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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 
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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. Burrill 
J. Cardenas 
E. Locatelli 

Corvallis, Oregon / USA 

June, 1976 
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1 Research
 
Planning 

El Survey the area 
El Identifyproblems 
E] Revirw literature 
E] Select type of trials 

1.1 REVIEW AND DEFINE 	THE ranked in importance, and also assigned a secondPROBLEM 	 ranking according to feasibility of being solved. It may 
be desirable to give highest priority to problems that 
can be easily solved rather than to more serious, time-

The common phases of all sound research programs consuming, and nearly unsolvable problems, 
are: 

The careful researcher considers the possible con­
sequences of concentrating on, and eliminating, a pri-

Planning 	 mary problem. The secondary problem, under certain 
.'onditions, may then assume greater magnitude than 
th'i original primary problem. For example, in some 

Execution 	 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 

Data Collection, Evaluation, and Interpretation 	 problem may be a potentially more aggressive weed 
such as Leptochloa fililormis (sprangletop), an annuil 
grass. Selective control of the wild cucumber may r­
suit in lower yields due to the establishment of the

Reporting Results secondary population of sprangletop. If the problems 
are defined, costly errors and waste of precious time 

usually can be avoided.Planning a research program first calls for a concise 

d3finition 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- *2.)
compass a large enough physical area to firmly estab- T,
 
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, I,,"

meeting with commercial enterprises, and discussing [ /
 
the situation with area extension agents all help to A,,
 
gain a realistic perspective of the problem. - .
 

Frequently a field review will determine that the 	 \A. N ,I 

initial problem is, in reality, a complex of several 
problems. Each individual problem then should be 
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The scope of problem solving should be limited. 
A corrnon 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 mailthe norsonally'with tosnrrce problemcontactacquireother workersthe concernedinforma-fo latest 

thon tahe :3ht. iKnrroledge of previous experience, not 
ony idlendeelofpngvsoun anderiuseu ex-
onlyirid:. le, intdeelpingssounddu atin usefwhere~prev(ents needless duplication, 

.
 

"p 


- ,..~.,useful 

-/ 

Results reported for work on a similar prob-
lem ca serve as guidelines, but the data 

Should be verified under local conditions 


When background information suggests that a weed 
control research program should include chemical 
methods, toe investigator faces a two-step choice. 
First comes st-lection of the rnort promising materials 
.-- Irli(J:rudJ cornbin ions of compounds-for the par-
ticui,r p-oblem, and elimination of totally unsuitable 
chfoii, sb.e r 

ndly. developmentalce.-Al the stage of chemicals is 
;ltso i'pa ritant ih.'h a choice of: a.) readily available 
''rn e~i-cl he:bicides used for other crops, or being 
COflcI'.Ide d fuluse on the crop in question: and b.) ex­
'rimterqntal'd r t)icidos. The attrition rate among the 

I ,l(r i',hiqh, thus decreasing their use;ulness for a 
res.arcfh piogram ariined at ,!evetoping practical recom-
irendatrons. Also. umnder resource and time limitations,
tie urgent need for a solUtion may preclude their use. 

However. it 
 time is ample or if available commercial 
products Zre totally Unsuiled 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 the margin of selectivity to crops due again tolower 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, seencan be under field conditions. Although
true synergism is difficult to prove, there are instances 

increased weed control occurs comparedwhat would be expected from a simple additive effect.to 

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 

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 combi­nations 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 

combinations of herbicides 

c. experimental herbicides 

1.2 TYPES OF FIELD TRIALS 
An experiment should 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-
livity 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 cond itions possible are desir-

able for this type of trial so the chemical can fully niani-

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, 

, ;. 7, i:'. ' 

W 

-. t , -" '" : " . " " ""- - " " 

FIGURE 1-1
 
Primary Screening Trial Layout
 

The physical layout of a primamy s:repning trial in 
the field usually requies planting long parallel rows of 
various crop and weed species. Chemicals being 
tested ae sprayed in 1-2 m sv.atis at miqht angles to 
the row.3. Both standard commercial ht ibicides-ap­
plied at standard field iales and representing impor­
tant "famnilies' of her bicides---and unht:.ited "'check" 
plt sh old b e ic d d ns -ant t hec nt 

included among he trialS treatmentsplots should be 

All data obtained from he triall ale subLrctive: thett 
is, the performance of the trertments is ev luated but 
not measured by the resnarchr. The information, ar 

essence. constitutes an estimate of performanCe and 
activity based on standards derived from expeience. 

Since evaluation of the tri. is strictly qlrtala: e. a 
nonreplicated study may be sufficient providfq; that 
the plot area is uniform and the trial well conducted. 
A minimum of two readings should be madP for each 
plot (treatment), recording rerduction in strand 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 
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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 forage 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
Thework ciceoherbiceonmrinatd fowecdry-

trial work cbn based on materials that showed prom­cre::nng oron
ise a rimryrial nfomaton up-

ise in a pr irn;.irv sciecrin g trial. or on information sup-prbe
plied by either chemical-producing companies or other 
research sources. One or morc of the herbicides com­
rnnnly USed Onl the' C:101 under study should be in­
cluded, ,.',henever po!,sible. Should the best commer­
cial trwminent be a combination of two or more herbi-
cides. then each of the components should also be in­
chided in the trial as individual treatments. Weed free 
and LInweeded/untreated check plots also provide use­
tlfcompa isons. 

Factors to compare among the various treatments 
are: yield: selectivity towards the crop: injury synp­
toms. their characteristics and per~istence as the 
riants mature: weed control (both prim3oy and sec­
onda.ry populations): and any shifts in weed popula­
lion. 

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-
lured 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 

6 

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 conducted after secondary trials have 
provided enough basic information on a herbicide's 
performance to justify tests under more diverse condi­
tions. Yield, injury symptoms, weeds controlled, popu­
lation 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 to 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 of relatively 
few treatments, perhaps just Iwo or three. One of theseshould be the standard recommended treatment, which 

tmay be an entirely different compound, for the crop or 
un ratck 

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 lected from the field plots. Evaluation of root growth is 

possible also. 

As the name implies, special studies are designed 
to provide complementary but essential information on 
the performance 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 different 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 arrop). 

Other special studies do not involve herbicide 
pe.formance in a given crop, but concern weed or 

crop competitio:i, effect of other cultural practices and 
oninteractions on weed populations, effect of weeds 

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 factors 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 
follows. 

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

EXAMPLE 1.1 
Residual ActivityExperiment 

plot size: 2 x 5 meters 
replications: 4 

layout: plot herbicide rate* 
1 atrazine 1 
2 atrazine 2 
3 atrazine 4 
4 atrazine 8 
4 che 0 
7 check 0 

(unweeded) 

sen3itive species planted: cucumber, oats 

t ion 

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 toxicity 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 should be made on the basis of 
equivalent doses (amount applied). The rdtes 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, particulaily 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 ot application is usually expressed as kg aila, kilograms 
ot active ingredient per hectare. See section 2.12.9 t lurthet 
discussion. 
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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 competition 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 ofweeding. 

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

TABLE 1-2 

Various Weeding Treztments for a Short
Season Crop such an Sorghum (Sorghum bicolor) 

plot treatment 
1 0-10 weed-free days after planting 
2 
3 

0.20 weed-free days after planting 
0-30 weed-free days after planting 

4 
5 
6 

0-45 weed-free days after planting 
0-60 weed-free days after planting 
0-90weed-free days after planting 

0weed-ree dtrials 
9 20 weed-free days before harvest 

10 
11 

30 weed-free days before harvest 
45 weed-free days before harvest 

12 60 weed-free days before harvest 
13 90 weed-free days before harvest 
14 woeded all cycle 
15 
16 
17 

weed at 15 and 45 days after planting only 
weed at 10 and 30 days after planting only
apply standard (commercial) recommended chemical 
treatment 

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 harvestabilily can be recorded (just prior 
to harvest) using a 0-to-5 scale: 0 represents full access 
to the crop and no weed intreference, whereas 5 iden­
tifies an unharvestable crop due to weeds. Incidence 
of insects and disease 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 parameters 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 thath n p a n n x ei e t onecessary adjustments 

t a 
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 cancontrol 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 thecontrol 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 

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. 

i 

t 1. 

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 Perhaps a spike tooth harrow is not as effective as a 
practices are to be followed and what the experiment's rotary tiller, but it may be an adequate substitute 
goals are. He should know his role in the experiment when used properly. 
and should understand that injury to, or death of, the (2) Some herbicides are highly dependent on adequate
 
crop may result and that uncontrolled weeds may make soil moisture. Research with these hetbicides should
 
some of the plots unsightly. If poor weed control be questioned in low rainfall, non-irrigated areas.
 
causes damage or decreased yields, proper compensa- Circumstances may prompt the researcher to use the
 
tion should be made to the cooperator. Also, laborers most advanced techniques even though the results are
 
need to be made aware of the trial and given very clear not immediately applicable.
 
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 illegal 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. For re­
search to yield results 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- ,Q
 
search should be performed as the farmer will do it. 	 ,. A , .A 

, .	 r 

1Z 

• . I" 



Notes, references, etc. 
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2 Research 
Procedure 

2.1 ESTABLISHING TRIALS 
After the planning stage has been carefully corn-

pleted, the researcher is ready to initiate the exper-
iment. The actual establishment of the trial and its 
subsequent development can take many forms. but the 
basic principles for all trials are the same. The method 
employed is up to the individual researcher. It must be 
kept n 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-

Ofinvstm untnt.compromise 

lormation per unit of investment, 
form tio pe 

Quality of data depends on design and 
technique: 


Poor technique poor data. 


All data should be recorded: 

do not rely on memory alone.
 

Plans and Data should be recorded in duplicate: 

keep the duplicates in a separate, safe place. 

E- Select site
 
[] Layout blocks
 

E] Square and mark area
 

[ Calibrate equipment
 

2.2 SITE SELECTION 
As mentioned in the planning section uniformity is 

a main concern when selecting a field expenrient Site. 

Maximum uniformity of weed numbers and s[pcces, 
soil fertility, soil type, and moisture contribute t' ) 
liable evaluation of treatments being tested.
 

Unfortunately, researchers usMafly cont
 
uniformity of one or more impoitant Lctots. Moroiver. 
field research is oftor initiated on new lv rtepared sevd­
beds where differences arc not app.ren, Frequently. a 

t a Ccsibi liy acompromie re n g uno id(regarding uniformity, accessibility, 

inconvenience to the farmer must be made. Roadsides. 

row ends, and field corners should be avoided as 
nornially being least uniform. 

