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Regearci workers in agriculture are mainly concerned
with the dmprovemcat of their brceding strains and testing
the performance oif new entries under different agronomic
conditions. Tioey are also concerigd, to a legser degree,
with the developmeunti of better experimental technigues to
increase the sengitivity oi taelxr tegts against the factoxs
of natural variation. This may often be accomplished by
Jmprovements in the method of applying the treatments £nd
measuring and recording the experimental results, as well

ag the design and statisgtical methods adopted.

With this regard, the statisticlan can play an
inportant role by evaluating the currently used statistical
concepts and procedures and suggesting ways to inmprove them,
Essentlally, nis interest will bc directed to the problenms
concerning the efficiency of experinental designe, tech-
niguees of statlstical ansalysis, appropriste nwiber of rep-
licationsg, optimum size and shape oi blocks and experimental

plots and their orientation in the f£ield, ...etc.

The objective of this investigation ig to gtudy the
relationship between plot gize and shape on the one hand

and variability in plot yield on the other so far cotton
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and paddy arc conceined. 1n practlce plot size and ¢ 1o
are somebtlumes determined by some non-statistical fccotore
cutigide the control of the research worker. Seed supply,
gize ard shape of the field and convenience for the differ—
ent agronomilc operations are among those factors. Plot size
and shape also depend to a very great extent on L.e crop,
the nature of the soll at the experimental site and the
conditions of cultivation. Therefore, it is necessary and
desirable to conduct detaliled and careful study of this
factor under varying conditions until sufficient informa-
tion is gathered to reach sound conclusions. Regults of
this investigation, together with those previously reported
by other investigators, chould clarify the degree of =ensi~
tivity of the yleld to changes in plot size and ghape for
different varieties of the two orops under difierent
patterns ol soil variability. They alco provide estimabes
of the "optimum" plot size and shape that can be adopted

by the regearch vorkers in their f£ield ftrials on the two

erops under gimilar experimental conditions.
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The problem of determining tne optimum plot sizc
and chape hog atiracted the attention ol many scilenticts
working on Gifferent crops under different experimentsl
conditions. Thoy used several aveilagble procedures to
investigate the effect of changing plot size and shape cn
the magnitude of the experimental error. They reported
that increasing the sgize of plot generally increases the
precision of the individual observations. However, as the
plot size incxicascs the block size increases and, congeq-—
vuently, the variability within the block 1s increased. By
balancing these two opposite tendencies, the research
workers would reach a gatisfactory plot gize which gives

accurate results,.

Among the different procedures presented to study
this problem, the method deviged by Smith (1938) has been
mogt widely recognized. Iz his peper, Smith emplrically
éemonstrated the existence 0f o linear relstionship bet-

weenr the logarithms of plot gize and plot variance. ar-

expressed thils relationship as follows i~

log V = logV - b log =
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7 = TUnorisnce, on a single unitv basls, of slotc
of mize = unitc,

v = Variance of single-unit plots,

b = dndex of soll varlability, and

X = number of gingle units in the plot.

The index (b) in the above equation measures the degree

of coxrelation among adjacent experimenial plots, and can
be estimated from uniformity trial data by using the prin-
ciples of linear regression. 1t 1s used, in conjunction

with cost estimates, to determine the optimum plot size.

Another method was presented by Xoch and Rigney
(1951) for establishing the optimum size of plot by making
use of actual experimental datia from gplit-plot and incomp-—
lete block designs. The method involvcs the reconst -
ruction of ¢tk analysis of variance of the experli-
nent so that it simulates uniformity data. Varisnces fozx
the different sized plots are computed from the estinates
of the varlance componemts and reduced to a per unit bagis.
An unweighted least squares fit i then usged to determine

the optimum plot cize.
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Guinowoy and wWiililams (1955 )developed anethod for wer
ing obgerved varianceg Ior diifferent-sized plots to obtali.
an unbiasgsed estinate of the regression coefficlent with
asyunptotically minimum variance. The method is applicable
both to uniformity trial data and to expexrimental data. The
welghts uged in this case are the elements of the inverse
of the variance~covariance matrix of the observed variances.
The authors pointed out that estimating the weights from the
data could be a source of errvor whose effect they did not

determine.

Afonja (1967) discussed Smith's measure of soil
varigbility andé examined the different methods proposed
to determine it. He indicated that these methods provide
approximate values for (b). He outlined an alternative
method which made use of a factorial experiment containing
plots of different sizes. The primary object of this
experiment was to test the effect of four set weights and
four spacings on the yield of white yam. 1n order to
obtain a constant plant population per plot, different
plot gizes had to be used, The method provides independent
egbimates of the variances rfor the different gsized plots and
a simple unweighted regression coefficlent c¢an thus be calcu-

lated morc accurately.

