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SIZE AND SHAPE OF PLOT IN RICE REPLICATED
FIELD EXPERIMENTS

By

BURTON T. ONATE*

As enumerated by Fisher (1950, 1951), statistical inquiries.
whether theoretical or experimental, are in the areas of spe­
cification, estimation, and testing of hypothesis.

Designed and undesigned comparisons are covered in some
detail in the area of the design and analysis of experiments
involving mostly the problem of testing statistical hypotheses
(Fisher, 1951; Kempthorne, 1952; Cochran and Cox. 1957).
Determination of ontimum size and shape of plot and block. and
ontimum combination of number of replications and number of
samples per plot for efficient experimentation, involve the
problem of estimation (Smith, 1938). One may also include the
developmenf of efficient sampling techniques·as applied to
each, or combination of characteristics of the rice plant, as
fall ing also under this second category (Chang and Wang, 1962).
The pattern or distribution of say, stem borer infestation may
be included in the areas of specification and estimation
(Keno .and sug ino , 1958; Israel and Vedamutry, 1963: IRRI
Annual Report. 1963: Onate, 1964).

This paper will present statistical techniques and results
on the application of these techniques in the estimation of
optimum size and shape of plot from rice uniformity data and
rice replicated field experiments and in the solution of num­
ber of replications needed for a desired level of precision.

·Statistician. International Rice Research Institute (IRRI). Los
Banos, Laguna. Philipnines.

42

•

•



•

•

..

SIZE AND SHAPE OF PLOT IN RICE REPLICATED
FIELD EXPERIMENTS

,-.'

I. Estimation of optimum plot and size in uniformity
trial and replicated field experiments

A block or field is planted 'to a common variety for uni­
formity trial. : The purpose of this uniformity trial is to
estimate optimum plot size and shape for efficient field, expe­
rimentation. Optimum plot size will depend on soil variability
and the va:ious costs or relative efforts which enter into the
varicus steps of field experimentation. Another source of
information will be the analysis of variance (ANOV) from
repl1c~ted field experiments which will be reconstructed in
order to simulate uniformity data and thus give estimates of
variability and an index of soil heterogeneity.

1.1. Uniformity Trial

An experimental block was planted to peta rice seedlings
on May 31. 1962 from seeds planted APr11 24. 1962. The' dis­
cance between rows was 30 em. (0. 3 m.) and the distance between
single plant hills was 20 em. (0.2 m.). weight of clean grain
rrom a basic unit (b. u.) of 11 hills (a row length of 2.2 .m.)
wns re~orded. Data were adjusted for missing hills. There
wa~ a total of 87 rows. and each row contained 11 b.u. or a
total of 957 b.ll .

1.1.1. Statistical approach. The variability of variance
(V) of the b.ll.'S is ~iven by

,V) = rt tx, - JL)J/ (N -1) ,

L~=l J
where

(Xi is the ,grain yield of the ith b.u.,

f.J. is the overall mean, and
,~ is the overall number of b.u.'s.

~f x b.u~'s were chosen at random from N to form each plot
~f size x then tb~ variance of the plot 'mean (i) is the usual

V(i) = (Y)/x •
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If, however, we form plots by using adjacent b.u.'s,
there will be a 'tendency for the b.u.'s, in the'plot to be

." correlated. In this case, V(i) will be larger than for a
purely ran~om case. With correlation within the plot,

V(i) = (V)/xb , (Eq. 2)

where

b is the index of soil variability and is bet~een zero ..
and one.

This relationship was established by smith (1938) and has
been found applicable and useful in many crops (Robinson,
Rigney, and Harvey, 1948; Brim and Mason, 1959).

By taking logarithms, Eq. 2 is reduced to a linear form

where

and

Y(i) =v - b n(x) ,

Y(i) =log V(i) •

v =log ,(V)

n(x) = log x •

(Eq. 3)

•
The value of b is obtained by either a visual estimate

from the linear relationship (Eq. 3) or by the least squares
procedures. This index of soil heterogeneity will differ from
characteristic to characteristic and the cost functions will
behave likewise. The optimum 'plot size will be based on the
optimum size for the most important characteristics. If the '
costs which enter the cost function are assumed' constant for a
given characteristic irrespective of variety, cultural prac­
tices, etc., then the value of b for each of the ,experimental,

\ blocks in the field becomes the most important single 'variable':.-
in the estimation Qf optimum plot size.
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1.1.2. Experimental results. Different sizes and shapes
of basic units were studied. The sizes, and shapesere shown,
in Table 1. The values 'ofb corresponding 'to Field Layout I
to Field Layout V.are shown in Tab~e 2.