Whether on or oil a research station, trials should 
not be located on the site of a previous trial until at 
least one, and p:referably two, years of uniform crop­

ping have occured. Most weed control research leaves 
nonuniformity of soil nutrients and weed seeds in 
addition to herbicide residues. Herbicides may rerain 

in the soil at active levels for 6 to 19 months or longei 
depending on the herbicide, amount used, and en­
vironmental conditions. 

2.3 BLOCK AND PLOT 
ARRANGEMENT
 

When a known gradient exists, such as a slope or 
change in weed species, the blocks should be placed 
across the gradient rather than following the gradient. 

11 
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Field rese archer's are often faced with using'an area A researcher canmadjust a plot layout design before 
of restricted size or irregular. shape. 'Size-an~d shape a trial is located-on the round when I.ack of uniformity 
limitations, need not be~a:deterrent to' research as ~. isaIppa Irent. W~hen preplaht~or. preemergence herb~icides 
blocks and, lt a be arranged in a variety of con- iare art of-a trial, it is'suggested that research blocks ~~ 
figurations tosi specific area. shudb ssuaea osbe A,sq~ 3shape per-~4 

f ~~~ mitsspace ,foi-.all treatmetsj~while .minimizing th~e 
dis tance 	 requ~ired Invany onefdirection.) Theshre 

.4'''"" 	 >rvariations in wee popuation, 

41 2 	 PLOT .4 SIZE -~3 

~i 4< ~ as possible, but still 
~~ ~ ~provide thedesirednformation, without excess vari-

Xi'1~I< 2W7 3. 4 " ability. Consideratin 'Iiould be'giveff to' the following 

a4~~ ~ <~'~'~ ~~ ~Plots should bel kept as: small 

-------	 ~(a),Objectives:-plots ,.in-cr ln-tals--can~~bc~
Ksmaller thanpin yield trials; demnon­

'::~.. 2 '3"' ~ ''~K 	 stration plots are usually the largetK~ 	 "4 ',"(b) Uniformity of weeds; as, uniformityi'improve!;, 
'' plot sizecnd re s. 

.33"tc)a4. Type of weeds:c creeping perennals require
*, Tpeo wees:~larger plots than':iprigiit -n­

nuals.
B(d) Type uf crop: cassava requires, more area than 

BWCE I or other smal ris~'"'' rice 
14 4 4 (e) Equipmnent: if only hand 'equipment is used,

'plots can besmaller than ifme­
chanized equipment is used; plant­
ing, cultivation, incorporation, and 

equipment also should be______harvest 

,considered.2 3 2 3 2 3 
(f) Cultural practices: plot size may need to boad­

,>.. 	 justed. to fit plant or tow' 
spacing or irrigation systems. 'U 

~"'":Ks~:.t~There 	 may be instances..where minimum plot size 
that will provide reliable data, is difficult to detenmine.-

Analysis of results from a single year of experimenta­
tion based on a design o, plots containing nested par-~ 

" "3 

'cels (if previously r..corded data are unav'ailable) can 
be useful. 

3 

4 	 PLOT A PLOTSB'7 

o''"33 4', 

4	 3 3 

~BLOCKI 

Examples 	of various block and plot arrangements~for: DIGA 24 
' ' Plots with Nested Parcels to Help Determine 0pimm3 replications, 3 blocks, and 4 plots (treatments per 

'pinmreplication). g4Plot 	 Size. 
13.333 3 33 
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_____ 

Each plotr,(A,' B,etc.) receives a different reatment. 2.6 CONTROL PLOTS

The results~of parcel. 1 from ea Ich plot are compared

statistically, then theresults of, adding. parcels 1 arnd 2 Control treatments are usually:~ 

fro aliltlhnp rc llpu ,pls3 n ial (1)anuntreated zone;~
the 	 total of allparcesA pot. Th edfe raomseac aresuiltoy2 

,<~,-	 .(3)alclatng he 	 ~ the common weed control practice for a regionoefic~n~o7~vriaionfoKbac~pa~ce(or combinations) are' then co6mpared to suggest which (mnul mehncl et.)
pltsize should be considered, (4 	 stndrd orcurrenlusdhebce treatment.-~ 

The untreated control, where weeds are allowed ~ 
unrestioledgrowt, hasutility< for mauigdgc

~jLO2 5 BO DE Sof 	 control and the gross effect of weds.SincevdsBORDERSusually 	 are not permitted to grow comnpletely unchce 
Bodescositt tetrnito zn between" '"'in commercilhfields, the' method is fbti comhtorci-4 

twifrnt' tramns.When working wlith row crops all relstc bu can provide usable and evey s 
fryedpurposes, at least three, and preferably four, sential Informnation > 

row~shull~b-usd-n- ach pot-so- that -the-outside­
rows are not harvested, '"
 

2.5 PLOT 

Acommn.rmethod, establishes plot boundaries
 
along the cetr of a crop row;onrw hsevs
 
space is available,.~a better, system Involves placing
boundaies between rows sothat each plot has a sep­

- arate boder&row on eachiside (diagram 2-5). 
Inon-row cropsi (solid-seeded crops) a border
 

area is als 6desirable. Usually this is accomplished by ~
 
spraying the entire plot, but' harvesting only a center
 
portion. 	 I~ 

y 	 f-

Plot 'A 	 B.'Plot 

HARVESTED 	 An Untreated (control) Plot 

The control which Is kept weed freo serves' to 
)dtrmineany detrimental effect- of oerbicdea on 

co;Numrrerouis timely manual weedings or cultivatiops1 
.. *mybe needed, performed carefully to avoid dama~ing

~' 	 the test crop. Excess miechanical activity poses the -< 

hazard of ,-yield reduction which can complicate -or 
confuse interpretations of results. 

- Spray A -. ,Spray B Apo r ie sdm~ul
 
A lt(rplots) givehel commonlyusdmna


SPRAY ENTIRE PLOT or mechanical weed control4 practice for tho crop

being stested :of ten, provides useful2 information. The 

'standard herbicide (if any) being used Ill the area 
sho6uld also be included to provide a basis on, which 

DARM2-6 to judge niew herbicides.
 
Borders inSolid-Seeded Crops
 

2.7 HERBICIDE RATES 
zone etweneacher prefrto leaean unsprayed The nature of a weed control research' exercise 

zone~~~~bewe ltt 
-

dletermines of application. The 
' 

ah aiiate visual estimationv the rate(s) herbicide 

of crop injury aind Weed co'ntrol, Howevera unspraed'- objective is to select that rate (or those rates) which
 
zone~may be4'undesirable 'because; more' 4area is-re- will generate maximum information within the scope
-

quired, weeds2 are not controlled, -and, ield is< re-2 o4:fa trial. Ina.scroening trial, from three to five'rates­
duced. These aspects may be especially imnportant for'Y (rather-widely spaceo) may be used since exact rate
 

~researchcondu cted ona 'cooperator's field.~ data~is either Insufficient or non-existent. An early trhl­4 

~44-~ 	 -~ ~ V t' V <~~4 ~ 4 ~ ''' '4' ~ 4 44~ , 	 4is' 



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

When herbicide data are more plentiful, the number 
of rates can be Ifduced to two or three. If 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, [our, and even eight times 
should be tested on a crop. Knowledge of a compound's 
upper limit of selectivity (non-effect) toward a crop is 
essential. 

The double rate (two times the recommended rate) 
has special importance. It simulates the condition of 
overlaioping spray applications; also, it can develop
vital information if a compound's selectivity toward 
a crop f:lls in a narrow range, but does not manifest 
itself under normal conditions. Some herbicides have 
been fully dc.velopod 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 consumestwo 	reisons, as well time and money. For (heseas the fact that temperate climates 

utoy aveasonsll ae factingthatotperya cliaes-
usually have ealone 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. 

Uniformily should be stressed with all cultural prac-
tices. 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-

I 	 " -' -.­

-

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, direct 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, miss­ing 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 notdutooxcyofheerid. 

2.9 SEEDING WEEDS 

To assure uniformity 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 e'rly 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 manyseeds. 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. 
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2.10 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 restore 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 into adjacent plots, 

The trial is now ready to he 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" = c-). 

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

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

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

(3) 	 Extend the measuring tape (string, rope, chain, 
etc.) from point A at an apptoximate right angle 
(90 degrees) o line AD to establish Liemporary 
line AB. 

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

(5) 	 Next measure 5 units from d tov.'ard b and move 

point b to either side of temporary lne AB to 
give the full 5 units and create anr exact right
angle. 

(6) Re-establish point b at the ful! 5 nit mark. 

point so vJ.i1r 

points A and b. 
(7) 	 Establish B as to rx,'ctly vith 

(8) 	 Lines AD and AB are now squrcd wiih each 
other and the remainder of th,' i i,d can be 

laid out. 

5 units go 

DIAGRAM 2-7 

Using A 3 x 4 x 5 Triangle to Square Plots 
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FIGURE 2-2 

Simple Sighting Device for Squaring Plofs 

Plots ort 'takd or marked for identification using
wooden, plasti, mwtrl, or v,i, markels. Wood is the 
hist choice (of rmatenia,;) because it will decompose
if accidentally left in the field. In some cases (e.g.,
expecting numerous visitors to the plot area) it is help-
tul to attach labels to the markers listing plot number, 

18 

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, coat­ing with melted wax after marking. If there is a chance 

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.) 

number 

Herbicide code number 
or treatment name 

ate, kg/a.i./ha 

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

FIGURE 2-3 
Plot Label for Demonstration Purposes or for After 
Evaluation 

2.11 NUMBERING PLOTS 
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 aid the second 
and third numbers refer to plot numbers. 



'1'
 
Plots­

301 302 303 310 311 

201 202,203 210 211 

Replications 
or blocks 

101 102 103 110 111 

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.
 

2.12 EQUIPMENT 
In selecting application equipment, research work­

ers need to be aware that each crop and herbicide FIGURE 24
 
may present a special problem. Availability, however, Manually Pumped "Knapsack" Style Sprayer
 
often determines which type of equipment is used.
 

Many different types and models of sprayers are 
available ranging from units specifically designed for A more uniform application can be r;cIeved, when 
research to those intended for commercial use. The using a manually pumped sprayer with cingle noz2!e, 
more common types of applicators are manually by spraying the plot area several times. The second 
pumped sprayers, compressed air or gas sprayers, spraying should be in swaths perpendicular to :;..'ath.; 
logarithmic sprayers, and engine driven tractor of the first spraying. Replacing the single r v,z:,e'i1hmounted sprayers, a two- or four-nozzle boom maymore be desirobic. to inuniform application on larger plots. A precsure 

regulating valve and a pressure gauge are also useful 
additions for research applications.

