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Introduction: -Research workers who 'have' to deal with field
trials are often faced with the problem of: decldmg upon ‘the number
of rephcat—mns that should be adopted for ' a particular set of
freatments. In most cases the number of replications is decided
arbltrarﬂy and this Ieads 110 a; reau.lt whera .even large dlﬁ'erances
babween trsatmEHt means. faﬂ to attain stahstmal Blgmfma-lle Any.
metimd ]JF 'whmh t«hﬁ WDI‘]{EIB W111 be enah]ed 0 determine the number
of raplmu,tmna necassa,rj' to I'E-lldﬁl: a pre&etermmed difference, of say
10%, between the f;reatment-s“ to he statmtma,]ly gignificant, would be
very, useful ﬁm attempt is made in this paper to evolve such a
method, utlhamg the data that were available from the Paddy
Breeding Station, Coimbatore.

As is well known, bhe test for a. mgnlﬁﬂa-n.t difference betweegn
two treatment means is baaﬂd on the value of * t 7, where

- D (d]ﬂ’arence hetween the meaus}
= Standard error of this dxﬂ’erence '
If ‘n’ is the numbar of replmaf.mns of ea.nh treatmtmt aud “5 2" is

the EEpeeted errm: meau squam ﬁ,s shown by prewaus expeuments,
then = -

_D " D ym
(a!#n)qz_ A * "k

2
Therefure,- = t X qDE }i -ﬁ} 2

By suhstltuf:-mg f;he apprmﬂmab-a values in this equatmu, D and 3
usually as percenfages of the general mean, it is possible to calculate
the number of replications of each treatment necessary to prove
significant any difference greater than D (Patterson 1949).

The value of standard error in an’ experiment expressed as o
percentage m‘.‘ the general mean is called coeflicient of variation (C, V.)
i. e. ‘the square root of fhe error mean sqguare expressed as a
percentage of the General mean, T4 is a measure of the experimental
error invelved in the experiment. A mean of such values from past


https://doi.org/10.29321/MAJ.10.A04117

224 The Madras Agricultural Journal

experiments is what has been termed ¢3 “in the above cguation;’
The method suggested in this paper is therefore to obtain the mean
C. V. from past experiments and 4o test its reliability for the.use
on hand.

Materials and methods : Yield trials on paddy condueted. during
the three years 1054 to 1856 at the Paddy Breedmg Station,
Coimbatore have been used for this study. Forty six trials had been
conducted during this period. . The plot size; number . of paddy
varieties, the -general mean and the C. V. calenlated in eachi.case are-
tabulated in. Appendix I.

~ The plot size has v&rled from about 30 ti;r 100 8(. fﬂ; t-lle
number of varieties from 3 to 10, and the general mean {expmsaad as
yield per acre) from about 1000 to 4000 Ibs. Thus, ‘the nurm&l'
variations in pia{-. size, variety number and " yield ]evel ma,y he
considered tio be rePresented in the thre:a years’ data dea?lt ‘with: in’
this paper. The reliability of the mean €. V. hag Dbeen tested by
correlation and regression methnda as recommended by Goulden ( 1952} '

Results and Discussion :
I. The arithmetic mean and standard deviation of C. V. and
of the other characters are tabulateﬂ in .&ppendn K %

The C. V. has a mean va.lue a::-f 12-57% and. uatanﬂard error of
0'85% (standard error is standard diviation divided. ]}y the sguare
root.of 46), 'This value of 0:85% is a measure, of the variability
among means of C. V. that would be obtained on repeated sampling
with a sample size of 46 experiments at each time. Assuming that -
such means will be normally distributed, which assumption is usually
reasonable, as the sample size is fmrly large, one can .say. that the
limits 12'567 =2 X 0'85 would contain true value on an average in 95 out
of 100 cases. This also means that a mean C. V. estimated from a .set
of 46 experiments in the Paddy Breadmg Sﬁ&tmn, Coimbatore has a
probability 0-95 to fall within 1'7% on either side of +the utﬂmnwn
true €. V. value. " All ‘these indicate the fair reliability of tlie
culeulated mean C. V. of 12:57% as-an estimate of the true tunknown
value'in the Paddy Breeding Station, ‘Coimbatore;

