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Introduction

The objective of all agricultural research scientists is to organize research
operations so that the findings can be used to impreve agricultural
productivity and sustainability. In agricultural research a scientist
idertifies solutions to problems through experimentation.

Research can be broadly defined as a systematic inquiry into a subject
to identify and utilize new facts or principles. The procedure for research
is generally known as the scientific method which, although difficult to
define precisely, usually involves the following steps.

Planning experiments

Layingout and conducting experiments

Obgerving and c¢cllecting data

Analyzing and interpreting data

Summarizing results and report writing

Publishing results and transferring technelogy

HRDIP ¢ S08 no. b 5



Planning Experiments

It is important to consider each det
following steps are involved:

Define the problem

Review literature

State cbjectives

Select treatments

Choose an experimental design

Determine the number of replications

List and procure the experimental materials

Consider data type and precision of experiment

Provide adequate facilities and funds

Determine procedure and potential for technolegy utilization

CoOOQO0O000D0Q00

Rafinement of Techniques and Selection of Mataerial

Faulty techniques may increase experimental error and bias treatment effects.
Potential pitfalls leading to faulty techniques need toc be identified at the
time of planning the experiment and managed appropriately (MP 1.}

A good technigue should:

Control external influences so that all treatments are comparably
affected.
Prevent gross =2rrors.

Uniformly apply treatments.
Devise suitable and unbiased measurements of treatment influences.

(= ESN V) —

For most applied research in agriculture, it is important to use the
kinds of materials that will be used in actual production.

Sstating the Objectives

The first activity in planning an experiment is to be clear and specific about
the ocbhjectives of the experiment. For example, the problem may be one of
asseasing the value of weed control by a new technique. The questions
involved in meeting the objectives could be:

Is weed control ezsential to increase the crop yields?

a.

. If weed control is useful, is hand weeding required or are
machines or herbicides required to do the job efficiently?

<. If hand weeding is to be employed, how many weedings and at what
stage{=s) of the crop?

d. If herbicides are to be used, then what herbicide({s), at what

rate, and when to apply?

These relevant issues must be settled before the experiment is
initiated, to aveid the possibility that data from the experiment are found to
be inadequate in scope. Therefore, it is essential that the experimenter
precisely define the objectives specifying all details (MP 2}.

Salection of Treatments

Careful selection of treatments is important in achieving the objectives and
to increase the precision of the experiment. For example, while studying the
cffect of herbicides, fertilizers, fungicides, or insecticides, it is more
useful to determine how the experimental units respond to increasing rates of
treatment material, than tc decide whether or not increasing rates are
significantly different. Thus, a proper series of rates will make it possible
to plan tests of significance that are more selective than merely comparing
adjacent means in an array. The primary chjective of such experiments should
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be to determine a response curve with a range of rates going well beycond the
optimum. This might appear te require a trial with a large number of
treatments, but this need nct be the cass. Four or five well-spaced rates
will suffice to determine the shape of the response curve, within the region
of interest. The optimum rate of nitrogen is expectad te be around 80 or 100
kg ha™, suitable treatments for a trial might be 0, 60, 120, and 180 or 0,
50, 100, 150, and 200 kg N ha''. Thus rates in equal or multiple increments
within the expected range of the response are most efficient in establishing
eguations for a rate:response curve. Experiments where two or more types of
treatments are tested simultansously {(factorial experiments) considerable
improvement can be made in the precision of comparison of levels of each
factor as well as for their interactions.

Before experimenting with a number of treatments in an elaborate trial,
it is frequently advisable to Lry the treatments on a set of cbservaticn
plots. Such preliminary trials often reveal the gross unsuitability of some
Creatments under field conditions or the possible difficulties that might be
invelved in the application of the treatments.

Cholice of Experimental Design

While planning an experiment, the research worker should pay particular
attention to ensure the adoption of an appropriate design. A standard design
is always sound. The appropriate design depends largely on the number and
nature of the proposed treatments. Thus, if many treatments are to be tested
in a factorial scheme, it would generally be more efficient to adept a
confounded design than a simple randomized-block design. If many genotypes
are to be tested it would be desirable to use an incomplete block design. In
experiments invelving a combination of treatments where one of the factors
reguires a large-size plot, like irrigation, it might be advisabkle to adopt a
split plot design with irrigation treatments assigned to main plots. If hoth
the factors need large plots for effective application of treatmeants, like
irrigation and land configuraticn treatments, a strip plot design will be more
efficient.

One needs to consider the available resources while chocsing an
experimental design. Complex designs {lattice designs) can be successfully
utilized when skilled field aszsistants are available. In the absence of such
help, mistakes might invalidate the analysis and make the results difficult,
laboricus or impossible. The randomized-block design possesses a remarkable
simplicity and flexibility in its layout and statistical analysis. It should
be preferred under circumstances where the successful employment of a more
complex design is problematic cwing to the lack of resources. Uniformity-
trial data indicated that for a plot size of 0.004 ha to 0.008 ha, the
randomized-block design may be adopted with up to 20 treatments without
appreciable less of efficisency (Panse and Sukhatme 15989) .

A standard design is sound when the design chosen is applopriate for the
experiment. Sometimes a standard design is arbitrarily modified to suit the
special requirements of an experiment and then design mistakes are liabkle to
occur in the process, resulting in faulty data or conclusions. Faults of the
design may be discovered when it is too late, either after the experiment is
started or even when the data are to bs analyzed. A practice which safequards
against the use of a faulty design is to calculate a skeleton analysis of
variance for the proposad experimental design. This will help to reveal and
correct potential defects in the design, and thus avoid unforeseen
difficulties in the analysis and interpretation of experimental data.

Number of Replications
Replications (blocks) refer to the number of sets of treatmente. Replications

will provide a measure of the validity of conclusions drawn from an
experiment .
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Fewer replications are needed in a homogenous field. The greater the
number of replicatiens, the lesser the chance errors. To determine the number
of replications (MP 3) for an experiment consider:

o The inherent variability of the experimental materials.
o The experimental design.

O The number of treatments.

s} The degree of precision desired.

Layingout and Conducting Experiments

Selection of an Experimental Site

Adjacent plots, sown simultaneously with the same variety and treated
uniformly, will differ in all characters measured quantitatively. The causes
for these differences are numerous, but the most obvious and precbhably the most
important, are soil heterogeneity, history, and management.

The major features that magnity differences due to seil heterogeneity
are (Gomez and Gomez 1984):

a) Slopes. Soil nutrients are soluble in water and tend to move to
lower areas. Thus fertility gradients are more pronounced in
sloping areas. Therefore, an ideal experimental site is one that
has no slope. However, an area with a uniform and gentle slope
having predictable fertility gradients can be preferred if a
leveled area is not available.

12} Field history. Areas that were sown to different crops, with
different fertilizer levels, varicus management practices, fallow
areas, alleys, ete., are sources of additional soil heterogeneity.

It is necessary to standardize the field to obtain uniform
tertility by sowing the area with a cover crop, for at least one
season, and to equalize the nutrients before conducting an
experiment. Alternatively, the fertility gradient can be
determined by uniformity trials and proper block arrangement
avoids some delay in use of field plots (MP 4}.

<) GCraded areas. To reduce the unevenness in the field or to laycut
the field for proper drainage and uniform irrigation, grading is
decne by removing the top aoil from elevated areas and spreading it
in the lowel areas of the field. This operation rasults in an
uneven depth of surface soil and at times sxposes the subsoill.
cuch a field should be avoided. If this is not possible, the
pattern of soil heterogeneity should be assessed through
uniformity trials se that blocking for uniform soil conditions <an
ke accomplished.

cy The presence of large trees, buildings, and other structures.
These influehce the surrounding areas by shading of neighboring
cropped areas and root competition by trees. Therefore, avold
these areas for experimentation.

Unproductive site. One should be able to grow a good crop on the
area before one can plan a successful experiment. A field with
very poor or problem soils ahould not be selected unless 1t 1s an
experiment designed specifically to evaluate such conditions.

o]
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Measuring Soil Heterogeneity

The soil heterogeneity in a field can be measured and plotted by conducting a
uniformity trial (MP 4} A uniformity trial is based on the premise that
uniform scil, when cropped unifeormly, will produce a uniform crop and the
measurable differences in crop performance if present are due to the soil
heterogenesity.

Competition effacts

The interdependence of adjacent plants or plots for solar ensrgy, soil
nutrients, meisture, sprays, mechanical injury, ete., is commonly referred to
as competition effects. Competition effects between plants within a plot
should be kept uniform to:

a. ensure that the plant response really represents the conditions
being tested
. reduce experimental and sampling errors, both of which are likely

to increase with variation among plants within a plot.,

Some types of competition effects are:

a. Varietal competition. Different varieties sown in adjacent plots
will be subjected to different environments depending upon their
location relative to adjacent plots. The plants near the

perimeter generally experience the effects of varietal
competition. Tall or tillering gencotypes compete more than short
and nontillering types,

b. Fertilizer competition. When adjacent plots received different
rates of fertilizers, plants that receive a higher rate tend to be
more vigorous and more competitive. Secondly, seepage of water
from fertilized plots may spread fertilizer to the root zone of
the adjacent plet. The net advantage usually favors the plot
receiving smaller applications of fertilizers.

C. Pathways or alleys: Plants adjacent te pathways or alleys have
less competition and more space to grow than those in the center
of the plot.

d. Missing hills or plants in the row. Even the most careful
researcher cannct be assured of a complete stand for all plots in
an experiment. Poor germinaticn, insect or disease damage,
physical mutilation, and so on, may cause death of a hill or a few
plants in a row. The plants surrounding a space in the row are
exposed to less competition than the other plants in the row.

Some methods for controlling competition effects are given in MP 5.

Plot layout

One of the most commen errors committed in field experiments is in measuring
plot dimensions. For plots with a length of 10 m, an error of 0.1 m or 0.5 m
is not wvisible. But because even a small error in plot dimension can greatly
affect the experimental results, it is important to double-check plot
dimensions as plots are laidout in the field.

HRLIB ¢ s e, 14 9



Confusion sometimes occurs in making decisions regarding the borders of
a plot when crops are sown in rows. For example, in a 4d-row plot with 75 cm
space between rows, the width of the plot is 3 m, with the starting and ending
polints as shown in Fig. 1.

Rows
1 2 3 4 5 6 7 8 9 10
75
cm
———
—————— 3m  ————- —
Figure 1. Boundaries of plot width in a 4-row plot with 75 cm space

between rows.

Please note that the plot width is not measured from the first to the
last row of the plot. Instead, the width of the plot includes half of the
space between rows on each side of the plot.

Errors in row spacing are reflected as errors in pleot measurements. For

example, a crop was sown with rows 75 om apart. A plot size of four-5 m rows
would measure 3 m x 5 m. If the spacing between rows in one plot was not
correct (80 cm), then a plot size of 3.2 x 5.0 m would result. In such a

case, yvield determinations would significantly be affected by the difference
in the sown area.

If ancmalies in row spacing are not identified and rectified, one of the
following alternatives need to be chosen:

a. Harvest only rows which are rightly spaced.

. If the discrepancy in row spacing is not large, harvest the whole
plot and mathematically adjust the plet vield considering the area
of normal and anomalcous plot.

If a mathematical correction is to be made, the corrected plot vield is
computed (Gomez and Gomez 1584) as:

Y = a x Y
b
Where: a = intended plot area Y = corrected plot yield

b = actual plot area y = neoncorrected plot yvield
Labeling
Mistakes in plot labeling can occur during seed or fertilizer packeting and
plot marking for treatment. A wrong lakel can be on the seed packet or
attached to the plot. Such errors are easily detected and rectified by a

shrewd experimenter.

Conducting the experiment

A number of precautions are necessary during the progress of the experiment.
The principle objective i1z to provide uniform conditions teo all plots. The
lack of uniform conditions ameong similar experimental plots contribute to the
eXperimental error.
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Sowing. Oversowing seed by 25%-50% may be required to ensure that
enough seedlings emerge to establish the required plant
population. Tt is important that the same seed lots are unifermly
used in all similar plots or treatments. The seeds should be sown
on the same day completing all of cone replication at a tims. To
ensure uniform germination cf seeds, compact the soil around the
seed lmmediately after sowing.

Thinning and gap filling. Thinning should be done within 6 to 10
days after seedling emergence to avoid unevennsszs in the growth of
the crop. Care must be taken, while removing the excess
seedlings, to avoid disturbing the remaining plants. Zeedlings
should be left as equally spaced as possible. A 2 m stick can be
placed along the row and the seedlings in excess of the calculated
number can be removed. The most vigorous seedlings of similar
size are to be retained. Diseased or damaged and weak seedlings
may be removed while thinning. Teo reduce bias the same person
should thin all plets in a replication and should finish the whole
replication within a day. Transplanting seedlings in vacant
places is not recommended because the transplants are usually
weaker and less productive than the normal plants. A researcher
has two alternatives in dealing with missing plants. One is to
manipulate the thinning process so that ths areas adjacent to the
vacant space have more plants or to ignore the gaps at the
seedling stage and adjust the number of plants at harvest (ME 5},
or adjust plot size at harvest (Refer above).

