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INTRODUCTION

Statistical methodology plays an important role in
evolving appropriate agrotechniques for the enhancement of
crop production, The formulation of proper methodology for
collection of data, thelr analyses:and interpretations help
in this regard, As is well known, £ield experimentation is
the most powerful tool of agricultural research and it can
be successfully conducted if and only if the experimenter
has got some ldea regarding the wvariability of the experi-
mental matérial. There are two principal sources of variation
in field experiments. They are (i) variation due to soil
heterogeneity and (1i) variation due tc inherent variability

(genetic variability) within the crop species.

These two types of variabilities are inherent in any
experimental material and because of their inheritance, it
has become difficult to compare the differences between treat-
ments. Even 1f treatments are different in their effect, no
one 1s sure as to whether the differences are due to the
treatment effects or due to inherent wvariation in soil
heterogeneity. Thus the outcome of any blological experiment
becomes a stochastic variable and statistical principles based
on the laws of probability are to be applied in the study of
such phenomenon. Plot~to-plot variation due to uncontrolled

factors such as goil fertility is generally called experimental



error and if leftuncontrolled, it can off-set experimental .

£indings.

The basic principles of the theory of experimental
designs ;nvplviqg the well known concepts of‘reﬁ}ication.
;andqmisation‘and local con;rol were originated by Fisher
. (1926) during the course of his'experimental work at the

Rothamsted Experimental Station between the years 1921-25,

With the introduction of these principles, field
exéerimehtaﬁion'was based on a scientific footing and methods
of logicél'constrﬁctioﬁ of the experiment were knewn to the
experiméhfer enabling him to draw dbjectivqg)and reliable
cqnclus;ons with pre-assigned degree of precision. Of these
thfee principles, replication..and local control were meant
for redﬁcing variation and improving precision of the estimates.

Randomisatiqnlalong with replication provided a valid estimate

of error variance.

All these procedures are collectively called "The
Direct Methods" of controlling efror and ére distinctively
diffefent from the statistical control of error through analysis
of covariance.. The direct methods of controlling error
include in addition to replication and local control, such
devices és selection of uniform site for experimentation,
provision for border rows to eliminate border effect, main-

taining uniformity in the physical conduct of the experiment,
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replanting of dead hills or missing plants, eliminating off-
types, controlling the incidence of pest and dsgease, proper
orientation:of plots and blocks and adoptioh bf an optimum
size and shape of plots and blocks for the conduct of the
experiment. Of these, the siﬁplest and the most effectivé
means of coping with the variation in soil hetrogeneity is

to have a proper cholce of plots and blocks.

The experimental plot is the ﬁotal amount of experi-
mental material to which a treatment is épplied in a single
replicate: Any experimenter who wishes to conduct an experi-
ment with any crop has to select 5 éoﬁveniéht plot siée for
conducting the ekperiment. In many'siﬁuatioﬁs a decision
on the size and shape of plot is made érbitrérily depending
solely up on the judgement and experienée'of the research
worker: But it 1s to be noteé that an iméfoper choice of
the experimental unit (plot) can offset the experimenta;
findings greatly. A very small plot even though apprecisble
from the economlc point of view may give highly biased
results; On‘the contrary, extremly large plots result in
mere wastage pf.resources_aﬁ the cost of very little gain
in precision. Thus, it is always advantageous to use the
most efficient plot size for conducting field trials. For
a given size of plots, different geometerical configurations
of the units are possible leading to various shapes of plot,

Alternately, shape of-the plot can be defined by the ratio
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L:B, where L is the length of the plot and B is the bmuidth
of the plot. It is also desirable to have an idea about
' the best shape of the plot which result in maximum precision
for a given size of the plot. "Block" 1s a group of pléts
which are more or less homogeneous, Efficlency of blocking
depends on the uniformity of plots withir.: the block and
heterogenelty between blocks. The investigator must know
the best criterion for grouping or blocking the units
;norde: to achieve maximum precision. For a given size of
the plot the efficiency of local contreol depends largely on
the size and shape of blocks. An extremaly large block can
be aé inefficient in error control as there was.no blocking.
The orientation of plots and blocks in a field is usually
determined on the basis of ‘the direction of the fertility
gradient, A fertility contour map of the field is'very

heipful in this respect.

The statistical considerations governing the choice
of suitable dimensions of the plot are the efféct of size
and shape of experimental units on the magnitude of error
variance and consequent precision of treatment comparison
and on the total cost of experimentation. Theoretically
the best size and shape of plot is one which should give
minimum variability in the estimate of population mean.
This concept is referf®d to as thewconstrained optimisation

of the varisbility function. Looking on the same problem
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from another angle of vision, the best size of the plot is
the one which gives maximum information per unit cost. For
an experimenter with limited resources, these two approaches
will not be appealing. He may be interested in finding the
optimum plot size in tbe sense that it gives estimates with
pre=asslgned degree of precision utilizing only the minimum

amount of experimental material,

Replication or blocks should be so set up to control
as much of the variation as possible resulting in the
smallest experimental error variance. If a knowledge of
the s0il heterogeneity of the field is available, it could
be utilised in setting up the blocks. Size of the block for
a given design 1s determined by the number of treatments and
the size of the plots. The upper limit on the replicate
size depends largely on the character studied and nature of
variability. Since an lncrease in block size is follwed by
a consequent enhancement of error it is not desirable to
have too much entries in a block, Thils problem can be delt
with by using incomplete block designs, However, a crtical
study of the experimental material alone will help the

experimenter to formulate appropriate criteria for deter-

mining the size of the replicate.

Turmeric, curcuma longa.L. belongs t¢ natural order

Scitaminae and family Zingiberaceae to which the familiar

ginger and cardamom also belong. In India, it is mainly



used as spices and in medicines.‘ But, in foreign countries,
it is well known for its curcumin content and 15 used as a
'natural ccloqring material especially for colouring food
products and costly textiles, It has a good export value
and is a regular foreign exchange earner for the country.
The estimated world production of turmeric is around 1.6
lakh tonnes, of which India's contribution is &bout 1.5
lakhs tonpes, - In India 92 per cent of the produce is consumed
within the country and.remaining is exported to foreign
countries. The foreion exchange earning by turmeric ranks
fourth among the splces first three places beilng occupiled
by black pqyer, cardamom and ginger respectively. In India,
turmeric is cultivated in an. area of about 77,400 ha. of
this 433% ha (5.6%) is in Kerala State. Kerala contributes
to about 15.1 per cent of India s total export on turmeric
and earns arround 76 lakhs of rupees annually. Besides
Kerale, the Etetes of Andhra Pradesh, Tamil Nadu, Bihar and
Orissa are the other important turmeric producino states of
India, The contributioﬂ‘of turmeric by Kerala works out only
to 2.8 percent of that of India. The cuality of turmeric
expressed as curcumin content is very important in export
market. :But most of the Indian turmeric types contain less
thaﬁ 5 percett curcumin. The foregoing details stress the
importance of turmeric in‘Indian economy., Therefore it is

essential to conduct ressarch with the objectives of improving



the quality and yield of turmeric. Information on the
statistical designing of field experiments on turmeric

is rather scanty. Field trials on turmeric are usually
conducted by using the same size and shape of the plot
reéﬁired for ginger - a similar crop. Thus, there 1s an
urgenf necessity to have a deep investigation in the field

plot technique of experimentation exclusively on turmeric.

The present study undertaken on turmeric has the

following objectives :-

(1) To study the nature and magnitude of soil
heterogeneity of the experimental field,

(1i) To determine the optimum size and shape of
plots for conducting field experiments on turmeric under

normal field conditions.

(1i1) To determine the maximum number of plots of
a given size which can be accommodated in a single block
without confounding.

(iv) To determine the direction of the blocks to
increase the efficiency of field experiments.

(v) To compare the estimates of optimum plot sizes
obtained through different criteria of estimation.

(vi) To estimate the relative efficiency of alternate
designs in laying out field trials.

(vii) To seek for alternate models for describing the
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_relationship between plot size and variability.
{(viii) To determine minimum number of replications
required for estimating treatments effects with given

degree of accuracy. -
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REVIEW OF LITERATURE

In this chdpter an attempt has been made to give an
account of the research information on the technique of

field experimentation of different crops.
2.1 _ Magnitude of Soil Heterogeneity

Harris (1920) initiated studies on the statistical
treatment of soll heterogenelty and its relation to Fhe
accuracy of experimental results, Through the estimation
of intraclass correlation coefficient, he concluded that
soll heterogeneity is the most potent source of variation
in plot yields and the chief difficulty in their inter-
pretations. He showed that the correlation between the
vields of adjacent plots was either due to initial physical
and chemical similarities of the soil or to the influence
of previous crops upon the nature and compositlon of the
soil., The lntraclass correlation coefficient of Harris
(1915) served only to demonstrate the degree of difference
ln soll heterogeneity of adjacent plots. But Bose (1935)
found that an experimental site which was reasonably
uniform for one crop in one season was not nece;éérily
uniform for another crop in another season. He concluded
‘that analysis of variance was more useful than the intra-

class correlation coefficlent of Harris, because it provided



: 10

the nature of soil heterogeneity and permitted the identifi-

cation of fertility gradients.

Smith (1938) proposed a quantitative measure of soil
heterogeneity based on his emplriéal relationship between
. plot size and variability of mean per plot given by the
equation,

= -b
Vx = le

' Where V., is the varlance of mean yield per plot based on
plots of x unit in size, Vyq is the variance among plots

of size unity and b is the index of soil heterogeneity,
vhich assumed values only in the.range between zero and

one., A value of 'b' nearer to one indiéated that there

was no significant correlation among contié?us units, whereas
a value in the neighbourhood of zero indicated strong linear
relationship between_adjaceﬁt units. In the case of self-
fertilised crops the value 'b' was largely a function of the
' effect of soil heterogeneity, but with cross-fertilized
crops intra-plot variation mainly due to genetic make up of
the plants with plot also had some effect on the wvalue of
'b's A high value of 'b' tending to one thus indicated
that genetlc varilation (intra-plot variation) was more
predominant over positilonal variation. From a uniformity
trial on casﬁew, Nair (1981) obtained the value 'b' as high
as 0.97 whereas on oat, Handa et al (1982) obtained the

values within the range 0.084 to 0.187.
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Federer'(1955) observed that in most cases the
value of heterogenelty coefflcient calculated from the
smith's equation were in the range 0.3 to 0.7. He further
remarked that a change in plot size from one-~fourth to four
times the optimum will not greatly affect the cost or

variance of heterogeneitv in the normal range of 0.3 to ¥.7.