Malking use of this mean.C. V. value, the number of replications
required for an yield trial of strains at the Paddy Breeding :Station, .
Coimbatore may now be calculated from the formula already .given,

- ok C.V. id
Thus, n=_{' % 421;{_ — 2 —-{A}.
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whiere't <= fhe reading from the * t* fable for any desived probability
(ustelly 0.05) and the number, of degrees of freedom from
which €.V, lias beert eatiniat’ed (45 iy this instance) '

and d — ﬁhé difference between the vn.netal means éxpressed &ﬁ a
percentage of the general riedn. It is désired té detect
statistical significance in the trial all differences exceeding
‘this value. Tet us assume it as 109 of the general mean.
' This wnulci miean in‘' other words, that the trial is desired
to shiow  statistical sigiiificdtice ‘whenever the varietal

ifferences excéed this limit of 10% of the general mean-

By substituting the valueés in the equatiom as below we get,

e {1-% X 1_~4_1_g>_gl:z'ﬁ?} % AL,
, 10

According to the above, 12 would be the number of replications

necessary. for each strain in future yield trials at the Paddy Breeding

Station, Coimbatore, if any difference greater than.109% of the general
mean shﬂuld be significant at the 53 level.

_ Tt m]] be noted from the equa,i'-mn that the lower the wvalue
of ‘D ‘that is to say, when a higher level of precision is desired in
,the trm.ls, a graatar number of rephca,tmua will have to be included.
Tha level of precision, i. e. the value. nf D * must, therefore, be first
ﬁd&mdedfupon and then the value of ‘n’ is obtained from the equation
as ﬂIuBtrai'sB& above. If the number of replications estimated turns -
out o be too large to be adopted in practice, it may be reduced,
with corresponding loss of information.

8 IL..” I might benofed from the above discussion that the mean

@ V. value used should be a reliable estimate of the  experimental
‘exror, because-the ntmber of replications estimated for a given level
«of precision-depends mainly on. this vdlne. The number of experi-
. ‘mentbs averaged: for its caloulation: and. their representativé character
‘has alfeady heen nientioned. The fairly low standard efror obtained
for the méan(C. V. i also o point counting in its favour. It remsins
to be séen, however, to what extent this mean: €. V. has depended
on some of the ofller imporfant controllable field characters, such as
ploti gize, number of varieties dnd gereral mean: in the experiments
gonsidered, so that any ddjustment necessnry mny be made to -its
value for reliability in its'use. - Workers elsewhere have found that
‘thesei characters influence: the mean C. V. to varying extent
(Arnor & Nissen 1956).
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In an attermpt-to study the nature and extent of dependence
of the mean C. V. value on the different plot _'Bizﬁs;';‘_trar_iéﬁy "nurii.ngs
and the general mcan -yields involved .in the 46: cxperiments, the
following coefficients of correlation (r) haye been colculated f-.:nr the
relation between. the four varla,]:rlas

Ta BLE I.

The Oﬂe_ﬂicmﬂt cf coﬂeiahnn (7) fﬂf Hm ralatmnsh@p between
. V. (y)., plot size (X 1), mmety ﬂumber (X 2)
- and gﬁ:e!d Zewl (.IB) :

IR & e PASITTIt BN L, o SO :-_"..--.';.“-_ Yex ¥y B

Y — 0197 - T " Tlosp. e .04
X1 — 020 010

The study indicabes that the c.v. has mnreaﬂeni algmfiﬁ:mtl}r
with increasing number of varietiés in the ‘trial and also with
decreasing general mean yield. There is also a trenrl for increase in
C. V. with a decrease in, plnt size arlthough the * r'* value obtained has
not proved Elgmﬁnant. A similar nﬂn-mgmﬁcant neg&twﬁ association
‘'has also béen found to e:-cmt in' the values for plot size and number
of varieties. The other pairs of the 'Indepandent characters ]mv&
‘r' values not’ only non-significant’ but also ve.ry low. The ‘r’
values in all pairs ircluding the s1gmﬁca,nﬁ valuas are low.  Also none
of the various pairé studied indicate any curvﬂmea.r trend.

