in each plot, except the control plot; to
do this evaluate the trial moving from back to front,
50 thal plot markers cannot be read,

STEP 4: compare resulls in each replication and
double check to make sure that any case of wide varia-
tlon between replications is due to treatments and not
other causes. Do this before leaving the field, If the
resulls of two replications differ significantly, recheck
their evaluation,

STEP 5: il is preferable that two people evaluate
each trial independently so results can be pooled, par-
ticularly with respect to subjective data,

Universal acceptance of one system would be de-
sirable, but will probably not happen. Therefore, each
researcher should choose the system which best fits
his particular. program. All of the methods mentioned
have inherent weaknesses, but can be useful as an
unbiased evaluation, providing an excellent contribu-
tion to understanding of the treatments. Regardless
of the scale used, consistency and objectivity should
be stressed. The researcher has the responsibility to
use his best judgment in recording what actually hap-
pened, rather than just describing the results with no
regard for. non-treatment effects on the plots.

NOTE: In the event of using more than one system
it is important that a careful explanation e included
with each report.

Qualitative data are usually not subjected to sta-
tistical analysis. However, for special purposes, it is
acceptable to do so. When the system includes a zero
value, an appropriate transformation (log, arc sin, etc.),
is usually applied to the data prior to analysis.

3.3 QUANTITATIVE EVALUATIONS

Quantitative measurements provide data that are
not influenced by inconsistencies or the evaluator's
bias. They can also develop subtle differences which
the evaluator may miss. However, quantitative evalua-
tions may not overcome problems of variation due to
factors other than the treatments (i.e., rodents, irriga-
tion patterns, equipment, etc.).

Collecting quantitative data consumes time and
money. Collection should occur only with a planned
objective in mind and with trials designed to provide
maximum needed information. Special attention should
be given to:

— Planning (experimental design, plot size, num-
ber of treatments, number of replications, and
number of experiments);

— site selection (represents area, travel time, ade-
quate control);

— cultural practices (uniformity—often more im-
portant than level of inputs, pest control).

There are several classes of quantitative data.

3.3.1 Weed Counts

Actual density of weeds can be useful information
when interpreting either visual evaluations or yield data.
However, weed counts fall to reflect the practical effect
of a few large weeds compared with a large number
of small weeds.

Weed counts can be made by placing a quadrate
at random locations in plots and counting plants within
the quadrate. Size of the quadrate and number of



counts made within each plot should depend on plot
size and weed density. Quadrates should not be placed
completely at random when there are areas within the
plots which have been influenced by factors other than
the treatment, i.e., rodents, irrigation, equipment, etc.

_ ~ A R e st .

Using a Quadrate to Count Weeds

3.3.2 Plant Weigkt

Research with perenniai crops, forage crops (and
in other experiments where the crop cannot be carried
to maturity) frequently incluies harvesting all or part
of the plots and recording fresh weight, The species

Weighing Plants in the Field

are then separated by hand and weight of individual
species determined.

Often, each sample's dry weight is determincd to
eliminate errors caused by unequal water loss hotween
harvest and weighing fresh samples, Dry weighis alone
do not yield definitive data due to large wator ~antant
variations of different species.

3.3.3. Plant Height

With many annual crops, forage crops, young wandy
perennials, and trees, plant height provides a useful
measurement of herbicide toxicity and weed competi-
tion. Plant height—as well as plant weight and weed
count—data are often collected to supplement finat
yield data and may or may not correspond to final vield.
Measurable differences in physical characteristics of a
plant often have no effect on yield.
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Sampling Areas for Solid Seeded and Row Crops




3.3.4 Sampling Area

One or more of the above measurements can be
collected from yield plots if yield data are needed. An
effort should be made to minimize disturbance of plants
in the area to be harvested. When the crop is solid
seeded, such as wheat or alfalfa, measurements can
be made in a separate area of the plot leaving another
area undisturbed until harvest time.

Corn, beans, and other row crops can be measured
relatively easily without disturbing other plants,
Separale areas should be used if measurements in-
volve culting or pulling plants. Harvesting equipment,
if used, must be considered when determining the size
of the various areas. Hand harvesting allows much more
flexibility and smaller sampling areas.

3.3.5 Crop Yield

The final—and most important—lype of quantitative
data is crop yield. Recommendations for cropland use
of herbicides must be supported by good yield data.
The majority of the preceding quantitative evaluations
discussion applies equally to the collection of yield
data. However, there are additional factors which de-
serve special attention.

The number of treatments should be minimized to
allow harvest during a reasonably short time period,
preferably one day. Experiments should be harvested
by replicalion to reduce differences in results if harvest
is interrupted,

Special problems arise for crops such as tomatoes
and cucumbers that ripen over a period of weeks and
which must be harvested every few days. These condi-
tions present high potential for error. In such cases, a
period of time may be established for harvesting all
ireatments and no data taken thareafler.
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Another problem develops' when herbicide treat-
ments, or weed competition, delays or hastens crop
maturity. Whenever possible, each plot should be
harvested at the proper time or corrections made—
mainly for moisture content—particularly in seed yields.

Moisture adjustments should also be made to help
standardize data. Proper data interpretation becomes
difficult if moisture content is not given or if a wide
range exists between different experiments.