2.12.1 Manually Pumped Sprayer 
Primarily for commercial use in areas of non- 2.12.2 Compressed Air Sprayer 

mechanized agriculture, this type of applicator is
 
relatively uncomplicated, rugged, and dependable, im- Although many compressed air sprayers are ulso
 
portant aspects in areas where repairs and replace- hand pumped, the pumping is performed all at oir, :
 
ment parts may be difficult to obtain. The person carry- with the sprayer resting on a surface, not duming adl
 
ing the unit moves a lever arm up and down to actuate application. There are also models that are de,,i,;red

the pump. Continuous pumping maintains the pressure to accept compressed air from a mechanical sou:eO
 
on some sprayers, whereas on other models pumping again occurring prior to actual spraying.

is minimal after achieving adequate pressure initially.
 
Pressure chambers fitted to some models eliminate Components include a metal or plastic tank (rrmti
variations in pressure. capacities generally in the range or' 3-10 liters), marru­

ally operated pump with "D" or "T" shaped handle 
Most manually pumped machines deliver spray and plunger, discharge tube, hose, control valve, wand! 

through a hand-held lance or wand to a single nozzle. lance, and nozzle or boom. Most models are delivered 
Frequently sprayers are sold with a cone nozzle; it with a cone nozzle which should be changed to a 
should be changed to a flat-fan or flood jet nozzle for flat-fan or flood jet nozzle for spraying most research 
spraying research plots, plots. 
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FIGURE 2-5 

Compressed Air Sprayer 

* .. 
I.-' 

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 capacity 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 

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. 

components, in addition to a spray delivery
of tubing and nozzle (or nozzles), include a 

se f i a oe nzcsteelregulator for thecylinder, pressure gauge, and 

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 

Biycle Wheel-mounted Compressed Gas Sprayer 
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are very 	satisfactory for use on smooth ground, but 
difficult to use on rough ground or sandy soil. They 
facilitate keeping a constant height of the boom above 

tground level, but are more expensive and difficult o 
transport than either manually pumped or compressed 
air/gas sprayers. The wheeled type sprayer is useful 
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. 

100 P. 	, 

""...
.-
%of _" 

spray 

Start 	 End 

DIAGRAM 	 2-9 

Water and Concentrate Percentage of Spray Applied
by a LogarithmicSprayer 

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
trationi 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 (D2)is given 
by the formula: 

0.7 Vo 


= D 1/2 
V 

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

Logarithmic sprayers are used commonly to apply 
material to single long rows of a few species to de-

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.
 

2.12.7 	 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 herbicide:;
be well mixed when first placed in the sprayer tank. 
This means that there cannot be a long delay betwoen 
mixing and spraying. Even so. a thorough aqitation 
just prior 	to actual spraying is recommended. 

B. PRESSURE GAUGES AND PRESSURE 
REGULATORS - All spray applicatotF,; need to he fit­
ted with an accurate pressure gauge and p; es';ure regu­
lator in order to attain correct spray delivery. Pressures 
used for applying herbicides genetally rang., forn 0.7­
2.8 kg. per cm" (10-40 lbs. per in.-. For in 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 cm. 
Polyethylene or metal, such as aluminum, copper, or 
stainless steel, can be used, but not rubber which tends 
to absorb chemicals. 

I 
NoZ,, 	 CoupAPR 

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 aurasive 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 ear when used and need to be inspected 
periodi cally; excessive wear changes the delivery pat-
tern and tate. 

Besides wearing out, nozzles are eas;iy plugged by
debris. Nozzles should be cleaned with a soft brush 
(anioid toothbrush is useful) and not with hard objects
s;rdh as wire or knives, particularly when the nozzle 
is made of brass or aluminum, 

For herbicides. the most commonly used spray 
patterns include the flt-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 2-9 

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 
exposur, to wind. Research spray work can be per-
formr. conveniently with a relatively short boom and 

Typical Typical 
flat-fan flood type 

.
 
800 Z' 1200 

FIGURE 2-10 
Angle of Spray Delivery 

80 degree flat-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 
nozzle 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 most 

-u0 

mesh 
I 100 

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. Nozzles 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 
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otherwise affecting the operation of the sprayer. Care, required for single coverage.. Any "double spraying" 
mus dotae c6ertain, that bail in the ~ system should, be used wit cato n"'tmrectmake the 

cekvalve dosntbcm amd anid that solo pplication~s; the Incroased olm of water~ may re­
' 4j'a'chemical particiles do nothld the~ball off its seat. duce the herbicide performance, Y"
 

.~, , F. NOZZLE OVERLAP PING-Only two nozzleya'~ G.~ EFEC OFPESR -res eua
 
types-the flat-fan 'and' type-are to Goto pR fsrylqi reguzae.
floo'd designed tors~' EFFe ERressure tte 

andoff.. 
ovela~~i~pataa~a a rMos small, maall operated application eqipment 

have anl overlappingapattern,7 The even 	 and oaf­

riozI~s~re 	 not include a pressure regulator, small, inexpen-~,'aaaa' ~'~does~terns; eve flt' ozesaebest suited for band a ~ s ive regulators aanbe 'obtalned'and attached In thea 
applicatio'ns, while off-center nzlsaefrdirected ~apiao ihu 

aspray patterns, Whenb possible, :tips of overlapping' 
)~'a nozlesshold~es~htar1~e~t~preent, regulator to :spray, research plots, It is: helpful re-',oreht'a&~' a to 

'~'oer~apin~patern frihitir~6h"6h'ae" amember that a lhigh volume of airin relation to the>y . 

spa "4~' '' ,~'a volume of liqidwil rouc the miiu rate 4 af
ad possibly acausing excessive'adripping,a, 	 lqiwllI Thnm~ma aj' 

~an a a a< '', ~ 4,, 
"a ~pressure drop.aa 

, 
2 4 

a ~'If 	 for lany reason the pressureO changes, ahe ap-~aa' 
a ~~ . ' cationp wi II 	 ange,bu-notIndIrect proportion__ aa, ~ .la! -,, ate -ch 

Th relative change I dlrprortna to thea 

f aqaero of' terevchngIpresrea thea 
a 'a a ~anozzle, Pressure musta be~ increased( fourfold in'orderf 

tdouble output 'L 

and nozzle, orific~e size determine droplota _____________________________________Pressure 

asize. Hihrprsue produce smaller droplets with
 
aTop view greater risk of drift.
 

H. CHANGING OUTPUT-To change the rate ofa 
spray output, it is far better to change nozzle size anid 
,travel speed (terrain permitting) rather than to ch'ange' 

DIAGRAM 	 2-10 pressure.. For, example, to double the volunme :dis-
Patterncharged, either travel speed, could be reduced 50, per

Nozzle OinainOelpngSprayPatrOrienationOverlppingcent,or nozzles withi orifices twice as large could .be a 

used, Doubling the pressure would cause only a43 per-, 

Doubling the number of nozzles produces a"double , cent increase in dis'charge for the case 'illustrated in ' 

overlap"~ or "double coverage"asystemn, Under, ideal 'Tbe22 

,aconditions 'this 'arr'angemnent'idouble'acovers the target ' 

area. However,, the system is designed for' less than
 
ideal 'conditions (i.e., rough 'terrain 'or uneven weed TABLE 2-1
 
height) to ensure application of at least one-half'the Efc fFradSedo paOtu
 
desired rate to al'areas." iU"a
 

kilometers per hour 	 liters per hectare 
FRN IW2 800 

4 400 
8 200 

COVERAGE: I-single, 2-double *' * "TABLE 2-2 
t of Nozzle Size and Pressure on Spray Output........................ *.*. 4-..*."Effec 


~.'.*.4I * * '~''~~ 	 PRESSURE 1.5 KGM/cm* 2.8 KGM/cm' 

a 	 DISCHARGE DISCHARGE 
D14 GRAM 2-11 	 LITERS/ LITERS/ 
Double aCoverage System for Less-than-Ideal Condi-	 MINUTE MINUTE 

Ftions a'Nozzle size 8001 0.265 0.380 
8002 0.535 a0.780 

8004 1.060 1,520 

If wind Is nfota"-i problem, double-overlap can be 43% change due to pressure 
cbtained by raising the boom to double the height 100% change due to nozzle size 

a 	 '<'a~a'23aa 
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2.12.8 Application of Granular 
Herbicides 

Application of granular ',erbicides often presents a 
problem to researchers since only a small proportion
Of her i6des. ame used as granules and since standard 
research !application equipment is not readily available. 
La.n firWliznr applicators have been used, adding sand 
rolhC:i fluilable material as a diluent to obtain a more 
ri~nitrl, (is!buion. Holes can be punched in the lids., 


of sriell cor~ainer. for spreading herbicides evenly. 

ULkif,:wnily of application is critical and thereby a 
;r:iroon.ourct 
of error when testing granular formula­

.,be 


FIGURE 2-11 

Manually Operated Granule Applicators 

+ 

2.12.9 Calibration and Calculations 

The method of applying herbicides to research plots
-will by forirulation of the chemicals in­be determined 

volved (i.e., liquid or granular) and the application 
equipment available. A researcher should feel free to 
select the method and equipment best suited to a 
program's needs so long as accuracy and uniformity 
are assured. A critically important facet of minimizing 
experimental variability concerns accurately calibrating 
application equipment. Small research plots magnify
minute application errors. As an example. a desired 
rate of 3 kg of niaterial por 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 tv.o general approaches to. or methods 
of, applying herbicides: area basis and volume basis. 
Calculations for the aniount of herbicide needed will 

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 vidth be sprayed,
the area actually sprayed supercedes the full plotin calculating amounts. area 

Note: A small anonit of liquid is sprayed at the 
beginning edge of (but outside) each plot to be sure

that all linces arid the booni are 
fuill and that all nozzles 
are operating plroperly. An additional ariount is left in 
the boom and hoses at the end of the plot. Allowances 
are made by adding a predetermined aniount of water 
and herbicide, With the area system, this step aniounts 
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 booni and to check nozzle 
operation. This method is most satisfactorily used with 
a spraI tank shaped to allow discharge of all the liquid. 

lir.ing a predetermined area size permits all calcu­
lations to be inmade advance. Dry herbicides should 
be weighed into bottles, plastic bags, or paper en­
velopes in the herbicide storage area, b~cause mostbalances do function wellnot uider fie!d conditions.
Liquid formulations either can be measured in advance 
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~,or measured from original containers in the field im-' ~ usin~g all of theliquid, There does noiappear to beany ~' 
m~ediately priorjto application.> other advantage in spaigsalplots by this method. 

''~'TI'~, he first step requires calibrating the sprayer to 
EXAMLE 2-1ueterminle the output of Iwater, A very .convenient~ 

4 ~~mto of calibrating a small plot sprayer is,described ' 

'ateral ­ *'<, jby L. Kasasian in his book, Weed Control in the Trctpics:
Pltze: 21 5gaciv lnrdeth "Pour a mneasured amooint"of'iwater intespfo3er

4RPlotize:'~ 2x 5 and spray 400m, exac'tly as itone, were applying 
"'" '~% '~'#~$~ ~ herbicide. 'Whent ihsIdone, meoasure the amiount'. 