2.2, . Uniformity Trials and Fertility Contour Maps

‘Aﬂ sverall idea abbut the'magnitﬁde and distribution
of.soil heterogeneity of the éxperimental field can be
obtained by conducting an experiment called “uniformity
trial"® whicﬁ conslsts of growing a bﬁlk crop with a uniform
treatment all over the fileld and harvesting and recording

the produce in small units of suitable size (Panse, 1941).

Cochran (1937) had given an account of 191 uniformity
trials conducted on various crops by several workers., He
noticed considerable variability in the estimates obtained
from different crops and for the same crop in different

locations.

Numerous reports on uniformity trials on various
crops are available in Indla and abroad. To cite a few are
those conducted by Baker et al (1952) on barley; Gopini et al
(1970) on ground nut; Pfabhakaran and Thomas (1974) on

taploca; Katyal and Sasmal (1982) on jute and Binns et al

(1983) on tobacco.



Uniformity trilal data can be presented graphically
in what are called fertility contour map showing lines
passing through areas of equai fertility. TFertillty contour
maps fbr numerous crops have been published by various
workers., Some of them aﬁe £hose published by Hutchinson and
Panse (1935&) on : .cottonz; Kadam and Patel (1937) on bajariy
Agarﬁal et al (1968) on arecanut; and Hariharan (1981) on -

brirl"jal- .
2.3, Methods of Estimation of Plot Size

Several methods have been suggested from time to
time by wvarious workers for the'estimafion of convenlent
plot size for the conduct of successful fileld éxperiments.
A brief account of the wvarious methods'of estimation of

optimum plot size is given below.
2¢3.1. Maximum Curvature Method

Maximum curvature method consists in representing the
relationship between plot size and coefficient of variation
graphically by using a smooth free~hand curve and choosing
the size of the plot just beyond the point of maximum cur-
vature as the optimum (Federer, 1955). He has pointed out
two weaknesses of this method. They are-(i) the relative
costs of varilous plot sizes aré not considered and (ii) the
point of maximum curvature is not independent of the smallest

unit selected or the scale of measurement used. In spite of



its inherent drawbacks several workers have used it for
getting a sultable plot size due to its simplicity.
Prabhakaran and Thomas (1974} used this technique for
getting an initial crude estimate of plot size for field
experiments on taploca and Hariharan (1981) used it for

estimating the plot size for field trials on brinjal.
2.3.2. Heterogeneity Ind®x Method

Smith (1938) proposed a method for determining the
optimum plot size from uniformity trial data. Smith's
equation is given by V, = le'b. Since the cost of experi-
mentation is also to be considered in determining é sultable

plot size, he used the cost function of the form K = K,+K. x

1772
where K1 is the éost assoclated with number of plots and
K, the cost associated with a unit area within the plot
and x the number of basic units per plot. The estimate of
optimum plot size Xop? 38 suggested by Smith (1938) was

given by, x_ . = bkl/(l-b)kz.

op

Smith's equation has also been used by several
workers to describe the non-linear relation between size of
the plot .and coefficient of variation (CV). Smith's equation
in the modified form is given by vy = ax-bI where y 1s the
coefficient of variation per plot based on plots of x units

in size a is the coefficient of variation of plots of size

unity and b!' an index of soil heferogeneity related to Smith's
lbl'



Snith's equation in the modified form was used by
Saxana et al (1972) on .. cat; '} Prabhakaran and Thomas
(1974) on tapilocay; and Hariharan {(1981) on brinjal for

estimating optimum plot size.

Raghavarao (1983) suggested that the optimum plot
size could be determined from Smith's law in the.modified
form mathematically using calculus method by maximising
curvature of the variabiliﬁy function. He éstimated the
optimum plot size of Raéish'using the new £echnique as

4 to 8 square meters.

| Smith (1938) had not specifically defined the basis
for calculating the factors K, and K, in the cost function.
Marani (1963) pointed out that Smith's cost concept had
been misused by several workers and indicated tha£ the two
. types of costs should be proportional to X, and K,x and not to

2

K1 and K2 .

The correct definition of the cost functions were
used for estimating optimum plot size by Hodnett (1953) in
groundnut; Sen (1963a) in tea; Sreenath (1973) in sorghum;
Prabhakaran and Thomas (1974) in tapioca; Biswas et al (1982)

in cabbage and Binns et al (1983) in tobacco.

Hatheway and Willlams (1958) presented a .method of
weighting of observed variances of plots of different sizes
for getting an unblased estimate of 'b' with asymptotically

minlmum variance.



2.3.3. Hatheway's Method

Hatheway (1961) .developed a procedure, to determine
optimum plot size, where the number of replication and the
expected magnitude of difference betwen treatments were
specified, but no attention was given to experimental cost.
He used the relationship between. coefficient of variation
and Smith's 'b' in estimating plot size. The basic equation
offHétheway 15 of ‘the form % =72(t )2 /rd where x is
the plot size, 'b' is an index of soil’ heterogeneity,'t1 is
the observed value of t in the test of significance, t, is
the tabulated value of t corresponding to 2{1-p) where p
is the probability of dbiaiﬁing a-signifieent result,_cx
ierthe coefficient of'veriation of plots ei\size X units
d is the truezdifference to be detected befween two means
exﬁressed as a per eentage and r is the number of replica-
tions. He developed a set of curves for a specific set of
conditions £from which an experimentercan determine the proper

plot size and number of replication for specified value of 'a!
2.3.4., Method of Estimation of Plot Size for Perennial Crops

Freeman (1963) suggested a modification to Smith's
law to take care of genetic variation among trees of the

same plot. His new function is of the form

Vv
x o . 1w |
VI = =5 + l————l where Vx is the total variance of mean
X x



yieid‘per tree of a plof containing x trees, V1 is the
variance of the,single‘tree plots;d is the proportion of the
variance that is due to enviornment, x is the number of basic
units (trees) per plot and 'b' is the Smith's index of soil
heterogeneity. Putting { = 1 in this equation, we get the,
familiar Smith's equation (1938),.,  Freeman (1963) has also

described:the method of estimating «L by using serial correlations.
2.3.5. Method of Modified Maximum Curvature

Situations may often arise where the famillar Smith's
law (1938) fails to describe the pattern of variability
satisféctorily. Then either a change of scale or the need of

fitting other sophisticated models is indicated. Lessman and

Atkins (1963a) found that the eguation log C_= a 5
(at+log x)

where C, is coefficient of variation of plots of size of
x units, 1s more &fflcient in representing the relationship

between plot size and variability than Smith's law,

Prabhakaran (1983) suggested three non-linear models
for'déscribing the relationship between coefficient of varia-
tion and plot size (x). He has shown empirically that all
these three models were superior to Smith's law in describing
the proposed relationship between plot siée and coefficient

of variation at least for three different crops viz. tapioca,

banana and cashev.
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The suggested models are

(1) Y =a+ b/ix + cfx
(11) ¥!oa+n log x
(114) Yl = a+WE + ex

2:3,6. Variance, Component, Heterogeneity Index Method-

Koch and.Rigney (195%) developed a new method called
Varlance Component Heterogeneity Index Method for estlmating
Pl°t15;?e by utéliging data frém actual field experiments
with different treatments and not.from uniformity trial data..
This method qonﬁiéted-in,estimatigg the components af varlance
due to plots of}differentlsizes by reconstruéting the ANOVA
of .the specifled design and using these estimated varlances
for fitting the,SmiEh's'functions.f

But Hatheway and Williams (1958) pointed out that the
method of Koch and Rigney (1951) often resulted in inaccurate
estimates of plot size because they assidned equal welghts to
the different components of varlation even though they were

based on different degrees of freedom. .

2+3+7, Percentage Relative Effleciency Concept

+

Another approach in estimating plot size is to select
the plot size which gives maximum precision for given cost

as optimume If the reciprocal of the coefficient of variation



‘can be considered to be an index of precision, the efficiency
of a.plot can be defined as 1/k_cx,(where Cx is the coefficient
of variation of plot size x estimated from the mathematice’
model (Kalamkar, 1932). Therefore relative efficilency of

plot size'-gc2 as compared with'plot‘size Xq is given by

cxl

RE,, = =———— X 100
12 c

*2

Gopinl et al (1970) had shown that efficiency of a
plot‘decfeased with an increase in size of the plot in the
case of groundnut, Similar results were obtained by Sexana
et al (1972) on oat; Sreenath (1973) on sorghum; Prabhakaran
and Thomas (1974) on tapioca; Rambabu et al (1980) on fodder

grass and Harihsran {1981) on brinjal.

Optimum plot size can be obtained by maximising
information per unit area., It has been showed by various
workers such as Menon and Tyagi (1971) on-mandarin orange:;
Qgrghava and Sardana (1973) on apple and Prabhakaran et al
(1978) on banana that single tree or plant plots were the
most efficient ones for conducting field trials on these

cfops'as they provided maximum amount of relative information.

It is to be noticed that bofh these approaches are

identical and produce identical results.

The third approach of estimating the plot size is to



select the size of the plot which required minimum experi-

mental material for a given precision (Gomez, 1972).
2.4, Shape of Plots

Taylor (1907-092) who summarised a large nutber of
contemporary f£ield experiments with various crops found
that rectangular plots were the most desirable and convenient

for experimentation with field crops.

The first theoretical consideration on the shape o£
the plot was gilven by Ch¥ristidis (1931). He derived an
expression for estimating the effect of plot shape on
variability with the help of the assumption of a linear
fertility gradient and concluded that long and narrow plots.
are always more efficient than square ones. Many research
workers agreed with his f£indings. They include, Saxana
et al (1972) on oat; Sreenath (1973) on sorghum, Prabhakaran

and Thomas (1974) on tapioca and Hariharan (1981) on bringal.