Table 1

SIZES AND SHAPES OF, BASIC UNITS

Field
Size Shape

Basic unit
layout (b.u.)

I (1 row . % b.u.) I I I , I 1 11 hills (2.2 m.)-----
1 ' 2 3··.••• % , .' :.

II (% rows .1 b.u.) I I 1 11 hills (2.2 m.)
" . -, 1 2-" . ..

I
. '

I
%-

III {z rows. 1 b.u.') I ,
1 22 hills (4.4 m.)

1 I 2 "

-
I I I

.
%'

IV (z'rows .1 b.u.) 1 'I 1 33 hills (6.6 m.)\
I ' 1 2 i., I %

V (x rows .1 b. u:.) I I 1 44 hills (8.8 m.), ,
2 , ...

I
.

I %

45



PHILIPPINE STATISTICIAN - MARCH, 1964

Table 2

VALUFS OF OFrlMUM SIZE xo' R>R DIFFERENT TYPES OF BASIC UNIT
AND VARYING RATIOS OF CoICb.u.

Value of Optimum plot size
Field layout b CoICb.u. Xo

I

(l row - x b. u, ) 0.2403 1 0.3
b. u. = 11 hills 2 0.6

5 1.6
10 3.2
15 4.7

II 20 6.3

(x rows. 1 b. u, ) 0.4071 1 0.7
b. u. = 11 hills 2 1.4

5 3.4
10 6.9
15 10.3

111 20 13.7

(x rows. 1 b. u. ) 0.1329 1 0.2
b. u. = 22 hills

-
2 0.3
5 0.8

10 1.5
15 2.3

IV
20 3.1

(x rows. 1 b.u. ) 0.1048 1 0.1
b.u. = 33 hills 2 0.2

5 . 0.6
10 1.2
15 1.2

V 20 2.3

(x rows. 1 b. u, ) 0.0864 1 0.1
,b. u, = 44 hills 2 0.2

5 0.5
10 0.9
15 1.4
20 1.9

-

46

•



•

SIZE AND. SHAPE OF PLOT IN RICE REPLICATED
FIELD EXPERIMENTS

1.1.3. Co'st function. If x is the size of the plot rela­
,tive to a given basic unit (b.u.). then the cost of this %

size plot is

xCb.u.

where

C 1s the cost of a,basic unit.b.u •

In addition to this variable cost, there is an overhead
cost, CO' which represents the cost or effort in using one
plot irrespective of size. Thus, if an experiment will require
Mx plots. each 'of s1ze %, then the overall cost, Cis:

C =Mx (Cb • u • z + C ) •

1.1:4. Optimum plot size. Following thp. usual argument.
we want to minimize the variance.

V(i) =V / %b M
wb. u , • (Eq. 5)

where

Cb •u •

and C
o

• with respect to x, subject to t~e condition that t.he total
fixed cost, C\ is

=cost of taking the observations. recording, tabu­
lating and computations,

= cost of locating the plot. moving from plot to
plot and overhead costs.

The optimum solution is

CEQ. 6)

1t

which is more or less the 'form reported in the literature
(Abraham and Mohanty, 1955; Brim and Mason,' 1959).
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For each of the five Field Layouts and 'for varying ratios'
of Co / Cb • u . ' the corresponding values of .%0 are shown In
Table 2. .

Assume that CO/Cb •u • = 5. then from Table 2, our optimum
plot size will be
~---

(4 rows x 11 hills).

(1 row x 22 hills).

(1 row x 33 hills). •and (1 row x 44 hills)

for layouts I to V. respectively. These plot sizes are rela- i
tively small, even if we conside~ that guard rows and guard
hills will be provided for in each experimental plot of size
.%. The variance and cost functions may include a term in­
volving these guard rows or hills. Data given in Tables 3,and
4 show the ranges of the coefficient of variability (cv) in
percent for different size& and shapes of plot.. For variety
Peta (Table J), the cv is 48 percent for a 2-row x 11 hills

Table 3

RANGE OF THE COEFFICIENT OF VARIABILITY (o'/}.J-) IN ~ERCENT

FOR DIFFERENT COMBINATIONS OF NUMBER OF ROWS AND NUMBER OF
BASIC UNITS. UNIFORMITY DATA ON GRAIN YIELD. VARIETY PETA.