Calculations: ~" ~ ~of water let and~ bysbrctoclclt'heao
(1) Plot sfze-2m x 5m loin x 3 replication's 30m'" ''used Then ulliply b100to btain th~e volume rate ~-' 
(2) Add 1.5m- to allow for filling boom and hose ' ,, per hectare,."'1~''~~ 

,(3) lOne hectare (10,000m') requires 2000g active in-

~gredient,131.5m' requires X 9 
 ' '1<f 

(,I) X 6.3g active Ingredient " 
'1000' '< ~Assume: >sprayer applies 20.0 liters of water.lia 

The commercial product required if the formultoisa pSuloae:3 p orts,5meah'<<ea 

80 per cent wettable powder will be:'
 
(5),in 100 grams commercial product there are 80g liters/ha Xliters 200 liters X liters
 

active ingredient;
 
(6) In X grams 'cornre Ircial; product there are 6.3g m/ha 30m' 10,000 m, ~ 0
 

*~active Ingredient; 20x3
 
' ' ' "6,3 x 100 X , 0.6 liters for 3 plots(7) X 7,8g atrazine commercial product. 10i,000 

80Since 0,6 liters is the exact amiount of water needed 1o 
Caution: The above example assumnes the herbicide spray, 3M', th6' researcher might 'decide to u~se one liter as 

and water for all three' replic'atio'nsare'rmixed to'gether." the total vclunme 'for each th1ree plot s@i(,s. Tho teruimlnq

When spraying",wettable'powders, 0A
each" replication' 0liter isused to check the nozzles and illtvv for etror. The
 
should be MIXED and, SPRAYED SEPARATELY unless, amount of herbicide can then he calculated for one liter,
 
great care~is taken to,(prevent the herbicide from'
 
'settling to thebottom of the tank.


Greae~ac~.r'ay'isa~s~ 2-3~' 'EXAMPLE 


Greaer reuired when all replica­acurcy I als 
tions. are mixed together;~any error 'in application rate ,Compound: atrazine
 

wilnot; be noticed 'until ~the last plot ,of 'the, series is Deie Rite: '2 kg active ingredient ha
 
sprayed. This i5'sep cilly riosif<l'th"spray is Total plot area: 3'plots, 2 x 5 ineach-30m
 
used be6forecompleting the6 last plot, Assume:' sprayer applies 200 ltr fwieh
 

The "amounrt,'of wv~ater rqi, to coe 'h grams rmragas/h 20 
to be reurdt~c~ri'ae - gassayed_ can be determiined by'filling the sprayer's.:- ''x - - ___ 

tank with ,clean'wate~r (only) and spraying 'the area at liters/h1a iitcrs/30m2 '2001liters1 1liter
 
the desired 'pressure' and .spee'd andmeasuring the ''< 2000 x 1I~' '
" amount of waterconumed.1 The oprao shudte X iOgranis a'ctive ingredient10 

'pace himself by applying the'rmeasured 'amn'unt of water, 200 '
 

to a non~plot area having the, 'same1 size, surface,' and The commercial product (c~p.) required if the foirmulation
 
'walking,,conditions as theactual plot. Pacin'grequires , is an'80 per cent active wettable powder can be calculated
 

several passes until'the correct amount of water can be, ' as follows assuming 100 grams'of'c,p.:

sprayed each time, nmaking sure to actually begin spray-' 100 grams'c,p, ,: 80 grams active ingredient

ing at' the beginning of the; paing test, and tostop'

spraying precisely' at the test end as will be 'the, case , of coimercial product
'grams 

Inapplying herbicide to the plots.
 
grams of active ingredient
 

13. VOLUME"'BASIS-With~ this method the grams commercial product-xg 


ao n herbicide, is calculated forwafe a givenyamount,1grmacienrdet
ofwtrrather than,,for a-cert.in area. The volu'me of' 10 grm ctvngein 

water usedi'usually e'xcee'ds that required to spray the 100.grams '' X" ,'


plot o6,;plots;' co'ns~equetly a&method should: be: 'de-'____
 
vised to assure a constant and accurate'speed 80 grams lgrams
,A,stop 10 

watch serves this, purpose. The volume method Is use- 10x0
 
ful when'.plots are large, enough to, require refilling 10. grm com00ia produc


,the spray tank and 'when the spray tank design prevents ~7c i" 804 ' for I liter of wiater a rdc 

http:a-cert.in
http:gredient,131.5m


(4)have the 'sprayer move at field speed, then measure 
~the distance travelled inane minute.~ 

4 
~j~The amaunts collected for each are measured, then aver-~ 

4 "~aged. h vrg elvr o n nozzle multipied by theV 
total num~ber' of nozzles equals the ttdaldischarge.--,< 

4, ~~~ ~ J~,~~44'4Total 

en~commercial. sprayers are used for? large 'research, 
andi demonstration plots. It is equally important hat 
these sprayers be calibrated and operated4 corre4ctly.~ 
4of-4 caibatn fild spra ers ar:-

Meho 
~444 '1 

(1)measure one hectaro, acre, or other land44unit; 
(2)fill the spraye r with clean water only; 
(3)spray the area at apredetermined speed and pressure; 
(4) refill the sprayor measuring the amount of water 

needed to do so. 

The volume of water consumed provides the calibrated 
rate of liquid application to be used for calculating the 
amount af herbicide required. 

The samo method can be used for a smaller area: 

Method 2 -~ -­

(1)place a miarker at each end of some convenient lngth 
test strip, i.e., 100 nmetors- ­

(2) fill the sprayer with clean water;4 
(3) spray the meiasured4 test -strip at-a predetermined

speed and-pressure:, 
(4) refill the spray'ermeasuring the amount of water
 

needed to do so' and solve the following equation: 

10,4000 m /ha Xliters used4 

,,trip length x width of spray swath 
4 44 444 

4 ... 

EXAMPLE 2-4, 

Water con sumeod- 8 liters. ~4 
4 

Length of test ,trip: 100 m 

Wit swt:4r
of spra 

Width f spry swah:-Gm4 
_________sprayer 

44liters/fia- '______ 133.34-
4 - X 4 

4 ~100x 

44Another technique for calibrating: 
4 

4- 4 4-Method 3 
4 4(1)4fill the sprayer with clean water; 

.­

. .* 

-

-

4 

-

(2)operate the sprayer at a predetermin~ed pressure,; 
4(3) use vessels to collect- the water spray, discharged 

from one-third of the nozzles siutnosy' during 
44~ , one minute; 4 4 4 <44 

EXAMPE ­

discharge: 8 litersmnute- 444 

Disanc trvein:10 /minute -b44 - '­

lier pe h13, 
4 L-12 . 6 x- 100;~W~> 

~ -4 ' ~ ~ ~ 

6 

? 
- 4 

4 

444 

h 4 ~:clireditr/a 
4The. next ' step requires4 determining the area to be 

sprayed and the amount of water4 needed, Recall that, 4 

extra water has to 4be added -to' fill the' hoses and 

boom, ch-eck the nozzles at the beginninig of. spraying, ' 

operations, and, allow for the small4 amount of liquid 4 

44that, cannot-be 'pumped out- ofthe sprayer. Usually 
30 per cent extra water will Lbe sufficient- depending, 

-however, on~the'number and 
4 type. 

44 

-

EXAMPLE 2.64 

Plots (replications) to be sprayed: 
'Plot size: 

Area= 3x .25 .75 haI =4.75 x30%a=.975 ha
rrudngof a 
~4 4 

Herbicide 4enough ospa 
water Is required. 4 4-444 

size of plots and the -' 

44 4 ­

3) 4 

_25 he ~ 44 

444 
4 4 

1 ha plus 133.3 liters of 4

~44 
444 26 4 4-44 



2.13 PRECAUTIONS ANDTECHNIQUES 

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 formulations should be weighed in the herbi- 
cide storage area and put in indiviJual 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 ml) to one of 'he 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 should 
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. 

(f) 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. 

(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. 

(j) 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 determine the life 

span of the herbicides in the soil in order to establish 
the effect, if any, on subsequent crops or persistence 
and accumulation in the environment. Laboratory and 
greenhouse tests and field bioassays can he utilized 
Laboratory methods involve chemici! mlialysis. gas 
chromatography, etc., techniques that .ruc much more 
precise and quantitative than bioass,,y methods, but 
which require a higher level of sophistication not al­
ways available to the researcher. How.ver. lN,5 mehods 
are inescapably essential for determining (environmentalt 
residues. 

Bioassay, as the name sugosts. c( niprises re­
search based on using an organism to dc:teonine bio­
logical activity-in this case, using jndic 1:or plant 
species to evaluate the activity of a cherf;,cta1 or tre.l­
ment. While field bioassays are not ai. pr:oise as lab 
methods, they can develop highly pr.:ccl informa­
tion. Two approaches can be taken: c<:iy iit residue 
trials as an extension of other herbiciu,, rose.-rch trials. 
or establish specific trials for residual activity. 

2.14.1 Combined Trials 
Plots utilized for either secondary screening or 

regional trials are carefully conserved and one or more 
susceptible plant species planted at set time intervals. 
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Soil tillage equipment, if used, should 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 (indicatot) 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 kniwn 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 Selected Herbicide 
Families 

SELECTED HERBICIDE 
FAMILIES' BIOASSAY SPECIES 

Aliphatic halogenated acids 	 oats, miliet, cucumbers. barley.
(e.g., dalapon) 	 wheat, rice 

Acetamides crabgrass. oat . bailey, ye­
(e.g., diphenamid) gra- s, pigwted 

Acetanilides crabgrass, ryegr:.. 
(e.g., olachlor) 

Benzoic acid derivatives 
chloramben cucumbecr ,nart I.tail pig­

wued 
dicamba beanso. r, ' Ir,,S.'ohur, rImf; 

Carbamates 
chnorpropham CUCUMDt ... V rd. 

cra b q r., 

karbutilate sorgtlu.n; fo;,:I 

Diphenylethers cucunrb,i .,, , 
(e.g.. fluorodiphen) crabjr,,,,'

Phenoxy-derivatives nmurriri ,"i' r .: tt 
(e.g.. 2.4-D) toma,ton ',.,v 

Substituted ureas CuCucumri ry,' . 

(e.g., diuron) 	 ,at. flhl ''' C., . 

beets cr.: , 

Thiocarbamates barnyaraqr.t i , , 
(e.g., EPTC) g c:; ,ss. . 