Cochran (1940) also considered variations in the shape
of the plots for wvarious types of field experiments. He attri-
buted the cause of varilation with small and large bands of
fertility gradients present in the experimental field. He found
that the selected plot shape did not exertell considerable effect
on soil heterogeneity when the variation in fertility gradient
was small whereas if there is significant variation in

fertility pattern, long and narrow plots was found to aive
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a better control of error variance than square plot.

Marcer and Hall (1911) working with mangoes found
ho superiority of long and narrow plots over square ones,
Bist et al (1975) on potato found that shape of the plot
had no consistent effect on estimates of error. Simllar
results have been reported by Rambabu et al (1980) on

fodder grass and Biswas et al (1982) on cabbage.

Pan (1930} obtained contradictory results about
plot shape of rice in China. At Hangehow increasing plot
width was more efficient than increasing length whereas

at Wufe the opposite was true.
2.5, S8ize and Shape of Blocks

Panse (1941) consideréd the effect of size and shape
of blocks and thelr arrangement on the magnitude of soil
variation. He developed a concept of block efficiency for
computing tﬁe relative efficiency of blocks of different
slzes and shapes with regard to the power of sorting out
the assignable component of variation due to difference
among blocks from experimental error. He concluded,however,
that size and shape of plots exerted greater influences on
errox variation than that of the blocks of a given experi-
mental fleld and hence greater attention to be given on

the appropriate choice of plots than that on blocks.



Iyer and Agarwal (1970) found that compact blocks
are more efficient‘than rectangular blocks in laying out
experimentézoh sugarcane.. éiﬁilar results were also
obtained by éaxana ég'g; (1972) on oat and Handa et al

(1982) on Sat.

Sreenath (1Y73) .Touna that snape Or tne PLOCKS na
no- consistent effect on block efficiency on sorghum and
this result was supporied by Bist et al (1975) on potato

and Rambabu et al (1980) on fodder grass.

Gopini et al (1970) found that block efficiency
decreased for given size and shape of plots with increase
in the block size in groundnut and the result has been
sﬁpﬁorted by the findings of Saxana et al (1972) on oat;
Kripashankar et al (1972) on soysbean; Sreenath (1973) on
sorghum; Bist et al (1975) on potato and Hariharan (1981)

on brinjal.
2.6, Minimum Number of Replications

Hayes (1925) proposed the formula r = Cv;[pz for
determining the minimum number of replications (r), needed
to estimate population mean with 'p' percent standard error,
where Cv 1s the coefficient of variation. He showed that
an increase in number of replications decreased standard
error more rapidly than an increase in the size of the plot.

Many research workers on various crops experienced +the same



result. They include Iyer and Agarwal (1970) on sugarcane;
Kripashankar et al (1972) on soyabean; Bist et al (1975) on
potato; Prabhakaran et al (1978) on banana; Hariharan (1981)

on.brinjel and Suman and Wahi (1982) on cabbage.

According'to Comez (1972) one of the simplest means
of increasing the prec*sion of treatment comparison is to
increase the number of replications for dlfferent treatments
but beyond a certain level,the improvement in preclsion
attainable through the increase in number of replication is
too small to worth the additional cost, other means of

enhancing precision have to be employed.

Prabhakaran et al (1978) on banana observed that the
expected number of replications decreased with an increase
in plot size but total number of experimental trees (plots)

increased with an increase in plot size.
2e70 telative Bfficlency of Different Designs

Fisher (1951) had used the concept of relative
efficilency for the choice of appropriate designs for
conducting field trials. According to him relative
efficiency 1s the ratio of amount of information supplied

by one design to the amount of information supplied by
another design.

Malhotra et al (1979) £ound that the relative efficiency



6f‘latin sﬁuare designs of different orders for different
plot sizes compared with completely randomised designs
ranged from 122 to 262 percentage whereas those when compared
With randomised block design using either row or column as
blocks ranged from 100 to 292 percentage. -~ Jayaraman (1979)
found that the efficiency of randomised blocks design.over
completely randomised design ' depended largely on the orient-
ation of blacksy - @nd that of latin square design over
randomised block design also depended on the orientation of
the blocks of randomised Block design. - ﬁe found that on an
average the relative efficilencies ¢f. latin sgquare design
over randomlsed block design was 107.8 and 238.5 percentage
for row as blocks and column as blocks respectively and

for combined analysis (Federer, 1955) eliminating the
between set sum ef‘squares the efficiencies are 118.7 and

222,4 percentage for row as blocks and column as blocks

respectively.



MATERIALS AND METHODS



MATERIALS AND METHODS

The study was taken up at the College of Horticﬁlture,
Vellanikkara during the period from June 1983 to January 1984
by conducting an uniformity trial on turmeric. The weather
and seasonal conditions during the period of study were more
or less normal. The experimental field selected was unlform
with non-undulating topogfaphy and no shade trees and path-
ways around thé margin. The soil was red lateretic loam.
Ademate dralnage was provided. The varlety of turmeric under

study was "Wyanad Local®.

The crop was raised in raised beds adopting manurial
and cultural operations as per package of practice recomme-

nded by Kerala Agricultural University.

The gross experimental area consisted of a rectangular
field with sides of_74.2 meter length and 15.2 meters bredth.
Small elevated beds of height of 0.25 cm and of size 0.6 m x
~ 1.5 m were raised providing channels of width 0.4 m z&round
each to prevent soill erosion and water logging. There were
altogether 494 beds in the field. One row of beds all
around the margin of the field was discarded to eliminate
external border effect., After discarding the border rows,

there were 432 beds in the net experimental area.

Harvesting was done on 220th day after planting,



when the leaves had dried completely in most of the plants.
At the time of harvest each bed was divided into egual plots
of size 0.6 m % 0.75 m and the yield was recorded from each

plot for statistical analysis.
3.1. Fertility Contour Map

In order to construct fertility contour map, the
percentage deviation of each observation from the grand

mean was calculated by the relation,

(YiJf)

T

X 100 (L

where di = Percentage deviatlon of the ith unit from
the grand mean

§ = Yield on the ith unit

Grand mean

|

' The units are then grouped into different classes
according to the magnitude of the observed variation . a@round
the overallmean yield, The experimental uniis which produced
the same amount of deviation from the overallmean yield was
assumed to be similar in fertillty. Regions of similar
fertility status were identified and marked with different

system of grading.



3.2. - Bige and Shape of Plots

Plots of different sizes and shapes were formed by
grouping adjacent uﬁi#s in various possible ways. The
méén, standard deviation and coefficient of variatlion of
pléts of different sizes and shapes were worked out.
Optimum size and shape of plots were determined by using

several methods as indlcated below.
3.2,1. Maximum Curvature Method

A freehand,curve.waé drawn by joining the points
ploted with abgiisae equal to the sizes of the plot and
ordinate equal to the corresponding coefficients of varia-
tion. The optimum plot size was determined from the curve

as the one jﬁst beyond the point of maximum curvature.
3.2.2, Heterogenelity Index Method

Smith's (1938) empirical law is given by,

! (2)

<
1]

xb"' r-aq
o

where-Vﬁ'= the variance of the yileld per unit area among
plots of x unit in size.
V1 = the variance among plot of one unit in size.
= the number of basic units in a plot.

= the index of soil heterogeneity,

e = random error component, where u is N (O,VE)



Smith's empirical law.expressed in the modified

form is given by

o= oax® (2)

vhere ¥ = expected coefficient of .variation of the yield

per unit area among plots of x units in size.

L]

a = the coefficiept:of variatio# among plots of one-

unit in sizes

‘b'= index of'éoii‘hptérbgeneity.

T+ is evident 'Ehat,

¥ = (4)

2 5 ‘*"

where M is the 'grand mean per unit basis.

<>

and - a2 =

(5)

;%Olb4

Substitute (4) and (5) in square of (3),

A T !

>

Therefore from (2).and {6),

b = 2b', Smith's index of soil
hetéfogeneity@



Tﬁe coefficient 'b' and the constant 'a' are

obtained from the mathematical model

Y = ax P el (7}
-
where 'u' is dfstributed as independent N (0, =)

Taking logarithyms of (7)

log ¥ = log a - b' log x + u (8)
ie. . Y, =A+BX +u (9)

N
where Y, = log ¥

5

A = log A

E =-b.

and X1 = log x

By the method of Xeast squares A and B can be obtained

from the normal equations

l‘,i’ﬁ = (X1%,)8, (10}
where: fj =2 (g)

From this normal equation, the coefficient b‘ and

constant 'a' are obtained.

For calculating an optimum plot size consider the

cost function of the form)
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K=K1+K2x

where K = total cost of the experimental unit
of size x.

Ky = = overall.cost of the experimental unit
which is independent of the size of
the unit

K, = the cost of an individual item within

the experimental unit.

The optimum plot size is obtained by minimising total

cost per unit of information. That is, by minimising C,

where C = (K +Kx)/1
v
=X
ie. C = a’y? (K1+K2x)/xb (11)

On differentiating C with respect to x and equating
to zero the optimum size of the plot which give maximum

information per unit cost is obtained.

le. ac
& = °
o
r Q_lg.g_q:ogives
K




. P ) bK:L
e X 0F (T-B)K, (12)
put b = 2b' in (12)
. 2b'K,
x = : (13)
(i-2D 5K2

: 2
N "
and C is minimum at x = % only if Q_lQ%JE at x = % is
dx

greaﬁer than zero.