Fertilizer application. The fertilizers must be applied uniformly
in the experimental area. When applied by hand, subdivide the
experimental area into smaller units te enable a more uniform

appiication to smaller areas. This can be done by fertilizing
each row of a plot separately. The usual procedure is to welgh or
measure the fertilizers required row'!, and uniformly spread it on

each row by hand or with a calibrated machine.

Cultural operatioms. All cultural operaticns (plowing, weeding,
earthing-up and plant protection) should be done uniformly for all
plots, one replication at a time, unless they are treatments
themselves. Otherwise, the experimental error is inflated due to
differences in cultural operations ameng the blocks
{replications}. The experiment must be protectad from damage by
animals, birds, trespassers, etc. Damaged or disturbed plots will
be rejected and such plots are considersd as missing plots for
data analysis (MP 17).

Off-type plants and volunteer plants. A month after gowing, some
axceptionally tall or vigorous plants may be detected. These off-
type plants may ke from the seeds of & previous crop or mutants.
These plants cannot be treated as nermal plants. Secondly, these
plants cannct simply be ignored as they already have affected
surrounding plants. Their removal creates missing hills or gaps
in the row and thus affect the surrounding plants. Therefore,
they are normally allowed to mature. Just before harvest, such
plants are counted and removed. The yield of the plot is then
computed as

Y o= (a + b) x vy
a
Where: ¥ = corrected plot yield

actual grain mass from normal plants in the plot
number of off-types

T

Y
b
This correction assumes that the competition effects provided by

the off-types to the surrounding plants are similar to those of
the normal plants (Gomez and Gomez, 1984).

e .5 T i1



f. Errorg in data collection. It is a good practice to review the
data cellected, immediately after complebing the mesasurement, to
detect any unusually high or unusually low readings. The doubtful
figures need to be checksd by again evaluating the specific plot.
In determining the data, the produce should be kept until the
analysis of data are completed. Another scurce of erreor iz the
differential effect among individuals taking the measurements.

The number of persons involved in the date collection must be kept
al. minimum and the same person should evaluate all plets in one
replication. It is important to double-check row dimensions and
plot size as plots ave harvested and aveid mislabeling data by
counter-checking as both can reduce error.

. Field book and observation notes. The field book should be zo
designed that all data are entered directly, by pencil, so that
all statistical analysis of the data can be calculated directly
from it or only one data transcription is needed for all analyses.
This will save time, money, and the chance for errors.

To properly assess experimental data, chronological notes should
be recorded in the fisld ook related to emergence, growth of the
crop, incidence of pests and diseases, differential behaviocr of
treatments, abnormal events, rainfall data, laber utilization,
scheduled events, etc. It should also contain the field plan.

Observing and Collecting Data

Sampling

In agricultural experiments the principal character studied is the vield or
productivity. A variety of other observations such as rate of growth,
flowering date, damage by pests and diseases, etc. are alsc made. In
recording these ancillary observations it 1s generally necessary to resort to
sampling since it is not practicable to take observations on every plant in
each experimental plot.

Sampling is a procedure for =selecting a fraction of a population to
estimate the total population. For example, measure plant height of 10 cof the
200 plants in the plot or for tillering count 1 m® of the 15 m’ plot. An
appropriate sample provides an estimate, or a sample value, that is close to
the wvalue that would have been obtained had all plants in the plot been
measured. The difference between a sample value and its plot value
constitutes a sampling error. Thus a good sampling technique would give small
sampling errors (MP &).

Recording Observations

Basically the observations to be recorded (MP 7)) depend on the evaluation of
treatment effects on the growth factors (MP 8), yield components (MP 9}, and
yvield. The plans must include a schedule for data collection that provides
the facility to obtain timely and unbiased evaluation for each identifi=d
observation.
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. wﬁkunmﬁwos of research results, as a scientific paper, helps in
disclosing sufficient information on the research study to enable peers to

assess the cobservations, to repeat the study, and to evaluate scientific and
intellectual processes.

Organization of a Scientific Paper

A gcientific paper is primarily an exercise in organization, and a good
organization of facts is the key to good writing. A scientific paper is
highly stylized with distinct and clearly evident components. Each scientific
E&@mw.mTOCHQ have in order, its Introduction, Material and Methods, Results
and Discussion, and Conclusions. This is only the core of the paper, however,
and there are a number of peripheral items that provide additional information
and evidence. A format is shown below {(Farr 1585) .

Title Make it brief and suitable for indexing

Authors Include full addresses

Abstract Briefly describe the problem and itz solutien
Introduction What is the problem?

- Define your parameters

Materials and How did vou de it?
methods - Enable others to copy
Razsults What did you find?
- Present representative data
and
Discussion What deceg it all mean?
- Discuss your results;
don't rearrange them.
References Your authority for statements made

- make sure that they are accurate
and with complete details.

Hﬁm other principal ingredient of a scientifie paper 13 the use of
appropriate language that communicates effectively, clearly, and in words of
distinct meaning. The best English i= that which conveys most in least words.

Choosing the Journal

The choelce depends on the nature of your work: you must identify those
journals which publish in that subject area. A good way to get started o1 to
refresh your msmory is toc scan a recent issue of Current Contents. It is
usually easy to determine, on the basis of journal titles, which journals
might publish papers in your field. .
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Summarizing Results and Report Writing

Reporting results is an essential part of the resesarch process. The scientist
must net only ‘do’ science but also must ‘write’ science. The research
scientist must provide a written decument showing what was done, why it was
dene, how it was done, and what was the inference. Successes and failures
must be described in the report in an honest and fully explanatory manner.

Partg of a Report
A report has the following parts.

a. Title page: Usually carries
- title of report and subtitle
- address of the individual and affiliated organization
-  study number and date of release of report.

I>. Foreword: This intrcduces the reader with the purpose of the study and
also answers, questions like what agency requested it? What methods
were employed in the study? How the information from the study is
useful and its utility.

c. Summary of findings: This enables & busy reader to know the results of
the study quickly. The summary should be very brief and precise.

d. Recommendations and implications of the study.

. Table of contents: This helps the reader to identify parts of the
report .

f. Body of the report: This should be very well organized with a full

sequence of the proceedings of the study.

q. Appendix: This provides information supplementary to the text at the
end of the report.

Style of Writing

The value of the report depends on the style of writing. The three golden
rules for writing reports are:

o Use simple, everyday languadge.
o Use complete, direct, and positive statements.
o Be brief.

Good report writing depends on clear thinking. Therefore, spend time in
evolving the logic, sequence, and Key points of the study before starting the
study and before starting teo write. Good report planning reguires assessment
of the audience and decisions about what to include and what toe omit to convey
the messages from the research study {(Linton 1954, and Ward 19%9).

Publishing Results and Technology Transfer

A scientific experiment, no matter how spectacular the results, is not
complete until the results are published or utilized. In fact, the corner
stone of the philosophy of science is based on the fundamental assumption that
original result must be published, only then can new scientific knowledge be
authenticated and added to the existing database. Whether or not one wholly
subscribes to the 'publish or perish’ adage, there is no gquestion that the
goal of scientific research is publicaticon. Scientists are measured, and
recognized (or remain unknown), by their puklications.
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MP 1. Preresearch Review and Management

Factors confounding response estimations related to the objectives that could
alter research activities and data ccollection which should be congidered while
reviewing the literature and writing the materials and methods before
initiating an experiment.

Managed?

A. Related to location Yes Ne Solution

Direction of winds, storms, erosion, flooding

Appropriate temperature and humidity range

Appropriate air and potential for water
drainage

Light direction, light duratien, and light
quality

Potential damage by people, animals, trees,
roads, polluticn

Previcus management history of area

Representation of area for utilization of
findings

Accessibility for data collection and
treatments

Similar previous studies in the same lccation

Managed?

B. Related to soil Yes No Solution

Parent material wvariations and their limiting
nutrients and texture relative to estimated
responses, and surface configuration

Profile water holding capacity, water drainage
potential, alr exchange rate, organic matter
variations, pH change and variability in
nutrient availability, mineralization rates,
expected limitaticons in availability of each
nutrient, leaching potential, drainage
limitations, structure and texture variability,
restrictions to root growth and development

Representation of production area

Protection from flooding or erosicon

Accessibility for management and chservation

HRLE



Managed?

c.

Related to resgources

Yy

Mo

Solution

Timely availability of water from reinfall or
supplemental sonroes, power, technical staff,
falsor, transport, =suppliss, and financial
Suppoert

Avallability of all essential nutrients and
residual toxic ions from management within
physiclogical development limits to assure
accurate collaction of data te estimate
treatment responses

Adeguate manpower skilled in timely unblased
observation and managemsnt

Techniques and tools to manage solil asvation,
density of population, application of
treatments, weseds, prevention of mechanical
damage, gpacing, spraving at varying stages of
physiological development, insects, diseases,
and other pests within the range of the canopy
exprasslons

Managed?

D.

Related to seed

Yes

No

Zolution

Variations in scurce of seed lot for a
genotypes, seed size, quality, and age; related
to depth of sowing, rate of sowing, and
potential seedling vigor

Procedures avallable to reduce variation
related to variable placement to facilitate
differences due to seed size, density, =eed
moisture content, soil moisture differences,
due to duration of sowing operations, soil
molsture contact with seed, human variation in
skill, attitude, individual bias, and well-
being related to sowing

Adequate guantities of uniform gquality in the
pure and viable seed

1lg
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Managed?

E. Related to egquipment Yea No Solution

Froviding timely and uniform scll preparations

Provision for variable depth and placement of
seed with uniform contact of =20il with see=d

Provision to apply fertilizersz and sprays
uniformly with variable plet rates in relaticn
to soil surface area or plant surface area

Provision of adegquate harvesting, threshing,
drying, and storage facilities to accommodate
amall and large plot produce

Managed?

F. Related to essential data Yes No Solution

Identification of independent responses related
to objectives

Anticipated range in expected responses

Precision required to indicate definitive
differences

Calculated number of replicaticns and locations
or seasons lequired to identify and validate
critical treatment differences

Criteria for data validation or cancellation

Magnitude of data collection, stcrage, and
processing as related to utilization of
conclusions and their impact

Determination of analytical technigues and
procedures
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MP 2. Research Plan Checklist

Crop: Scil type:
Title:
Obijective:

Experimental design:
No.of replications:
Treatments:

Description Symbol usged

Rows plot!: Length of row: m Row spacing cm
Gross area of plot: m‘; Net area of plot to be harvested

2

Seed requirement:

Variety/ies

100-seed mass (g)

Desired population
{000 ha'}

Seed rate kg ha’!

Seed rate g plot-1

Seed rate g row’!

Amount cof seed reguired
for the experiment

General application of fertilizer:

Rate of application ha™': N P K
Basal:

Top dressing:

Name Analysis (%)
Complex fertilizer (CF)
Straight fertilizer (SFI)
Straight fertilizer (SF2)
Straight fertilizer (SF3}

For basal application: CF SF1 8F2 SF3
kg ha!

g plot!

g row’!

For top dressing: SF1 SF2 SF3
kg ha!
g plot™
g row'!
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Fertilizer calculation for a fertilizer experiment:
Nitrogen (basal application):

Fertilizer: Analysis:

T1 T2 T3 T4 T T6
Rate of N ha'
Fertilizer kg ha™!
Fertilizer g plot’!
Fertilizer g row™

1]

Phosphorus (basal application):

Fertilizer: Analysis:

Tl T2 T3 T4 T5 T6
Rate of P ha’!
Fertilizer kg ha’!
Fertilizer g plot’! R
Fertilizer g row’! -
Potassgium (basal application}:
Fertilizer: Analysis:

Tl T2 T3 T4 TS T6
Rate of K ha’!
Fertilizer kg ha’! -
Fertilizer g plot™
Fertilizer g row' -
Nitrogen (top dressing):
Fertilizer: Analysis:

T1 T2 T3 T4 TS T6

Rate of N ha’!

Fertilizer kg ha
Fertilizer g plot’!
Fertilizer g row’!

3

Seed treatment required {(name of chemical, guantity, etc.):

Any special requirements like gypsum for groundnut, herbicides, etc.