Adjustments in weights can be made using the fol-
lowing formula:

100-M (measured moisture content)
recorded weight x

100-D (designated moisture content)

EXAMPLE 3-1

Recorded sample weight: 450

Measured moisture content: 16 percent
Designated moisture content:

100-16
450 x ———— = 440 at 14 percent
100-14

14 percent

Even with the best planning and greatest effort,
many experiments are rendered valueless by uncon-
trolled factors causing excess variation in results. Re-
searchers must recognize, as early as possible, when
to abandon a trial. Though it is not easy to discard the
results of considerable effort, it is even less desirable
to continue work that will produce useless or mislead-
ing data,

Visual evaluations may be more useful than quanti-
tative evaluations when faced with non-uniformity, A
biologist is often able to make allowances for varia-
tion due to non-treatment factors such as insects,
disease, rodents, and weed or crop population,

Statistical and sampling techniques may be avail-
able to avoid the loss of all data. For example, yield
may be taken on a per plant basis rather than a per
plot basis if plants have been damaged in some plots.
Treatments or blocks can be discarded without seri-
ously affecting the analysis. It is usually helpful to con-
sult a statistician when coping with such problems.



After plots have been evaluated and harvested, the
resulting data should be statistically analyzed to pro-
vide an objeclive method for assessing whether experi-
mental treztments or uncontrolled variation and chance
caused differences. Al the previous work and planning
supporting execution of the experiments can be wasted
if harvest or evaluation data are handled carelessly or
errors are committed in analysis.

41 PLANNING FOR ANALYSIS

Researchers should apply equal care to each step
in the experiment design and data analysis process:

— definition of research objectives and the experi-
mental design;

data recording and preparation;

— statistical analysis;
— interpretation and utilization of the results.

Planning for statistical analysis begins at the time
the experimental design is determined, long before
planting. Researchers should clearly define the hypo-
theses under test and then adopt an appropriate design
for testing them. If the appropriate experimental design
or slatistical procedure is unclear, consult a trained
statistician during this initial planning stage. Serious
flaws in experimental design (e.g., failure to use ran-
domization, or failure to replicate treatments) will
.avalidate any statistical analysis of the results,

Every effort should be made to record initial data
accurately. Recording directly on prepared forms fa-

Data Analysis
and Statistics

(] Design experiment to tacilitate
analysis

{71 Carry out statistical analysis

[0 Utilize analysis in reports

cilitates comparing replications. Questionaul: numbers
are obvious immediately: the accuracy of precedmag
evaluation, harvest, or weighing oprratons cun be
checked on the scene. Revisiting the plaot ot this point

can often correct an error.

Similar care should be exercised in adjusting raw
data to a constant moisture content, or converting
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small plot yields to more meaningful area basis (e.g.,
per acre or hectare). Arithmetic should always be
double checked.

4.2 STATISTICAL ANALYSIS

This section does not provide a ‘‘cookbook’ list
of specilic formulas and statistical procedures. Ideally,
a field researcher should be familiar with basic sta-
tistical procedures for detecting differences among
treatment results, and capable of consulting statistics
references when needing special procedures for
handling new problems or to review computational
formulas.

There is no substitule for personal knowledge of
fundamental statistical methodology. Understanding the
theory, limitations, and potentials of statistical pro-
cedures makes the field researcher a more effective
scientist, Recognizing the importance of minimizing
experimental error to obtain significant differences
reinforces the researcher’s incentive to select sites,
lay out blocks, and implement treatments to achieve
maximum uniformity for all factors except the treat-
ment variables being studied. Comprehending statisti-
cal procedures enables the researcher to salvage con-
siderable data from ‘lost” plots, or when errors are
made. Finally, knowing statistical analysis requirements
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enables the researcher to design experiments achieving
particular objectives with minimum time and money
expenditure.

Once the experimental design has been established,
evaluations and harvest completed, and data prepared,
actual statistical analyses can be carried out by hand
or computer. The researcher should ensure that all
tests and analyses relating to detailed questions of
interest are performed. A conventional analysis of
variance over all treatments is often just a first step;
further tests are needed to make more detailed gen-
eralizations.

Statistical tests, by themselves, are only a tool to
determine if significant differences exist among treat-
ments. The researcher carries responsibility as a
scientist to attempt to explain why certain results were,
or were not, significantly different. Often special knowl-
edge of an experiment can shed light on these ques-
tions. Results should be compared with other similar
research and an effort made to resolve differences.

Finally, statistical analysis results should be utilized
in making recommendations or performing additional
analysis. If treatment A" shows no significant perform-
ing superiority to treatment “B" at the established
confidence level, and this result is consistent with
previous work, then the two treatments must be re-
garded as equally effective until further evidence is
available. For an economic analysis of the results,
equal yields should be assigned to nonsignificantly
different treatments. Substantial but nonsignificant dif-
ferences in treatments can and should indicate promis-
ing directions for future research.

4.3 ECONOMIC ANALYSIS

Since farmers worldwide generally respond to eco-
nomic incentives, many reseaarch and extension com-
munications that describe weed control techniques
should also present economic analyses—in terms of
direct cos's and benefits related to weed control.