IRRI. 1962.

(Block T - 6)

Number of basic units·
Number of row

1 (11 hills) 2 (22 hills) 3 (33 hills)

2 48 (1. 32)·· 44 (2.64) 43 (3.96)

3 46 (1. 98) 44 (1. 98) 42 (5.94)

4 45 (2.64) 43 (5.28) 41 (7.92)

8 43 (5.28) 41 (10.56) 40 (15.84)

12 42 (7.92) 41 (15.84) 40 (23.76)

•

-One basic unit is equivalent to 11 plant hills.

**Figure in ( ) is area of plot in sq.m. and distance of
planting is 0.3 m. between ~ows and 0.2 m. between hills. .,
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(L'j2" 'sc(lil: )' 'an:d "the cv is' 40 percent for a 12-rutl' x 33 ndis

(23.76 sq.jn, :)'. :" For variety BPI-76 (Table 4) t he cv ranges
from 21 percent for a 2-row x 8 hills (1 SQ. m.) to 15 uercent

for a 12-row x'36 hills (27 sq.m.) plot,,

,Table 4
, '

RANGE OF THE COEFFICIENT OF VARIABILITY (a/~) IN PERCENT
FOR DIFFERENT COMBINATIONS OF NUMBER OF ROWS AND NUMBER' OF

BASIC UNITS. UNIFORMITY DATA ON GRAIN YIELD. VARIErY BPI-'76.
IRRI. 1963.

(Block M-14)

Number Number of 'basic units·

of row 2 (8 hills') 3 '(12 hills)' 6 (24 hills') 9 (36 hills)

2 21 (1. 00)·· 20 (1.50),. 17 (3.00) 18 (4.50)

3 20 (1. 50)
..

18 (2.25) 17 (4.50) 18 (6.75)

4 19 (2.00) 18 (3.00) 16 (6.00) 16 (9.00)

8 17 (4.00) 17 (6.00) 15 (12.00) 16 (l8.00)

12 17 '(6.00) 13 (9.00) 15 (l8.00) 15 (27.00)

·One basic unit is equivalent to 4 plant hills.

··Figure in ( ) indicates the area of 'the plot and the

dIs-t cnce of planting is '.25 m.X .25'm. (;0625 sq.ni.) •
. ,,".11

The reduction in cv is gradual and slow even for larger
sizes of plot.. The results given in Tables 2. 3 and 4 indicate
that smaller plots. say, ~ rows x 12 hills (5. to 6 sq. m. ) ,will
be as effictent as larger plot.s, In addition, with smaller
sizes plot, more local control is applied which results in a
lower experimental error. ,Consequently, one can use I!lor~,

r'epli'cati'ons w.ithin the same' field area. ,.he precision of
field experiments at IRRI for, 1963 was a cv(X) of about 10
percent, '
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. Note that the slow and gradual decrease of the cv for the
larger sized plots is explainable by the relation.

V(T/'x) =VIi'
V(T) I x 2 =VI x b

V(T) = V.121x''·
where

"
T =2:YJ '

J

x is the size of the plot •
and

b is the measure of soil heterogeneity.
i

Since

then

cv(T) =IV ~I~ x"/2

=(/fIji) x·"/2

or
cv(T) =cvrb, u.') x·&/2 •

Ie have observed that .1n Table 2 the value of b w1ll ran~
from 0.1 to 0.4 which implies that for each type of b.u. the
value of x·~/2 will range from

. .

..