Summary of supplies reguired (e.g., seed, fertilizers, chemicals, paper
packets, seed packetsg, tags, pegs, etc.}):

Ttem Quantity Item Quantity

HRITH é 505G no. 13 21



Experimental plan

Name:

Crop:

Title:

Country:

Soil type:

Date of scwing:

PLAN

R-TIV

R-TIT

Treatment

Treatment

Treatment

Treatment

Treatment

Laa W I VR S

Treatment

Note: For making a detailed plan use a plan with row numbers.

22
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MP 3. Identifying the Number of Replications

Two procedures for calculating the number of replicatiocns for an experiment
conducted in a particular field are described below.

Procedure 1. This method takes into consideraticon, the amount of
variability of experimental material and field {which is
neasured in terms of coefficient of wvariation {CV) and
standard error of means (SEM)). To calculate the number of
replications that would be necessary to match the size of
the differences likely to be detected as significant with
the size of differences one regards as of practical
importance, we can use the formula (Jeffers 1878):

N = {CV - SEM)?

Where N = No, of replicaticons
CV = Ceefficient of variation (%)
S5EM = Standard error of mean (i)

Example: Coefficient of variation{%)
Standard error of mean (%)
Neo.of replications

wonon
[=a}

Procedure 2. If CV and SEM are not known, then the number of replications
can be arrived at using the principle that the precision of
treatment comparisons increases 1f the experimental error is
kept to the minimum. The experimental error can be kept to
the minimum by providing more degrees of freedom for the
experimental error. In other words, a lower number of
degrees of freedom for experimental error results in
enlarged experimental error. Based on this principle, the
number of degrees of freedom for error should nct be less
than 15 {(not less than 10 in any case).

When ‘t’ treatments are replicated ‘r’ times in a randomized-block
design, the error is based on (t-1})(r-1) degrees of freedom which should not
be less than 15.

No. of treatments 2 3 4 5 6
No. of replications (10 to 15} (6 to 9) (d to 6) {4 to 5) (4+)

Increasing either number of replications or plot size can improve
precision, but the improvement achieved by doubling plot size is almost always
less than the improvement achieved by doubling replications (Warren 1982).

There is currently ample room for argument about where to stop in
increasing replications to avoid bias. While the identification of a stopping
pelnt seems to awailt further research, it seems unlikely that many researchers
would elect to use more then 10 to 20 replications even if the efficiency is
more than for fewer replications of larger plots. Eventually, the prospect of
summarizing very large numbers of chservations is apt to curtail the use of
increased replications even when it is mere efficient (Warren 1982).
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MP 4. Conducting Uniformity Trials

niformity trials involve sowing an experimental site with a single crop
variety and applying all cultural and management practices as uniformly as
pessible. The sown area is subdivided into small strips or plots of similar
sizes referred to as bazic unite and the grain vield is recorded from the
basic units. Yield differences between these bazic units are taken as a
measure of the area’'s s0il heterogeneity. The zmaller the basic unit, the
more detailed is the measurement of zo0il hetercgeneity.

Several types of analyses are available to evaluate the pattern of soil
hetercgexelty bazed on uniformity trials. The scil productivity contour map
i3 a simple but informative presentation of the soil fertility wvariation of an
area. The map (Fig. 1} describes graphically the productivity level of an
experimental site at ICRISAT Center.

I [ (1 VR ) ()01 (0 G R
BZOBEONECROEEZO BB E)
W7 17ZM7A] ] )6 - O
Lz |z \MEZA2C8 022 82

BEEUAZZWEEEEE RN EE DR G
A0 LNL AR A B2 ZAY
UEBEZODZLmMOZO00@ORE 12200
ROazzA7A 1 LI D20 A A2
OBZaL L ABAZE G A2 4]

A

BEOODBECRODEECO T EEE

Code t/ha Code t/ha
0 o05-15 B 36-45
16 - 25 B 46-656
26 - 35

Figure 1. Map of responses.

Coping with soil heterogeneity

Three options that are commonly used are the proper choice of plot size and
shape, block size and shape, and number of replications.

a. Plot size and shape. The difference in soil fertility between plots
within a block is reflected in the experimental errcr. Thus the smaller
this difference is, the smaller the experimental error. Hence, the
choice of plot size and shape determines the differences in soil
productivity from plot to pleot within a block and consequently can
reduce the experimental error. When large-size plots are used, higher
costs are involved. Though soil variability effects are smaller, the
precision decreases with an increase in plot size. Hence, the plot size
that an experimenter should aim for is one that balances precision with
cost and is commonly referred to as the optimal plot size.

In a uniformity trial conducted at ICRISAT Center, plots of 3m x
3m were harvested and the yields were recorded. The yield of individual
9 m’ plots of pearl millet ranged from 0.5 to 5.5 t ha' (Fig. 1). To
identify the optimal plot size from this uniformity trial, yield data
were computed for different plot sizes by combining the basic 3m x 3m
units. The vield data for various plot sizes were statistically
analyzed. (Please note that for purposes of analysis of data, the plots
wera arbitrarily assigned to replications (horizeontal strips) and
treatments (vertical strips)). Analysis of wvariance of the data showed
several alternate plot sizes, 6m x 3m or 3m x 6m or %m x 6m, etc., with
coefficients of wvariation (CV’'s) ranging from 7 to 14% (Table 1.).
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Table 1. Significance of treatments/replications and coefficient of variation
for different plot sizes.

Widch
Length Im 6 m 9 m 12 m
N all Gig NG NS Sig i
] Sig 51q Sig S5ig
) 14 R 10 4
Gom Al Sig N5 sig sig
135 3ig 5ig Sig Sig
) 13 7 5 3
G om al Aig N Sig Sig
) Sig Glg Sig Sig
[ G 4 4 5
12 m Al Slg N3 Slg sig
I3) dig Sig aig Sig
ol 9 4 3 El
1. oa) Oilgnificance betwesn Lreatments at Fo= 0.05% -
Iv)  Slgnificance betwean replications ac P = 0.05
o

Moefflcient of varlation (%)

The conclusions drawn from this uniformity trial were (i) scil
fertility in this field was highly sporadic with identified uniform
areas - both high as well as low fertility as reflected in the yield
{ii) the smaller the plot size, the higher was the CV%, (1ii) ém x 9 m
plot was optimum.

As long as pleot to plot interference can be avoided, reduced plot
size can be translated into increased precision or accommodation of
larger treatment sets. Even when crop, genotype, and region are kept
relatively constant, there is ample evidence that no single plot size is
universally best. There is always a distribution of plot sizes that are
best or nearly best (Warren 1982).

Once the optimal plot size is determined, the cheoice of plot shape
is governed by the fellowing considerations:

o] Long and narrow plots should be used for areas with distinct
fertility gradient, with the length of the plot parallel te the
fertility gradient of the field.

o Plot should be az square as possible whenever the fertility
pattern of the area is spotty or not known, or when border effects
are large. (Gomez and Gomez 1584}).

The following facts need tc be considered while choosing the plot
size and shape.

Q Small plots may vield undependable results. 8Small errcors in small
plots can often be greatly magnified when computed tc hectare
estimates.

o Unnecessarily large plots waste time and resources.

o FPlots must be wide enough to permit more border rows when
necessary, e.g., for destructive plant sampling.

o Flot size and shape are alsc influenced by the type of
experiments, e.g., tillage experiments or irrigation experiments

as compared to varietal or fertilizer experiments.
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High
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Block size and shape. An experimental unit refers to the unit of
experimental material to which a treatment is applied. The term ‘plot”’
is synonymous with experimental unit. A block refers to the strip of
experimental field containing the different experimental units {plots}.
The primary purpcse of blocking is to reduce experimental error by
eliminating the contribution of known sources of variation among
experimental units. This is done by grouping the experimental units
into blocks such that variability within each block is minimized.
Because, the variation within a blocck becomes a part of the experimental
error. Block arrangement is most effective when the experimental area
has a predictable pattern of variability, e.qg., soil heterogeneity,
direction of insect migration, slope of the field in water stress
studies.

Block size is related to the plot size chosen, the number of
Ereatments to be tested and the experimental design used.

A proper shaping of the block helps to reduce the productivity
differences among plets within a bleck so that most of the soil
variability is accounted for wvariability between blocks. In other
words, the plots within a block will be sown on more homogenous area.
The guidelines are:

o) Orient the blocks to maximize the differences between them.

Q If the fertility gradient is unidirectional, long and narrow
blocks should be used so that their length is perpendicular to the
fertility gradient (Fig. 2).

Low High
fertilityw—-—sfertility

B B B
Block II I II III

Block III

Figure 2. Determining the direction of blocks as per the soil
fertility gradient.
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G If the fertility gradient is in two directions in the field (by
length as well as breadth), then blocks are to be considered in
both the directions. This is achieved by following latin square
design which accounts for the row variation (breadthwise of the
field) and cclumn variation (lengthwise of the field) (Fig. 2).

Low fertility ¢————--o——__ — High fertility
T Row I

Row II
Row III

High Row IV

fertility

Ccl I Col TTI Col III Col IV
Figure 3. Identifying rows and cclumns for two-way soil

fertility gradients.

o When the fertility gradient is not known or fertility differences
are sporadic, use square blocks.

o If the number of treatments is very large and an uniform area
within a block cannot be attained, an incomplete block design like
lattice design may be used (Gomez and Gomez, 1984).

In the analysis of variance, a significant 'F’ test for the

variation between blocks indicates that the klock arrangement in
reducing the experimental error.
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MP 5. Controlling Competition Effects

a. An obvious solution is to exclude the outside plants which have not been
exposed to the complete surrcundings from the plot measurements. The
number of rows to e discavded on =ach side of the plot depends upon ths
size of competition effects. Generally, for the narrow spaced crops
like rice, groundnut, pulse crops like mung bean, cowpea, etc., the two
cuter rows on either side of a plot are discarded for data collscrion.
For crops like sorghum, pearl millet, maize, etc., where plant spacing
iz wider than 50 cm, Jdiscarding one outer row is usually sufficient.

b Adjacent plots are sown to genotvpes of fairly similar morphology or are
subjected to similar fertilizer rates. In genctype trials, grouping
genotypes falrly homogeneous in competition ability and using a group-
balanced-bleck design can be followed. 1In fertilizer trials, treatments
can be teszted along with other factors in a factorial experiment. To
minimize fertilizer competition, grouping plets having the same
fertilizer rate as a main plet, in a split plot design, will help.

<IN A stand correction for each c¢rop using an appropriate correction factor
¢ould be calculated using a formula described by Gomez and Gomez (1984).
For maize the factor is 0.6 assuming that the yield compensation will be

about 60%. The following is the formula for stand correction in maize.
Wa = (1 + 0.6m) WE
n
Where Wa = adjusted panicle mass

Wf = panicle mass from n hills or plants
m = no. of missing hills or plants
n = ne. of hills or plants harvested

Where there is a large variation in the yield advantage between
genotypes and different management practices, the required correction factor
is teo large to be practical in the above procedure of mathematical correction
(Gomez and Gomez 1984). Alternatively, discard all plants immediately
adjacent to a missing hill or missing plants in the row and harvest only those
that are naturally competitive. For computation of yield, only the area of
harvested plants is to be used. This procedure is possible when a large
number of plants row!' or plot™! are available.

If the stand count is not 100% due to treatment effect, then the above
stand correction adjustment should not be made.
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MP 6. Sampling Methods

A sampling method specifies

a. the sampling unit — the unit upon which measurements are to be made
b. the methoed of selecting the sampling units from a plot

<. the sample size — the number of sampling units to be taken from
each plot.

Sampling units are to be selected at randem. When the sampling
procedure requires the destruction of sample for measurements like leaf area,
laboratory analysis for plant nutrient status, etc. separate the sample area
from the rest of the plot. A common practice is to leave an area (2 toc 3 rows
of crop) in the center of the plot for harvesting and use the surrounding
areas {(rows of crop) for zampling.

Borders 1
Destructive sampling ] Gross
area ] plot
Harvest area ]
{net plot) 1

The choice of sampling unit depends to some extent on ceonsiderations of
convenience and the nature of crop. If plant growth is such that individual
plants are distinct as for example pilgeonpea, cotton, tobacco, etc., a plant
may serve as the sampling unit. With crops like groundnut, pearl millet,
chickpea, scorghum, etc., where the crop is grown in continucus rows [(close
spacing) or individual plants cannot be easily distinguished, a meter of the
row or a suitabkle fraction may be taken as the sampling unit.
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MP 7. Rounding and Reporting Numbers

Precision and accuracy are often used synonymously, but in a statistical
sense, they are different. Precision refers to the magnitude of the
difference between two treatments that an experiment is capable of detecting
at a given level of significance. Accuracy refers to the closeness with which
a particular measurement can be made.