Both agronomic and economic factors continually
evolve with time thereby creating uncertainties. These
uncertainties should be incorporated into the economic
analyses; the degree of, and procedure for handling,
economic uncertainty should be explained with the
same vigor used to discuss technical uncertainty.

Economic analysis of agronomic experiments can
be most effectively performed in cooperation with an
agricultural economist. The economists’ input should
be solicited and considered before, rather than after,
establishing field experiments. The various costs and
benefits associated with weed control need to be de-
fined. Considering a particular crop, or an entire farm-
ing enterprise, or the overall social welfare will de-
termine the nature of technical economic measure-
ments required in a research trial.



5 Recording

and Reportin:
Results g

[ Caretully note and record tull
information

[0 [Include sufficient information in
reports

Many useful experiments are conducted each year
and never reported, while many others that are re-
ported lack important information. Failure to record and
report results and supporting information essentially
cancels most of the effort and resources required to
conduct an experiment. This situation holds true for
both research organization work and for large farm or
plantation research that has a goal of immediate pro-
duction use. The latter case may be a report intended
for limited usage, but it should still contain sufficient
detail to enable future close duplication of the research.
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For reporting a series of similar trials, some of the
repetitive information possibly may be grouped. There
are the several classic categories of information to
include in a report.

5.1 BACY.GROUND INFORMATION

Background information should consist of the
definition of the problem’s nature and extent with a
concise discussion of the problem including a reference
to the activities or decisions that prompted establishing
the experirients.



52 MATERIALS AND METHODS

Faguipment, materials used, cultural practices, ex-
periment location, people involved, methods employed,
and experimental design should be set forth briefly
andin such a way that allows a reader to duplicate the
vtk under similar conditions.

5.3 APPLICATION DATA

All the information recorded when treatments are
applied should be included in this section. Soil type,
species and cultivars present, soil and air tempera-
ture, weather conditior,, dates, stage of growth of
crop and weeds, herUicide treatments, spray additives
and type and volume of carrier are examples of in-
formation to include.

54 RESULTS

Data are usually presented in tabular form. The
heading of the table should be brief, yet descriptive
enough not to force the reader to refer back to the
text. The title, location, and date of the experiment
should be included. Headings used for data columns
need to be readily understood, perhaps requiring an
explanatory footnote.

Reports may be read and used by people unfamiliar
with the research area. Hence, the report has to pro-

Weed Control in Pinto Beans
Malheur Experiment Station, Ontario, Malheur County, Oregon, 1975

Visual Evaluations®

- % Weed Control

1bs _% Crop Injury Barnyardgrass Pigweed Purslane Lambsquarters

Treatment, _a.i./A Rl_R2 R3 Avg Rl R2 R3 Avg Rl R2 R3 Avg Rl R2 R3 Avg Rl RZ2 R3 Avg
ethalfiuratin 1.0 ppi 10 5 5 7 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
fluchioralin 15 ppi

+ bentazon ¢+ Y post 15 20 25 20 100 98 98 98 100 100 100 100 100 100 100 100 100 100 100 100
pero<alin .25 ppi 0 20 10 10 98100 99 99 99 100 100 99 99 100 100 99 99 100 100 99
pennsalin 1.0 ppi 50 40 30 40 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
pruoaalin 1.5 ppi 65 70 70 68 100 100 100 100 100 100 100 100 10G 100 100 100 100 100 100 100
HOE 23308 2.0post 0 10 10 7 100 100 100 100 0 0 0 0 0 0 0 o 0 0 0 O
HOE 230 4.0 post 3G 20 20 23 100 100 100 100 30 40 40 38 30 40 40 38 30 S50 40 40
deamadiph e 1.0post 85 60 70 72 20 50 40 37 100 100 100 100 100 100 98 99 100 100 100 100
SH LTS T.Opost 0 0 0 0 0 0 0O 0 95 95 90 93 98 95 95 9 98 98 95 96
SH3nnl) .Gpost 5 5 5 65 90 90 90 90 98 95 98 97 98 98 98 98 98 95 98 96
Cheet ) - - . s - 0 0 0 o0 0 0 0 0 0 0 0 O 00 0 0
Svaluation Scale: 9 - no kill, 100 = complete kill Evaluated July 28, 1975
penoxalin gt 1.5 /A rate had reduced stand, caused growth reduction and the chlorosis of lower leaves.

ethalfluralin seoms to have good cantaloupe tolerance emerging from seed.
peno-alin at 1.5 16/A has contralled mallow,

Application Data

Goreral Informaticn

Crop - Dry beans (Pintu) Date: Jure 30, 1975 July 10, 1975
Plot size - £ rows » 35' Conditions: Preplant incorporated Postemergence
Soil type - silt loam Method of Application: Broadcast Broadcast
Soil orgeanic matter - 1.3% Carrier volume 40 gpa 40 gpa
Irrigation - furrow Nozzle size 8003 Teedet 8003 Teedet
Pressure 35 psi 35 psi
Stage of Growth:
Dry beans Preemergence Emerging; first
trifoliate
Barnyardgrass 1-4 leaf
Redroot pigweed 2-3 leaf
Purslane 2-3 leaf
Lambsquarters 2-3 leaf

FIGURE 5-1
Presenting Results Data—Tabular Format
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Control of Echinochloa crusgali (barnyardgrass)
in flooded rice: yield effect
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FIGURE §-2
Presenting Results Data—Graph Format

vide enough information to help them interpret the
data. Many times data alone will present a confusing
picture; written discussion of the results, and the
factors influencing them, may be more useful than
the numbers. The petson on the scene and most
tamiliar with the experiment usually can best provide
interpretations. Figures presenting results in graph
form may provide a desirable alternative to the usual
tables.