Dinitroanalines i;, t:. , 

(e.g. trifluralin) 
Triazines (e.g.. atrazine) Oats. cuc- 'a! , rm .p­

ii , , ,y, C.i' 

rt.,,I r, , 

Uracils (e.g.. bromacil) .C. t,-rS. .­
qhun pi .. 

picloram t;-Am_,,. p.'.,,',r in., 

cU r 

* The species listed should be con';d , .':, is poterrtr, 
,b; rssay species: investigators need to c(rr !,ofnp., for I. F 

particular herbicide. 

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

When the amount of 'herical remaining iciivf 
needs to be estimated, standard curves, based ci 
plotting known concentrations of chemical aqanst 

reduction of height or weight of the test species. (.an 
be used. The measured height or weight reductin 
caused by the chemical under test is cornpaied to the 
standard curves of reduction caused by known con 
centrations to provide the desired information. 

Conditions such as soil type, moisture, etc., shouild 
be uniform. This more precise type of experiment is 
conducted ir greenhouses, either by using soil fon 
treated field plots, or by simulating field conditions 
using the same kind of soil. 
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Generally the results of soil residue trials are ex­
pressed as a percentage of the growth of the non-
Irealed plants. 

Herbicides which affect root growth present spe­
cial problems. Under favorable growing conditions, top
growth 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
bicide persistence, persistence in the soil at several 
locaitins should be tested and each particular set of 
enivronincntal conditions should be described (type of 
soil. organic imatter, etc.). 

Rioee;rchers should note that persistence trials can 
.:- However, the effort requiredfquite long duration. 

dcrwf,,,ses with time since plots in which two succes­
,.iv,: normal growth patterns are obtained can be 
tintx ultnnced. 
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Thsefatos esltIna omrmise t Isuly the 15and 05 systems eahnme rpeet~ allow collecting thenniaximurn- amount of information ~' a level of commercial acceptability. One through threewithin ,rosriclon~s imposed' by'time' and resource aval-+ 'are not acceptable, four Is the* minimum acceptable~
'~'ability.' Often raig fIjr t rp rwesare l~~7evel of controlan five is excellent control.~taken tsoon after, aplication awell~asj atharvst; - -~ ~ ;'K" ~ ~'~'~~~ <:control ratingsas'ie tkenat3,~ 60, or 90 days after It is~difficult to generalize on an accep,*able leel

plicflo ,ofi ~ ~control. tAcceptability depends on, the cropand 
~V'Data obtained trmwe oto xeiet can cot' andeffe'ctiveness of alternaive control measures,
 
though- subjective, are a necessary and useful sup-ple-, 
 Some Euoenrsacesuse a~mpore comp lex jfment to quantitative data.':~"-i system In -which' the, scale? anges, fromn one torine: ~ 

'' with the, value of ,therscale being ,ieversed between ~In preliminary screening, rials, qualitative. data ~weed control and;,crop,,Injiry. With this. system, theusually suffice, but Inmore advanced'trials a combina- scale from one through fourls the positive. range while _, In-f-,qaltaiv.-and quantitative -data-are -normal ly---. sx throu gh nine- &onstitut~s -he-,negative-,ra -ge, 

3.2 QUALITATIVE METHODS OF TAL32EV LU TINSuggestedEVALU EuropeanC System of Weed. Control andTIONCrop In jury Evaluation 
Subjective methods, as used In qualitative evalua- Ratingtion, are based on established$ arbitrary scales. Values 'Scale Effect on Weeds "Effect on Cropranging along a scale: are 'assigned to ,each species. I Complete kill No effectTho' most common method rates. percent 'control of

weeds and percent injury to the crop. Zero' percent 2 Very good - Very~light symptomsindicates either no control of. weeds or n'o'injury to' 3 Good ~ symptoms­, 'Lightthe crop, "One hundred percent, applied to weeds, 4 Sufficient Inpractice Symptoms not reflectedrepresents complete control; applied to the crop, It '~ , .in yieldIndicates complete kill. 5'5 Medium ''Medium

6 Fair Fairly heavy damage"Variations of the above methods::use the scales 7 Poor ,Heavy damage0-10; 0-5; 1-5; and 1-9.' These are comparable as shown ~ a Very poor Very heavy damage 
i Ta l 3..9 No effect Complete 'kill 

TABLE 3-1 Other methods compare percent coverandvgrbspecies..Again the 'control~plot Is usedQualitative Scales for Rating Degree of Weed Control 
and grefbyce

'Percent cover and vigor allow~evaluation" of standandCropInjury "(covr) and growth (vigor).< 
Changes in~weed population and composition from

SCALES one'plot toanother frustrate even the most experienced,
're'searcher.'A nat'ural shift Indensity of a given species,

c't:n 0-10 ' -5 1- 5 or. a change from one part'of the trial to another part,-l~_c causes variation'.' Variation also ocurs when a plot010 0- 1 0 treatment controls the dominant species sufficiently to 
10-0 '-21 allow another'species to grow. If the second species Is20- 30 2- 32 not 'present in, the'control plots, or inplots where the

20- 30 1treatmnent did not control the dlominant species, there2- 3 
30-40 - 42 ~ Is no reliable way to assess the amount of control In30-3- 404treated plots. The researcher. then has the 6otion ofVALES0-2 40- 5trol'level ' uIsing a"preset-absent' system4- or guessing at a con­

50- 60' 5- 6 
5 based on 'populIation In nearby plots,3On the sample"'data evaluation sheet' (Figure 3.1) 

60- 70 6- 7 ' ' '-observe 5 that each primary weed species Is evaluated
4 independently 'and that rspecific 2notes are, to be ItakenC70- 80 '7- 8 long-hand when needed. Weeds can be grouped 'into' 

80-0 8 9 4
80590' the broad categories of grasses, broadleafs andsedges,satisfactorily for Ionly the secondary 'weedI population

0-10 9-10 5 5and. then only afterAa list of these weeds 'has been,
recorded. 
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Universal acceptance of, one, systen would be de­
sialbut willI probably not hiappen. Therefore, each,

researcher should choose the system which best fits4,, his particular program. All of the methods mentioned' ~ ave inherent' weaknesses,' but can be'saueu 
unbiased 'evaluation, providing an excellen~t contdri1u4
tion to unesadn fth ramns Regardless'
of the scale used,- consistency~and objectivity, should,"

I'be s'tressed. The researcher has the resonibiit t 
'" 

us is best judgment In recording what actualli hap-~ ;
pen,~ed, rather thani just describing the results withh6-fino 

N ~~~~ regard for~non-treatment effectsotho~~e plots.?4 4 
~ NOTE:2 Ini the event of usn oetanoesse 

Qualitative ~ ~ ~ S torta'dtarusalnosbjectedI~ 
_ _ A___ _ _ _ _ _ _r clt _ _ q a _ v i a l y i s._H w e v r ,,__ e c alu r p s e s i t I s 

a t i c h_ n _ _u_ae fom i n g_ _s s al__ 

overall result's and any. change Incrop growth or weed 

STE 2:obsrvetheconrolplos cosey.Quantitative measurements provide data that are. 

STEP- 3: perform evaluation without knowledge of bias The ca lodvlpsbl ifferences ,which

the treatments Ineach~plot, except the controlI plot; totos
do this evalujate'the trial, moving from back' to front,.: 

a nt vrom,,pob m of vdarilationevtua
 
-polm ts"Iia"A' so that plot markers cannot be rea'd, l factors other than the treatment ie., rodns, rpa 

'. tlon patterns, equipment, etc.). 
esuts ineac 'CollectingSTE ~4 cmpae quantitative. data, consumes time andSTEP4:cmpae reult in achreplication and moe.Clctnsudocrolywhapanddouble chock to make sure that any case of wide varia'~ mnyCleto hud cu nywt lnet~obeteenrelictlos objective in mind andl with trials designed,, ,...tio bewen to providerpliatonsIsdue to treatments and not maximum, needed information. Special attention shouldotlier QctJSOS; Do -this before~leaiving the field, If the be given to.:'" 

-'~A>A~ ''results oftw replications differ significantly,' recheck 
"'K K~

their evaluation' ' ' j --planning (experimentalAdesign,, plot size, 'num--' 
"A of treatments,~~ber number of 'rpiainand' 

''A"A'2-'"','~, 'Anumber' ' of experim'ent)::'I ' 'STEP;15:'it is preferable that two people evaluate 
"'''< ''I2echtrlal independently so, results anb pooled, prsieselectioni (represet ratae time ad
 

''Aticularly with'respect tsuj canbedpar.- ute contrl);,-rv meae , 

-' ' cultural, practices(unform Ity.-often moim-iV 'A ' . A' 
'A'A''A4,~poran ~ "hanA~ '~' leve of'.~ Inputs pest control). '' 

There are several classes of quantitative data.',­

".3. 
Wee Counts 

Actualrdensit'A of, weeds ca'eu lIfratio 

when inerngetere il Wulealainata 
'Ant'fi Howv'r weed~ torfec1h prctca effect 'A 'AA 

a'g fewed'oprdwthalrenme 'Aa 

Wed c.31W ountscan be mad'Aby pl uart 'An 
-p ot d"~ ' '' 'AA4~~~~~-'K~a Inepeigoc isarando h' vlations or yieutInld dtain '~ 'AA"--2 

othewuarte wieoted qumarawth anlrg numbero 
'A 'A'AA'A'4 



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. 
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FIGURE 3-2
Using a Quadrate to Count Weeds 

3.3.2 Plant Weight 
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 !he plots and recording fresh weight. The species 


e ---border 

a-- -- -sampling 

area 

---harvest 
area 


SOLID SEEDED CROPS 

DIAGRAM 3-1 
Sampling Areas for Solid Seeded and Row Crops 
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FIGURE 3.3 

Weighing Plants in the Field 

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

Often, each sample's dry weightdOfteld definitive d'ta duy is determined toweto lirs do~ te~mntoeliminate errors caused by unequal water loss between 
harvest and weighing fresh samples. Dry .'e i : .oe not yield definitive ge ct;;',data dueV to larI .1;r ,<m o~ 

variations of different 'species. 

3.3.3. Plant Height
With many annual crops, forage crops, young woody

perennials, and trees, plant height provides a useful 
measurement of herbicide toxicity and weed corup'ti­
tion. Plant height-as well as plant weighlt ,md ,,ecdcount-data are often collected to supplornrnt final
yield data and may or may not correspond to final yield.
Measurable differences in physical characteristics of a 
plant often have no effect on yield. 

border row 

-sampling row 
~ I 

-ae row 
I harvest row 

ROW CROPS 
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>>~ '->~standardizeleavinganother di if data. Proper.>data' interpretatiornbecomnes >iniauparteaenotheplot 

3.3.4 .Sampling Area 

coe or more of the above measurements can'be
collctedfroyied plts t yild ata are nee, A 

effort~ should be made to mini,iize disturbance"6of plants 
In the area to be harvested, Wh~en the cropis sold'
seededSuch as wheat or alfalfa, measurements can 

ara~ be ade n~a aparae ~-
area UdciSt~rbed4 until harvest time. 

s444ka44e4range 
Cornbeans, cropsucnbebmeasuredtan~dotherrowreatvlyesiy ihotdisturbig1other plants. 