At the time data are collected, they should be examined for cut-of-lins
figures, and all such entries rechecked to prevent possible errors. There is
enough variation in bioclogical data without allowing more to creep-in through
avoidable mistakes. Whenever possible, origindl records should be collected
in an corganized way to avold recopying.

In taking measurements oh experimental units it is seldom worthwhile to
record figures to a number place less than one-fourth of the standard
deviation (8D) unit’'. If the 8D is 6.96 kg unit™!, then cne-fourth of the 3D
is 6.96 =+ 4 = 1.74. As the first place is in the one’s poszition, data can be
recorded to the closest kilogram. If SD were 2.% kg unit™', 2.5 + 4 = 0.625,
the first place is the tenth pesition, and data could be recorded to the
closest tenth of a kilogram.

The instrument used for weighing and measuring need not be more accurate
than required by the precision of the experiment. For example, if a series of
welghings are toc be made and rounded coff to the closest kilogram, the scale
used can be in kilogram units rather than divisions of a kilogram.

It is not wrong to carry more digits than the variability of the data
justify, and with modern data processing equipment this can be done easily,
but in reporting results superfluous digits should be dropped and rounded to
the place indicated by taking one-fourth of the standard error of a mean

{SEM). If the 5D unit™! is &.96 kg and each treatment mean is based con five
replications, SEM = 6.56 + 5 = 3,11 and 3.11 -+ 4 = 0.68, indicating that means
should be rounded to one decimal place. In doing an analysis of wvariance, it

is best to carry the full number of figures obtained from the uncorrected sum
of squares.
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MP

a)

Iz}

8. Measurement of Growth Factors

Plant height. Before flowering, the height of the plant is measured
from the surface of the so0il (ground level) touching the stem to the
base {or auricle) of the top most fully open leaf. After flowering, it
is the distance from ground level to the tip of the inflorescence
{panicle) or top leaf.

Tiller number. Tiller number is the number of tillers unit™® area or
the number of tillers plant'!. At harvest, tillers can be separated
into productive (having panicles) and nonproductive tillers (absence of
panicles]) .

Leaf area and leaf area index. The leaf area refers to the leaf surface
and the leaf area index (LAI) is the area of the leaf surface {unit
area) ' of land surface.

These observations can be recorded from intact plants or after
removing the plants from the field (destructive sampling). The leaf
area 1s scmetimes meazured uzing a representative leaf amongst the
leaves on the plant. For example, the 3rd leaf from the top was found
to provide an estimate of the leaf area of the plant in case of sorghum
and pearl millet.

After identifying the plants at random, the length and maximum
width of each leaf or representative leaf are measured and the leaf area
is computed on the length-width method.

Calculation cof leaf area: X x L x W where K is the "adjustment
factor®, L is length, and W is the width. The value of K varied with
the shape of the leaf which in turn is affected by the variety,
nutritional status, and growth stage of the leaf. The following values
of K have been suggested.

Crop K value

Sorghum 0.747 (Stickler et al 1561)
Pearl millet 0.723 (Singh et al 1970}
Maize 0.733 (McKee 1964)

Leaf area index (LAI) 1s computed as:

LAI = Total leaf area of n plants {cm‘)
Area of land covered by n plants (cm®)

d) Dry matter accumulation by plants. The plants identified at
random from cutside the net plot area are cut at the base at the
time of sampling and the plants are chopped inte small bits, dried
in a glasshouse (not in the open sun) and then in a hot-air oven
at 75°C to constant dry mass.
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MP 9. Measuring Yield Components

Data on yield components help in understanding the productivity of a crop.
Some important yield contributing characters are length and width of panicle,
number of panicles, spikelets panicle’’, percentage of filled spikelets,
number of seeds panicle™, and sesed mass (test weight). A good statistical

relationship exists bestween yield components and vield.

Calculating crop vield based on vield contributing characters:

Sorghum:
Yield plant’! = (panicles plant ') x (spikelets panicle™)
x {no. of seeds spikelets™'}) x (seed mass)
Groundnut :
Yield plant”' = (mature pods plant™!) x (seeds pod') x (kernel mass)

Pigeonpea or Chickpea:
Yield plant™' = (pods plant ') x (seeds pod') x (seed mass)

From the yield plant !, one can compute the yield ha'! based on the
number of plants harvested ha '.

Problem solving

What is the yield plant™ and yield ha™
following:

Spacing plant’ = 75 ecm x 10 cm

2 panicles plant™', 800 seeds panicle™, and 1.2 g (100 seeds}’'.

of pearl millet given the

Worksheet
ftep 1. Yield plant™ = 2 panicles plant™ x 800 seeds panicle’
x 0.012 g seed”! = 19.2 g plant’'.
Step 2: Plant density ha’ = 10 000 m® + {0.75 x 0.10 m plant™)
= 133 333 plants ha'
Step 3: Yield ha' = (Yield plant™'} x (Plant density)
= 19.2 g plant™ x 133 333 plants ha* = 2560 kg ha™.
1000 g kg™
Measuring yielda
é) Grain yield. Grain yield refers to the mass of cleaned and dried grain
to constant moisture f{usually tc 8 to 12% moisture) harvested from a
unit area. The grain yield is usually expressed either in kg ha! or t
ha'.
) Stover yield. The harvested plants in each plot are bundled and dried

in the field for about ten days to a constant moisture content.
Derived data
Examples of data are harvest index and shelling percentage.

Harvest Index = Dry matter yvield
Grain yield

Shelling (%) = Mass of kernel x 100
Mass of pods
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MP 10.

Step 1.

Step 2.

Step 3.

Step 5.

Step 6.

Step 9.

Step 10,

Steps in the Analysis of Variances

Tabulate the data, compute treatment totals, replication totals,
grand total, ¢grand mean, and treatment means.
Note: Grand total = Treatments total = Replications total

Correction factor (CF) =
(Grand total)? = No. of observations which gave the grand total

a. Total sum cf squares (58) = X(Ind. data point}!? - cF

b. Treatment S5 = (3T)° + T2 + ...+ (JT3? - CF
Replications (r)

©. Replication S8 = (3RIV* + (FRIT)® + ..,.+ (FRi)Z - CF

Treatments (t)

d. Errcr 8§ - Total S8 - (Replication 8& + Treatment 53)

Replication variance = Rep. 88 -+ (r-1})

Treatment variance = Treat. S5 + (t-1)

Errcr variance = Error 88 + {(r-1} (t-1)

‘F* value for Reps. = Replication variance : Error variance

'F' value for treats. = Treat. variance - Error variance

Compare c¢alculated ‘F’ values with table 'F‘ values and conclude
F calculated > F table value - ‘F’ is significant.
F caleculated <« F table value - ‘F' ig not significant.

If ‘F' test is significant, compute critical difference (CD), or
least significant difference (LSD).

a. Standard error (SE) = YError variance

b. Standard error of = YError variance

a mean (SEM)

¥No. of cbservations which gave the mean
value

¢. Standard error of difference between two treatment means (SED)
= SEM x ¥2 or

YError of variance x ¥2

¥No. of observations which gave the mean value

d. Critical difference (CD) =
‘t' value from ‘t’ table x SED at error df for pP=0.05

Arrange the treatment means in descending order and rank the
treatments using alphabetical notations comparing them with the CD
value,

a. If the difference between any two treatment means is greater
than the CD value, then the two treatment effects are different.

b. If the difference between any two treatment means is less than
the CD value, then the two treatment effects are not different.

Cecefficient of variation (CV%) = YErvor variance x 100
Grand mean
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Interrelationships Among Statistical Parameters

Treatments j
Eeplications

Diata 1
’ b3 Hg-oe s xiy
of noobgervart ions
Totals
Deagrees of sum of soplares
fresdom aas(Exd - 1D |
df=(n-11 [ n ! |
Mean values Srandard Deviariaon (s0)
ot Sstandard Erver (5B
X
M
=3
a Variance (s0F) - 20
1
¥x + n = urand
rotal 35
1T = l— 'Fr s —— ostandard ervvor of a mean
%) not aig.
e SEM = dVariance -+
r
a
L ‘Frotest of sig.
i
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meall
'Fois
sig.

stamdard error of
Al f ference Letwaell
Twer medns  (SED)

o HEM x ¥2

|

Critical difference
o= torable value x SED
at Errar df

Copfficient of
variation [%)

vy = YVariance  x 100
Grand mean

!

n
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MP 11.

Problem

‘t’ — Test of Significance

The following mean yields were recorded from two sorghum cultivars tested at

ten locations in India.
performance of these two cultivars;

a. assuming the samples are independent
b. assuming the samples could ke paired.

Find whether a measurable difference exists in the

Locations

Cultivars 1 2 3 4 5 6 7 8 9 10
Mean yield (t ha'}
CSH & 4.15 4.02 4.25 4.26 4.10 3.22 3.1% 3.60 3.68 3.21
SPH 224 3.61 3.47 3.59 3.63 3.62 4.08 1,73 4.17 4.22 3.89
Worksheet
Moar yielod Ir Lahy
Loerat 1o UH S OFH 224 Liffeteree (1) i
(%) (%) (%, - ¥
1 4.15% R0 R G.2%]6
= 4,02 EDE: ) 0.5h5 0.3inge
K 4.25 EN 0 e N.425;
4,40 RN 0,63 N, 38u9
£ 4.1n Tk 0.4k 0.2104
o 4,22 4.08 -0.860 0,759
ki R 3.7% -0.54 .29
f RN 417 .57 b.14249
f' 62 4.22 ELOL B.2%1e
11 1,21 1.R9 -0 .&R 0,464
Incestnlent 17 Tent Faired ‘r7 regt
I 27 .0R ARG T o= -0.33
Mean (Zx o+ L) WLTRE 1R0L d o= .03
- vl 14395 146 1% T.7u71
kbt oL L 141 .o 144 .48 0.01049
SIF - O.1966 B.0722 H.4173%
Sz ofEr 0.44 2o G.6h
Foas Lend iy .35
SEM = n0f s e D.110% n.206
GED = UEM x 2 G157 - -
Tho= {¥,-%,) = SEL .21 v d o+ OEM 0. 1s
SEr Talbale for IR oif Y Talle for 9 dAf
i P o2 005 = L0 At P2 005 = 22k
LY rest Mot significant Nt significant
Corncbiaslons: COH 5 and URFH 224 did nor Ny yield differences
dlffer in thelr yield between CSH 5 oanddl OFH 224
[oentlal., testerd over 10 lovmations.
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MP 12. Completely Randomized-block Design

This design, the simplest type, 1s zet-up by assigning treatments at random to
a previously determined set of experimental units. The design is the most
efficient in seolutions in which there is little variability among the units
associated with position in the experimental area, age, vigor, or cther
identifiakble sources. It is flexible with regard to the physical arrangement
of the experimental units, maximizes the degrees of freedom for estimating
experimental error, and minimizes the 'F’ value reguired for statistical
significance. A disadvantage is that there are often identifiable sources of
variation among the experimental units so that other designs, when skillfully
employed, usually are capable of reducing the estimates of experimental error,
which makes it possible to detect smaller, significantly different treatment
effects. Hence this design is mostly used for pot culture or greenhouse
experiments and rarely used for field experiments.

Layout. The randomization of treatments could ke done by using random
number tables or by drawing lots. The ateps involved for randomizaticon of 6
treatments with 4 replications are:

Step 1. Prepares 24 identical pieces of paper and divide them into 6
groups, each group with 4 pieces of paper. Label each piece
of paper of the same group with the same letter
correspending te a treatment. Uniformly fold each of the 24
labeled pieces of paper, mix them thorcughly, and place them
in a contailner. For this example, the treatments are
labeled as A, B, C, I, E, and F.

Step 2. Draw one plece of paper at a time, without replacement and
with constant shaking of the container after each draw to
mix its content. Allot the treatments teo plots as the label
indicates after each draw. For example, with the first
draw, if the label indicated is D, allot treatment D to the
first plot. &imilarly in the second draw, if the label
indicated is A, assign treatment A to the second plot. This
procedure is repeated till all the 24 plots are assigned
with the treatments.

Iv E B D C B F
IIT B D A F C E
II C A D C E F
Rep 1 D A B B F A
Figure 1. Complete randomizatiocon of treatments

Please note that treatment A has appeared twice in replication I and is
not appearing in replication IV. This is allowed in this experimental design
as it is assumed that the experimental units (plots) are homogesns=ous.