1






6 Safety

6.1 HERBICIDES AND SAFETY

Herbicides are chemicals and must be handled with
caution. Although most are relatively non-toxic com-
pared to other pesticides, some, such as the substi-
tuled phenols, are highly toxic.

Toxicity can be acute or chronic; attention often
focuses only on the acute form. Less information is
available on chroric toxicity; however both forms
should be kept in mind. For instance, researchers are

[[] Use safe procedures to store, handle
and apply herbicides

[0 Know and be able to employ first aid
measures

[] Follow approved disposal techniques

more likely to sulfer chronic toxicily from hanaling
herbicides than acute toxicily from swallowing them

Herbicides can be hazardous when ingesled, ab-
sorbed through the skin. splashed into the eyes, of
inhaled as spray or dust. The general rule: for inges-
tion of noncaustic malerials, induce vomiting; for
caustic materials, vomiling should not be induced.
In any event, material should not be allowed to get into
the trachea and lungs (respiratory system). For skin
contamination, the exposed area should be thoroughly
rinsed with water followed by an extensive washing
with soapy water and then a second thorouah rinse
Eye contamination requires thorough multiple wash-
ings with clean water.

A person with the first suspicion of complicitions
should be taken to a hospital for surveillance and
medical care,

In some regions there are reference ceniers on
poisoning that can be contacted for information, or in
case of emergency. Researchers working in areas
where this service is not available should keep a lisl
of first aid measures handy for the different types ot
herbicide intoxication.

Labels of commercially available herbicides should
contain indications as to toxicily, and some contain
first aid measures. This information s usually not pro-
vided' with experimental herbicides. Consequently the
latter should be handled as dangerous materials.



ALWAYS READ AND HEED THE HERBICIDE LABEL

Toxicily is most commonly expressed in the form of
median lethal dose (LD..). The LD., alone is not suf-
ficient since it only indicates the dose which Kills
f0% of a given population (i.e., that dose at which
50% of a given population of test animals dies). It says
nothing of the dosage range causing death or of the
noen-lethal effects,

TABLE 6-1
Variability in Lethal Dose

Ve ey -Compeund B

Cornpound A i

N

i | A}

(S -

TABLE 6-2

Different Compounds, Same LD ., Different
Dose-Response Curves

Fo v
|

ettt Rl d

Compound B-

e 4..“:;,.‘.“ 10y
Compound A~ .
Yo
ol . '.:’/"'.', LD,g
boyoen o LDy
\ e Hi

Note: these data are based on laboratory studies, Test
animals, such as rats or dogs, tested under artificial
conditions, may respond differently than humans. These
data should be considered principally from a compara-
tive point of view. Based on this information, side ef-
fects on animals or the environment which develop
over a long period of time are very difficult to predict.
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TABLE 6-3

Hypothetical LD;, Response of Different Animal
Species to th . 5ame Compound

Response
(% of individ-
uals kitted)
Rats Humans Rabtuts
//]’\‘ :-" o
i/ \ :
/ [
! v
/ \ S
// .\
4 N
- /’ \~
0= : .
0 LDy LDy, LDyo
Dose

There may exist many serious harmful effects short of
death.

Dosage-mortality relationships such as LD.., help to
clarify varying individual or group reactions to a poison.
Thus they are useful in comparing pesticides and sus-
ceptibilities.

Personnel likely to be in contact with herbicides
should have a thorough understanding of each com-
pound's toxicity, initial toxicity or allergy symptoms,
and first aid measures.

All crops which have been treated with non-
registered herbicides should be disposed of in an ap-
propriate manner. They should never be used for food
or feed. All reasonable attempts should be made to
reduce the risks involved in herbicide usage. Herbicides
should be used, not abused. Improper usage may re-
sult in damage or harm to humans, animals, the crop,
or vegetation in general.

MOST TOXICITY PROBLEMS ARISE WHEN
HANDLING CONCENTRATED MATERIAL.

WARNING

KEAP AWAY from POED or FOOD PRODUCTS

POISON

CAUTION—=DO NOY DROP
LAKING DON'T SRS

This 48 1o cortify tRT the comterts of 1N pachage
M8 propecty bed by neme and are packed
Whd merked and are N Gropm (oAdion o
ransporiaton sccording 10 1he Reguls
tioms prescribed by 1he Depart
mant of Irsmportation

Shippee's home required
90N for Ahp

manty
farags




6.2 HERBICIDE STORAGE

Herbicides should be stored in a specific room,
shed, or area having a lockable entry with key(s) as-
signed only to authorized individuals.

The storage area should be maintained above freez-
ing temperature and protected from excess heat; use
a fan if necessary. Adequate ventilation is also essential
and a washable floor (preferably concrete) desirable.
Sunlight entering the area should be kept off glass
containers to prevent light-caused degradation.