•

•

. ,

x· .1012

or

(11 x) 11 5 to. (11 x) 1,/20

EVen for x =12 as given in Tables 3 and 4. the multiplier of
cv (b.u.) will be
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or

(1/12) 115 to (1/12) 1120

0.58 to 0.88

For a b. u. of 11 hills (Table 3), the ratio of the cv' s
for x =12 rows is 42/48 (0.87). for 22 hills the ratio 1s
41/44 (0.93). and for 33 hills the ratio is 40/43 (0.93). In
Table 4 the ratio of the cv's is 17/21 (0.81) for 8 hills,

• 13/20 (0.65) for 12 hills. 15/17 (0.88) for 24 hills. and
15/18 (0.83) for 36 hills. These results impl~ that b is
close to 0.1 for almost all of the b.u.'s. This low value of
b will explain the slow and ~radual decrease in cv for the
larger sized plots. Of course, the ~alue of b may be obtained
by least squares using all possible points.

1.1.5. Other considerations.

Sampling. Yield of grain and yield of straw are
usually collected on a plot basis although at times, indi­
vidual samples from a plot are resorted to in reporting these
characteristics. Plant height, number of tillers, number and

4J. length of panicles, and many other' plant characteristics are
recorded·on a plant or hill basis. Often these character­
istics are collected on a sample basis from the plot. In
these cases, the V(i) will consist of at least two components,
one of Which is the sub-sampling variance. The model for this
sampling scheme will be considered in another paper.

. Guard rows. The overall cost given in Eq. 4 does
not include' the cost of providing guard rows or the perimeter
of the experimental plot. This cost· and other costs may have
to be considered in working for an optimum solution.. However,
even if we increase the optimum plot size to say 2%0 1 this
will not materially affect the varlab~lity requirement for
the optimum.
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Many characteristics. As indicated earlier, each
• \ to ', ..

characterist ic wiH exhtbit a dil(erent' value' of 6, a different
ratio Co/Cb. u ,.' different efficiency of .sampl.ing and different

, .....eights regardi ng: prior.ity. .tn view of these requirements, a
compromise oPti~u~ pl~t size ~s usuall~resorted to in ~
specific manner. The optimum 'plot size is solved for the most
important characteristic, say. grain yield. , 'Into this plo,t
size is designed or interwoven, sampling schemes which will.,
elicit at minimum.cost the maximum amount of information for
the other characteristics.

1.2. Est imat ion in Replicated field Experiments

Data from replicated 'field experiments may also be used to
extract addi t ional information in the .det.erminat ion of optimum
size and shape of plot. The technique involves reconstructing

" the ANDY for the particular replicated field experiment in
order that it will simulate uniformity data (Koch and Rigney,
1951) .

For example. in a split-split design with SUb-sampling
in the ultimate plot, the expected mean square (EMS) for renl i­
cations, Error (a), Error, (b)" ,Error (C) and 'sampling error
may be compared to thei r respect i ve EMS from uniformity data.
This comparison, is gIven in Table 5. Note that the ANDY for
the uniformity data is similar to that for a hierarchical
classification with replic~tions, whole plots, sub-plots,
sun-sub-ulot.s, and sub-sub-sub-plots (samples wi th in ultimate
plots) as the smallest ~nit. There will be five estimates of
\I(.i) per basic unit. one estimate for each plot size x.. With
the use of Eqs. 1. 2. ,and 3. we can have an estimate of 6 for
this particular replicated field experiment. This estimate of
b is uKed 'to obtain the number of replications (r) needed to
detect a given difference ,(d) at varying size,~f plot (x) fo~

the succeeding experiment (see 'EQ. '8). Also, the problem ofa
weighted estfmaie of b must be considered. Some of the
approaches to this problem ar~ giv~n by Smith (1938) and
Hat huwuv and Williams (1959).
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Split:Split Uniformity EMS.. plot data (Infinite \lodel)
SV DF SV DF MS

~eps (r) {r- 1) ~eps (r) (r-I) E 0 2+ so 2+ s CO' 2+s c bo 2+ s r b~o 2
1 5 4 3 2 - 1

A (a-I)

Error (a) (r-I)(a-I) Whole plots w/in
reps r (a-I) £2 02+s02+sc02+scbO'2

5 4 3 2

B (b-I) .'
,ill (a-I)(b-I)

Error' (b) a(r-I)(b-l) sub-plots w/in
whole plots ra(b-I) £ o 2+ so 2+ s co 2

3 5 4 3

C (e-I)

AC (a-I)(c-I)

Be (b-I)(e-l)

ABC (a-l)(b-I)(c-l)

Error (e) ab(r-l) (e-I) sub-sub-plots
w/in sub-plot rab(e-l) £4 0 2+so 2

5 4

sampling
error robe (s-l) SUb-sub-sub:-plot

w/in sub-sub-plot rabe(s-I) t:5
0 2

5

Table 5
COMPARISON OF CO~WO~~TS OP VARI~CE IN A SPLIT-SPLIT PLOT D~SIGN

~TI UNIFORMITY DATA

fu~OV

VI
'J.J

.. • •

~
N
t'>

:>
z
'='
!JJ
::r::
>
"0

"'rjt'>...,
~o
t"''''rj
'='

"0
r::t"'
><0
"0...,
tr; ......