Problem: an experiment was conducted to identify the response of sorghum
(CSH 9) to phosphorus applications in a Vertisel field using a
completely randemized-block design with the treatments replicatad

4 times.
Treatments: P0 = No phosphorus P3 = 15 kg P ha '
PL = 5 kg P ha P4 = 20 kg P ha'’
P2 = 10 kg P ha’ PS = 25 kg P ha’’

The data on grain yield are reported below frem this experiment.
Analyze the data and draw the conclusions.
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Sorghum grain vield {(t ha!}

Treatmemnt s T IT IrT v Treat- Treat -
ments ment
Total means
[ ' 0.F9 1.91 0. 62 1.67 L 1,27
Pl 207 1.71 1.20 1.31 6.89 1.72
3 4.00 5.11 28D A.1n 15.01 3,75
1) 3,58 4.00 2.7R 3.47 13.83 346
F4 KR 2,27 .41 1,07 12,6l 3,16
F 3.45 4,640 4.2 4.94 ol 4.440
Bepl Deat Lo
Tl 16,17 19 60 i6.51 17 .54 71.04
Analyeis:
Step 1. CF = (71.04)% + 24 = 210.29
Step 2. Treatment S5 =
(5.08)° + (6.89)% + (15.01)% + {13.83)% + (12.611% + (17.61)* -~ CF
4
= 238%.77 - 210.28 = 2%.49
Step 3., Total S8 = {(0.89)* + (2.67)% + ....... + {4.94)% - CF
= 248.83 - 210.28 = 38.55
Step 4. Error 88 = Total S5 - Treat. S8 = 38.5% - 20.49 = 9_06
Step 5: Analysis of Variance Table
Source df 58 MSS F F(Table)
5% 1%
Treatments 5 29.49 5.89 11.79** 2.77 4.25
Error 18 9.06 0.50
Total 23 38.55
Step 6. A significant ‘F’' test indicates true differences in yield
between phosphorus levels.
Step 7. To find the differences between P levels, calculate L&D as
LsD = ‘t’ wvalue {from Table at Error df for P = 0.05) x SED
Step 8. SED = ¥ (Error MSS x 2) + YReps
= (050 x 2y «+4J4 = 0.5
Step 9. 't wvalue from ‘t’ table at 18 df for P = 0.05 is 2.101

LsD = 2.101 x 0.5 = 1.05
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Step

10.

Step 11.

Step

12.

For comparizon of yield at different P levels, arrange the
grain yield for P levels in decreasing order and rank them
using the LSD wvalue. Treatment means witlh the =same letter
indicate no significant difference between the two means.

Treatment Mean yield (t ha')
= 4.40 A
P2 3.7%5 AB
P3 3.46 AB
P4 3.15 B
Pl 1.72 C
PQ 1.27 C

Conclusion: Sorghum cv CSH 9 has responded only up tao 15 kg
of P ha'l.

Coefficient of variation = YError Mss x 100 : Grand mean

= J0.5 % 100 = 2.96 = 23.89 or 24%
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MP 13. Randomized Complete-block Design

In this design the treatments are assigned at random to a group of

experimental units (plots) called the block or replication. The objective is
to kezp the variability as small as possible among the experimental units
within a block. If there are no block differences, this design will not

contribute tfo precisicon in detecting treatment differences and hence one could
use the completely randomized-block design.

Layout. A block (replication) should consist of plets that are as
uniform as possible. Blocks can be kept compact by placing the plots, usually
long and narvow in shape, close together. As the block size increases, =0
does the within-block variabilicy.

When a fertility or productivity gradient is expected within the
experimental area, blocks should be laid across the gradient and plots within
a work laid parallel to the gradient as below.

Low fertility
T IV TE B F D A C
III F E C A D B
II D E B A C P
Rep. 1 C A D E I B
High fertility
Figure 1. Six treatments replicated four times in

a randomized complete block design.

After identifying uniform blocks, the treatments are assigned at random
tce the plots within each block, with a separate randemization being made for

each blcck. For example, the six treatments are labeled as six pieces of
paper and then draw ons piece of paper at a time. The pisce of paper drawn
cnce is not replaced in the next draw. This way, cne can assure that the same

treatment will not appear again in the same block. After assigning six
Creatments in the first klock, the procedure is repeated te randemize the
treatments in the remaining blocks, one block at a time. Please note that
gach block is complete with all six treatments.

It is worthwhile, at this point, to emphasize the major difference
between a completely randomized-block design (CRBD) and a randomized complete-
block design (RCBD}. Randomization in the CRBD is done without any
restriction, but for the RCED, all treatments must appear in each block.

Example. An experiment was laid cut to compare 6 groundnut varieties for
vield potential, using 4 replicaticns in a randomized-bleck design.
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eal yivld ir o hathy

Haprl irat fons

WAt iet es 1 11 111 v CTreat. Treal .
Taral el
] - 1r 3,33 1,18 CalaT IERCETEY
. 1.6 2.65 L% Loud 8.47
¢ 1.90 2.04 .56 2.02 7.5R
4 T.08 31.07 119 EcI 17.54
. 1.84 ) 1,67 .50 .4
‘ 2.l 129 U, 3,04 172.34
Qe Total 15,41 16,55 [ 14.00 G115
i) 124
Analysis:
Step 1. CF = (61.15)° = 155.80
24
Step 2. Total 55 = [(3.11)° + (1.90)° + ...... + (3.043°] - CF = 13.56
Rep.5S = (15.41)¢ + {15.55)7 + (165.29)° + (14.20)° - CF = 0.04
6
Treat .88 = (12.88)° + . ..... + (12.34)° - CF = 11.92
4
Step 3. Error SS = Total 8% - (Rep.53% + Treat.S$5)
= 13.56 - (0.04 + 11.92) = 1.60
Step 4. Analysis of Variance Table
Souree At oo MEaso F = {Talile}
XN 1%
Heaps . 3 .04 0.0 0.2 .24 G.42
var. 5 11.92 2,384 22003 2490 458
Errat 15 1.60 0.107
Taral 23 12 .56
Step 5. ‘F' test indicates that the pod yield is significantly different
between the varieties.
Step 6. To find out the differences between varieties regarding the pod
yield, compute LSD.
LD = ‘t'{value from table at Error df for P = 0.05) = SED.
Step 7. SED = ¥ (Error MSS x 2) + YReps
= A(0.107 x 2) =44 = 0.231
LSD = 2,131 x 0.231 = 0.482
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Step 2.

Step 10.

Arrange the pod yield of varieties in a descending order and rank
them using LSD value.

var. Mean yield {t ha *)
ICGS 6 i.38 A
ICGs 26 3.22 A
ICGS 44 3.08 A&
ICGS 67 2.12 B
ICGs 12 1.89 BC
JL 24 1.58 C

Interpretation: ICGS 6, ICGS 26 and ICGS 44 gave similar pod
yield. JL 24 gave the lowest pod yield.

Coefficient of variation = (YError MSs x 100) + Grand mean

= (¥0.107 x 100) + 2.58 = 12.8%
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MP 14. Latin Square Design

This design evaluates two known sources of variation among experimental units.
Hence this design is useful for field trials in which the experimental area
has two fertility gradients running perpendicular to each cther or has a
unidirectional fertility gradient but alsc has residual effects from previous
trials. The latin square design is useful for insecticide field trials where
the insect migration has a predictable direction that is perpendicular to the
dominant fertility gradient of the experimental field. Similarly this design
could be adopted for greenhouse trials in which the experimental pots are
arranged in straight lines, perpendicular tc the glass or screen walls, such
that the differences among rows of pots and the distance from the glass wall
{or screen wall) are expected to be the two major scurces of variability amcng
the experimental pots {(Gomez and Gomez 1984).

Conditions for the Design

1. Each treatment appears once and only once in each row and once per
column .
2. The number of replications must be equal to the number of

treatments, which makes it possible to remove or distribute the
environmental variation uniformly over the existing variation, and
tries to minimize it, therefore we can find real estimates or
differences among treatments.

Advantages
a. It distributes the treatments uniformly over the existing
variations.
b. It is good for conditions where we have a lot of environmental

variation.

The analysis is simple.

It is more efficient than the randomized-complete block {RCB) at
detecting real differences and similarities.

Q0

Disadvantages

a. The number of replicates must be egual to the number of
treatments. So one cannot have many treatments because it will
increase the number of replicates.

b. It is difficult to calculate when there are missing values.

Therefore, the latin square design has certain serious limitaticns. It
is only available for a restricted number of treatments. If the number of
treatments are large, the field layocut becomes difficult covering too much
area to be very efficient. ©n the cther hand, this design is not suitable for
an experiment with a few treatments. For example, with three treatments, it
provides only two degrees of freedom (df) for error, and so is capable of
detecting only very large differences and with less precision than can be
obtained with four treatments.

Thus the latin sguare design is usually limited to experiments involving
five to eight treatments.
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Senlpee of At TOF with R 7w 2 4 x 4 Soxob & % b T ox 7
wal lat ion i H T F T E T R T R T R
ows rol i RV 3 4 5 3
Solnmnes L-1 i 2 K 4 o 4
Trearmentre  p-| 1 2 3 4 B IS
BLrror (r Lirr-21 &} 2 3 12 20 30
Tisbal tiel 3 A 15 24 B 45
Layout

In this design there are as many replications as there are Ereatments., “The
experimental area is divided into blecks egual to the number of treatments in
both the direction. The two-directional blocking is commonly referred to as
row blocking and column blocking. The blocks are divided into plots such that
there are as many plots in each row block as there are in each column block,.
The plots are then assigned to the various treatments such that every
Creatment occurs only once in each row block and onece in each column block.
This can be done by randemized numbers. In the statistical tables by Fisher
and Yates, sets of randomized numbers for 4 x 4 to 7 x 7 latin sguares are
given. The following layout for a 5 x § latin square illustrates the
procedure,

—
v D E B A C
Iv E A C B D
IlI A B D C E
II B C D E A
Row I C D A E B
Col I IT 111 Iv \'%
Analysils
Exampla

The details of a sorghum experiment to compare the methods of nitrogen
application are given below:

Analyze the data and draw your conclusions. Compare the efficiency of
the design adopted with that of randomized-block design by taking the rows as
blocks, and taking the columns as blocks.

1. Design: Latin square design 2. Plot size: 3m?
3. Treatments 100 kg N ha"' applied as follows:

A - Ammonium sulfate applied in single dose.

B - Ammonium sulfate applied in two doses.

C - Urea applied in single dose.

D - Urea applied in tow doses,

E - No fertilizer application.
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RS
R4
R3
RZ
Row RI1
Column
total

Step 1:

14

Plot vyields (qg)
Column
Cl C2 C3 c4 Cs
Row
D B E C A Total
82 55 26 78 63 3104
E C B A D
26 57 47 45 78 253
B A D B C
71 46 82 57 88 344
A E C D B
59 43 80 50 77 349
C D A B E
92 91 66 88 61 398
3130 282 301 368 267 1648
Get the totals.
a. Row totals = JRow 1 + . ...... + ZRow 5
= 398 + 349 + 344 + 253 + 304 = 1648
b. Column totals = 2Col 1 + 2Col 2 + .. + 3Col &
= 330 + 292 + 301 + 358 + 367 = 1648
c. Treatment totals = YA + 2B + 2C + 2D + 2F
= 279 4+ 238 4+ 395 + 423 + 213 = 1648
Correction factor (CF) = {(GT)? = (1648)° = 108626.16
TL 5.!
Calculate sum of squares (3SS5).
a. Total S5 = X(Ind. data point)? - CF
= (B2 + G5 + ..., + 617 - 108636.16 = 9282.34
b. Row 83 = {OR1)® + ........ + (FR5}* - CF
5
= (398)2 + (349)2 I (304)2 - 108636.16 = 2257.04
5
c. Column 58 = (2Col 1}° + ..... + {(3col 5y - CF
5
= (330)¢ + (29234 + ... + (367)2 - 108636_.16 = 887.44
5
d. Treatment 55 = (FA)* + ... + (¥E}® - CF
5
= (279)° 4+ ..., + (213)° - 108636.1s = 5845.44
5
a. Frror 85 = Total 55 - (Row 23 + Col 58 + Treat., 55)
- 92R83.84 - (2357.04 + 884.44 + 584%.44) = 1923.52
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Step 4: Analysis of variance.
Source df a8 Ms5S ‘E Talble ‘F’
0.05 0.0l
Row:s 4 2357.04 589 .24 36.4/%*
Columns 4 887 .44 221.8¢6 13.73%* 1.26 5.41
Treatments 4 5845 .44 1461.36 90.43**
Error 12 193.22 16.16
Total 24 G283 .84
Step 5: Inference: There are significant differences hetween TOWS,
colunns, and methods of nitrogen application as the calculated ‘Ff
values are higher than the Table 'F’' values.
Step 6: To find the differences betwsen methods of nitreogen application,
calculate LED.
LD = £ walue {(from Table at BError df for P=0.05) x ZED
Gtep 7 SED = ¥ (Error MSS) x 2 - A5
=Y¥16.16 ~ 2 =5 = 2.54
't value at 12 Jdf for P=0.0% = 2.179
Step B: L&D = 2.179 % 2.5%4 = 5.5%
Step 9: For comparison of methods of nitrogen application arrange the plot
vields in decreasing order and rank them using the LED value.
Treatment Plot yield g {3m'}"
B 34.6 a
o 79.0 b
B 87.6 <
i\ 55.8 d
E 42.6 e
Step L0 Conclusions:
a. Nitrogen application significantly increased sorghum yields.
. Urea application was significantly better than ammonium
sulfate application.
< Application of fertilizers in two doses significantly
improved sorghum vields.
d. Urea applied in two doseg was the best method of nitrogen
application,
Step 1l: Coefficient of variation = ¥Error MS8S x 100 : Grand mean
= 1616 » 100 =+ 85.92 = 6%
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Step 12: Efficiency of latin square design over RBED.

a. Taking Rows ag blocks
MS% of error of RBD = S°RBD = ncfSc? + (nt+nejse’
noc+nt+ne
where nce = df for columns
nt = df for treatments
ne = df for error
2¢® = MSS of columns
Sef = M35 of error
SRBD - 4 x 221.86 + (4 + 12) x 16.16 = 57.3
4 + 4 + 12
Efficiency = M35 of error of RBED = S°RBD
MSS of error of Latin Sguare Se-”
= 57.3 =+ 16.16 = 3.54

Taking columns as blocks

MSS of ervor of RBD = S'RBD = nr_ Sr® +(ntine)fe-
nr + nt + ne

Where nr = df for rows
Sre = MSE of rows
= 4 x 589.26 + (4 + 12) x lo.16 = 130.78
4 + 4 + 12
Efficiency = &'RBD = Se’ = 130.78 = 16.16 = 8.09
Conclugion: Since =fficiency is greater than one, the latin square design is

more efficient than randemizgd-block design in this problem.