Central Library - Ain Shams University



Foderer (1055) oubtlinec Smivh'e ebnou ana recapitve-
sted some related mathematinal develonments. Le also presenied
the mavimum curvature methoa which hos frequent 1y been uged to
determine optimum plot size fox various crops. The method
involves computing the coefficlent of voriability for different
plot sizes from uniformity trial data. The coefficients are
then plotted against their respective plot sizes and a free
hand curve is drawn. The point of maximum curvature ig deter~
mined by inspection. The optimun plot size is considered the
one just beyond the point of maximun curvature. The author
indicated that this method 1as two weaknesses. Firstly, rela—
tive costs are ignored and, secondly, the point of maximum
curvature is dependent on the smallest basic unit selected
and on the scale of measurement used. Ae far as cost factors
are concerned, Hatheway (1961) pointed out that regearch
workerg are generally more interested in designing experi-
ments thst are capable of detecting differences of a speci-
fied size among the treatments under comparison irrespective
of eosts. Hallauer (1964) indicated taat this does not mean
ignoring cost factors but, rather, using all allocated resour-
ces in a manner that provides information relative to Tos
desired comparisons among btreatments. Furthermore, a sclen-—

tiet will generally tend to locate a region, instead of a
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point, o momiimum cwevature on The cuLVe. Thig voulc greali
reduce the effect of scaling and would result in an interval
01 acceptable plot sizes which would give the experimenter

liberty to choose the most convenient plo%d gize for his  on-—

ditlons.

Tegsman and Atkins (1963) derived a mathematical
expression which can be used to locate the critical point
of maximum curvature (x critical) without need to draw the
curve. The expression was Treached by maximizing the deri-
vative with respect to x, of the angle of intersection bet-
ween pairs of successive tangent lines to the curve. The
opitical value of (x) is then used to estimate the optimunm

plot size when cost is considered as follows

Optimum plot size = (Kl/Ka) (x ecritical)

where i
K, = part of the cost proportional to number of plots

per treatment, and

K2 = part of the total cost proportional to total

arca pexr treatment.

Galal and Abou-El-Fittouh (1971) derived another

equation to define the point of maximum curvature on the
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gzponential curve relating plot size ana coetilclent o
variability. Their derivation was Dbused on the matheunstical

expregsion of curvature :

K = y" (1 + y:2>—5/2
where
K = ocurvature at a point (XO, yo) on any curve
y =1 (X),

y' = value of the first derivative, dy/dx, at
(xy9 Y50 and

y" = value of the second derivative, dzy/d Xg, at

(Xés 'Yo)‘

B

For the exponential curve C.V. = 4 X ~ the curvature at plot

size X, is

z/
~ y —_ 2
K = AR (B + 1) XQ"‘(B + 2) rl + Ade XO—'2(B + l) 5'
Setting the derivative of K with respect to X equal to zero
and gsolving for x, they obbtained the following expression forx

the value of X at which the curvature is maximun,

- 1/(2R*t2)

4782 (2B + 1)/(B + 2)

r
x crivical = §
[ S
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Ly the above oupression, the valucn oi (=) owg (5) Gxs
ectinated, by using the princivles of lineor TEeET esE 10,

"

Trom the linesr rveleotlonship between the logaribtinms ol 1ot

cize and coefiicient of variability
log (C.V.) = log (A) = B log (=)

The coefficient of variability was used in many
sfudies as an indicator of the optimum size and snspe of
plot. Some of these studies were conducted by Immer (19%2)
on sugarbecte; Justesen (193%32) and Kelaukar (193%32) on pota-—
toeg; Loesell (1936) on beansy Robinsoi: et al. {1948) on
peanuts; Lessman and atkine (1963%) on grain sorgium; LOra
(1931); Abraham and Vachhani (1964), Gomez and Alicbusan
(1969) and Hanna (1972) on paddy; and Reynolde et al. (1934),
kcDonald et al. (1939), Khalil et zl. (1970) end Galal and

Abou-El-Fittouh (1971) on cotlon.

Christiais (LS31) pregented sone mathemat lecal congider-—
ations concerning the shape of field plote. e pointed out
the importance of uging NOLOZENBOUE plots to secure experi-
mental effiicicncy, and indicated tvhat sjuare Sloto can never
he more uniform than the long and Narrow ON6C within tne limitc

of practicel considerations.
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U 1. pesteraliy bericved thet wlot: shouwla Lo oo 3000 -
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trende. Otherwine, ielatively long an& narrow plote, with the

long dimension in tue direction of the greatest coll voriation

overcome so0il heterogenelty moct eficctively.

Federer (1055) indicated that the ghape of small plots
may have 1little or no ef fect, where as for large plots the
effect of shape may be considerable. Furthemore, piol chape
should permit, when necessary, the operation of sbandard farm
equipment and allow oI the removal of border rows when this

appears desirable.

One of the early rTeports on plod gire and shape was
that published by Lord (1931), He presented the results of
a uniformity tricl which he condueted at Ceylon. Hiz objec-—
tives were to determine the opilmua size of plot for field
trialse of irrigated broadcast paddy andg the effect on yileld
of the position of the plot in the Ifiela. His experiment
included eight 1/5 acre flelds. Shortly after broadcasting
each field was marked out 1invo ceventy 10 £t x 10 It pletc
by xropes which remsined in their position until affer harvest-
ing. 4 border varylng from 1 Tt to 3 It in width surrounded

ezch of the eight fields. e found that the reduction or the
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