~z

::::::t'zo
.....,~

!JJ
ee
t'>
"0
C
(")
:>

~

'='

..
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One of the experiments conducted by the Departme~t of
Agronomy. International Rice Research Institute and which
contains elements for the estimation of optimum plot size is
given below:

Replication Three
Whole Plots Three Water Treatments
1st Split Varieties Chianung 242 and FBI 121
2nd Split Four Nitrogen Levels
3rd Split Two Sub-samples
Size of Plot 1 m. )( 5 m. (5 rows x 25 hills) •
(b~u.) Characteristic -- Yield of clean grain per b.u.

Koch and Rigney (1951) reported zero components of variance
in their study of data from tobacco experiments. If there are
no zero components, the E's will be adjusted to a V(i) on a
per basic unit basis and the linear relationship between
log V(i) and log plot size x will again be used to estimate b
using Eqs. 1 to 3. Note that in the experiment described. above
the size of the b.u. is 5 rows)( 25 hills (1 m, )( 5 m.). This
model is presently being tested on a series of experiments
designed in such a manner as to elicit the required information
for the estimation of b, the index of soil heterogeneity.

I I. Number of Repl ications for Tests of Significance 'Jj

.. The rule of finding the number of replications (r) required
for a given probability (p) of obtaining a significant result
is given by cochran and Cox (1957. pp. 18-22) in the form

(Eq. 7)

where

r is the number of replications requ~red

a is the true standard error per unit as percent of the
mean

d is the true difference that is desired.to be detected

t 1 is the significant value of t in the test of signi­
ficance

t
2

is the value of t in the ordinary table corresponding
to 2(1-P). and ...

P is the probability of obtaining a significant result.

54



•

SIZE AND SHAPE OF PLOT IN RICE REPLICATED
FIELD EXPERIMENTS

~lnce t 1 and t 2 depend on t~ then an iteration procedure may
have to be necessary until the smallest r is obtained.

Applied research workers are interested in the specifi­
c~ti6ns required of the experiments rather than tne costs or
efforts. The question posed by Hatheway (1961) concerned th~

element of convenience of obtaining a plot size which wili
meet the specifications given in Eq. 7. By using

V(i) = (V)/x b

40 EQ. 7. two relationships are obtained. namely:

(EQ. 8)

and

(EQ. 9)

.-

-.

where

is the ~6efficient of variation of the basic unit in percent,
The other symbols wer~ defined in the' previous equations.

In Eq. 8. we can solve for r' using the Xo and b obtained
(rom Ta~le '2. 'The solution for r (Eq. 8) or for the con­
venient size ~ (Eq. 9) will depend also on the knowledge of
K and d.

'., In ~ither case. the solution for r, th~ number of repli­
cations (Eq. 8) or the. so Iut Ion for X, the, ,convenient plot
s Ize -(.Ea. -9) hinges on some re l Iabl e estimate of K, the coef­
ficient of var i ab i l t ty and on --b, .the index of soil he t ero­
gene'ity~ -It-is desirable. therefore. to have stable estimates
of K and b from unIformity data or from replicated field expe­
riments in order that estimates of r or x will also be stable.
"~pplications of these techniques to grain yield and paniclf
we i ght of the rice plant pre given by Onate (1964).

, -
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Another important relation which may be used a~ guide of
research workers is the relation

d2 =2(t + t ) 2(K2j rx )1 2 .
(Eq. 10)

Figure 1 shows the relationship between d and vary~ng values
of r ana x for K = 0.10, b = 0.4. a = .05. P = 0.80 and t = 11
treatments. The average K for field experiments at the Insti-

Figure 1

EFFECT OF PLOT SIZE (x) AND NUMBER OF REPLICATIONS (r)
ON THE TRUE DIFFERENCE (d) AS PERCENT OF THE MEAN (jJ.)

