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SUMMARY

One of the most important issues confronted by agriculturists/agronomists is to
determine the suitable plot size and shape with respect to a particular crop, which
will enable to maintain the organization and conduction of the experiment at a high
level of precision. The solution to the problem is based on statistical considerations.
This paper presents a general method by which the optimum plot size can be
determined by a systematic analytic procedure. Though the method is described
under isotropic situation, it can be employed to anisotropic situation as well.
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1. Introduction

One of the chief difficulties in obtaining reliable results in field trials is the
existence of the natural variability in the material with which we are dealing. This
variability is reflected through the data obtained on yields from a particular
experiment. From detailed studies carried out over the last century it is well
accepted that the role of selection of appropriate size and shape of the plots has a
substantial impact on the reduction of variability existing in the experimental
material. The important references in this area recognize the works of Smith
(1938), Modjeska and Rawlings (1983), Webster and Burgess (1984), Sethi
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(1985), Bhatti et al. (1991), Zhang et al. (1990, 1994), Fagroud and Meirvenne
(2002), etc., in which different procedures, based on some considerations, are
spelt out. The fundamental work in this area, however, relates to the proposition
of the equation

vV, =-L, (1.1)

where V, is the variance of yields per unit area for plots of x units of area, V, is
the variance for the basic plots and b is the heterogeneity coefficient, delineated
by Smith (1938). In fact, V, is calculated from plots of size x units, i.e., the size of
the plot here is x times the size of the basic unit. Note that a basic plot is of size
unity. If the plots are spatially uncorrelated, then the value of b equals 1 and in
absence of heterogeneity the value of b approaches 0. An estimate of b is to be
usually found by log-linearising the equation (1.1) using the least squares
technique. Smith advocates the construction of a cost function (depending on x)
and the optimum plot size is to be determined by minimizing the cost function
with respect to x. Under the anisotropic condition of the field, the Smith law is
generalised as

where n,, n, are the numbers of basic plots taken along the row and column
directions, respectively. Here, V., is the variance for plots each of which has
n=mnn, basic plots, b, and b are the indices which characterize the
heterogeneity in the X, Y directions of a 2-dimensional field, respectively. Such
anisotropic models are used by Modjeska and Rawlings (1983), Sethi (1985),
Zhang et al. (1990, 1994), etc. For an isotropic field, b, equalsb, . For a uniform
field, b, =b, =0, and for a field with no spatial correlatlon b =b,=1.

To obtaln the optimum plot size we assume that a cost per unit is known. Let
the cost function be of the linear form,

kt = kl + kzx,
where £, is the total cost for the experimental unit, k, is the part of the cost

associated with the number of plots only, k; is the cost per unit area, and x is the
size of plot. Then ¢ being a cost/unit of information is given by
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Now the value of x which minimizes the cost, ¢, can be found from the
equation dc/dx = 0. Solving the equation for x, we obtain x,, = bk\/[(1-b)kz],
which is the optimum plot size. The value of b, i.e., the index of heterogeneity, is
used primarily to derive the optimum plot size. Zhang et al. (1994). obtained the
values of n; and n; by minimizing c,=(k,+knn,){ V./(n,blnzbz)}, where k; is a part
of the cost associated with the number of plots only and k is a cost per unit area.

Sethi (1985) suggests that Smith’s law can be employed to the coefficient of
variation, y, of a plot of size x as y=ax”. He suggested maximisation of the value
of the radius of curvature,

2\
p=(1+y] ) 2/y2,
where y,=dy/dx and y,=d’y/dx* , and determined the optimum plot size x as

xapt = {a2b2 (1+ 2b)/(2 + b)}l/[2(1+b)] .

Modjeska and Rawlings (1983) have assumed the existence of a spatial
correlation in the observations and worked on a model which assumes that the
observations lying at equal lag distance (row and column) possess the identical
correlation structure. They have determined the optimum plot size by using
Smith’s cost concept (see Smith, 1938). Fagroud et al. (2002) have exploited the
variogram models and proposed the criteria, Nugget/Sill ratio (NSR) and
NSR/Range (see also Cressie, 1993). They also advocated that for a plot size to be
optimum, the model produces a large value for the NSR and a small value for the
NSR/Range. However, the largest/smallest value of the criteria, NSR/
(NSR/Range), respectively, are found by identifying the maximum/minimum
value from the set of different values of the corresponding coefficients (NSR or
NSR/Range, etc) empirically and not by employing any analytical procedure.