Store herbicides in an orderly system: they should
be dated on receipt and discarded after two years if
intended for research work (one year in the tropics).
A periodic inventory helps to maintain fresh, adequate
supplies of herbicides.

It is imperative that there be no smoking around
chemicals. Most solvents used to dissolve herbicides

FIGURE 6-1

Disposing of Pesticide Containers

are flammable so the use of matches, flame, ot
cigarettes may cause a serious accident. Storage and
mixing areas should be equipped with a chemical
fire extinguisher.

Herbicide supplies should be inventoried periodi-
cally and old, outdated materials discarded. Perhaps
the best method is application on a crop at the recom-
mended rate. Attempt to precisely calcuiate the amount
of new chemicals required lor the year and do not
request excess; avoid accumulating materials that will
deteriorate with age. Farmers also should be advised
not to buy more chemical than will be used during the
period that it is factory-guaranteed to he aclive.

6.3 DISPOSAL

Herbicide containers (drums. cans. bottles. etc.).
though appearing to be empty, may still hold traces
of herbicide. All such containers should be rinsed
thoroughly, perforated or broken. and disposed of by
burying. Never reuse former herbicide comtainers 1o
carry walter, etc. Certain materials are not decomposed
by burning: therefore, humans and animils snhould not
be exposed to the smoke from burning conliiners.

Waste water from the preparation area needs to be
carefully controlled. It should not be allowed to tun
into an area where it may be used by humans or ani-
mals; also, it should be kept away from crop irrigation
systems.

Do not dump excess chemicals after spraying. ex-
cept in a specific disposal pit or other arca that will
not result in land, crop, or other environmental con-
tamination.

6.4 APPLICATION

Certain safety steps should be observed when
spraying herbicides.

6.4.1 Wind

Avoid spray applications when blowing wind will
cause spray to drift onto nearby persons, crops, or
test plots. Spray can be applied during moderately
breezy conditions provided application moves i the
direction of the wind; spray will then be blown away
from, not onto, the operator.

When wind is a problem, reduce driift by using
nozzles that emit a coarse spray. Also operate & spriyer
at the lowest possible pressure consistent with spray-
ing needs and label recommendations.

6.4.2 Protective Gear

For his own safety, a person applying pesticides (an
operator) should understand the potential hazards to
himself and others and should be properly motivated



to tak»> necessary precautions. An operator should both
change clothing (and have it washed) and bathe
thoroughly with soap and water after each day's spray-
ing nrerabions, Pratective clothing should be worn
{depending oo the toxicity of the herbicide being ap-
plicd incladimg a long-sleeved shirt or coat, hat, rubber
gloves, resoirator, and eye protector. In hot humid
climates such clothing will not be comfortable, but
should be used when ndicated.

FIGURE 6-2

Wearing Protective Gear During Application

COMMON SENSE AND CAUTION WILL PREVENT
MOST TOXICITY PROBLEMS

Common sense and an accurate, cautious approach
lo research will prevent most problems. An operator
must not drink, eat, or smoke while spraying or han-
dling herbicides.
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7 Measures
Equivalents
Conversions
and Rates

7.1 THE METRIC SYSTEM

The fundamental unit of the metric system is the meter (unit of
length) from which the gram (unit of mass) and the liter (volume) are
derived; all other units are either the decimal subdivisicns or multijles
thereof. The three basic units are related, so that for all jractical
purposes one kilogram of water equals one liter or one cubic declmeter.

Many metric texrme are formed by combining six numerical prefixes
with the base units.

Ten of one metric measure equals one of the next larger meacurcy,
e.g., 10 millimeters equal cne centimeter. The square and cubic units
are the squares and cubes of the linear units. The crdinary unit for land
area is the hectare,

CFART 7-1

Some prefixes and Relationships in the Mctric System

prefix meaning decimal fraction power of 10
kilo- one thousand 1000. i%gg 107
hecto- one hundred 100. ;%9 102
deka- ten 10. 113 10!
(none) one 1. —— —
deci- one tenth .1 fa 10-1
centi- one hundredth .0l E%E 1072
milli- one thousandth .001 igéa 1073
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The finer subdivisions of measurement, MICRO (1076), NanO (10-9),
and PICO (10712) are additional prefixes sometimes usefully employed,
especially with units of mass (gram) and capacity (liter).

The abbreviations for metric units are formed by combining one or
two letters from the prefix with m (meter), g (gram) or 1 (liter):

TABLE 7-~1

Some Abbreviations in the Metric System

millimeter - mm

centimeter -~ cm

decimeter - dm

recer - m

dekameter - dkm

hectometer - Im

kilometer - km

hectare - ha

milligram - mg
centigram - cg
decigram - dg
gram - g
dekagram - dkg
hectogram - hg

kilogram - kg

millileter - ml

centiliter - cl

deciliter - dl

liter ~ 1

dekaliter - dkl

hectoliter - hl

kiloliter =~ k1l

7.2 U.S., MEASURES

The terms used for U.S. (and some Imperial measurements) with abbrevi-
ations, are:

LINEAR

--inches, feet (ft), yards (yd), rods, miles (mi);
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WEIGHT
--ounces (cz), pounds (lb), tons (T);
VOLUME

-~fluid ounces (fl oz), pints (pt), quarts (qt), gallons (gal);

AREA, CUBIC

--acre (a), or linear terms preceded by sq (for square) or cu (for cubic) .