Summary

The latin sgquare method has the advantage of reducing environmental variations
by distributing the treatment inte rows and eolumns. The total wvariance is
divided into four known components, i.e., rows, columns, treatments, and
error, while in the case of randomized-block design the variance was divided
into three known sources of variation, i.2., blocks, treatments, and error.
Therefore, the df, 2%, and MSS are small in case of latin square making it
more sensitive to detect the significance of difference.

it
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MP 15. Factorial Experiment Using RCBD

To study the effect of plant densities on the performance of three sorghum
Types, an experiment was conducted at TCRISAT Center during the 1979% rainy
zeasol. The detaills of the experviment are given below:

Treatments. All possible combinations of 3 levels of population denszities and
3 different zsorghum types.

Population densities Sorghum genotvpes
Pl = 100 000 plants ha'! vVl = CSH 1

P2 = 150 000 plants ha’! V2 = CS 3541

P3 = 200 000 plants ha™ V3 = CSH 6

Plot. size = 7 m x 3 m Replications: 4

The following data on grain vield was recorded. Analyze the data and
draw the conclusicns from the analysis.

Yield of sorghum grain (100 kg ha') from 3° factorial experiment
Varieties Populatrion Replications
————————————————————————— Total
1 2 3 4
Vi P1 31 20 18 21 90 (4}
P2 35 25 20 23 103
P3 41 32 25 25 123
V2 Pl 40 36 35 38 149
P2 35 33 31 35 134
P3 28 28 23 30 109
V3 Pl 35 36 25 28 124
P2 37 43 42 35 157
P3 48 52 52 40 1582
Rep.
Total 300 305 271 275 1181
(9 {36)
Analysis
Step 1. CF = {(1181)° + 36 = 139461 - 36 = 38743.36
Step 2. a. Total £3 = 41371 - 38743.36 = 2627.64
b. Rep S5 = (350891 + 9) -~ 38743.36 = 255.64
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and population densities.

From the original data, prepare a two-way table betwsen varieties

Pl P2 P3 Total
v1 90 (4} 103 123 316 (12}
V2 149 134 109 392
V3 124 157 122 473
Total 3163 (12) 334 424 1181 (38)
Step 4. a. Total 88 of this two way table
= 40691.25 -~ 38743.36 = 1947.89
b. Variety 8% = 39770.75 - 38743.36 = 1027.39
¢, Pop. 8§ = 18898.42 - 38743.36 = 155.06
d. Var. S5 x Pop. 88 = Total 35 - (Var. 5SS + Pop .S8S)
= 1947 .89 (1027.39 + 155.06}) = 765.44
Step 5. Analysis of Variance table:
F _{Takle
Source df s MSS 'Fr oratio 5% 1%
Replications 3 255.64 85.21 4.82%* 3.01 4.72
Varieties 2 1027.39 513.49 29.07** 3.40 5.61
Population 2 155.06 77.53 4.38% 2.40 5.61
Var x Pop 4 765.44 191.36 10.83%* 2.78 4,22
Error 24 424.11 17.67
Total 35 2627 .64
Step 6. Tnference: The variation between varieties, population densities
and interaction effects are significant.
Step 7. a. For main effects:
SED = (2 x 17.67) = 12 = 1.72
cD - t at 24 4f x SED = 2.06 x 1.72 = 3.54
Factor Mean yield Conclusion
Vi 26.33 A
V2 32.67 B v3 vz V1
V3 39.42 C
. As the other factor (varieties) is alsoc at three levels, the
previous SED and CD can be used for comparisocn.
’ Factor Mean vield Conclusion
Fl 30.25 A
P2 32.83 AB P2 P2 Fl
P3 3%.33 B
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Step 8.

For interaction: Var. x Pop.

SED = (2 x 17.67) = 4 = 2.97
cD = t at 24 df x SED = 2.06 x 2.97 = 6.12
Mean yields
Pl P2 P3
Vi 22.50 25.75 30.75
vVa 37.25 33.50 27.25%
V3 31.00 39 .25 43.00

Step 9.

Comparison of population densities with each sorghum variety

V1 F3 A P2 AB Pl B
V2 Pl A P2 A F3 B
V3 B3 A P2 B Pl C

Comparison of varieties at each population density

Pl V2 A V3 B vl C
p2 V3 A V2 A V1l B
P3 Vi A V1l B Va2 B

Summary Conclusions

CSH & was found to be best amongst the varieties followed by Cs
3541. CSH 1 had the lowest yields.

The highest population density, 150 000 plants ha™ resulted in
significantly higher yield than 100 000 plants ha '.

The increased yields with higher population densities were
observed only with hybrids CSH 6 and CSH 1.

The better performance of CSH 6 was noted only at the highest
population densities.
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MP 16. Data Transformation

Variance heterogensity is the most common condition in experimental data that
viclates one or more of the assumptions of the analysis of variances. For
data with heterogenous varviances, the specific type of variance heterogenelity
must be identified before selecting an apprepriate tranzformation procedure.

The following is a simplified procedure for detecting the presence and
the type of variance hetercgeneity.

Step L. For each treatment, calculate the variance and the mean
across replications. For ease of computation, the range can
be used in place of the variance.

Sept 2. Flot a scatter diagram between the mean values and the
variances (or ranges). The number of points in the scatter
diagram equals the number of treatments.

Step 3. Observe the scatter diagram for any pattern of relationship

between the means and the variances {(or ranges) .

The following diagrams illustrates three possible cutcomes of such
obgervatrions.

¢
] ]
o ¢ 0 ¢ ] L ] ¢
Variance ¢ 0 0 0 ¢ ¢ ¢ ¢ ¢ ¢
. ] L] ¢ ]
¢

Mean Mean Mean

(a) (b} {c)
Homogenous Variance 1is No functional relationship
variance proporticnal between variance and mean

to the mean

Data transformation is the most appropriate remedial measure for data
where the variances and the mean are functiocnally related. With this
procedure, the original data are converted into a new scale resulting in a new
data set which satisfy the condition of homogeneity of variance.

The appropriate data transformation depends on the specific type of
relationship between the wvariance and the mean {Takble 1} .
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Table 1. Data transformation.

Relationship

Type of
transformation

Observations

3D is propertional
Lo lnean

Logarithmic

Variance ({(SDY)
is proportional
plot !,

to mean

Sgquare-root

Variances tend to be
to be small at the
the two onds of the
range of values
(close to zero and
100%), but larger

in the middle
{around 50%) .

Arc-sine or angular
transformation

Whole numbers that
cover a wide range e.q.
insects plot!,

T

egg masses

plant!, etc.

1. Data obtained in rare
events e.g., infested plants,
weaeds plot™', ete.

2. Percentage data with range
between 0 % to 30% or 70% to
100%.

Proporticns,
decimal fractions,
or percentages.

Rules with resgard to percentage data:

a. For percentage data within a range of 310% to 70%, no
transformation is needed.
b. For percentage data within the range of either 0 to 30% or

70 to 100%, brt not both,
should be used.

the square-root transformation

<. For percentage data that do not feollew the ranges specified

in sither rule a or b,
appropriate.

Caution:

percentage,
from count data.

HRDE

the arc-sine transformation is

Percentage data derived from count data should be clearly
distinguished from other types of percentage data,
threshing percentage, protein percentage,
nitrogen percentage,

like
shelling

etc, which are not derived
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MP 17. Missing Plot Technigque

I. Randomized-block Design

Replications Vv, vV, V3 Vy Ve A Total
1 16.00 15.75 23.00 15.50 16.00 12.50 98.75
2 17.50 16.00 22.25 17.50 15.50 18.00 106.75
3 20.50 14.25 19.75 ¥ 132.00 17.50 { 85.00)
4 16.00 10.25 16.25 14.75 15.50 13.50 86.25
Total 70.00 56.25 81.25 (47.75) 60.00 71.50 286.75
Step 1. Estimate the missing value of ¥ by using the formula
Y = xR + £tT - G
(r-1) (-1}
Where 1 = No. of replications = 4
R = Total of remaining units in the block where
the missing unit appears = 85.00
t = No. of treatments = 6
T = Total of missing treatment in other blocks = 47.75
G = Grand Teotal (without the missing value) = 386.75
Y = {4 x 85) + (6 x 47.75) - 386.75 = 238.75 = 15.98
3 x B 15
Step 2. Substitute the value of ¥ (15.98}) and find the new treatment

total, block total, and grand total. Then proceed with the
analysis as done for usual randomized-block design.

Correction factor = (402.73)° = 24 = 6757.97
Total S5 = XY°, - CF = 214.58
Treatment 85 = (70.00)% + ....... + (71.50)F - CF = 101.88
4
Replication 88 = (98.75)% + ....... + (86.25%)° - CF = K1.72
6
Step 3. Find the adjusted wvalue of treatment =um of squares.

Note: This is to be done, when the treatment effect appears only
to be just significant. If the effect is not significant or
highly significant this adjustment is not necessary.

For this, we deduct the following value from the treatment 55:

R + tT - G;z Where R, t, T, G are the same as in the
t{t-1}{r-1)

previous equation to estimate Y.

R = 85.00, t =6, T = 47.75, and G = 386.75

52 HRDE 1; 808 no. 1d



Substituting the values:

(85.00 + (& x 47.75) - 386.75]° = (-15.25)? = 0.86
& x 5 x (317 270

Adjusted value of treatment 85 = 101.88 - 0.86 = 101.02

Analysis of variance table:

Source ar 5 MsS 'F' ratio
Replication {(r-1} 3 51.72 17.24 3.95
Treatment (t-1} 5 101.02 20.20 4.63

Errvor (r-1)(t-1)-1 14 60.98 4.3%6

Total {rt-2) 22 214.58

Tabular value of ‘F' (3, 14) at 5% level = 3.34

Tabular value of ‘F’ (5, 14) at 5% lavel = 2.9§

Inference: As the table value of 'F’ (5, 14} is less than calculated 'F*
value, the varieties are significantly different from one another.
Step 4. To find standard error of difference:

a. Standard error of difference between missing treatment and any of
the treatments.

V, vs any other treatment

='\J s§(§+ r(r—l)t(t-l) )

2 6
=54 .356(2+——
'J 3> (4 4x3x5)

=V2.6136 = 1.61
b. Standard error of difference between any two other non-missing
treatments.,
¥2g°0 = r = (2 x 4.356) - 4 = 1.48

Technique of Analysis of RBD when more thanh one treatment i1s misaing

V; is missing in replication III
Vs, is missing in replication IV

First we take the average of available values and substitute that wvalue
for v,. We can use the formula to get the value of V. Then taking this
value of V, use the formula to get the value of V.. This procedure is
repeated until c<onsecutive wvalues of V,; obtained by using the different
methods agree. Similarly calculate V..

Use these wvalues and proceed with the analysis.