~Separate areas should tbe used If measurements'In-
>volve cutting or pulling plants.Harvesi ng _equipment,­"100if~ uemsbecnieewhndtermining'the size10-~~~~&4(~~~~~eore mutbxosdrd~h6d'5ofthe vaiiis areas, Hand harvesting'allows much mores !i~~an100a, 

Y'4flexiibility and smaller sampling4 areas. 

3. 3.5~"Crop Yid~d4~>> >>'>7 
of uThia--n otImportant-type ofquantitative


data' is crop yield. Recommendations fo rpaduse 

of herbicdes mushebe supported by good yield data,

The majo'rity of the preceding- quantitative 'evaluations 
 -450 

-4discussion4 ap'plies equally- to the collection of yield 
data. However,there are additional factors which de-
serve sp e rs hatti nTho number of treatments should be- minimized to --

allow- harvest during ,a reasonably short-time period,
~preferably one, day. Experiments' should- be harvested4
by replication to reduce differencesinresults'if harvest 
is Interrupted.---------

Special problems'arise for crops'such as tomnatoes 
an uubesta ipnoe pro fweeks and 

- which must 7be harvested every few days, These condi-

-

-

tions present-high potential for error. In such cases, a ­

period 'of time may' be 'establishl-ed for harvesting 'all 
4-'treatments and no data taken theireafter. ' 

Another problem develops when' herbicide treat­
m1~~ents, orj weed competition, delays or hastens crap 
maturity Whenever possible, each plot shouldbe 
avse ttepoe ieo orcin ae 

ma>ily for moisture content-particularly in seed yields, 
>j'KW ' i4 '4Moisture adjustmients should also be made to help~ 

difficult if oistwre onentintgie or if a wide2 ;{ 

e t fn 
Adjustments in weights cdan be ma~de using the fol-4' 

lowing 1formula:7U;.~~1~"f 
K!:Nt'measurec osuecnet 

weight~edewg x (1dei~gnaited moistu-rec ',r 
0 dsgae oitr otn) -

Rec d pl'a m~c~ceight 

Measured moisture content : 

Deinae mostr content: 
100t16 

x ­
1 100-14 

Evn with: the b p 

4'50 '7 4 
16 percent 

14 percent 
4 -

-

440 at 14 percent 
i I> I 

t 

-l-.n and -rat Ist effort, - - , 
many experiments are' rendered valueless by uncon­tralled factors causing excess variation In results. Re-­

-searchers must recognize, 'as 'early as possible, when ­

- to-abandon-a trial. Tho'ugh It-is not easy to discard the
 
results of considerable.effort, it'is even less desirable
 
to continue work'that will4 produce useless or mislead-

Ing 'data., - 4 ' 4 

' -Visual evaluations may be more usefultaquni 
-tative evaluatiops when faced with non-uniformity. A 

biologist: Is ofte'n 'able to make 'allowances for varia- ­

-tion due t o non-treatmnent 'factors: such a~s- insects,

disease, rodents, and weed or- crop population.
 

° e x m'Y;i: i"i sapln 4" :'-Statistica[ and sapigtech'niques may be avail­
able to-avoid, the loss of all data. For eample, yield
 
may be taken on, a.per pla'nt basis rather than -a per

plot basis> if 'plants have4 been' damaged in some plots.'

Treatments 'or blocks can'~be discarded without -seri­
ously 'affecting'theanalysis. Itis usu'ally helpful to con-

suit a statistician when coping with such problems. 

­

-
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4 Data Analysis
and Statistics 

After plots have been evaluated and harvested, the 
resulting data should be statistically analyzed to pro-
vide an objective method for assessing whether experi-
mental treatments or uncontrolled variation and chance 
caused differences. All 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. 

4.1 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 statistical 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 

ivalidate any statistical analysis of the results. 
Every effort should be made to record initial data 

accurately. Recording directly on prepared forms fa-

37 

jJ Design experiment to facilitate 
analysis 

El Carry out statisticalanalysis 

El Utilize analysis in reports 

cilitates comparing replications. Question :,:,, umbe, 
are obvious immediately: the accuraicy , . 
evaluation, harvest, or weighing opr:itrr.m; ,'ri 
checked on the scene. Revisiting the pl!,tot !n4 pDint 
can often correct an error. 

Similar care should be exercised in adjusting raw 
data to a constant moisture content, or converting 



3OT enables the researcher to design experiments achieving 
. 7 -D 1particular objectives with minimum time and money 

- "' - -,o7O expenditure. 
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SStatistical 

* ,ments. 

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 speciiHc formulas and statistical procedures. Ideally, 
a fiel' rc3earcher 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 robles or to review computational 

There is no substitute 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 

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
eralizatlons. 

tests, by themselves, are only a tool to 
determine if significant differences exist among treat-

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. 
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5 	Recording
and Reporting
Results 

] 	 Carefullynote and record full
 
information
 

Ii 	 Include sufficientinformationin 
reports 

Many useful experiments are conducted each year For reporting a series of similar trials, some of the 
and never reported, while many others that are re- repetitive information possibly may be grouped. There 
ported lack important information. Failure to record and 
report results and supporting information essentially 

are the several classic categories 
include in a report. 

of information to 

cancels most of the effort and resources required to 
conduct an experiment. This situation holds true for 5.1 BACKIGROUND INFORMATION 
both research organization work and for large farm or Background information should consist of the 
plantation research that has a goal of immediate pro- definition of the problem's nature and extent with a 
duction use. The latter case may be a report intended concise discussion of the problem including a reference 
for limited usage, but it should still contain sufficient to the activities or decisions that prompted establishing 
detail to enable future close duplication of the research. the experiments. 
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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, hericide treatments, spray additives 
and type and volume of carrier are examples of in­
formation to include. 

5.4 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

,}- MATERIALS AND METHODS text. The title, location, and date of the experiment 

should be included. Headings used for data columnslu nt,materipls usved,cultal mpracce, x- need to be readily understood, perhaps requiring an 
t',uetr! hucalion, people involved, methods employed, exantrfont. 

explanatory footnote.mA x;,uIIental design should be set forth briefly 
-itd I 5uch ;Iway that allows a reader to duplicate the Reports may be read and used by people unfamiliar 
v. I under similar conditions. with the research area. Hence, the report has to pro-

Weed Control inPinto Beans
 
Malheur Experiment Station, Ontario, Malheur County, Oregon, 1975
 

Visual Evaluationsa - % Weed Control 
lbs _%Crop Injury Barnyardgrass Pigweed Purslane Lambsquarters 

I ,..en* a.i./A RI R2 R3 Avg RI R2 R3 Avg RI R2 R3 Avg Rl R2 R3 Avg RI R2 R3 Av_ 
etli11tlujl iuI 1.0 ppi 10 5 5 7 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
t uchi lorl in .75 ppi 

belutzon + 1 post 15 20 25 20 100 98 98 98 100 100 100 100 100 100 100 100 100 100 100 100 
l,,, , mmI .75 ppi 0 20 10 10 98 100 99 99 99 100 100 99 99 100 100 99 99 100 100 99
L.,lin 1.0 ppi 50 40 30 40 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

pr,.uliil 1.5 ppi 65 70 70 68 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
11O23., 2.0 post 0 10 10 7 100 100 100 100 0 0 0 0 0 0 0 0 0 0 0 0 
HIr; 4.0 po',.t 30 20 20 23 100 100 100 100 30 40 40 38 30 40 40 38 30 50 40 40 

1.0 pu'.t 85 60 70 72 20 50 40 37 100 100 100 100 100 100 98 99 100 100 100 100 
St1 1.0 Flo t. 0 0 0 0 0 0 0 0 95 95 90 93 98 95 95 96 98 98 95 96 
SNY"n2 1.,6Io'; 5 5 5 5 90 90 90 90 98 95 98 97 98 98 98 98 98 95 98 96 

-0 0 000 0000 0000 0 0 0 0 
t [.vlu. 1)1 5.. I,,: 0 Flo kill, 100 = complete kill Evaluated July 28, 1975 

pen,.,ti in at 1.5 hidlb/A rdt.t, reduced stand, caused growth reduction and the chlorosis of lower leaves.
 
eAhl il, in ';.' to h,1,,e jood cantaloupe tolerance emerging from seed.
 
po).,tlin at 1.5 lb/A has c(,rtrlled ma!low,
 
G,,rerlI nfor. ........iatiouI Application Data
 

Crop - Dry beans (Pintu) Date: Jure 30, 1975 July 10, 1975
 
Plot si,e - 5 rows x 35' Conditions: Preplant incorporated Postemergence

Soil type - silt loam Method of Application: Broadcast Broadcast
 
Soil or,nic riatter - 1.3% Carrier volume 40 gpa 40 gpa

Irrigation - furrow Nozzle size 8003 TeeJet 8003 TeeJet
 

Pressure 35 psi 35 psi
 
Stage of Growth:
 
Dry beans Preemergence Emerging; first
 

trifol iate

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 crusgall (barnyardgrass) 
in flooded rice: yield effect 

3000 
'1i
,\ * 

, ,, . ) Il 

2000"" 

Yield .9 , , 
Nkg/ha "
 

1000 - -K
 

0'' 

LL ! I,,I 

FIGURE 5-2 

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 person on the scene and most 
familiar with the experiment usually can best provide 
interpretations. Figures presenting results in graph 
form may provide a desirable alternative to the usual 
tables. 
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TABLE 6-3
 
ALWAYS READ AND HEED THE HERBICIDE LABEL Hypothetical LD.;0 Response of Different Animal 

Species to th, 3ame Compound 

Toxicity 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 i% ons 

s50% of a given population (i.e., that dose at which uals kIlled) 
S0% Rats Rabbitsof a given population of test animals dies). It says Honans 

nothing of the dosage range causing death or of the 1it" H, a.. R. ,.bit 
non-fell i1effects. 	 'f> 

TABLE 61 	 o0"TLI61 	 0 LD5 o LD.o LDRo 

Variability inLethal Dose 

-Compcui,, B 	 There may exist many serious harmful effects short of 
death. 

Compound A 	 ' '. 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. 

I) LL\, 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 becn treated with non­
registered herbicides should be disposed of in an ap-

TABLE 6-2 propriate manner. They should never be used for food 
Different Compounds,Same LD.... Different or feed. All reasonable attempts should be made to 
Dose-Response Curves 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. 