Optimum plot sizes for different cost ratios can be

determined from the formula (13) by assigning different
values for the cost components Kl and Kz.
3,2.3, Modified Maximum Curvature Method using Smith's

Equation

The curvature C of a line at a given point is
defined as the limit of the average curvature of the arc,
when the length of the arc approaches gero. Average
curvature means 9/AB, where AB is the arc and ¥ is the
angle formed by the tangents at A and B, That is, by

definition C = ggﬂ, where s = AB

. c = d‘f;dx
v ds/dx



let ¥ = £({x), the function of x, then
dy
tan9d = = - (14)

Defferentiating (14) with respect to x

2 2
d d d
&= /7 1HE) (15)
dx
. Lt o
If ds = Bap A AB
Vool L 3.2
as = Yay® + ax®
/ 2
o.. "S-.-"}-S{ = \/1'5' (QI)
put X = Yy a &y z
o an 5 = 2, then
Ax
C = Yz
3/2 (16)
(1 + Yi )

The optimum plot size 1s the point at which the

curvature is maximum, That is, C is maximum, The point of



maximum curvature is obtained by egquating

d log C _
= = .0 or = = 0

Smith's empirical law in the modified form is

!
Y = ax b .
lo. ab! (p'+1) 5~ P +2)

= (1+(ab')2x‘2(b'+1))?3/2

., glogc _ ={b'+2) 3(ab.)2(b.;1)x¢(?b'+3)
ax . = 1+(a'b|)2x-2(b +1)

Bguating to zero, gives

2
2(b*+1) _ {(ab')}“(2b'+1)
a%10q C
If thils value of x is substituted in ————g—— 1t will
dx

be less than zero. -Then the optimum plot size can be deter-

mined from the equation (17).



3.2.4. Alternate Models

Three other non-linear models were also tried to
express the relation between coefficient of variation and

plot sizes.
The three models are,

(1) Y=a+bAiix+C/x+u

(ii) vl
-1

= a+blogx+u
(1i1) Y =a+bix+ex+u

In all the three models the parameters were estimated

by principles of least squares.

The mathematical method by using calculus to find the

6ptimum plot size is still applicable to these models also.
3e3. - Relative Efficiency of Plot Sizes

Kalamkar (1932) defined efficiency of a plot of size
x unlts as 1/xCx, where C.x is the coefficient of variation
of a plot of size x unit. The relative efficiency of plot

of size P2 as compared with a plot of sige P, is defined as

1
the ratio of the efficiency of P2 over that of P1 and is

denoted by RE(Pz/Pll.

Thus if Xy and Cx1 are the nurber of basic units and

coefficient of variation of a plot of size P1 and Xq ané sz



are the number of basic unit and coefficlent of variation of

a plot of size P2 then

?

x,C
1%l (18)
RE(P./P,) —=—==
2771 xZCxZ
3.4, Relative Efficiency of Blocks

The advantage of uainglblocks of different sizes in
reduéingléxpérimeﬁtal error by removing a portion of varia-
bility dué to them is called block efficiency. Thils can be
measured by ‘finding the inverse of error mean square obtained
after the elimination of difference due to blocks of specified

size from the total variation.

The relative efficiency of a block of size P, when
compared with a block of size Py is defined as the ratio of
the efficiency of block of size P, over that of P1. This

can be expressed in percentages.,

Smith (1938) deduced the following relationship for

. . %
the variance per unit area between plotshx units in blocks of
. =b
m{i-m )

m plots- me = )

fo where Vx is the'variance in an

infiniteland and b is the Smith's index ¢f soil heterogeneity.

Therefore the efficiency of -blocks of m plots relative

to blocks of n plots is equal-to



v

RE(m/n) = 722
Xm
- - oD
ie, RE(m/n) = Bm=lilon ) (19)

m(n—l)(l-me)

This concept has also been used for calculating the

efficlency of different block sizes.

3.5 Number of Replications and Area Required

~

The minimum number of replication for estimating
means with P¥% standard_ error was worked oﬁt‘for different

sizes of plots and blocks by using the formula

r = cvé/pd (20)

where ¥ = minimum number of replication

cv estimated coefficiént of varlation

and P

the percentage standard error of the mean

The total area required for experimentation can be
obtained by multiplying the area of the plot with the

number of replication at P% standard error of the mean.

Assuming a simple cost function of the form, C = rkx,
where r is the number of replication, k is the cost per
unit plot slze and x is the number of basic unit per plot.

The size of the plot which requiresminimum experimental
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material is also the best plot size in the sense that it
results in a minimum experimental cost for a given degree
of precision, The optimum plot size has also been estimated

on the basis of this concept.
3.6, Relative Efficlency of Designs

Relative efficiency (RE) of a design D, over another
design D, is primarily defined as the ratlo of the amount of

information supplied by D, over D,.

1/0:2

(21)
1/c§

' Where v = the expected value of error variance of

experimental des'ign,D1

and ©; = the expected value of error variance of

experimental design D2

2 2 2

o, and o are estimated as 8,7 and 8 2 witn

2
respective degrees of freedom Vl'and V2. Then relative
efflciency (RE) can be estimated by the formula suggested
by Fisher (1951) as,

822(v1+1)(v2+3)

RE(D,/D.) = (22)
O slzcv2+1)(v1+3)

In this study the relative efficlency of three types

of design alone were compared viz. completely Randomised
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Design (CRD}, Randomised Block Design (RBD) and Latin Square

Design (LSD).

For thé compariééﬁﬂdfffeiative efficiencies plots of
size 6 units with all possible shapes also were considered.
In the case of plot.size 'l x 6, nine latin squaresdf order
4 x 4 and one latin. square of order 12 x 12 can be formed.
whereas in the cases of 2 x 3 plota arrangementsfour latin
square§of order 6 é é ané forxs b4 2 plot arrangement¢nine

- Carrbe fovor-ea

latin 'square of order 4 'x 4,. The relative efficiency can be

obtained in two ways for each dimension of the plot.

(1) The relative efficiency is first determined for
each of the squares &nd average of these taken as the
representative for the entire area using the formula in the

modified form as sugggstéd by Federer (1955).

(V1+1)(V2+3)(R+C+(k-1)E)

RE (LSD/CRD) = (V,+1) (V,+3) (RF1)E (23)
, (Vi+1)(V2+3)(R+(k~1)E)‘
and RE (.SD/RBD) = SRS RT3 (24)
” 1 '
Where R = medn sum of squares of row

C = mean sum of squares of column
E = mean sguare error in LSD
k = the order of the LSD

and Vi and V2 as defined abbve
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(11) A combined analysis of sets of latin squares

(Federer, 1955) also attempted and relative efficiency
determined after eliminating variation between sets of

latin sguares, Here,

o (g=l)sseliet) (e s (ee) %, (V*D) VpH3)
RE (LSD/CRD) = ‘ SC-1)E Vot (v, +3.

L Me=UisssteedersGenp Yyt (V529)
and RE (LSD/RBD} = (sk (k=1)+(s-1) )E Vo+l) (V4+3)

for row as blocking.

It is hopéd that this relative efficiencyrwouid

;s

(25)

(26)

-reflect the overallrelative effigiéﬁcies'qf Latin Square

Design over Completely Randomised Design and Latin Square

Désign over:Randomised Block Design, when the experiment

involves sets of latin squaresin afsingle expériment.
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RESULTS

The results of investigation carried out to estimate
the optimum' size and shape’' 0f plots and blocks in turmeric

are presented below.
4.1, Fertility Contour Map of the Experimental Field

The fertilitf contour map of the experimental field
is given in Flgure 1. An inspection of the fertility contour
map indicated that there was appreciable variation in soil
fertility but this variation did not follow any systematic
pattern. Fertility variations were distributed over the
entire field in an erratic fashion. It could also be seen
that small areas were relatively more homogeneous with regarded

to soil fertility than large areas.:
4.2, Estimation of Optimum Plot Size

Adjacent units were combined together to form plots of
different slzes and shapes. Plot length was defined as the
length in the North-South direction and plot breadth that in
the East-West direction. The basic unit of observation
consisted of the plant population in an area of size 0.6m x
0.75m. There were ten plants in the basic unit. The co-
efficlents of variation (cv) for plots of different sizes and

shapes when they are not'grouped into blocks are given in



Table 1. It can be seen that c¢v decreased on either direction
with an increase in plot size but the decrease was not
proporfionél. Moreover reduction in cv in the North-South
(column) direction was more fapid than that in the East-West
(row) direction. Minimum cv noticed was ~around 21 percent

- and the maximum was 77 percent.
4.2,1. Method of Maximum Curvature

" Smooth freehand curves were drawn (Fig}z)lto fé@resent
the relationship betwean plot size x and average cv when plots
were not grouped in to blocks and when they were grouped into
blocks of various sizes such as 2,-.8,;: and 12 plots, It
was found that in all the cases cv decreased rapidly at first
when the size of the plot was increased, but after a certain
point the rate of decrease was low and ultimately tended to
- 2zero making the curve almost like a straight line parallel
to the x=axis, The optimum plot sizes estimated from such
ffeehandlcurves by the method of maximum curvature by wvisual ~
inspection were 6 units for blocks of various sizes and 8 -
units without‘blocking. In original unit the optimum plot
sizes for blocks of different sizes and without blocking

2 and 3..6m2 raspectively.

were 2.7m
4.2.2. Smith's Equation in the Modified Form

The $mith's equations fitted to the uniformity trial
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data on turmeric are given in Table Sa." The expected percent-—
age variation which could be explained by the fitted models
was. determined by calculating the coefficient of determina—
tion (R ) and their significance tested through the variance
Iratio,(F)test. ‘ALl the regression equations fitted to-’
different blocks of slzes 2,4,8,12 and 24 plots were found
to be-significant.J Values oﬁ,coefficient determination

" rariged from O. 8586 to 0, 9883. The parameters of the fitted
models viz. 'ﬁ'-end ral assumed value in the range 0,1223 to
0 1946 and 47 76 to 78 1088 respectively. Thus the Smith's
index of soil heterogeneity (b = 2b') varied between 0.2446
to 0.3882. Since the value. of 'b' 'wds nearer to zerc than
unity there aﬁpeared to be strong correlation between
neighbouring plots. Hence proper orientation of plots and
blocks is very important in controlling experimental errér,
The expected cv (minimum cv was ‘vz@round 32, for block size

12 and the maximum was 78) was given in Table 3a. There was

close agreement between observed and expected value of cv,

4.2.3., Other non-linear Models

Three other models tiz.