7.3 EQUIVALENTS

7.3.1 LINEAR

1 centimeter (cm) .3937 inches
1 meter (m) = 100 cm
= 39.37 inches
= 3.28 feet (ft)
= 1.094 yeards (yd)
1 inch = 2.54 cm
1 foot = 30.48 cm
= 12 inches
= .333 yd
1 vard = 36 inches
= 3 ft
= 91.44 cm
= .,914 m
1 rod = 5.029 m
= 5,50 yd
= 16.5 ft
1 kilometer (km) = 1000 m
= ,621 miles (mi)
1 mile (m) = 1.609 km
= 1,760 yd
= 5,280 ft
= 329 rods
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7.3.2 AREA

1 square centimeter (sq cm) = 0.155 square inches (sq inches)
1 square meter (sgq m) = 10,000 sq cm

= 10.764 square feet (sq ft)

= 1.196 square yards (sq yd)

1 sq inch = 6.451 sq cm
1 sq ft = 929.01 sq cm
1l sq yd = 8361.3 sq cm
= 0.836 sgq m
= 9,00 sq ft
= 1,296 sq inches
1 hectare (ha = 2.471 acres (a)
= 10,000 sq m

= 107,640 sq ft
1 acref{a) = 0.405 ha

= 4,046.8 sam

= 4,840 sy yd

= 43,560 sq ft

= lv0 square rods (sq rods)

l sq mi = 259.2 ha
= 640 a
7.3.3 VOLUME
1 cubic centi- = 0.0353 ou.ces (oz)
meter (cu cm) = 0.0353 ounces {oz)

1 cubic meter
(cu m) = 1.308 cubic yards (cu yd)

= 35.315 cubic feet ( cu ft)

1 cu inch = 16.3871 cu cm
1l cu ft = 0.0283 cum
= 1,728 cu inch
= 0.037 cu yd
1l cu vd = 0.765 cum
= 27 cu ft

= 46,656 cu inch
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7.3.4 LIQUID

1 liter (1)

1 US gal

1 Imp gal

7.3.5 MASS

1 gram (qg)
1 kg

1l oz

1 1b

1 ton (T)

1,000 cu cm

1,007 milliliters (ml)
.264 U.S. gallons (US gal)
.22z Inperial gallons (Imp gal)
61.0274 cu inch

213 cuv inch

4 US quarts

3.785 1

.8327 Imp gal

277.42 cu inch

4 Imperial quarts (Imp gt)
4,545 1

1.2 US gal

0.0353 ounces (oz)
1,000 milligrams (mng)
.001 kilogram (kg)
35.274 vz

2.2046 pounds (1lb)
26.349 g

453.59 g

16 oz

.4535 kg

2,000 1b

906.8 kg
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/.4 CONVERSION FACTORS

inches x 25.4 =
millimeters » €.0394 =
feet x 0.3043 =
meters x 3.281 =
yards x 0.9144 =
meters x 1.094 =
miles x 1.609 =
kilometers x 0.6214 =
sq inches x 6.452 =
3Q centimeters x 0.155 =
s¢ feet x ©.0929 =
84 meters x 10.764 =
s¢ yards x 0.836 =

54 meters x 1,196 =

acres x 0.4047 =

hectares x 2,471 =

cu inches x 16.387 =

cu centimeters » 0.061 =

LS quarts x 0.94¢ =
liters x 1,057 =
US gallons x 3.7854 =

liters x 0.2642 =

pounds x .4536 =

kilograms x 2.2046 =

pounds per square inch x .0703 =

kilograms per square centimeter x 14,.223=

horsepower x 0.745 =

kilowatts x 1.341 =

millimeters
inches
meters

feet
meters
yards
kilome*ers
miles

sqy centimeters
sq inches
sq meters
sq feet

sq meters

sq yvards

hectares

acres

cu centimeters

cu inches

liters
US quarts
liters

US gallons

kilograms

pounds

kilograms per square centimeter

pounds per square inch

kilowatts

horsepower
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7.4.1

TEMPERATURE

(F) are:

The factors for converting between centigrade (C) and fahrenheit

“F
e

x 1.8) + 32
- 32)0.5556

il

centigrade to fahrenheit: (“6
fahrenheit to centigrade: (°F

DATA TABLES

7.5.1 RATE OF TRAVEL
The elapsed time to travel a set distance indicates rate of travel,
a factor that may be needed to determine application rates. 'lhe following

chart provides rates of travel for various times to cover a sect distance.