(b = 0.4. t= 11, a = 0.05. P = 0.8)

True Difference (d)
/'

as Percent of the Mean

20
J{ =0.10

•

10

oL-.----I-----.L- --J. ...... ~

1 2 ,

plot Size
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tute in'1963 was about 10' percent. Depending on' the levels of,
Kand b, con~enient coinbIna t i ons of r :and 'x ma)~ be used
at the desired lev~l' o~ d;' Note that the solutions from
previ6us replicated field eiperi~ents fOr x and"b may be
used 'for d 2, ~he're X o i,s' {multiple of theuiti~ate'plot and b
is betweenvzerc and one'(Fig.- 1: Eq. 10). If a' plot size
of 4 rows x 12 hills (an area of about 3 sq. m.) is used; , then
by application of local control our K :;: ,10 (10 percent) may
be reduced to' about K :;: ..05 (5 percent). In this case, we can

~ set the true difference .(d) as percent of the mean ~) at a
lower level; say, 5 percent instead of 10 percent, and the
number of replications needed will still beabout5repli­
cations;

. "' ,~" '

Thus, with a reduction in K,we can detect smaller differ­
ences with the 'same number of replicates; assuming that the
solution for %0 is

X o :;: 4 rows x 12 hills ,(about 3 'sq,"m,) '. '
- "

•
The'nature of tnercurves for '~r' == 4"tO' r = lO";'~'is so gradual
that it 'is 'riot 'a:dvantag~~~s:t~r'{~'d~a~e; x a t'o' SaY2x~',

I II. Summary 'and, (}i scuss ion

, ' :The, paper. drscusses some .stat i st i cal .approaches to, ~~e

protil~in, Of estimation "for optimum. .plot size, 'and. shape for rice
renl rcat ed foiei,dexperiments, from uni,t;ormitY,dat,!l' an~:also

from particular set of, replicated field experiments.;, Then the
~.ri.teria of minimum, var iance or efficiency and cost are com­
bine d ,wi th the ,crite,r'ion of convenience '£0 ~olV'e for "tti~

..•• ."1 t i ~. " ~ -:.. '~::'.:.~. . \ .'

number of replicatiops needed for a desired precision:
" ,

Results indicate that,.the,use of the linear relationships
bet~ee,n log. var i~nceand, log' plot s'i.ze:as p'r~'po~e'd by smfth

• I' I· l.,; . . ,. '" ~ _ ',"r I • _ -,., •

(938) is reasonab l e.. ,.The tests "were applied' on uniformity
data a~d on datasimul~til'lg uri,if.o,r~tty' data f~o'm 'rice rep l I>

to II . ,__ "". ':. .' , _ # ". • ~ ••

cated field experiments. From these 'tests were evolved a
'~er1es "c'r 'estima:e~S 'Or' b·whf'6b.· 'wtlen used wi-th' 'the appro'prl"at:e
ratio Caleb. u ," wi11 give '~~eries clf esffmates' 'of 'opHilluril plot
size (X o) ' It is highly desirable that the design of the
experiments contains some element of sectionalizing the data
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La be collected in order to elicit information on tnt: sun-p lot .
3ub-sub-plot and the ultimate sampling units desired. The
solution to the problem of number of replications for tests of
significance is obtained from this estimate of b for succeed­
ing experiments. Stable solutions hinge on reliable estimates
of K, the coefficient of variability and b. the index of soil
heterogeneity.

Results indicate that plot of dimensIons Xo =4 rows x 12
hills (about 3 to 5 sq. m.) will be relatively as efficient
as bigger sized plots for field experiments on rice. This .,
size may be enlarged to about 2xo depending on the cultural,
management. and sampling reQuirements without materially
affecting the optimum solution. The precision of field expe-
riments at the Institute for 1963 as measured by the coef-
ficient of variation of a single observation K = [cv(X)]. is
about 10percent. This implies that we need about 5 rep I icates
in order to detect a mean difference of 10 percent. If more
local control is instituted, we can reduce K to 5 percent and
with 5 replicates, we can detect mean differences of 5 percent
of the mean. The models used in this paper may be extended to
studies on rice crop cutting experiments (onate. 1962).
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