(1) . Y =a+blx+ efx
(414) Yl oa+p log x
and  (411) © Yl = a + BJEK + ex

/
.Where ¥ 18 the coefficlent of variation of plots of size x units



were £ltted to the data. The expected percentage of
variation which could be explained by the fitted regressions
(the coefficients of determination) and F-ratios resulted
from.the @bove models are given in Table 3 & 6. It could be
seen that all these three models were more efficient than
the familiar Smith's equation in describing the proposed
relationship between plot size and coefficilent of variatilon.
Among the three models, Model 1 viz. Y = a + b/VX + c/x was
found to be the best cholce., It gave a very good fit to

the uniformity trial data as the coefficient of deter-
mination calculated from that model was fairly high (RZ
ranging from 0.9403 toc 0.9904). The expected cv determined
from, this model is given in Table 3b. For Model 2, R2
varied from 0,.8832 to 0.9842 and for Model 3, it var;ed

between 0.8766 and 0,9765,
4,2.4, Optimum Plot Sizes under Consideration of Cost

The optimum plot sizes calculated on the basis of
arbltrary values for the ratio klskz where k1 1s the overall
cost of experimental unit of size =, k2 is the cost of
individual item wilthin the experimental unit area are
presented in Table 4. In calculating the optimum plot
sizes, estimates of 'b' from blocks of different sizes and

without blocking and an average value of 'b' were used.

When the ratio kl/kz varied from 1/13 to 13 the optimum plot



sizes varied from 0.0342 o 5.78863 units In two plot
blocks, whereas the range of variation of blocks of sizes

4, 8, iz, 18 and without blocking were 0.037 to 6.233,
0.0263 to 4.4408, 0.0249 to 4,2094, 00,0281 to 4.7450 and
0.049 to 8.5836 units respectively. Forfgverage value of
'H' the optimum plot sizes varied from 0,9333 to 5.6199
units (0.015m2-t§ 2.53m%) . It was found that thé optimum
size of the plot increased with an increase in the magnitude
of cost ratio. ;ﬁ k4 were the majorlcopt;ibﬁtbr t? the
total cost than k2 it would be more advantageous to use
larger plots. In any case there was no significant advantage

by using very large plots.

4,2,5. Optimum Plot Sizes using Smith's Modified

Equation by Mathematical Methods

The optimum sizes of the plots for blocks of different
sizes and without blocking determined by maximising curvature
of the Smith's equation, Y = ax-b, using the method of
calculus are presented in Table 8., The estimated optimum
plot sizes ranged between 4.443 units for blocks of size
8 unit and 8.1 units in case of no blocking. On an average

'S
the optimum plot size sbout 6 units (2q7m2).



4,3, Concept of Percentage Relative Efficiency

of Different Plot Sizes

Taking the efficiency of the smallest plot size as
unity, the percentage relative efficiencies of warious plot
sizes are given in Table 7. As plot size increased the
percentage relative efficiency decreased for blocks of
different sizes and without blocking., When plots are not
grouped the rate of decrease in efficiency was from 100
percent with unit plot size to 13 percent with plots of
size 12 units, The percentage relative efficiency of plot
of size 12 units compared with unit plot size for block of
size 2,4,8,12 and 18 and without blocking were 12.46, 12.30,
11,54, 11.31, 11.88 and 13.28 respectively. Thus size of
block had no significant effect in the efficiency of plots
of different sizes. However, small sized blocksHare more

efficlent,
ded, Shape of the Plot

For a given size of the plot the shape of the plot
which gives least cv may be selected for experimentation.'
The plot shape with least cv for different plot sizes and
shapes are given in the Table 9. Thus for the optimum plot
gize viz, 6 units the optimum shape i1s 6 x 1 (3.6m %X 0.75m).
In general, plot shape did not seem to exert any cohsispent
effect on cv. However for a given plot size, long and narrow

plots give lower cv than approximately square plots.
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4.5, Size and Shape of Blocks

The relative efficiencles of blocks of different
sizes viz. 2,4,8,12 and 18 compared with no blocking
calculated on the basis of percentage reduction in error
sum of squares are given in Table 10. + can be seen
that there was significant reduction in uncontrolled
lvariation due to grouping of plots into blocks. Smaller
the block size greater was the efficiency of blocking. In
2 plot blocks relative efficiency ranged from 207 to 262,
whereas in 12 plot blocks it varied between 110.23 and
159,68 depending on.the size of the plots. In general,
size of the plot did not séem to exert any appreciable
effect on block efficiency. Whereas for a given plot size,
size of block had a significantaeffect on block efficiency.
Thus for a plot of sizé unity, relative efficiency decreased
from 244.74 to 141,41 as the block size increased from 2 to
18. This fact indicated the need for reducing block size

by way of using incomplete block designs.

Relative efficiency of blocks of different sizes as
estimated from Smith's equation is given in Table 12. The
entries in the second column of the table were calculated
on the basis of assuming an average coefficlent of hetero-
geneity (Smith's index of soil heterogeneity) b = 0.3018

and those in the third column were estimated by assuming



L1}
i3
(53]
=8

the index of soll heterogeneity 0.3819, which was the

index of soil heterogeneity for Smith's function fitted
for plotg%ﬁere not grouped. Block effic1ency was found to
decreasea as ‘the ‘size of rhe block 1ncreased. Four plot:
blocks were almost 85% ‘as eFficient as 2 plot blocks whereas
6 plot blockswere less efflcient than 4 plots blocks. The
relative efficiencies of blocks of size 4,6,8 and 12 compared
with blocks of size 2 were in the’ order 85, 78 75 and 70
percentages when the index of soil heterogeneity for the
ungrouped data was used. The corresponding figure with
average index of soil heterogeneity were 83, 75, 70 and 60

percentages,

The shape of the block did not seem to exert any
significant and.consistent influence on the efficiency of
blocking (Table 11) whereas block efficiency was found +o
be a function of rhe plot size., For 2 plot blocks of shape
2 % 1 the relative efficiency with plots of 2 units was
194,2 percent but that of 8 units was 298 percent. For 12
plot blocks In different shapes relative efficiency varied
between 125.9 to 198.75 with plots of different sizes. No
consistent differences were observed between oblong blocks
and compact blocks with regard:. to their relative efficiencies
in controlling error. However long and nariow blocks appear

to be slightly more advantageous.



4.6 - Number of Replications

. The mindmum number of replication and the totdl
experimental area requifeé fo;iestimating treatment means
with 5 percent standard erfor are glven in Table 13. From
the table it could be Seen that with an increase 'in plot
.size, the expected number of replications decreased but the
decrease was not proportional The area requlred £or the
experiments also increased along with an iﬁcrease'in plot
size. For example the number of replication with a plot of
‘size unity in blocks ef size.2 was 91 and that with a plot
of size 12 was 42. Consequently the sizee ef the experi-
mental area required were 40;95m2 and 226.8m2 respectively.
Thus 1f the sizé of the field is.fixed it was found to be
morelbeneficial to use- larger number of replications with

the smallest poesible plot size than increasing the plot

slze at the risk of reducing the number of replications,
4.7, Efficlency of Experimental Designs

Relative efficiency of a Latin Square Design (LSD)
over the other two single factor designs viz. Completely
Randomised Design (CRD) and Randomised Block Design (RED)
were calculated by using two methods (i) averaging.the
relative efficiencies of different sets of squares and (ii)
eliminating the variation between sets of squares and then
calculating the relative efficiencies. The results are

given in Table 14.



The average relative efficieﬁcies of 6 x 6 Latin
Sé;uare Design over Randomised Block Defsigns with rows as
blocks .and those with columns as blocks were.178.24 and
131;?2 respectively. The relative efficiencies of the Latin
Square of the same order by eliminating variation between
squares cqméared with Randomised Bloék-Des%gns with rows as
blocﬁé and columns as blo;ﬁg were-267.33'and 147,05 respec-
tively. The relative efficiencies of Latin Square Designs
ové; Completely Randomised Designs are given in Table 1hb -
It could be seen that Latin Square Designs were more
efficlent than Completely Randomised Designs in both the
casés ofleiiminating variations among sets. of sqguares and
averaging,the_relative efficlencies of different‘sets of
squaress For the plot size 1 x 6 Randomised Block Designs
with columns as blocks was found to be 84% more efficient
than Completely:Randomised-Designs. Whereas for the same
plot size Randomised Block Designs with rows as blocks was
élighﬁly more efficient (1.94%) than Completely Randomised
Designs. Thus, the relative efficiency of Randomised Block

Designs dependsd upon the orientation of blocks.



TABLE 1. Observed Coefficients of Variatlon for plots of different sizes when plots are not
grouped

- ot o -

Number of units along the East-West direction (rows) ..

i 2 3 4 B 8 9 12 18 24 36 72
U\E'J 1 77.19 72.63 62.52 61,01 55.62 52.52 50.95 48,47 41.01 35.72 28.29 17.90
gg 2 64,92 61.91 55,11 54.02 50.24 47.33 46.27 43.99 37.25 31.33 24,71 13.62
_}Uj 5ﬁ 3 58.60 56.83 51.67 50,94 47.67 45,22 42,75 41.57 33.73 29.45 21.91 11.17
gugj% 4 56.38 54,97 50.65 '49.97 46.90 45.19 43.56 42.07 35.33 29.24 21.32 13.45
"6‘ -{'EJ:’;.) 6 48.68 47.63 44,92 44,01 42.78 41.18 39,51 38,53 32.17 26.24 21.32 12.08
gg: 12 43,55 43,13 41,50 41.08 40.90 39,62 38.02 38,13 32.95 26.83 23.15 -

=



TABLE 2. Observed Coefficient of Variation df plots of different sizes, when plots are
grouped into different sizes and without grouping

Plot With- Block sizes

size out - ' . - -—
dn Spocke 2 . 3 4 6 - 8 9 12 18 24 36 72

1 77.19 49.34 58.64 56.27 60.39 59.32 61.35 62.82 64.91 65.63 67.70 ‘72.58

2 68.89 46.86 52.27 ' 50.83 53.59 52.47 55.74 57.34 58.45 58.51 62.62 64.84

3 60.59 38.58 40.99 42.03 45.59 45.80 46.09 48.95 50.34 53.04 53.62 57.34

4 59.81 38.71 43.18 41.63 46.28 42.90 48.38 47.33 51.97 51.06 56,73 57.64

6 54.16 33.81 37.76 38,17 40.76 40.84 41.46 46.97 46.46 48.85 50.45 52.22

8 53.85 33.24 39.65 34,76 39.02 =~ 46,53 45.95 49.37 - 51,55 -

9 51.31 ©  35.60 35,40 38.47 40.10 41.87 -  45.72 -  47.80 = -
12 48.65 .  30.44 34.87 34.06 38.33 38.17 40.67 42.51 44.61 44,56 47.25 =
18 . 44.88 30.53 32.56 35.23 36,30 39.76 -  42.74 -  43.36 - -
24 43.31 27.76 33.72 31.53 36.83 - 39,79 40.81 42.03 - - -
36 39.51 28.97 30.79 33.54 33.93 36.96 -  39.79 - - - -

