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RELATIONSHIP BETWEEN PLOT SIZE AND PLOT VARIANCE

E. J THOMAS
College of Agriculture, Vellayani

Introduction

An empirical relationship between plot size and plot variance was deve-
loped by Smith (1938). This law dates that,
log Vx =log Vv, - b. log x D
where V.is the variance of yield per unit aea among plots or experimental
units of size x elements or individuals, V, is the variance among plots of sze
unity and b is the regression coefficient indicating the relationship between adjacent
individuals, or elements. The limiting values of the regression coefficient are zero
and one, unless inter-experimental-unit competition is present. If the experimental
unit is composed of a random selection of x individuals, b =1 and if the x
individuals are identical, b 0. When there is correlation between adjacent elements
as in the cae of fidd experiments, the value of b will be less than unity.
Smith computed the b values for 38 different sets of uniformity trial data and
found that most of the values fell within the range of 0.2 to 08

Instead of an empirical approach, a theoretical approach is attempted in
this paper, based on certain models.

Development of models

Consider a uniformity trial consisting of N individuals or elements. Assume
that the yield obtained from the elements are distributed normally with mean a
and variance V. The vyields may be correlated. Let r, denote the correlation
coefficient between elements which are i dements apart. Thus r, denotes the
correlation coefficient between adjacent elements, r, the correlation coefficient between
individuals which are two elements apart, i, having one element in between etc,.
Then it is obvious that the yied obtained from plots of x elements sy y will

have mean x. a and variance,

V(yX) :Vl[x+2(x_l)rl+2(x"2)rg+ ..... + 2rx—1] (2)
The coefficient of variation of plot yields will be
C. V. (yx) Vi2ex ¢ 26—, +2x=-2)r, N 2. 1% o

Further if Vx is defined as the variance of yidd per unit area among plots of
size «
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K+2E-Dr, +2Ex=-2)r,+ ... +2r1 ]

The following models are considered.
. =0, i=1,2, ..x—1
. r;=1; i=12 . x-1
nL. r,=r 1=1,2, ..x-1
IV. ;=15 1=1,2, x-1
V. Ti= +; i=l,2,..x—1

\All r,=r—;l=|,2,. x-1
X

VIIL. 1;= KL, i=12 . x-1

X, ry=so3i=h2 x-1

Howld v
X1, ;
XI1I. -
(x-1)
k2 x?bh-
X, ri= _ =
w = 1)
Y n—kxﬁl .
XIV. 1, L — 1=1,2. . X =

rn=[x(l +ae’)kl/k x-1; i=12 ..x1L

Model | When r; = 0,
V)=V, x (5
C.V.(y) = V,/a.x ©)

and, V_ =V, /x

This means that the coefficient of variation decreases as x increases. Thus it is
possible to increase accuracy by suitably increasing the plot size. This situation
agrees with the Fairficld Smith variance law, that v, = V,/x» and that b =1
for random distribution of yields.
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Model I When «, = 1,

V (yx) = Vl X (8)
C.V, (yx) =V, % /a 9)
and V_==V,.

Here the coefficient of variation is independent of x and hence there is no way
of fixing the optimum plot size or rather al plot sizes are of equal efficiency.
Here V_ is in agreement with the Smith's law where b = 0.

Model IIT When 1; = r,

V(>'x) =V, x[x+ (1—-1)] (11)
a.x:

and VM )] (a3

A

This model aso yields a coefficient of variation with a decreasing trend.

Model IV When r;= 1

(i4)
(-1 j=0
R =)
C.V.(y) =V [x+ 2rA X- 2r2 + 1)ri
(v xr2a " J:o“ L -
a.x.
ano W.Vs/[xfk—2r~(j—_ “;)1) 2r 22(9 #1Pri] (16

X-
i powers of the order of x - 1 and higher are negligible, the above functions
can be simplified as follows.

(-

v, x {1 -
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The coefficient of variation of yield decreases as x increases.

Model V. When r; = 1/i,

D] (20)
cv.gy= Y Dt laiv A ) -2r(x- DI (;12)
4 kK 4 oK _;a_ X'. + ) ( )

and v = Vi [x*T 2 % ~2r(x 1]

This model aso gives a decreasing function of x for the coefficient of variation
of plot yields.