HHDE "! SDS no. 13 53



ITI. Latin square design
( 5 treatments and 5 replications)

Yield A B C D E
{t ha™)
§.08 7.18 8.42 6.98 8.59
4.91 6.61 .. 4.34 65.11
4.25 5.96 3.32 4.44 5.860
5.79 5.59 6.86 4.02 4.21
5.89 3.46 2.38 5.81 6.14
Treat.
totals 28.89 28.80 20.98 25.58 30.65
Row totals: R, = 39.22 Column totals: €, = 25.29
R, = 21.92 ¢, = 30.84
R, = 23.57 C, = 2&.51
R, = 26.47 c, = 25.31
R, = 23.68 Cc, = 24.96
Grand total: 134.91 134.91

Estimate the missing value ¥:

Y = r (R+ C + T) - 2G
(r-1) (r-2;

Where r = Number of rows or treatments,
R, C, and T are row, column, and treatment total respectively, all
having the missing value (without that)

r =5, R =21.97, C = 24.51, T = 20.98, G = 134.91
Substituting the values:

¥ = 5 (21.97 + 24.51 + 20.98) - (2 x 134.91) = 5.62
4 x 3

Missing value Y = 5.62.

Replacing the missing value Y with 5.62, find the grand tetal and other
totals and analyze the data as if it is a latin square design with all
the values.

Grand total = 140.53

Correction factor = (140.53)% + 25 = 789.95

a. Total S8 = 2% Y%, - CF = 60.54

b. Row 38 = (39.22}% + ..... + (23.68)° - CF = 33.32
5

b. Treat. 8% = (28.89)% + ..... + (30.65)* - CF = 2.19
5

C. column S5 = (25.29)% + ..... + (24.96)% - CF = 6.17
5
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Analysis of wvariance:

Source df 38 MSS ‘'F' ratio
Row (r-1) 4 33.32 8.33 5.14
Column {r-1) 4 6.17 1.54 0.95
Treatment (r-1) 4 3.19 0.80 0.49
Error {r- l)(r—Z)—l 11 17 .86 1.62
Total (r - 29 23 60.54

Tabular value of ‘F* 4, 11 at 5% level = 3.36

Inference: As the ‘F’' ratio is not significant, the treatment effects are not
significant.

Standard error of difference

1. Comparing between the missing plot treatment and any other treatment,
say A and C,

O E——

= |1.62{2+ 2
5 Ix3

=¥0.78 = 0.88
Z. Standard error of difference between other non-missing treatments:
V255 - r = Y2 =< 1.62) = 5 = 0.805

When there are more than 2 missing plots, with a latin square design the
method of estimating the missing value is the same as we have seen in
the case of randomized-block design with identical conditions.

Effective number of replications

AL Latin sgquare:
First find the average number of replicates for each treatment,
Each treatment = 1 replication if the other treatment is present in
both the corresponding row and column; 2/3 when the other treatment is
missing either in row or column and is 1/3 when the other treatment is

missing both in row and column, when the treatment in question itself is
missing, the replication is zero.

HRLF



Row Note: * = missing plots

1 cC D E B A F
2 D E B *A* F C
3 E *B* A F C D
4 B *A* F cC D E
5 A F C D E *B*
) F C D E *B* A
Col 1 2 3 4 5 6

Effective number of replications for A

lst row and col. A and B are present so 1 is replication
2nd row and col. A is absent =so 0 is replication
3rd row and col. A is present but B is
absent so 1/3 is replication
4th row and cel. A is absent so 0 is replication
5th row and col. A is present but B is
absent so 1/3 is replication
6th row and ceol. A is present but B is
absent so 1/3 is replication

S0, total No. of effective replications for A = 2

and SE of difference = ¥$°, (1/rA + 1/rB)

where rA and rB are effective replications of A & B respectively.
Randomized-block Desgign:

Each treatment is given 1 replicaticon 1f the other treatment is alsc

present: (t-2} <+ (t-1) if the other treatment 1s absent and zero when
the treatment in guestion is itself missing.
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Evaluations

Select the moat appropriate answer and check the correct answer at the end of
the bocklet.

1. Before writing a proposal for a field experiment, 1t is necessary to

a) determine the size and shape of the plots.

b) state the objectives of the experiment.

c¢) choose an experimental design.

d) develop collaborative arrangements with all concerned.

2. When the cobjectives of the experiment have been stated, the next step 13

3. The

a) to locate an experimental field.

b) to purchase necessary eguipment.

c) to write preciss guestions that the experiment is expected to
answer.

d) teo select a sulitable design.

treatments consist of crep varieties, and materials or methods to be

tested. They should be

4. The

5. The

6. The

7. The

8. The

a) useful in actual crop production.
b} suitable to the soil type.

¢} representative of the population.
d) representative of the sample.

set of treatments sheould include
a) all possible entries.
b} a naturally defined control.
c}) a few more entries than the minimum number.
d}) some entries rejected in earlier experiments.

levels in any one factor should change
a) in small amounts.
b) in a random manner.
¢) by a constant amount or in a constant ratio.
d} as advised by the boss.

experimental site should be
a) selected by the research station manager.
b} representative of the secil type and location.
¢) near a road and easily accessible.
d) near a water source for irrigation.

experiments should always be positioned
a) in a north-szouth direction.
b) on high ground tec avoid drainage problems.
¢) away from trees tc avoid their root eftects.
d} as close to housing as possible for better supervision.

experimental plots should
a) be small tec accommodate many treatments.
b) be large tc improve precisicn.
) bes large encugh to prevent influences of adjacent plets.
d) always be rectangular in shape.

9. Improvement in precision can be achieved by

58

a) increasing plot size.

b) increasing number of replications.

¢) increasing number of replications after a minimum plot size is
selected.

d) having large plots as well as a large number of replications.
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10.

11.

12.

13.

14.

15,

16.

17.

18.

19.

The experimental area should be free from
residual effects of the previous crop.
stubbles of previcus crops.

fertility differences.

a)

b)
c)
d)

<}

Rlocks

a0 oo

environmental

pollution.

size is defined by

the nature of
type and kind
the nature of
the intensity

replications)

alny manner.

the experimental materials or treatments.
of the fertilizer used as a basal rate.
irrigation provided.

of the plant protection coverage.

should be arranged in

relation to the fertility gradient.
relation to the slope of the land.
consultation with the farm manager.

Replications are
repetitions of treatments.

repetitions of sets of treatments over locations.
randomly arranged sets of treatments.

repetitions of sets of treatments over seasons.

a)

b)
c)
d)

All the experimental plcts should be

of varying shape and size among replications.

of the same size but not necessarily same shape.
of the same size and shape.

a)
b
<)
d}

Competition/interaction between two plots

as decided by

the Director of Research.

(tall vs dwarf lines) of the

experiment can be adjusted by

placing them away from each other.

increasing the space between plots or surrounding each plot
by a buffer zcne.

putting them at random.

suitable analytical procedures.

a)
b)

c)
d)
Pathways

a)
)

c)
d)

are left {usually 1 m) between the treatments because
we can avold snakes in the fields.
we can move small tools and eguipment easily from cne

experiment to

ancther.

we can move conveniently to take notes of observations.
it is a requirement for all good experimental layouts.

We need to know the area of a field because
it is customary for all scientists.
we can precisely estimate the yields of crops or other data.

a)l
b)
<)
d)

we can locate

replications in different areas of the field.

we can estimate the pest and disease incidence.

A variable is defined as

a)l
b)
<)

d)

anything that
anything that
any character
flower petals
any character

varies quantitatively.

varies qualitatively.

which changes such as cclor, size, or shape of
or grain yield.

that changes cccasionally.

An ammonium sulfate trial on a lime deficient soil may not yield

dependable data.

Therefore, the scope of the experiment presumes

a) a more thorough satisfaction of the statistical aspects.
availability of supplies and hardware.

availability of staff to handle the data produced.

a knowledge of the agricultural background of the problem.

k)
<)
d)

HRGE
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20.

21.

24

27.

28.

60

If the optimum rate of nitrogen is expected to be 80 to 100 kg ha ', the
suitable rates for a trial would be (kg N ha™)

ay 0,20,40,60,80,100,120,140. by 60,80,100,120,140.

c) 60,120,180, dy 0,50,100,158,200,

The choice cf treatments using farm vard manure [(FYM)
(0.5% N) and ammonium sulphate (20% n) could be
a) 16 t of FYM compared with 250 kg ammonium sulphate.
k) 10 t of FYM compared with 250 kg ammonium sulphate.
¢} not comparable as FYM has other important elemesnts such as P
and K.
d) 10 t of FYM compared with 250 kg ammonium sulphate in split
applications.

If a large number of treatments are to be tested the more efficient
design will be

a) a randomized block. b} a latin sqguare.

¢) a confounded design. d) a palred-plot design.

The objectives and null hypotheses to be tested should be written
a) after the data cellection was over.
b} after the layout of the experiment was over.
¢) before starting the layout.

d} at the time of writing the research plan/proposal.

Uniformity in field operations is essential te reduce experimental
error. Tc get a uniform stand where drill sowing is commen, one should
) adopt drill sowing in the experimental plots.
b)Y use hand sowing to increase uniformity.
) divide the ssed for each row length and adopt drill sowing.
) divide the seed for sach row length and adopt hand sowing.

All cultivation operations for each replication (sowing, weeding, etc.)
should be conducted

a) on the same day.

) when labor is available.

c) for half day at a time.

d} when convenient for the scientist.

A uniformity trial should be conducted to know
a) the fertility gradient in the experimental field.
b) how to bring the field to the minimum crepping value.
c) the slope of the field.
d) the nutrient deficiencies in the soil

If the experimental material canncot be accommeodated in uniform plots or
fields then the
a) experimental material should be divided into blocks with the
least wvariation.
b) experimental material should be located randomly in the field.
c) field should be rejected.
d) field should be made uniform.

Label each experimental plot with a number or descriptive symbol to
4} keep proper record linking it with the experimental plan and to
record results.
b) check with field labels.
c) check data reccrded by the assistants.
d) inform the public visiting the experiments.

HE1IF .‘g sl omes 19



29.

30.

31.

32.

33,

34.

35.

36.

37.

If land or experimental material (seed) is not sufficient for the number
of replications required to give significant differences of practical
importance,

a) it is not worth doing the experiment.

b) we should manage with whatever we have.

¢) we can conduct the experiment half this vear, half next year.

d) we should reject some of the treatments and redesign the

experiment.

The variables to be observed and recorded should be decided
a) by the supervisor.
b) at the time of developing the proposal and objectives.
¢) as the crop grows in the field.
d} when time is available.

A small plot cannot be reduced indefinitely because
a) of border effects.
b) plant establishment 1s poor in small plots.
) of the small number of plants for obkservation in small plots.
d) it is not physically possible to work in the plot.

The treatments and controls are allocated to the plots of the experiment

a) by an explicit randomizing procedure.
b) by a casual distribution.
<) by a rotation.

d) on the advice of elders.

While measuring the breadth of the plot, it is necessary to include a
distance equal to

a) average row width x number of rows.

k) one row spacing beyond each of the extreme rows.

¢) two row spacing beyond each of the extreme rows.

d) one and a half row spacing.

When spacings of 30, 45, and 80 cm are compared for the same crop or for
intercropping trials,
a} the breadth of tte net plot should be the same.
b} the breadth of the net plot could be different as an equal
number of rows plot™ is important.
¢} the length of row can be varied to obtain the same size net
plot.
d} uniformity in plot shape and size is not necessary.

The number of replications in an experiment is based on the need to
match the size of differences likely to be detected as significant with
the size of differences one considers to be of practical importance.
This can be estimated by the formula
(N=no. of replicatiens, C=CV, 8=SE of means)

a) N = (C x 8)%. b) N = (C:8)%.

c) N = (8} + (C). d) N = {C x 8) = (8 x C)

If the estimated CV in an experiment is 8% and the SE of mean is 4, what
is the minimum recommended number of replications for the treatments?
a) 4. by 1. c) 16. d) 2.

Provision of borders for an experimental plot is accomplished
a) by leaving one or more rows or a narrow strip of the crop
not harvested.
b) by leaving some plants at beth ends.
¢) by raising other crops (safflower, chickpea, or chillies) in
the row or margins of the plot.
d) by leaving a c¢lean cultivated area around the plot.
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38.

39.

40.

41.

42,

43.

44.

45.

46 .

47 .

62

Errors due to soil heterogeneity can be reduced by
a}) adjustments in data from poor fertility areas.
b) proper layouts, randomization, and replication.
¢) adding a fixed percentage to all plot yields.
d} harvesting only a small area with a good crop stand and vield.

Errors due to faulty technigque such as use of inaccurate scales,

observer’s bias, mechanical errors in totalling, etc., can be eliminated
by

a) entrusting the jobs to assistants.

b) training the workers.