This paper proposes a new method for finding out the optimum plot size from
data collected from field experiments in case (i) when the data are random and (ii)
when the data are correlated. This method has been used on two real life data sets.
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2. Material and method

Sethi (1985) proposes a method of maximum curvature for the determination
of the optimum plot size without mentioning the nature of data on which his
method should work most appropriately. The present paper advocates to use a
method of maximum curvature on values of the coefficient of variation (for
different plot sizes) when the data feature is random. Furthermore, we add another
stipulation that in order to find out the optimum plot size the curve which fits best
through the observed points (with abscissa as plot size and with coefficient of
variation as ordinate) is to be taken for the determination of the optimum plot
size. In real life situation it is not a usual phenomenon that the observed data are
random. This paper is devoted to the development of a distinct method for
obtaining the optimum plot size, using the well-known variogram technique,
which is used to discover spatial heterogeneity structure in a set of data. The
fundamental basis of the method lies in studying the nature of the curvature of the
variogram curve (using models which give close fits to the variogram values) for
each possible plot size and shape. The theory of minimization of the absolute
value of the radius of curvature is then invoked on the variogram curves. With
respect to a particular model giving close fits (R* > 0.7) to the variogram data
(developed on the observed variogram values), the plot size for which the
absolute value of the radius of curvature is minimum, is selected as a candidate
for the optimum plot size. Other models satisfying the above criteria are also to be
examined. Final determination of the optimum plot size and shape is based on a
study of all the selected candidates after application of the above criteria.

As an illustration, the proposed methodology has been applied on two data
sets, one data set is obtained from a uniformity trial with JRO 524 (Naveen, a
variety of jute) conducted at the Barokodali State Government Farm, Cooch
Behar District, West Bengal, India. The seeds were sown in continuous lines, the
distance between line to line being kept at 20cm leaving a border on each side.
Uniform management practices were undertaken throughout the field. The field
was harvested in continuous units of 448 basic units. There was in total 32 rows,
each of which was along N — S direction and 14 columns, each of which was
along E — W direction. Yields of dried fiber were calculated from each basic unit
of size, Im x 1m. The units (plots) were combined by taking 1 to 9 units along
N—S§ with 1 to 9 units across E—W to form plots of different sizes and shapes.
The other data set is obtained from a uniformity trial with MW10 (a variety of
rice, Aus paddy) conducted at the Regional Research Station, Terai zone, Cooch
Behar district, West Bengal, India. The seedlings were transplanted in lines with a
hill to hill spacing of 20cm. The distance between line to line was kept at 20cm
leaving a border on each side. Uniform management practices were undertaken
throughout the field. There was in all 22 rows, each of which was along N — S
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direction, and 18 columns each of which was along E — W direction. The field
was harvested in units (plots) of 1m x 1m, the size of the sown area was 22m x
18m (with 396 plots). The yields of these plots were separately dried and weighed
correct to the nearest gram. In case of the data obtained under designed structure
(say, randomised block design), the variogram values are to be calculated on the
basis of the residuals obtained from the different plots. Suppose that
var(Z(s,)—Z(s,)) =2y(s, —s,) for all 5, s,, where sy, s, are two locations and
Z(s;) denotes the random function at location s; and the location may represent
one- or two-dimensional point in the context of this paper. The quantity 2y(.),
which is the function of the increment s,-s5, has been called a variogram and ¥(.)
is called a semivariogram (see, Cressie, 1993).

Now, y(h;0) represents a semivariogram model consisting of parameters
and @ where & is a lag distance between observations (locations), Ihﬁ) denotes the
Euclidean distance, and &is the vector of model parameters to be estimated. Here
a one-dimensional location plot is considered for & being equal to s;-55, s; and s
being two locations. If we designate the plot in terms of two dimensions, then Z is
designated by two co-ordinates, & and &, h and k denoting the corresponding row
and column positions.

The classical estimator of the variogram in case of one-dimensional plot as
proposed by Matheron (1963) is

27(h) = D (Z(s)=Z(s))

IN (h)l N

where the sum extends over N(h) = {(i, Disi—s; = h} and |N(h)] is the
number of distinct elements of N(k). Cressie and Hawkins (1980) present a more
robust approach to the estimation of variogram:

g
Z(s;)—Z(s;)
27 (h) = {lN(")' "“‘" |

(0 4574 0 494]

NG|

Here the word “robust” is used to describe inference procedures that are stable
when model assumptions depart from those of a central model. We have used the
robust approach (formula) in this paper.