72 32.16 26.23 28,24 25.66 31.61 - - - - - -

0S



TABLE 3a. Estimated Coefficients of Variation for plots of different sizes in blocks
of different sizes and without blocking as obtained from the Smith's

equation, Y = P

Plot sizes
Block sizes 1 . 2 4 : ' &) 8 12
Without blocking 78.101 68,253 59,640 55.115 52,115 48,161
2 47,764 . .42,928. . ..383_.582 - 36.246 - 34.676 32.577
4 53.444 - 47,754 42.670 39,951 38,127 35,698
a 54,954 - 50,313 46,064 43,746 42,173 40,052
12 59.457 54,624 50,184 47.756 46,105 43,875

18 62,561 - 57.023 51.976 49,234 47.376 44,876

TABLE 3b. Estimated Coeffcients of Variation for plots of different sizes in blocks
of different sizes and without blocking as obtained from the model,

Y =a+ b//X + ofx

Plot sizes
Block siges i 2 4 6 : 8 12
Without blocking 68.617 61.005 52.008% 47,062 . 43._.835 39.736
2 50.417 44,095 38,606 35,906 34.217 32,137
4 56,600 48,371 41,932 38.916 37.071 34,835
8 59.506 50,057 44,298 42,065 40.828 39,451
12 63,133 54,872 49,185 46.707 45,242 43.516

18 65.091 56.758 50.867 48.258 46.702 44,857

t TG 3



TABLE 4 Optimum plot sizes ag. estimated from Smith's equation considering different cost

ratios -

Without . Block sizes o g 2 03918

K,/K, blocking . mLen S dncex o

1772 - 2 4 8 12 18 soil heterogeneit
1 - 0.6372 '0.4451 0.4810 0.3416 0.3238 0.3650 0.4323
3 1.9116 1.3353 1.4430 1.0248 0.9714 . 1.0950 1.2969
5 3.1860 242255 2.4050 1.7080 1.6190 1.8250 21615
7 4.45604 3.1157- 3.3670 2.3912 2.2666 2.5550 3.0261
11 7.0092 4,.8961 5.2910 3.7576 3.5618 4,0150 4,7553
i3 B8.2836 5.7863 . 6.2530 4.4408 4,2094 4.7450 5.6199
1/3 0.2124 "0.1484- 0.1603 0.1139 0.1079 0.1217 0.1441
5/3 1.0620 0.7420 - 0.8015 0.5695 0.5395 0.6085 0.7205
7/3 1.4868 1.0388 1.1221 0.7973 0.7553 0.8519 1.0087
11/3 2.3364 1.6324 1.7633 1.252¢ 1.186¢9 1.3387 1.5851
13/3 2.7612 1,9292 2.0839 1.4807 1.4027 1.5821 . 1.8733
1/5 0.1274 0.0890 ,1.0962 0.0683 0.0648 00,0730 0.0865
3/5 0.3822 -0.2670 0.2886 0.2049 0.1944 0.2190 0.2595
7/5 0.8918 0.6230. 0.6734 0.4781 0.4536 0.5110 0.6055
11/5 1.4014 0.9790 1.0587 0.7513 0.7128 0.8030 0.9515
13/5 1.6562 1.1570 1.25%06 0.8879 0.8424 00,9490 1.1245%
1/7 0.0910 - 0.0636 0.0687 0.0488 0.0463 0,0521 0.0618
3/ 0.2730 0.1908 0.2061 0.1464 0.1389 0.1563 0.1854
5/7 0.4550 0.3180 0.3435 0.2440 0.2315 0.2605 0.3090
11/7 1.0010 0.6996 0.7557 0.5368 0.5093 0.5731 0.6798
13/7 1.1830 0.8268 0.8931 0.6344 0.6019 0.6773 0.8034
1/11 0.0579 0.0405 0.0437 0.0311 0.0294 0.0332 0,0393
3/11 0.1737 0.1215 0.1311 0.0233 0.0882 0.0996 0.1179
5/11 0.2895 0.2025 0.2185 0.1555 0.1470 0.1660 0.1965
7/11 0.4053 0.2835 0.3059 0.2177 0.2058 0.2324 0.2751
13/11 0.7527 0.5265 0.5681 0.4043 0.3822 0.4316 0.510¢9
1/13 0.0490 0.0342 0.0370 £.0263 0.024¢ 0.0281 0.0333
3/13 0.1470 0.1026 0.1110 0.0789 0.0747 0.0843 0.0999
5/13 0.2450 0.1710 0.1850 0.1315 0.1245 0.1405 0.1665
7/13 0.3430 0.2394 0,2590 0.1l841 00,1743 g.1e67 0.2331
11/13 0.5390 0.3762 0.4070 0.2893 0.2739 0.3091 " 0.3663




Estimates of Parameters j .. Coefficients of'determinationﬁénd
F~ratios from various models

TABLE 5a. Smith's equation, Y = ax™P
Block =izes a D R% F
without blocking . 78.1088 0.1946 0.9883 843.04
2 47.7639 0.1540 0.9244 122.25
4 53.4441 0.1624 0.9127 . 10.457
8 54.9541 0.1273 0.8586 42.50
12 59,4566 0.1223 0.9183 101.14
18 62.5605 0.1337 0.9099 60.57
24 63,8999 0.1417 0.9723 210,75

TABLE 5b. Model ¥ = a + b/yx + c/x

Block sizes a ) b c R2 P
Without
blocking 17.9375 85,5918 -34,9122 0.9827 255.39
2 21.8821 38,3626 ~9.8279 0.9518 88,93
4 24.2817 38,2772 ~5.9535 0.9403 70.85
8 34,5100 13.7545 11.6410 0.9664 78.90
12 35,9879 25.6430 1.5022 0.9520 79.31
18 36.6494 28,4288 0.0131 0.9440 42,11
24 35.9489 32,7503 -2.9381 0.9204 257.31

€S



R
Estimates of Parameters =1 Coefficients of determinationfand
F~ratlos from various models £fitted o the data with blocks of
different sizes without blocking

= a+ b log x

TABLE 6a. Model Y1

Block sizes a b R?‘ F
wWithout blocking 0.0188 0.0099 0.9196 114,33
2 0.0206 0.0101 0.9413 160.38
4 0.0178 0.0099 0.9044 94.62
8 0.0180 0.0064 " 0.8832 52,94
12 0.0161 0.0058 0.9435 150,33
18 0.0159 0.0060 0.9243 73.26
24 0.0158 0.0062 0.9822 331.82
TABLE 6b. Model Y ! = a + VX + ox
Block sizes a b o] R2 F
Without
blocking 0.0085 0.0038 -0,0004 0.9350 64,77
2 0.0157 0.0060 -0.0004 0.9333 62,96
4 0.0168 0.0039 -0,0003 0.8766 31.96
8 0.0125 0.0059 -0.0006 0.8928 24,98
12 0.0190 0.0045 ~0.0004 0.9328 55,49
i8 0.0112 0.0051 -0.0005 0.9146 26,77
24 " 0.0106 0.0056 ~0.0006 0.9765 101.93

¢ P9



TABLE 7.

Percentage relative efficlencies of plots of different sizes in blocks
different sizes and without blocking

of

Number of basic units (x) in a plot

Block -
sizes 1 2 3 4 6 8 9 12
Without ) B i
blocking 100 57.03 41.41 32.81 23.44 18.75 17.19 13.28
2 100 55.50 39.71 31.10 25.01 17.22 15,79 12.46
4 100 56.15 40.11 31.55 22.46 . 17.65 16.04 12,30
8 100 54,40 38.4¢ 29.67 29.88 16.48 14.84 11.54
12 100 54.76 38.10 29.76 20.83 16.07 14,29 11.31
18 100 55.00 38.75 30.00 21.25 16.25 15.00 11.88




TABLE 8. Optimum plot sizes estimated from the Smith's equation
by modified maximum curvature method

" Number of plots Optinmum ploé " Area of the
in a block . © sizes (in units)’ 'i 7T plot (m*)
Without blocking 8.100 3.65

2 4.540 1.84
4 5.198 2.34
8 4.443 1.98
12 4,618 2,07
24 5.504 2.48




TABLE 9. Effect of size and shape of plots on coefficients of variation for blocks of
) different sizes and without blocking

Plot dimensilions Size of blocks
Shape Without )
Size Shaps ol 2 . 4. 8 12 18
2 1x 2 72.63 54.84 56.42 57.95 61.26 64.15
%2 % 1 64.92 37.21 41,02 46.35 49.84 52.13
4 1 x4 61.01 42.26 . 42.90 24.57 49.57 55,91
2 % 2 61.91 41.76 44.57 45.96 50.78 52. 30
*4 x 1 56.38 20.80 31.81 37..70 41.37 27.97
6 1%x6 55,62 36.59 41,94 45.01 48.14 50.51
2 x 3 55,11 31.80 36.62 44,28 45.11 45.21
3% 2 56,83 40.25 41.86 42.14 47.21 51.91%
*6 % 1 48.69 . 24.54 26.05 29.26 - 31,47 36.66
8 %1 x 8 52.45 32.68 31,96 - 42.49 50.07
2 x 4 54,02 33.66 35.12 - 44.48 48,26
4 x 2 54.97 32.05 37.01 - 45.72 52.26
12 1 x 12 48,47 38.88 - 36.82 42.18 " 43.42 47.15
2 % 6 50.24 30.97 39.82 A4.46 45.54 44.99
3x 4 50.94 35.30 35.65 36.47 42.63 49.79
4 x 3 50. 65 27.97 33.80 44.97 43.27 42.62
6 x 2 47.63 27.97 - 29.01 31.01 38.29 41.91
*¥12.x 1

43.55 11,13 18.16 23.31 26,81 33.45

L = length (number of unit plot)
breadth (nunber of unit plot) :
* The shape which has minimum coefficient of variation for particular plot size.