MOdeI VI When Ii= I‘/iny

—1 £ x— 9

x—1 x—1

3 1 3
eV =Vl xtarx g Lor2 gyt

x—1 x—1

and V =V, [x+2rx g Tl;——zr c -J (23)
Model VII  When r;- r/x

Vix) =V, [x+x-Dr1] (26)
eV )= TR @7
andy, — Xt (28)
Model VIII When r; = r/x2

Vx) =V, k+=—1] (29)

\N"j" "X —LY . rl 5
C.V.@J)=" X (30)
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and’ V'—V’ [x + r]

Model IX When r;=

X

V@)=0 (32
C.V{)=0 ()
and V, =0 (34)

Model X When ri=r*
V) =V,x[1 +(x-1) rx‘] (35)
' ’ (36)

a xt
and V . V,[l + (X - 1) F"] (37)

38
V(y,):CZV]Xg ( )
CV.(,)=,4 V* (39)
and V, = ¢*V, (40
Here the coefficient of variation remains constant.
Mode XII When p, = ¢ =® 100

(X Ly
V(y,)=V: X [1+(1-b)log,X] (41
, . (1 - b) loge x we O,
Taking 1 + (1 - b) logx as approximately equal to e =x1"
viyx )=V, Xa-b (42)
Further based on the same approximation,
CV )= (43)
a.xz
\%

and V, = (44)

A
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This is the Fairfield Smith variance law. Here b = 1 - e, (45)
T(x - 1
In this case. whenr = 0. b landwhenr=1,b=1 - - (;;T. Further,

when r is negative, b > 1. The value of r canh be negative only when there is
* ' 1S

09 \ inde-
x-1)
pendent of x. Thus the regression coefficient b in the Smith's law can be made
use of in comparing the efficiencies of different plot sizes. The relative efficiency
due to plots of size k. x. compared to those of sze k is kb Which 15 indeperi-
dent of x. and the increase in efficiency due to a smal increase in plot size is

xb

(b/x). E. where Ei 2 +, 'S the efficiency of plots of sizeX:

interunit competition. Due to the assumption that r; = i1

KLQ)&YD ~x 1

Model XIII . When 1; =
X -1 (46)

Vy)=k?V,x"" ' b~

(p-1)/2 -x/2
CV(y)=kV,7x b (47)

a
x=k2 V]_ Xp-l ]D-x (48)
Modd XIV When r. - X €
X-1 19
Vi(yx ) =V, x2 e7k “)
r% -k 50
C.V.(yx):\/"e X /2 (50)
and Vx = V, e “kx
o X(l4+a e™) -k
Model XV  When 1;: k(x-1)
V(y,)=V,7x( +a &) (52)
k
C.V.(y,)=V,3(L+ae?)y (53)
7 koa
and v, = \k/ 142 (54)
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Estimation of optimum plot size

Five different approaches to the estimation of optimum plot dze are
attempted.

(i) Maximising the per unit information. The per unit information is defined
as 1/Vx and is denoted by Iu (x).

(i)  Minimising the cost per unit of information. A linear cog function
C=p+q x is assumed. Thus the cost per unit of information is,

cost per plot of szex _ (p +9%) _ OV
information per unit 1/Vx ) = (p+ax). Vx

This is denoted by C,(x).
) (P*+q.x)Vx (55

(iii) Maximising the curvature of the function Vx . For the curve y =Vx , the
radius of curvature is,

Thus maximising the curvature means minimising R. It is esser to minimise
log R - (32) log [1 + (v)*] " log ¥ o7

The optimum plot sze is the integer next higher to the value of x which
minimises log R.

(iv) Maximising the curvature of the function C.V (yx ). = W (say). Here dso
only a lower bound to the optimum plot sze can be estimated.

(v) Prescribing the value of coefficient of variation for the required plot and
then finding the plot sze which will give this coefficient of variation per plot.
Then the optimum plot size to give W., the prescribed value of coefficient of
variation, can be estimated.

(i) Maximising the per unit information.
In mode I, v (x) = X/V: and nence Tu (x) increases with x. Thus there is no

maximum value for per unit information. " In model Il, Iu (x) = 1)V, a con-
stant value. Model Il gives

lu (X) =33 —_

This is an increasing function of x and hence there is no maximum value.
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In model 1V,

lu (X) =——
_rX-I\ x—2
-x=2r £ (i 4+ 1Dri]
j=0

TV [x (t-ry) - 2r]

Thee functions dso do not have maximum vaues. In modd V,
X

V,[X+2rx(l +2+ .. +

lu(x) =

y_2r(x- D]

1
=0

This does not lead to an optimum plot sizez Model VI has,

x—1 1 X—1 i
[V,x+ 2xr S — -2r £ — ]
=1 r 1=1 J
In model VII,
lu00 = v,

This adso does not leed to an optimum plot sze. Mode VIII gives,
x2

ey =y 5% r&

In model IX, lu (x) = « . Mode X gives,

li(x) = [1+(x-1

lu (x) =&y 10 model XI. Fairfield
0

1u (x) =-vx—

This is an increasing function of x for dl values of x. In mode XIlil,

I = o
- k2 V, xP b'x

185

(60)

(A1

(62)

(65)

(66)

which gives an optimum plot size of x — (p- })/ log b. Modd XIV gives,
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Tu (x) — ekx/y Which does not possess a maximum vaue. In model XV,

I (Xp=— k- (67)
vV, (1 +ae

This aso does not lead to a maximum value.