CHART 7-2

Rate of Travel

Travel Time Rate in Travel Time Rate in kilo-
for 200 feet miles per hour for 100 meters meters per hour
136 seconds 1 360 seconds 1

91 " 1.5 240 ! 1.8

68 " 2 180 " 2

55 " 2.5 144 " 2.5

46 " 3 120 " 3

39 " 3.5 103 " 3.5

14 " 4 90 " 4

30 " 4.5 80 " 4.5

27 " 5 72 " 5
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7.5.2 WEIGHT~VOLUME RELATIONSHIP

parts per

1 gm per million (PPM)
1000 m! (1 liter) = 1000 PPM =0.1%
10,000 mi (10 liters) = 100 PPM =0,01%
100,000 ml (100 titers) = 10 PPM = 0.001%
1,000,000 mI {1000 iiters) = 1 PPM =0,0001%
10,000,000 mI (10,000 liters) = 0.1 PPM
100,000,000 m! (100,000 fiters) = 0.01 PPM

1,000,000,000 m! (1,000,000 liters) 0.001 PPM or 1 PPB

Temperature Conversion

#

Degrees C = (Degrees F -32) x 0.5556
Degrees F = (Degrees C x 1.8) + 32

1

7.5.3 SPRAY CONCENTRATION CONVERSIONS

ounces per grams per

_ 100 gallons PPM % solution 100 lit-rs
2'3 50 .005 5

1 75 .0075 7.5
1-1/3 100 .01 10
2 (1.8 1h.) 150 .015 15
2:2:3 200 .02 20
31/3 250 .025 25
4 (1:4 1H.} 300 .03 30
51/3 400 .04 40
62/3 500 .05 50
8 {1/21h.) 600 .06 60
9-1/3 700 .07 70
10:2/3 800 .08 80
12 (3/4 1b.) 900 .09 90
13:1/3 1000 0.10 100
16 (11b.) 1200 0.12 120
20 (1-1/41h.) 1500 0.15 150
24 (1-1/2 1b.) 1800 0.18 180
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7.5.4 AREA EQUIVALENTS

square square square square
meters yards feet inches

A 1196 1.076 155.0

.25 .2990 2.691 387.5

.50 .5980 5,382 775.0

75 .8970 8.073 1162.5

1.0 1.196 10.76 1650.0
2.0 2.392 21.63 3100.0
3.0 3.588 32.29 4650.0
40 4,784 43.06 6200.0
5.0 5,980 53.82 7750.0
6.0 7.176 64.58 9300.0
7.0 8.372 75.35 10350.0
8.0 9.568 86.11 12400.0
9.0 10.764 96.88 13950.0
10.0 11.960 107.64 15500.0
15.0 17.940 161.46 24000.0
20.0 23.920 215.27 31000.0
30.0 35.880 322N 46499.9
40.0 47.840 430.55 61999.9
50.0 59.800 538.19 77499.8
60.0 71.760 645.83 92999.8
70.0 83.720 753.47 108499.8
80.0 95.680 861.11 123999.8
90.0 107.640 968.75 139499.7

100.0 119.600 1076.39 154999.69
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7.5.5 ELEQUIVALENTS FOR VARIQUS CONCENTRATIONS

pounds per grams pounds grams per

gallon US per liter per liter gallon US

0.1 11.98 .03 45,36

0.2 23.97 .05 90.72

0.25 29.96 07 113.40

0.3 35.95 .08 136.08

0.4 47.93 M 181.44

0.5 59.91 13 226.80

| 0.6 71.90 16 272.16

i 0.7 83.80 18 317.52

‘ 0.75 89.87 .20 340.20

0.8 95.86 21 362.87

‘ 0.9 107.85 24 408.23

; 1.0 119.83 .26 453.59

! 2.0 239.65 53 907.20

‘ 3.0 359.48 79 1360.79

: a.0 479.31 1.07 1814.38

5.0 599.14 1.32 2267.97

9 6.0 718.97 158 2721.56

H 7.0 838.80 1.85 3175.15

i § 8.0 958.63 2.11 3628.74

g 9.0 1078.46 2.38 4082.33

A 10.0 1198.29 2.64 4535,92
W
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7.5.6 EQUIVALENT RATES FOR LIQUID APPLICATION

. milliliters
gallons US liters gallons US liters per square
per acre per hectare  per hectare per acre meter
A 935 .247 379 .0935
.25 2.338 618 .946 .234
.50 4.677 1.236 1.893 .468
.75 7.015 1.853 2.839 .702
1.0 9.354 2.471 3.785 .935
20 18.707 4,942 7.571 1.871
3.0 28.061 7.413 11.356 2.806
4.0 37.415 9.884 15.141 3.742
5.0 46.769 12.355 18.927 4.677
6.0 56.122 14.826 22.712 5612
7.0 65.476 17.297 26.497 6.548
8.0 74.829 19.768 30.282 7.483
9.0 84.183 22.239 34.068 8.418
10.0 93.536 24710 37.853 9.354
15.0 140.305 37.066 56.780 14.030
20.0 187.073 4941 75.706 18.707
30.0 280.609 74.131 113.559 28.061
40.0 374.146 98.842 151.412 37.415
50.0 467.682 123.552 189.265 46.768
60.0 561.219 148.263 227.118 56.122
70.0 654,755 172.973 264 971 65.475
80.0 748.291 197.684 302.224 74.829
90.0 841.823 222.394 340.677 34.183
100.0 935.364 247104 378.530 93.536