'I , 	 ' i[.j:;tii id B­

... LDw MOST TOXICITY PROBLEMS ARISE WHEN 
Compound A- HANDLING CONCENTRATED MATERIAL. 

11111FAWYI11tFWARNIN


POISON 
CAUTION-DO NOT DROP 

Note: these data are 	based on laboratory studies. Test DONT 
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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are flammable so the use of matches, flame, or6.2 HERBICIDE STORAGE 
cigarettes may cause a serious accident. Storage and 

Herbicides should be stored in a specific room, mixing areas should be equipped with a chemical 

shed, or area having a lockable entry with key(s) as- fire extinguisher. 
signed only to authorized individuals. Herbicide supplies should be inventoried periodi-

The storage area should be maintained above freez- cally and old, outdated materials discarded. Perhaps 
on a crop at the recoin­ing temperature and protected from excess heat; use the best method is application 

a fan if necessary. Adequate ventilation is also essential mended rate. Attempt to precisely calculate the amount 

and a washable floor (preferably concrete) desirable. of new chemicals required for the yeai and do not 

Sunlight entering the area should be kept off glass request excess; avoid accumulating materials that will 

containers to prevent light-caused degradation. deteriorate with age. Farmers also should be advised 
not to buy more chemical than will be used during the 

Store herbicides in an orderly system: they should period that it is factory-guaranteed to be active. 

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 6.3 DISPOSAL 
supplies of herbicides. 

oHerbicide containers (drums. cans. bottles. etc.). 
It is imperative that there be no smoking around though appearing to be enpty, may still hold traces 

chemicals. Most solvents used to dissolve herbicides of herbicide. All such containers should be rinsed 

thoroughly, perforated or broken, arnd disposed of by 

burying. Never reuse former heibicide containeis to 

carry water, etc. Certain materials itni t dc.,'or "'sCd 

by burning: therefore, humans and nnimals srould not 
be exposed to the smoke from burning containers. 

Waste water from the preparation aien nds to be 
carefully controlled. It should not be ,Illov.'ed to run 

into an area where it may be used by humans or ani­
mals; also, it should be kept away from crop itrig;ation 
systems. 

Do not dump excess chemicals after s.iraying. ex­

cept in a specific disposal pit or- other iareai 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 

V?4.".breezy 
,.r,, ,, ~ 

- " . ...~/ 

~ 

cause spray to drift onto nearby persons, crops, or 

-' test plots. Spray can be applied during nmoderaf.ly 
conditions provided application moves in th,­

~'direction of the wind; spray will then be blo.,.,o v,,a 

'; ,from, not onto, the operator. 

When wind is a problem, reduce drift by using 

nozzles that emit a coarse spray. Also operate a spru--or 

S_ ." at the lowest possible pressure consistent with spray­

ing needs and label recommendations. 

7.. 6.4.2 Protective Gear 

For his own safety, a person applying pesticides (an 

operator) should understand the potential hazards to 
Disposing of Pesticide Containers himself and others and should be properly motivated 
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to tal, ner.s...y precautions. An operator should both 
chrnfeI c otth;nq (and have it washed) and bathe 
thoruttl(y v.,.; so;p ind a,,ter after each day's spray­
ing ,",i, otective should be wornl clothing 
(dcocg. nir i thio toxicity of the herbicide being ap­
JI.i ,Ilrk iqi t long-sleeved shirt or coat, hat, rubber 
glovis. icui ator, and eye protector. In hot humid 
cllrn t,., .SUhclothing will not be comfortable, but 
should be used wheii indicated. 

FIGURE 6-2 

Wearing Protective Gear During Application 

COMMON SENSE AND CAUTION WILL PREVENT
 
MOST TOXICITY PROBLEMS
 

Common sense and an accurate, cautious approach 
to 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) :Iru
 

derived; all other units are either the decimal subdivisions or multi.:ei
 
thereof. The three basic units are related, so that for all jractical
 

purposes one kilogram of water equals one liter or one cubic decimeter.
 

Many metric terms are formed by combining six numerical -rcfixc!:
 
with the base units.
 

Ten of one metric measure equals one of the next laryer weaurc , 
e.g., 10 millimeters equal one centimeter. The square and cuLic unitni 
are the squares and cubes of the linear units. The ordinar. un.it f ,r land 
area is the hectare.
 

CFART 7-)
 

Some prefixes and Relationships in the Metric System 

prefix meaning decimal fraction power of 10
 

kilo- one thousand 1000. 10001 103 

hecto- one hundred 100. 100 

1 

10 101
deka- ten 10. 1 

(none) one i. -­

deci- one tenth .1 1 10-1

10
 

1 10-2
centi- one hundredth .01 

100
 

10 3
milli- one thousandth .001 1 

1000
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-
The finer subdivisions of measurement, MICRO (10 ­6), NANO (10 9),

and PICO (10-12) 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 
 milligram - mg millileter - ml
 

centimeter 
- cm centigram - cg centiliter - cl
 

decimeter 
- dm decigram - dg deciliter - dl
 

tuter 
- m gram - g liter - 1
 

dekameter - dkm dekagram - dkg dkl
dekaliter ­

hectometer - hectogram - hg
]un hectoliter - hl
 

kilometer - km kilogram - kg 
 kiloliter - kl
 

hectare - ha 

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 yard 	 - 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 (sq 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
 

1 sq yd = 8361.3 sq cm
 

= 0.836 sq 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 acre(a) 	 = 0.405 ha 

= 4,046.R sa m 

= 4,840 sq yd 

= 43,r60 sq ft 

= 160 square rods (sq rods) 

1 sq mi = 259.2 ha 

= 640 a 

7.3.3 VOLLME 

1 cubic centi- = 0.0353 ou.ices (oz) 
meter (cu cm) = 0.0353 ouncu (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 

1 cu ft = 0.0283 cu m 

= 1,728 cu inch 

= 0.037 cu yd 

1 cu y'd = 0.765 cu m 

= 27 cu ft 

= 46,656 cu inch 
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7.3.4 LIQUID 

1 liter (1) 

1 US gal 

= 1,000 cu cm. 

= 1,003 milliliters (ml) 

= .264 U.S. gallons (US gal) 

22 Inperial gallons (Il.j. gal 

61.0224 cu inch 

= 213 cu inch 

= 4 US quarts 

= 3.765 1 

1 Imp gal = 

= 

.8327 Imp gal 

277.42 cu inch 

4 Imperial quarts 

4.545 1 

(Imp qt) 

1.2 US gal 

7.3.5 MASS 

1 gram (g) 

1 kg 

1 oz 

1 lb 

1 ton (T) 

= 0.0353 ounces (oz) 

= 1,000 milligrams (Icj) 

= .001 kilogram (kg) 

= 35.274 oz 

= 2.2046 pounds (lb) 

= 28.349 g 

= 453.59 g 

= 16 oz 

= .4535 kg 

= 2,000 lb 

= 906.8 kg 
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7.4 CONVERSION FACTORS
 

inches x 25.4 
 = millimeters
 

millimeters Y 0.0394 = inches 

feet x 0.3043 
 = meters
 

meters x 3.281 
 = feet
 

yards x 0.9144 
 = meters
 

meters x 1.094 
 = yards
 

miles x 1.609 
 = kilometers
 

kilometers x 0.6214 
 = miles
 

sq inches x 6.452 
 = sq centimeters 

sq centimeters x 0.155 = sq inches
 

sq feet x 0.0929 
 = sq meters
 

s(I meters x 10.764 
 = sq feet
 

, q yards x 0.836 

- sq meters
 

sq meters x 1.196 
 = sq yards 

acres x 0.4047 
 = hectares
 

leCtareS x 2.471 = acres 

c'u inche: x 16.387 = cu centimeters
 
Cu Ce;1:ixnetcr,; X 0.061 
 = cu inches
 

US qu 't: 0. ,1c 
 = liters
 

litersr x 1.057 
 = US quarts 

US cailons x 3.7854 = liters
 
liters x 0.2642 
 = US gallons 

Pounds x .4536 
 = kilograms
 

kilograms x 2.2046 
 = pounds
 

pounds per square inch x .0703 
 = kilograms per square centimeter 
kilograms per square centimeter x 14.223= pounds per square inch
 

horsepower x 0.745 
 = kilowatts
 

kilowatts x 1.341 
 = horsepower
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7.4.1 	TEMPERATURE
 

The factors for converting between centigrade (C) and fahrenheit 
(F) 	 are: 

centigrade to fahrenheit: (' 6 x 1.8) + 32 = 
fahrenheit to centigrade: ('F - 32)0.5556 = 'C 

,,
 
k k 

,5 DATA TABLES 

7.5.1 	 RATE OF TRAVEL 

The elapsed time to travel a set distance indicates rate of trl2vel, 
a factor that may be needed to determine application rates. The following 
chart provides rates of travel for various times to cover i set di!tancc. 

CHP.R7 7--2 

Rate of Travel
 

Travel Time Rate in Travel Time Rate in kio­
for 200 feet miles per hour for 100 meters meters per hour 

136 seconds 1 	 360 seconds 1
 

91 1.5 240 " 1.5
 

68 2 180 2
 

55 2.5 144 2.5 

46 3 120 3 

39 3.5 103 3.5
 

34 4 90 " 4
 

30 4.5 80 4.5
 

27 5 72 5
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7.5.2 WEIGHT-VOLUME RELATIONSHIP
 

1gm per 

1000 ml (1 liter) 

10,000 ml (10 liters) 

100,000 ml (100 liters) 

1,000,000 ml (1000 liters) 

10,000,000 ml (10,000 liters) 

100,000,000 ml (100,000 liters) 

1,000,000,000 ml (1,000,000 liters) 


Temperature Conversion
 

= 

= 
= 

= 

= 

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

parts per 
million (PPM) 

= 1000 PPM = 0.1% 
100 PPM = 0.01% 

10 PPM = 0.001% 
1 PPM =0.0001% 
0.1 PPM 
0.01 PPM 
0.001 PPM or 1 PPB 

7.5.3 SPRAY CONCENTRATION CONVERSIONS
 

. 

23 
1 
1.1/V3 
2 
2-2,3 
3-1/3 
4 
5 1/3 
6*2/3 
8 
9 1/3 

10.2/3 
12 
13-1/3 
16 
20 
24 

ounces per 
100 gallons 

(1,81.) 

(114 lb.) 

(1/2 lb.) 

(3/4 lb.) 

(1 1b.) 
(1-1/4 lb.) 
(1-1/2 lb.) 

N 

grams per 
PPM %solution 100 li!.,rs 

50 .005 5 
75 .0075 7.5 

100 .01 10 
150 .015 15 
200 .02 20 
250 .025 25 
300 .03 30 
400 .04 40 
500 .05 50 
600 .06 60 
700 .07 70 
800 .08 80 
900 .09 90 

1000 0.10 100 
1200 0.12 120 
1500 0.15 150 
1800 0.18 180 
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. .4.,,... . 