(i) Minimising the cost per unit of information.

In model I,

Ci (x) = (p + ax) Vi/x (68)
This function does not have a minimum value in the finite range of x.

Model 1l gives C, (x) = (p + gx) V, which is an increasing function of x. This
leads to the conclusion that plot size should be as small as possible.

In model III,
C,)=P+agV, [rx+(1-n]/x (69)

This takes a minimum value when x =

Thus the optimum plot size is B In model IV,
P P I qr J
, [x (=1~ 2r] (70)

This does not lzad to an optimum nlst size Maximisation of ¢, x) under
models V and VI lead to complications. Model VII gives,

(P +qx)V1£( +r(x-1]

¢ (7N

+ )V, fy « X~ 1 1
In model VIII, C, (x) = P @) Valy - ' (72)
XE
These aso do not yield any useful results. Under model 11X, C, (x) =0 In

model X, C, (x) = P+ Vil + & _prx]

Model xi gives C, (x) = (P + OX) C3V,. Thus gptimum plot size is not estimable
in this case aso. Mode XIl gives,

C, () =(p+qx) V,x° (74)

h n
This leads to an optimum plot size of - - as given by Smith (1933)
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(75
In model XIlIl, € () = kv, P+ a0 p-1,=x
Model XIV gives C, (x) = (p + gx) V, ¢ % (76)
(77

In model XV, C, (x) = ‘;’( P+ ax) (1 +a
There ate no maxima for these functions,

(ili) Maximising the curvature of V .

Model | shows that optimum plot size x, > V% But this result is
useful only when V; > 1. In model Il V, has no curvature. In mode III

. . Lol A, Thus optimum plot sze
the maximum curvature is when x =V, 2 ( r)®
* Herethe be useful only if v (-r>1 Modds IV to

- e . .
x, >V, (I-n)% result will 1
X1 do not yield optimum plot szes by this method. In model XIl the curvature*
iS maximum at,

o Vi*@bADI2(me+D
b+ 2

But invariably this has numerical value less than 1. Model XIII does not give
optimum plot sze by maximising the curvature of V,. Model XIV gives maximum

I
curvature for Vx at x = — log (2k V,*) (79)
In model XV the optimum plot size is,
X, > Zb log @V’ a:li‘l ) (80)

: k
(iv) Maximising the curvature of C. V. (¥« )
Curvature of C. V. (¥x) has a maximum value only in models Xl and
XV. In medel XII the maximum is at
(52 D Vi)(b+2) (81
12 +4az)

But invariably its value is less than unity. In model XV the maximum curvature
is attained at

X | f](l log (242/kV; ) 82)

which is aways negative.



188 AGRICULTURAL RESEARCH JOURNAL OF KERALA

(v) Estimating the plot size to give prefixed value of coefficient of variation per
plot.

The prefixed value of coefficient of variation per plot is w, Let the
coefficient of variation for plots of dze unity be w,.

In model I, X = (w,/w,)? will give the required coefficient of variation
per plot, ie, x, = (wy/w,)2 . In model Il optimum plot size is not estimable,
since the coefficient of variation is constant. In model HI,

. (]~l‘)W1 Q’ (83)
T W,2 1wy

Modd IV gives,
wy 2 a

In models V and VI the estimation of x, is difficult. In mode VII,

e L +DW 2 21 4D? Wit -4 w2 werlF (85)
! 2 W, 2

In model VIII, X, is cbtaiged by solviag) the equation, (86)
w,2 X° W12 X2 w, 2 Wy

Model IX gives C. V. (¥,) = 0. In modd X solution for x, js difficult. Model
XI gives constant coefficient of variation. Model XII gives,

Xy =(Wy /Wo)"

In model XIIl =, is obtained by solving the equation,

Iog W, = log k + logW, +"‘“2"_ log x - log b. (88)
. -2
Model XIV gives x, = —— log (w,/wy) (89)
In model XV, x.= - log[(k2we2 " wy 2 )/w, 2
Summary

Fifteen models have been considered for studying the plot variances in
relation to plot size. The functions for variance of yield per plot V (y), coeffi-
cient of variation of yield per plot C. V (y,) and the variance ofyield per unit
aea YV, have been derived. Estimation of optimum plot size, based on five
different criteria have been attempted in each of these situations.
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