¢) working for a limited time and taking more rest.

d) using automatic recording egquipment.

The chance or random errors cannct be attributed to any cause. They can
be reduced by
a) sultable statistical analytical technigues.
b} assuming them as natural to biological rezearch and ignoring
them.
¢} consulting the field workers to make adjustments.
d) altering the data by a constant amount.

On randemization, 1f yeou detect apparently unfortunate coincidences,
a) you can rerandomize any part of the allocation.
b) you can accept them as they occcur.
¢) you can accept them as they occur i1f there is no variation in
the location or experimental material which has not been
incorporated into the design of the experiment.
d}) you cannot accept such coincidences.

Randomization is done to
a) satisfy the statistician.
b} prevent experimenter’s bilas in sampling.
¢} satisfy the superiors.
d} deal with missing plot yields.

The randomized-block design is
a} useful only for crop improvement trials.
b) less efficient being too simple.
¢) has the advantage of being rcbust and easy to analyrze.
d) useful for agronomic trials.

The row and celumn designs (like latin sgquare) help to
a) study several factors at a time.
)} layout treatments in separate blocks.
) remove the effects of one-way fertility trend.
)} remove the effects of two-way fertility gradients.

oo

Before developing an experimental design, one should have an estimate of
the precision likely to be achleved ({like CV and (D) through

a) a pilot experiment run earlier.

k) consultation with statisticians.

¢} use of randem tables.

d} use of table of 't’ wvalue.

In experiments invelving a combination of treatments (irvigation and

crop varieties), the more efficient design will be a
a) block design. b) completely randomized block.
) split plot design. d) randomized-block design.

If a large number of varieties are toc ke tested; it would bhe desirable
to use

a) an incomplete block design (lattice).

b) a paired plot design.

¢) a split plot design.

d) a randeomized-block design.
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48 .

49,

51.

52.

53.

54.

Ll
L

In varietal trials, the border plants near pathways are usually
a) mere vigorous. L) less wpigerous.
¢} above average. d) below average.

In fertilizer experiments, the affects of the treatment may extend
a) beyond the border of the plots.
b) to the center of the plots.

¢) away from the experimental area,

d) along the border near irrigation channels.

When the requisite skills, resources, and training to conduct a more
complex experiment are not available, one should

a} zelect a complex design for greater efficiency.

bE) select a simple randomized-block design.

c) select a lattice design.

d) not attempt to conduct field experiments.

A1l experimental data should be recorded
a) directly in a rough note book.
b) directly in a permanent record.
¢} in a perforated note hock.
d} in a pocket size diary.

If different observers were employed to record data; or assessments are
made on different days, or at different times of the day, any unwanted
variation in assessment is absorbed by

a) taking averages to be more accurate.

b) planning to use different blocks or replications of the

eXperiment .
¢} applying suitable statistical treatment.
d) applying adjustments to data.

In the field note book, cne should provide for
a) rough work sheets.
k) recording unexpected changes or effects.
<) extra marginal space for recording names of persons for giving
work credits.
d} time of arrival .nd departurs, description of work done, ete,,
by the scientist,

The measurements recorded in an experiment should be checked to see
whether
a) they are meaningful and relevant to the objectives.
) we can make corrections to get meaningful information.
) they are in the expected direction or trend.
) changes can be made to obtain expected trends.

o0

When crop varieties do not mature at the same time

a) all the plots should be harvested for uniformity with early
varieties,

b) plots should be harvested when they mature.

¢} all the plots should be harvested after the late varietiss also
mature.

d} plots should ke harvested with adjuztments for bird damage,
shedding grain or immature seed.

If plant growth is such that individual plants cannot be easily
distinguished, data on sampling unit for ancillary observations (like
rate of growth, flowering date, pest and disease incidence, eatc.) may be
obhtained by
a) measuring a 1 m row or a suitakle fraction of it.
b) separating the plants along with tillers and numbering them for
random selection.
¢} taking a few plants in each continuous row by careful
selection.
) taking the control for chservation on one or two r1ows.
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57.

58.

59.

60.

61.

62 .

63,

64.

65.

56.

67.

64

Cbservation plots are preliminary ftrials to evaluate
a) gross suitability of the material with reference to local
weather, pests, and diseages.
b) accurately the performance of new lines in a local environment.
¢) the reactlion of the farmers to a new material.
d) gross suitability of the material in a local environment.

The mean 1s defined as the
a) average yield for the plot.
b) average vield for the experiment.
¢) sum of all observations divided by their number.
d) sum of all observaticns divided by one less than their number.

The formula for the standard deviation of a sample is {(‘x’ = observation
value, X = mean, ‘n' = number of observations)

a) X¥X* + n b) (X-¥X)° + n

c) YE{XX)° & (n-1) 4y VZX : n
If (X-X) = d in the above formula, the standard error of mean is

obtained by

a) Zd* + n(n-1) b} ¥2d°  nin-1)
c) d° =+ n-1 a) d = nin-1)

The formula for deriving standard error of difference between two means
(BED) 1is

y ¥2d? = n(n-1) B) T n(n-1) x ¥2
y ¥¥d? « nin-1) x ¥2 Ay ¥¥d ¢ nin-1) x ¥4

The formula for obtaining 't*' iz (D is the difference of two sample
means )
a) t
c)y t

D x SED
D - SED

D - SED by t
D x ¥SED dy t

Degrees of freedom is
a) one less than the number of ohservations for each socurce of
variation.
b) the several alternatives for recording observations.
c) the several alternatives for analyzing data.
d) two less than the number of treatments x no. of replications.

The formula for determining the correction factor (CF) is (X = the total

of n observations; 'n’' = number of observations)
a) CF = 2¥* + n b) CF = (3X =
c) CF = (ZX)? + n d)CF:ZX-n

The mean square is obtained by dividing the
a) treatment sum of sguares by sum of squares for Dblocks.
b) total sum of sguares by degrees of freedom for error.
c) sum of squares by appropriate degrees of freedom.
d) total sum of squares by total degrees of freedom.

The formula for obtaining the ceefficient of variation (CV} is (SD =
standard deviation, X = mean, SE = standard error) ~

a) CV = 8SDh x 100 by €V = (8D + X) x 100

c) CV = SE x 100 d} CV = (8E x X) x 100

The least significant difference (LSD) is derived from (t=value of t
from tables, SED is SE of difference between two means)

a) LSD = t x SED b}y LSD t - SED.

¢) LSD = t + SED. d) LSD t - SED.
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significance are usually applied using probability (P) levels
P = 0.05 angd 0.10. by P = 0.25 and 0.10.
P = 0.05 and 0.01. d) P = 0.50 and 0.10.

of significance the meaning of P = 0.05 is that

5 out of 100 events do nct occur purely by chance.

5 out of 100 events may cccur due to chance.

5% of the events occur purely by treatment effects.

5% of the events do not occcur purely by treatment effects.

icient of wvariation (CV) decreases steadily (though not
nately)

as the plot size increases.

as the plot size decreases.

irrespective of the plot size if the shape is correct.
irrespective of the size and shape of the plot.

se in the number of replications, with a reduced plot size
a

higher LSD. b) less precise comparison of treatments.
higher CV. d) more precise comparison of treatments.

data of an experimental plot are lost through accidents or

the experiment should ke rejected.

the treatment should be rejected.

estimates of the missing plot data may be calculated by using
approved statistical procedure.

past years data may be used for substitution.

ercentages (like pest incidence} can be analyzed
43 any other numerical data.

after transformaticn.

after rounding to the nearest ten.

after conversion into decimals.

ds of analysis of data should be determined and the equipment
e to be obtained

when analytical work commences.

after the data are ccllected.

at the time of writing the research proposal.

at the time of laying out the experiment.

te 5 or 1 to 9) for gualitative observations such as pest or
ncidence {slight, medium, severe, very severe, etc.)

can be analyzed in the usual manner (ratio scale).

are in the erdinal scale and therefore cannot be analvzed in
the usual manner.

can be analyzed only by a statistician.

can be pocled and analyzed.

‘F’ test of significance, the observed differences indicate
nce, if the cbserved ‘F’ ratio {at P=0.05 or 0.01 level) is
twice the table value.
less than the table wvalue.
equal to the table wvalue.
more than the table value.

' test is significant for blocks, it may be dus to the

gradient or cther variations. The treatment data should be
rejected. b) aceepted conditicnally.

accepted. d) further modified.

is of variance is adopted when data from an experiment follow a
poison distribution. b) poison and normal distribution.
normal distribution. d) binomial distribution.
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78, Homogeneity of variances imply a
a) close relationship among all the treatment variances.
b} functional relationship among treatment variances and means.
¢) large wvariation among treatment means.
dy insufficient number of replications.

80, The most common symptom of experimental data that vioclates one or more
of the assumptions of the analysis of variance is
a) varlance heterogeneity.
b} variance homogeneity.
c) additive effects of variances.
d) nenuniformity in experimental field.

81. The means and variances are not correlated in data which follow a
a) poison distribution.
k) normal distribution.
¢) bincmial distributicn.
d) poiscn, normal and binomial distribution.

82. A situation in which the effect of a treatment is to increase the yield
by a certain percentage or proporticn is identified as
al a treatment interaction effect.
b) an additive treatment effect.
c} a multiplicative treatment effect.
d) an assoclate treatment efiect.

83. Variance heterogeneity in a data set could be identified by plotting a
scatter diagram between
a) standard deviation and varilance values.
b) variance and mean values.
¢) variance and range values.
d) standard deviation and range values.

84. Data transformation are appropriate when the
a} variance is equal to the msan value.
b) wvariance and means are not correlated.
c) standard deviation is proporticnal to mean value.
d) standard deviation is egual to the mean value.

85, Logarithmic transformation is adeopted when the
a) variance is proportional to the mean value.
L) standard deviation is proportional to the mean value.
) standard deviation is equal to the mean value..
d) variance is proportiocnal to standard deviation.

86 . The square-root transformation is followed when the
a) variance is proportional to the mean value.
) standard deviation is proportional te the mesan value.
) standard deviation is equal to the mean valus.
d) variance is proportional to the standard deviation.

87. The following data (number of weeds per sg.m) were collected from a weed
control trial:
Treatment Rep I II ITT IV
NW 202 180 92 142
HW1 55 102 80 26
RW 2 0 S 10
Atragzine 18 14 20 2

what type of transformation do you suggest to analyze the data?
a) Square-root transformation.
k) Arc sine transformation.
¢) Logarithmic transformation.
d} None cof the above.
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28, In a disease resistance trial, the following percentages of disease
infestation were observed:

Treatment Rep I II ITT v
A 318 42 39 46
B 51 43 56 62
C 32 68 40 70

What type of transformation do you suggest to analyze the data?
a) Square-root transformation.
b} Arc sine transformation.
¢} Logarithmic transformation.
d} No transformaticn is required.

29, The following are the a%erage number of eggs plant’! recorded in an
experiment on sheoot fly:
Treatment Rep 1 IT ITT v
X 2 8 & 0
Y 1 0 0 2
Z 6 4 5 8

What type of transformation do you suggest to analyze the data?
a) Square-root transformation
b) Arc sine transformation
¢} Logarithmic transformation
d} No transformation is required

90. The shelling percentage of groundnut varieties were recorded as:
Treatment Rep T IT IIT v
Var 1 57 62 68 56
Var 2 48 50 48 52
Var 3 72 75 70 68

What type of transformation do you suggest to analyze the data?
a) Square-root transformation.
b) Arc sine transformation.
¢} Logarithmic transformation.
d} No transformation is required.

Correct responses to the questions.

1. b)y: 20 ¢y 3. a); 4. b); 5. c)}; 6. by; 7. ¢); 8. ¢); 9. c);
10, a); 11. a); 12. b); 13. a); 14. c); 15, b}; 16. ¢); 17. by;
18,0 ¢y 19. dy; 20, dy; 21. by; 22. cyy 23, d); 24. ¢); 25. a);
26 a); 27. a); 28. a); 29. d): 30. by; 31. a); 32. a); 33. b):
34. b); 35. b); 36. a); 37. d); 38 b); 39. d); 40. a); 41. a);
42. b); 43. c); 44. d); 45. a); 46. cl; 47, a); 48, a); 49. a);
50. by; 51. b); 52. a); 52. b); 54. a); 55. bY; 56. a); 57. a);
58. )y 59, ) B0, «); 61. b); 62. a); 63. a); 64. c}; 65, <}
6. by; &7, al; 68. c¢); 69. b):; T0. b): 71. d); T2, <) 73, BY;
74. c); 750 by 76, dy; 77. <): 78, cl; 79. a); B8C0. a); 81. by;
82. <l; 83. b); 84. c); 8% ¢l; 86. a); 87. a); 83. d): 89, <)
S0, d).
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