fluid ounces milliliters milliliters

per 100 per 100 per square gallons US liters
square feet square feet decameter peracre  per hectare
A 2.957 31.832 340 3.183
.25 7.393 79.581 .850 7.957
.50 14,787 159.162 1.702 15.916
.75 22.180 238.743 2.552 23.874
1.0 29.573 318.324 3.403 31.832
2.0 59.147 636.549 6.806 63.663
3.0 88.720 954.973 10.209 95.495
4.0 118.294 1273.297 13.613 127.327
50 147.867 1591.621 17.016 159.158
6.0 177.440 1909.945 20319 190.990
7.0 207.014 2228.270 23.822 222.821
8.0 236.587 254{ .59 27.225 254.653
9.0 2606.161 2864 018 30.628 286.485
10.0 295,734 3183.242 34.031 318.316
i5.0 A443.601 3774.864 51.037 477.474
200 591.4068 HIG6.A8H 053.063 $36.632
3006 087.202 BRRIS Y 10 00 051,448
a0.0 1137 930 12732 068 130125 1273.265
500 1470670 (RS EEONA B 1/0.1He iH01.531
60.0 1775304 RN THA NN 2003185 1909.697
70.0 I O30 B0 R IR RS 2228.213
SO U RCITER N 280250 25140.529
a0.o ey 30 2864 845
160.0 N 2 53213 3183.162
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7.5.7 EQUIVALENT RATES FOR DRY MATERIAL APPLICATION

pounds per kilograms pounds per xilograms
. ocre  __perhectare hectare per acre
1 112 .20 .045
.25 .280 .62 (114
.50 560 1.23 227
.75 .841 1.85 .341
1.0 1.1209 2.47 .454
2.0 2.2417 4.94 .907 kilograms pounds pounds per kilograms
3.0 3.3626 7.31 1.361 per hectare per acre hectare per acre
4.0 4.4834 9.88 1.814 1 09 2205 .0405
5.0 5.6043 12.35 2.268 ° .25 .22 5512 1012
6.0 6.7251 14.83 2.722 ° .50 .45 1.1023 .2023
7.0 7.8460 17.30 3.175 : 75 .67 1.6535 .3035
8.0 8.9669 19.72 3.629 ° 1.0 89 2.2046 .405
9.0 10.8077 22.24 4.082 : 2.0 1.8 4.4092 .809
10.0 11.2086 24.71 4.536 ° 3.0 2.7 6.6138 1.214
15.0 16.2129 37.07 6.804 . 40 3.6 8.8184 1.619
®
20.0 22.4170 4942 9.071 . 50 45 11.0230 2.023
30.0 33.6256 74.15 13.607 * 6.0 5.3 13.2276 2.428
40.0 44 8342 98.84 18.143 : 7.0 6.2 15.4322 2.833
50.0 56.0428 123.55 22.679 ° 8.0 7.1 17.6368 3.238
60.0 67.2514 148.26 27.215 9.0 8.0 19.8414 3.642
70.0 78.4600 172.97 31.751 10.0 8.9 22.0460 4.047
80.0 89.6686 197.68 36.287 15.0 12.5 33.0690 6.070
90.0 100.8772 222.39 40.823 20.0 17.8 44,0920 8.093
100.0 112.0858 247.10 45,359 30.0 26.8 66.1380 12.140
40.0 35.7 88.1840 16.187
50.0 446 110.2300 20.234
60.0 53.5 132.2760 24.281
70.0 62.5 154.3220 28.328
80.0 71.4 176.3680 32.375
90.0 80.3 198.4140 36.422

100.0 89.2 220.4600 40.4687



7.5.8 GRAMS
RATES

OF TREATMENT REQUIRED AT VARIOUS

FOR INDICATED AREAS

Area treated square feet
©
[~

Rate in pounds per acre (product or ai basis)

025 050 1 2 3 4 5 6 75 8

9

10

002 003 006 0.13 0.19 025 031 038 047 050
0.03 005 0.10 021 031 042 052 063 078 083
007 013 026 052 078 1.04 1.30 156 195 2.08
0.08 016 031 063 094 125 156 187 234 250
009 019 038 075 1.13 150 187 225 281 3.00
0.13 025 050 1.00 150 200 250 3.00 3.75 4.00
0.17 033 067 1.33 200 267 3.33 400 500 533
019 038 075 150 225 3.00 375 450 562 6.00
0.20 039 0.78 156 234 3.12 391 469 586 6.25
0.2t 042 084 169 253 337 422 506 633 6.75
0.23 047 094 187 281 3.75 469 562 7.03 7.50
026 052 1.04 208 3.12 417 521 625 7.81 833
031 063 125 250 375 500 625 7.50 9.37 10.0
039 078 156 312 469 6.25 7.81 937 11.7 125
052 1.04 208 4.17 625 833104 125 156 16.7
065 130 260 521 7.81 104 130 156 195 208
078 156 3.12 6.25 9.37 125 156 187 234 250
1.04 2,08 4.17 833125 167 208 250 31.2 33.3
1.30 260 521104 156 208 260 31.2 39.1 41.7
1.95 391 781156 234 31.2 391 469 586 625
260 521 104 208 31.2 41.7 521 625 78.1 83.3
3.12 625 125 250 375 50.0 625 750 93.7 100

0.56
091
2.34
2.8
3.37
4.50
600
6.75
7.03
7.59
8.44
9.37
13
141
18.7
234
281
375
46.9
703
93.7
113

0.63
1.04
2.60
3.12
3.75
5.00
6 66
7.50
781
8.44
9.37
10.4
125
15.6
208
26.0
31.2
41.7
521
78.1
104
125