TABLE 10.

without blocking for plots of different slzes

Percéntage relative efficiencies of blocks of different sizes compared with

. Plot sizes ‘5ize of blocks
Units (35?3 giﬁgﬁgg 2. 3. 4 6 8 9 12 18
1 (0.45) 100.00 244,74 173.25 185;17 163.39 169.69 158.29 150.97 141.41
2 (0.90) 100,00 216,07 173,67 183.68 164.24 -'172;33 152,71 144,33 138.89
3 (1.35) 100.00 246,62 218.55 | 205.82 1%6.65 .‘175.64 172.81 153.22 144.88
4 (1.80) 100,00 238.78 .191,90 206.45 167.06 194.43 152.83 159.68 132.46
6 (2.70) 100.00 256,61 205.68 - 201.27 176,52 175.81 170.66 132,98 135.89
8 (3.60) 100.00 262.40 184.40 240,00 190.43 - 133.90 137.35 118.96
9 (4.05) 100.00 207.76 210,12 177.94 163,71 150.17 - 125.96 -
12 (5.40) 100.00 255,38 194.64 204,02 161.08 162,46 143.08 130.93 118.91
18 (8.10) 100.00 216.08 189,97 | 162.29 152.84 127.38 - 110.23 -




TABLE 11.

without blocking for plots of different sizes

Percentage relative efficienciles of blocks of different shapes compared with

Block dimensions

Shape

Size of plots

Size L x B 2 4 6 8 12
Without )
blocking - 100.00 100,00 100.00 100.00 100,00
2 1x2 243.50 254,13 286439 234.63 231.86
2 x1 194,20 218.95 232.44 297.61 250,30
4 i1 x4 185.15 225,95 188,94 211,65 160.61
2 x 2 198.67 187.00 223.38 235.11 187.29
4 x 1 157.42 214,04 188.58 283,91 222.78
8 1x8 206,94 209.95 180.67 - 184.48
2 x4 172.33 169.39 175.81 - 161.08
4 x 2 147.64 - 171.21 - 152.24
12 1x 12 137.07 148,23 166.08 118.98 128,14
2 xX 6 159.66 133.33 154.96 124.70 119.73
3 x 4 155,43 171.99 136.75 l66.24 134.19
-4 x 3 139,20 161.39 149,27 147.49 133.51
6 x 2 156.59 151.95 168,37 177.63 143.64
12 x 1 125.90 156.00 174.67 198.75 196.30
L = length (number of plots)
B = breadth (number of plots)



TABLE 12. Relative efficiencies of blocks of different sizes
without considering the size of the plot using
Smith's Variance Law

Relative efficiencies

Using average Smith's using Bmith's index
*P' Vs Q index of soil hetero- of soil hetercogeneity,
geneity, b b, of without blocking
4 Vs 2 0.8280 0.8505
6 Vs 2 0.7532 0.7849
8 Vs 2 0.7087 0.7458
12 vs 2 0.6558 0.6993
6 Vs 4 0.9096 0.9228
B Vs 4 0.8558 0.8768
12. Vs 4 0.7920 0.8222
8 Vs 6 0.9409 0.9502
12 Vs 6 0.8707 0.8910
12 vs 8 0.9255 0.9377

* Block of ‘size P compared with block of size Q



TABLE 13 Minimum number of reglications (r) and total experimental area (a) required for

estimating treatment means with 5 percent

standard error

Block sizes

Plot sizes (m

0.45 0.9 1.8 2.7 3.6 5.4

Without blocking 244 186 142 122 109. 93
109.8 167.4 255,6 329.4 392.4 502.2

2 91 74 60 53 A8 42
40,95 66.6 108 143.1 172.8 226,.8

4 114 91 73 64 58 51
51,3 81.9 131.4 172.8 208.8 275.4

8 121 101 85 77 71 . 64
54,45 90.9 153 207.9 255.6 345.6

12 141 119 101 91 85 77
63.45 107.1 181.8 245.7 306 426.8

18 157 130 108 97 90 81
70.65 117 "194.4 261.9 324 437.4




TABLE l4a. Percentage relative efficiencies of Latin Square Design over Randomized Block

Deslgn
Plot dimensions Percentage relative efficiencies
Order

Size Shape of LSD Row as Column as
L xB blocking blocking

6 1x6 12 % 12 201.80 111.86

2 x 3 6 x 6 A 178.27 131.72

B 267.33 147.05

1 x6 4 x & A 399.87 168,07

B 349.22 193,58

I x 2 4 x4 A 131.01 121.37

B 221.34 129.43

TABLE 14b. Percentage relative efficienciles of Liating Square Design over Completely

Randomlized Design

Plot dimensions

Percentage relative efflciencies

Order of -
Shape L3D
Size L x B

6 1 x6 12 x 12 204.78
2 x 3 6 x 6 A 193.46
B 271.78
l1x6 4 x 4 A 386.80
B 354.38
I x 2 4 x 4 A 140,60
B 354.38

A = Average

B - Combined analysis by eliminating between sets of sum of squares of LS.



TABLE 15. Percentage relative efficiencies of Randomized Block Design over Completely
. Randomized Design

Plot dimensions

Sige

Peréentage relative efficiencies

Shape Row as Column as
L x B blocking blocking

6 1x6 101.94 ' 184,04
3 x 2 100.41 172.37

2x 3 101.66 184.83
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DISCUSSION

The determination of size and shape of expéfimental
units or plots and their arrangements in groups or blocks-
of suitable size is of great importance in fleld experi-
mentation, As the magnitude of experimental error depends
largely on the dimensions of the experimental unit a clear
insight on the proper s;;e and shape of experimental unit
is of immense use in inéfeasing the efficiency of field
experimentation., Optimum size and shape of the experi-
mental units have been determined statistically for most
of the fileld crops, But no éuch studies are known to have
been reported on turmeric, an important commercial crop of
India; At present field trials on crop improvements and
agronomic practises on turmeric are being conducted using
plots of widely different sizes and shapes depending on the
availsbility of resources and préctical-convenience of the
research worker, Therefore a uniformity trial -was laid ouf
at the experimental farm at the College of ﬁorticulture,
Vellanikkara with the main purpose of determining the suitable
size and shape of experimental plots in conducting f£ield

trlials on turmeric and the results 6f the trial are discussed

here under various sections.



5.1, Soil Heterdgeneity and Fertllity Contour Map

Ehelfert;lity.contour map of thé experimental field
revealed that there were no specific trends of fertility
variation in the field., On the whole the fiel@_Can be
. considered to be heterogeneous. But for sméll3plots homo-
genelty can be maintained.and therefore smaller plots
arranged in blocﬁs of relatively small size are expected
to be more efficient than large plots arranged im blocks
of relatlvely large size. As the variation in soil fertility
of the fileld appeared to be patchy it would be better to use
muitti-way classified designs, suéh as latin square, Youden
square etc. From a uniformity trial on brinjal conducted 6n
an adjacent field at Vellanikkara, Hariharan {1981), cbtained
similar results on the distribution of soil heterogeneity.
Resulks also indicated the necesslity of proper orilentation of
plots and blocks. If randomised block design is to be used
orientation of blocks should be of prime consideration for the

reduction of experimental error.
5.2, Estimation of Optimum Plot Size

Coefficient of variation (cv) for plots of different
sizes and shapes were found to decrease with an increase in
plot size but the decrease was not proportional. This finding
appears to be an aspect of the general law relating to sigze

of the plot and variabillity and has been inaccordance with all
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the previous findings on the same line., It was also seen
that reduction in cv in the North-Soutﬁ direction (column)
was more rapid uhan that in the East-West direction (row).
This may be due to slight slpe in the field in the North-

South direction.
5.2.1. Method of Maximum Curvature (Free=hand Curve)

The 0ptimum plot’ size estimated from the free-hand
.curves by the method of maximum curvature is ‘about 6 units
for blocks of various sizes and 8 units for ungrouped data.
These Vaiues uere:élmost‘in agreement with the present
popular plot size for turmeric viz. 3. 6m2. The results
obtained through free-hand curve method and mathematical
method were not very much différent. But mathematical méthod
indicated the possibility of further reduction in plot size
. than that obtained through free-hand method.

'5e2.26 ISmith's Law and Modified Maximum Curvature Method

. Smith's equation in the modified foru gave .a satis-
factory fit to the data'in both the cases where the plots
were grouped.into blocks of suitable sizes and there was no
blocking. The eétimated'values of 'b',the Smith's Index of
Soll Heterogeneity, were'nearér to zero. The result indicated
that there was sﬁrong correlation between contiguous units

(Smith, 1938),. Hande gt-al (1982) obtained similar values
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of 'b' in their studies on oat. The study revealed the
need for grouping plots into blocks of appropriate sizes
for effective error control. As most of the variation

is positional than genetic, direct methods of controlling
errﬁr are of great importance than that i% the indirect
methods éspecially through covariance techniques. Results
obtaiﬁed from studies on wvarious other annual crops also

are In agreement with these findings.,

5.2.3. Alternate Models to Smith's Law

The three non-linear models other than that due

to Smith'é also gave promising results. Among them the
equation ¥ = a + b/JX + ¢/x was found to be the best
choice. 1In most of the cases this equation was an improve-
men£ to the famillar Smith's equation in the modified form.
But unlike Smith's function the parameters of the function
cannot be attributed to any physical meaning., But these
models can be conveniently utilised for estimating optimum

plot size by various methods. Lessman and Atkins (1963a)

found the function Log ¥ = a T - Was an improvement
(a+log x)

over Smith's function in describing the proper relationship
between plot size and variability. In this study the three
functions decribed here were found to be at least as efficilent

as the Smith's function.