7.5.4 AREA EQUIVALENTS
 

square square square square 
meters yards feet inches 

.1 .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 1550.0
 
2.0 2.392 21.53 3100.0
 
3.0 3.588 32.29 4650.0
 
4.0 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 10950.0
 
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 35.880 322.91 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 EQUIVALENTS FOR VARIOUS CONCENTRATIONS
 

pounds per 
gallon US 

0.1 
0.2 
0.25 
0.3 

0.4 
0.5 
0.6 
0.7 

0.75 
0.8 
0.9 
1.0 

2.0 
3.0 
4.0 
5.0 

6.0 
7.0 
8.0 
9.0 

10.0 

grams 
per liter 

11.98 
23.97 
29.96 
35.95 

47.93 
59.91 
71.90 
83.80 

89.87 
95.86 

107.85 
119.83 

239.65 
359.48 
479.31 
599.14 

718.97 
838.80 
958.63 

1078.46 
1198.29 

pounds grams per 
per liter gallon US 

.03 45.36 

.05 90.72 

.07 113.40 

.08 136.08 

.11 181.44 

.13 226.80 

.16 272.16 

.18 317.52 

.20 340.20 

.21 362.87 

.24 408.23 

.26 453.59 

.53 907.20 

.79 1360.79 
1.07 1814.38 
1.32 2267.97 

1.58 2721.56 
1.85 3175.15 
2.11 3628.74 
2.38 4082.33 
2.64 4535.92 
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7.5.6 EQUIVALENT RATES FOR LIQUID APPLICATION
 

gallons US 
per acre 

.1 
.25 
.50 
.75 

1.0 
2.0 
3.0 
4.0 

5.0 
6.0 

7.0

4 8.0 

9.0 
10.0 
15.0 
20.0 

30.0 
40.0 
50.0 
60.0 

70.0 
80.0 

90.0 
100.0 

liters gallons US liters 
per hectare per hectare per acre 

.935 .247 .379 
2.338 .618 .946 
4.677 1.236 1.893 
7.015 1.853 2.839 

9.354 2.471 3.785 
18.707 4.942 7.571 
28.061 7.413 11.356 
37.415 9.884 15.141 

46.769 12.355 18.927 
56.122 14.826 22.712 

65.476
74.829 

17.297 
19.768 

26.497 
30.282 

84.183 22.239 34.068 
93.536 24.710 37.853 

140.305 37.066 56.780 
187.073 49.421 75.706 

280.609 74.131 113.559 
374.146 98.842 151.412 
467.682 123.552 189.265 
561.219 148.263 227.118 

654.755 172.973 264.971 
748.291 197.64 302.824 
841.828 222.394 340.677 
935.3(34 247.104 378.530 

milliliters 
per square 

meter 

.0935 
.234 
.468 
.702 

.935 

1.871 
2.806 0 
3.742 0 

4.677 
5.612 0 

6.548 * 
7.483 

8.418 
9.354 

14.030 * 
18.707 * 

28.061 
37.415 
46.768 
56.122 

65.475 
74.829 
84.183 
93.536 

fluid ounces 
per 100 

square feet 

.1 

.25 

.50 

.75 

1.0 

2.0 
3.0 

4.0 
5.0 

6.0 
7.0 


8.0 
9.0 


10.0 
15.0 

20 0 
0. 

400 
-10.0 

60.0 
70.0 
_0 "I 

100.0 

milliliters 
per 100 

square feet 

2.957 
7.393 

14.787 

22.180 

29.573 

59.147 
88.720 

118.294 
147.867 
177.440 
207.014 

236.587 
266.161 
295.73.1 

443601 


591.4.18 
2. 


" 112 33; 
i:,1
1 ", ' I 

1o' 1 
, .:"3.. 


milliliters 
per square 
decameter 

31.832 
79.581 

159.162 

238.743 

318.324 

636.649 
954.973 

1273.297 
1591.621 
1909.945 
2228.270 

2546.59-1 
2864 91 
31813.241 
,17 174 41.,3 


6 (;36.485 

:., .. .. 

1 ,'7 '.,'. 
:1', 

W' 1 

,.7
.....


gallons US 
per acre 

.340 

.850 
1.702 

2.552 

3.403 

6.806 
10.209 

13.613 

17.016 
20.419 
23.82? 

27.225 
30.628 
3.1.031 


51.04 


60S.0i1i( 

1.'o 1 . 
1/1) 1 n 

1I ; 

9. 


". 0 


1 

liters 
per hectare 

3.183 
7.957 

15.916 

23.874 

31.832 

63.663 
95.495 

127.327 

159.158 
190.990 
222.821 

254.653 

286.485 
318.316 
.177.474 

636.632 

.1.01118
 

12/3.265
12,1.51
 

1909.S97 

. .2(1 

?'6 .529 

3183.162 

http:591.4.18


7.5.7 EQUIVALENT RATES FOR DRY M,4ATERIAL APPLICATION 

pounds per 
acre 

.1 

.25 
.50 
.75 

1.0 
2.0 
3.0 

4.0 
5.0 
6.0 
7.0 

8.0 
Co

9.0 

10.0 
15.0 

20.0 
30.0 
40.0 

50.0 
60.0 

70.0 
80.0 
90.0 

100.0 

kilograms 
per hectare 

.112 

.280 
560 

.841 

1.1209 
2.2417 
3.3626 

4.4834 
5.6043 
6.7251 
7.8460 

8.9669 
10.8077 

11.2086 
16.2129 

22.4170 
33.6256 
44.8342 

56.0428 
67.2514 

78.4600 
89.6686 

100.8772 
112.0858 

pounds per 
hectare 

.25 

.62 
1.23 
1.85 

2.47 
4.94 
7.31 

9.88 
12.35 
14.83 
17.30 

19.72 
22.24 

24.71 
37.07 

49.42 
74.15 
98.84 

123.55 
148.26 

172.97 
197.68 
222.39 
247.10 

kilograms 
per acre 

.045 

.114 

.227 
.341 

.454 

.907 
1.361 

1.814 
2.268 
2.722 
3.175 

3.629 
4.082 

4.536 
6.804 

9.071 
13.607 
18.143 

22.679 
27.215 

31.751 
36.287 
40.823 
45.359 

0 
0 
0 

0 
0 
* 

* 
* 

* 

kilograms 
per hectare 

.1 

.25 

.50 

.75 
11.0 
2.0 

3.0 
4.0 

55.0 

6.0 
7.0 

8.0 
9.0 

10.0 
15.0 
20.0 
30.0 

pounds 
per acre 

.09 

.22 

.45 
.67 

.89 
1.8 

2.7 
3.6 
4.5 

5.3 
6.2 

7.1 
8.0 

8.9 
12.5 
17.8 
26.8 

pounds per 
hectare 

.2205 

.5512 
1.1023 
1.6535 

2.2046 
4.4092 

6.6138 
8.8184 

11.0230 

13.2276 
15.4322 

17.6368 
19.8414 

22.0460 
33.0690 
44.0920 
66.1380 

kilograms 
per acre 

.0405 

.1012 
.2023 
.3035 
.405.405 
.809 

1.214 
1.619 
2.023 

2.428 
2.833 

3.238 
3.642 

4.047 
6.070 
8.093 

12.140 

40.0 
50.0 
60.0 

70.0 
80.0 
90.0 

100.0 

35.7 
44.6 
53.5 

62.5 
71.4 
80.3 

89.2 

88.1840 
110.2300 
132.2760 

154.3220 
176.3680 
198.4140 

220.4600 

16.187 
20.234 
24.281 

28.328 
32.375 
36.422 

40.4687 



7.5.8 GRAMS OF TREATMENT REQUIRED AT VARIOUS
 
RATES FOR INDICATED AREAS
 

Rate in pounds per acre (product or ai basis) 

0.25 0.50 1 2 3 4 5 6 7.5 8 9 10 

6 0.02 0.03 0.06 0.13 0.19 0.25 0.31 0.38 0.47 0.50 0.56 0.3 
10 0.03 0.05 0.10 0.21 0.31 0.42 0.52 0.63 0.78 0.83 0.941 1.04 
25 0.07 0.13 0.26 0.52 0.78 1.04 1.30 1.56 1.95 2.08 2.34 2.60 
30 0.08 0.16 0.31 0.63 0.94 1.25 1.56 1.87 2.34 2.50 2.81 3.12 
36 0.09 0.19 0.38 0.75 1.13 1.50 1.87 2.25 2.81 3.00 :3.37 3.75 
48 0.13 0.25 0.50 1.00 1.50 2.00 2.50 3.00 3.75 4.00 4.50 5.00 
64 0.17 0.33 0.67 1.33 2.00 2.67 3.33 4.00 5.00 533 600 666' 
72 0.19 0.38 0.75 1.50 2.25 3.00 3.75 4.50 5.62 6.00 6.75 7.50 
75 0.20 0.39 0.78 1.56 2.34 3.12 3.91 4.69 5.86 6.25 7.03 7.81 

" 81 0.21 0.42 0.84 1.69 2.53 3.37 4.22 5.06 6.33 6.75 7.59 8.41 
90 0.23 0.47 0.94 1.87 2.81 3.75 4.69 5.62 7.03 7.50 8.44 9.37 

100 0.26 0.52 1.04 2.08 3.12 4.17 5.21 6.25 7.81 8.33 9.37 10.4 
120 0.31 0.63 1.25 2.50 3.75 5.00 6.25 7.50 9.37 10.0 11.3 12.5 

.150 0.39 0.78 1.56 3.12 4.69 6.25 7.81 9.37 11.7 12.5 14.1 15.6 
200 0.52 1.04 2.08 4.17 6.25 8.33 10.4 12.5 15.6 16.7 18.7 20.8 
250 0.65 1.30 2.60 5.21 7.81 10.4 13.0 15.6 19.5 20.8 23.4 260 
300 0.78 1.56 3.12 6.25 9.37 12.5 15.6 18.7 23.4 25.0 28.1 31.2 
400 1.04 2.08 4.17 8.33 12.5 16.7 20.8 25.0 31.2 33.3 37.5 41.7 
500 1.30 2.60 5.21 10.4 15.6 20.8 26.0 31.2 39.1 41.7 46.9 52.1 
750 1.95 3.91 7.81 15.6 23.4 31.2 39.1 46.9 58.6 62.5 70 3 78.1 

1000 2.60 5.21 10.4 20.8 31.2 41.7 52.1 62.5 78.1 83.3 93.7 104 
1200 3.12 6.25 12.5 25.0 37.5 50.0 62.5 75.0 93.7 100 113 125 
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