Different numbers of units along row and column directions are used to
construct larger plots with different plot shapes. For each size and shape the
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semivariogram values are calculated and subsequently the following
semivariogram models are fitted:
(i) Spherical model:

0, if h=0,
y(h,60)=1c, +c,{B/2)(h|/a)- /2| a)’}. if O<||h|<a,
Co 6 if "h“ >a,

where 0 =(c,,c,,a,)’, ¢, 20,c, 20, a, > 0. Here a is the range, co+c; is the
sill and ¢y is the nugget variance.
(i) Exponential model:

vy [ if h=0
PO ve l-explp/a)}.  if h#0

where 8 =(c,,c,,a,)’, c, 20, ¢, 20, a, 20. Here ¢ is the nugget variance,
co+ce is the sill and q, is the dlstance parameter controlling the spatial extent of the
function.

(iii) Gaussian model:

0, if h=0
y(h,0) =

¢, +c,{1-expl-(H|/a,)’1}, if h#0

where 6 =(c,,c,,a, Y, ¢, 20, ¢, 20, a, 20. Here c, is the nugget variance,
Cotcg is the sill and ay is the dlstance parameter controlling the spatial extent of
the function.

(iv) Michaelis Menton Model:

" 0, if h=0
yio)= ¢, +c, (|7 a,) 10 +|k|/ a,), if h#O

where 6 = (c,,c,,,a,,)’, ¢, 20,c, 20, a, > 0. Here c, is the nugget variance,
Co+Cm is the sill and ay, is the distance parameter controlling the spatial extent of
the function.

(v) Von Bertalenffy (VB) model:

Y(h,6) = Loo (1—exp(—k (h - 1,)))
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where 8= (Leo, k, t,)." Here the parameters, 7, k and L. are the base, shape, and
limiting parameters, respectively.

These parameters can also be interpreted in terms of sill, nugget, etc. as in the
above expressions.

The solutions to k,, and the formulae for the corresponding radius of curvature p
for different models (Spherical, Exponential, Michaelis-Menton and VB models)
are given below:

Model hop Radius of Curvature, p
1+2b_2_ l_x_2 il |
Spherical: 6b++/81b% +20c? 4\
y=a+b(1.5(/c)-0.5(cc)) | © 156 b
-=x
CJ
pr 1.
Exponential: clog J2b [1+ ¢ J
y = a— b exp(- x/c) ‘L e b -
- e
L5
1+ E(l_i)“'
Michaelis-Menton: c? c
2 -c++bc —
y = a- bexpl[-(xc)}] b x
-2=|1-=
c c
. 212 2k
VB: t=to+llog,(\/§L,,k) iliﬂ___}_
y=L.[1 —exp{- k (t—1,)}] k —Likze"‘(""”

We have obtained the value of radius of curvature based on h,, value. Here we
search for the plot size which minimises the absolute value of the minimum value
of radius of curvature at h,,.

This should be noted that the proposed criterion on the determination of the
optimum plot-size is to be applied on either uniformity trial data or on data on
residuals of the yield observations, recorded from an experiment laid out in
randomized blocks, latin squares, etc. The above-mentioned residuals (in case of
RBD/LSD) are free from treatment effects and as such the proposed criterion can
be employed on such residuals. The essence here is to give importance to the fact
that even with Fisherian blocking, the correlation among the residuals is not
eliminated, as such residuals remain correlated. Based on the considerations
mentioned above the proposed criterion will be a useful tool in the hands of
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applied statisticians in case of non-random residuals obtained from designed
experiments (RBD/LSD).

3. Results and discussion

At the outset, it is mentioned that GENSTAT package was used for non-linear
fitting of the different variogram models on the two uniformity trial data sets. For
jute data and rice data the R’ values vary from 75% to 99% and from 74% to 96%
respectively in case of the above-mentioned models (excepting Spherical, by
application of which the plot sizes are not within acceptable limits under the
consideration).

Based on the selection criterion of minimum value of the absolute value of radius
of curvature with respect to each model, optimum plot sizes are shown in the
following table:

Table 1. Optimum plot sizes for four different models for rice data

Model Ormin R’ Plot size
Michaelis-Menton -29.51 0.73 2x2
VB -0.012 0.82 4x3
Exponential -0.08 0.96 2x5
Gaussian -0.09 0.81 5x3

Table 2 . Optimum plot sizes for four different models for jute data

Model Omin R? Plot size
Michaelis-Menton -9.38 0.81 3x2
VB -0.16 0.99 9x1
Exponential -0.17 0.99 9x1
Gaussian -0.126 0.99 9x1

From Tables 1 and 2 the optimum plot sizes and shapes are found to be 2x5
(Exponential model) for rice data and 9x1 (any of the models, VB, Exponential
Gaussian) for jute data.
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