5.,2.4, Optimum Plot Size from Smith's_Function by

considering Cost of Experimentation

As mentioned earlier, size of a plot‘ig also governed
by cost. of experimentation. Looking at thig problem from
the angle of economy, the plot size which gives maximum
information per unit cost would be considered to be optimum
for a given experiment. Hence optimum plot size was worked
out by assuming various arbitrary values for the cost
components of an assigned law. Saxana et al (1972) on
paty. . Prabhakaran and Thomas (1974) on taploca; Biswas
et é;'(1982)'6n'éabbage and Bimms et al (1983) on tobacco
have followed the same procedure, The results showed that
plots of smaller size are more efficilent than larger ones
in case the cost ratio Kl/'K2 is less than unity. Thus for
an experimenter with limited resources it would be always
advantageous to select the smallest possible size of the
plot where agricultural operations can be conveniently
carried out for the conduct of the experiment. The loss
in precision due to the use of such smaller plots will be
negligible when compared to the overall saving of experi-

mental material and other resocurces.
5.2.5, Modified Maximum Curvature Method

The optimum plot size was also determined from the

Smith's equation mathematically by maximising the radius
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" of curvature of the Smith's curve. An expression for
estimating the optimum was derived using differential
calculus and it was further used for locating the optimal
point. The result indicated that plot sizes in the range
from 1.9m2 to 3.7m2 were optimal with blocks of various
sizes and without blocking. As a single overal estimate,
plots of size 2.7m2 can be considered to_be optimal. Thus,
1f sufficilent reéources are available the experimenter

2 2

mayiﬁée'plot of size 2.7m° or 3m“ for conducting field

trials on tﬁrméric, With the use of -local control size

of the plot can be further reduced to 2m2 or less. Optimum
plot size determined by the above technique are expected to
be stable and produce conéisiénﬁ resultsinlthe long run.
The ﬁécommenaed plo£ size for turmeric as menfionad above
is closer to ?ge existing popular plot size for turmeric
viz; B;Bmz. Thus there was no need fof incfeasing the

size of the plot béyond 3.6m>

but it can be Further reduced
to 2m2 oreven less without any appreciable l&ss in precision.
The estimate of plot size Sbtained here is in agreement with
that of radish suggested by Raghavarao (19835 wﬁo'wofked on

the same lines.,

~

5.2.64 Concept of Percentage Relative Efficiency

The percentagé relative efficiency decreased as plot

size increased for blocks of different sizes and without
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blocking. As a rule small plots were found to be more
efficient than large ones and the most efficient plot size
was that with a single basic unit (0.45m2). The result also
was in close égrgement yith‘that of Menon.and T&agi (1971)
on Maﬁdariﬁ orange; Bmmghaﬁa and Sardana (1973) on appie:
and Prabhakaran gglgl (1978) on banana. Thus, if the cost
of the experimentétion is proportional to the populdtibﬁ of
piénts or érea of the éxpgrimental plots it would be bene=-
ficial to use the smallest possible plot size. Bﬁt for
crops like turmeric such assumption 1s far from true.

Further, with very small plots agronomic Operatiohs cannot

be éarried out with added convenience.
5.3. Shape and Orientation of the Plots

In general plot shape did not seem to exert any
consistent effect on cv., However, for a given plot size
long and narrow plots gave lower cv than approximately
square plots. This result was supported by Sreenath (1973)
on sorghum; Prabhakaran and Thomas (1974) on tapioca and
Hariharan- (1981) on brinjal. The findings of Cochran
(1940) that long and narrow plots have better control of

error than a square plot are also on the same side.

Orientation of plots in a block is very important
in deciding the efficiency of field experimentation.

Proper orlentation of plots was found to result in internal



homogeneity of the blocks and subséqueqt reduction in
experimental error, In general orientation b % a, where
'b' 1s the numbéf of units in the column wise (North-South
direction) and ‘'a' is the number of\unit in the row wise
(East-West direction) ﬁas found to be better than the

orientation a x b (b a).
S.4. Size, Shape and Orientation of Blocks

';Biock.efficiency_was found to decrease with an
increase in the number of plots per block. Similar
results on other crops have been reported by Gopini et al
(1970) on groundnut; Saxana et al (1972) on oat; Sreenath
(1973) on sorghum:,Bist et al (1975) on potato; Hariharan
(19é1)'on ﬁfinjal and Nair (1981) on cashew, Two plot
blocks wére found to be the most efficient ones, The
resﬁlt callea for the.use of incomplete block designs in
layihglout field trigls, 8ize and shape of plots in blocks
did not exert any apprecisble effect on block efficiency.
This may be due to the fact that homogeneity of the plots
can be achieved in smaller blocks even by using relatively
large plots. .The result is also in agreement with several

earlier findings.

Orientation of block was also important in céntrolling
error variation. From the study it was seen that orientation

b x'a, where 'b' is the number of units in the column wise
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(North-South direction) and ‘'a' is the number of unit in the
row wise (Bast-West direction) was found to be better than
the orlentation a x b (a3b). That is the orientation of
blocks perpendicular to the direction of the gradient and

that of plots parallel to the gradient dreadvantageous,
5,5. Nurber of Replications

For a fixed area of land, large number of replicatioi.
with smallest possible plot size was found td give lower
standard error than smaller number of replilicatlions with
relatively larxge plots. Thus 1t was more beneficial to
use smaller plots with adequate nunber of replicatesthan
large plots with fewer number of replications. The findings
of Iyer and Agarwal (1970) on sugarcane; Bist et al (1975)
on potato; Prabhakaran et al (1978) on banana and Suman and

Wahi (1982) on cabbage are in confirmity with this result.,
5.6, Efficiency of Experimental Design

In general Latin Square Design (LSD) was more
efficient than Randomised Block Design (RBD) and Completely
Randomised Design (CRD). Similar results have.been reported

by Malhotra gt al (1979) on potato,

Randomised Block Designs with columns as blocks was
also found to be equally efficient with Latin Scuare Designs.

The result indicated the need for proper orientation of plots
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and blocks in Randomised Block Designs to make the design
as efficient as Latin Square Designs. If nothing 1s known
gbout the direction of the fertilify gradient it would be
better to use Latin Square Design. The results are in

agreement with the findings of Jayaraman (1979) on sunflower.



SUMMARY



SUMMARY

A uniformity trial on turmeric was conducted at the
experimental fiela of the College“of Horticﬁiture, |
Vélianikkara during the ﬁefiod from June 1983 to January
1984, At the tiﬁe of harvest, the yield data from 864
plots each of size 0.6m x 0.75m wére recorded separately,
discarding the external border row. The salient results
of the statistical analysis of the uniformity trilal data

are given below.

6.1 The fertillty contour map of the fleld showed that
there was appreclable variation in soll fertility but this
variation 4id not follow.any systematic pattern.. As a
matter of fact, small areas were relatively more homogeneous

-

with regards:” to soll fertility than large areas.

6.2 An increase in the plot size in either direction
decreased the coefficient of vériation, but the decrease
was not propertional. Further, the ..reduction in cv in the
North-South {(column) direction was more rapild than that in

the Eagt-West (row) direction.

6.3 The empirical law suggested by Smith (1938) gave a
satisfactory fit to the data for blocks of different sizes
and without blocking. The empirical models suggested by
Prabhakaran were found to be more efficient than Smith's

function.



6.4, The optimum plot sizes estimated through Smith's
index of soil heterogeneity method, maximum curvature
method and modified maximum curvature method were not .much
different. For a general recommendation a plot size 2.'7m2
(3.6m x 0.75m) or approximately 3m2 was found advisable for
conducting field trials on turmeric, But for with block
designs the plot size can be reduced even to 2m2 without.

much loss 1in overal precision of treatment comparison.

6.5, The shape of the plot did not exert any consistent
effect on coefficient of variation. However, long and narrow
plots gave lower cv than approximately square plots in most

situations.

6.6, Efficiency of blocking may be considered to be a
function of the block size. Two plot blocks were the most

efficient in controlling error.

6.7. The shape of the blocks had no consistent effect on
the variabllity whereas proper arrangement of plots and
blocks resulted in a considerable reduction of experimental

error,

6.8, An increase in plot size was followed by a decrease
in the expected number of replications per treatment but the
decrease was not proportional. Increasing the number of
replications rather than plot size wasvfound to be more

advantageous for the enhancement of precision.



69, In general Latin Square Design was found to be more
efficient than Randomised Block Design and Completely
Randomised Designy But with proper arrangement of blocks
and plots within the block, the efficiency of Randomised

Block Design can be considerably increased,
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Weight of turmeric

APDENDIX I - THE YIELD DATA

in grams.
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ABSTRACT

A ﬁniformity.trial on turmeric (Curcuma longa. L.)
was conducted at the experimental field of College of
Horticulture, Vellanikkara, during the period from June
1983 to January 1984 to assess the nature and magnitude
of soil heterogenelty of the experimental fleld, and to
determine thé optimum slze and shape of experimental plots
and blocks in conducting field trials on turmeric by
different methods, At the time of harvest, the yield data
from B64 plots each of size 0.6m %°0.75m were recorded

‘separately, discarding the external border row.

The fertility contour map of the field showed that
_the expgrimental field was not homogenecus as far as the
fertility variation was concerned; It was observed that
an increase in the plot size in either direction decreased

the cv but the reduction in cv was not proportional.

The emplrical law suggested by Smith (1938) gave a
satisfactory fit to the data for blocks of different sizes
and without blocking and those suggested by Prabhakaran{1983)

were found to be better than the Smith's law,

As a general recommendatlon, the optimum plot size for

conducting field trials on turmeric was found to be 2.7m>

’

but with blocks of small sizes, the optimum plot slze can be

reduced to Zmz or even less. Shape of the plot did not exert
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any consistent effect on cv. However, long and narrow
plots gave lower cv than approximately square plots. Thus
for 2,7m2, the plotIShape 3,6m x 0.75m was found to bé
optimum,

As the size of the block increased efficiency of
blocking decreased, Two plot blocks were the most efficient
ones. Shape of the block héd'no consistent effect on varia-
bility whereas proper arrangément of plots and blocks

resulted in a considerable reduction of experimental error,

An Increase in plot size was followed by a decrease
in the expected number of replications but the decrease
was not pr0porti§nal, Increasing the number of replications
was -found to be more advantageous’than that of increasing the

pPlot sizee.

In general Latin Square Design (LSD) was found to be
more efficient than Randemised Block Design (REBD) and
Completely Randomised Design (CRD). But by the proper
orientation of plots and blocks in Randomised Block Design

was found to be as efficient as Laéin Square Design.