It follows from these that the mean C. V. calculated from
past experiments has depended on'two of'the field attributes, viz.,
the number of varieties under test-and the'general mean yield. The
degree of dependence is however, small sinceonly low ‘values of ‘¢’
-have beéen obtained, and the data alsodo not suggest any curvilinear
trends. The different plot : sizes: that - were used in the trials. and
which ‘may be considered to be’'the usual sizes in practite in such
trials do not evidence any significant effect  onr C."V. meaning thereby
‘that the plot sizes.usually adopted at the station do .mnot. affect” the
reliability of the men' C: V. obtained. " However, the value of fr*is
not much lower than e¢ither the ‘¢! value at 59 point-or the other
-significant values -.calculated. Therefore’ the -combined effect of all
the three .characters; plot:size, humber of varieties; and general mean,
on C. V. has been estimated by calcilating - the ' Multiple -correlation
coefficient (R),
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. The multiple cﬁrrelntlﬂn cuéﬂimﬁut (R] cileulated is' 0. 51 and
is h&g’]ﬂy- mgnﬁcant “The cnrrespnncllng coej’ﬁcmnﬁ of multiple
determination value of 269 (R? expressed as a peruﬁntage} brings out
cle.a.rly that only 26% of the tc-'beul variation in C..V. values has been
accr.mnﬁeﬂ h}r by the cnncommant- varmﬁmn of all the three chara-
c{:ers studied- slmultanenusly The combined mﬂuanf:e of plot_size,
number of varieties and general mean on C. V. is thus only 26% of
the total unknown’influence to which it is subject:

“Armultiple - regression- analysis of the .data has given the
following :beta (B)- coefficient for:the three «chiaracters

B (X1) plot size" 100
B.-+(X2) number' of varieties-- 274
Bi:(X:3) general mean "14-18

‘These coefficients are obtained as a product of “the partial regression
coefficient and .the standard -deviation and measures the relative
importance,of the three charactersin affecting the multiple correlation.
Obviously,. the ,general mean has the. most effect, the number of
varieties has.some. effect, while the plot size has the least which may
very well be taken as negligible.: It follows therefore that these two
characters have to be-taken into account to adjust-the average C. V.

before it is. used in the equation to estimate replication number,

ﬂspemaﬂy when thelr values are. far remﬂved from . their mean values.

Such an &djuﬁt-&d value (Y) may be easlly obtained fr om the following
partial regression equation evolved from the data studied.

Y =12:57.1plus .0°6936 (:X2=—6) — 0°0031:( X3 — 2542 ) —(B).

~+The. total number of varieties to be ‘tested is X2, X3 -is the
approximate value of the general mean which the trial may give and
‘which is: quite likely to be known from- the preliminary trinls:with
the varieties. *Y ” can now be ealculated by substituting X2 and
X3 in the above equation.

Tt will ‘he’ moted ' from this” equation t]mt Y’ varies from
abont 105 to 14 6 for the number of varieties varying from 3 to 0 if
‘the geniera,l mean is'kept constant at its mean value 2542. Similar) Y
“ ¥ yvaries from’ about’ 10-8 to 14'0 for the general mean varying
from 2000 to 3000, if the number of varieties under test is kept
constant at 6. * These two ranges’ of the adjusted C. V. mean fairly
overlap the limitig set for the nean €. °V. for its random variations,
Wi T25T =177 (see seetion I). It follows from these therefore, that
no adjustment to the mean C. V. is quite necessary if the number of
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varieties and the general mean do not fall outside thelimits 63 and
2542 500 respectively. If they do so it would be better if the mean
C. ? is, ad]usﬁﬁd with the help of the equation (B).-

~Conclusion :* ' The procedure to get the number “of J:&phca.{amns
for an y‘mld trial at the Paddy Breeding Station, Coimhatore consists
‘of the following steps :

1. Arrive at approximate value of general mean that the
experiment would give either from the records of the
preliminary yield trials if available or from: experiénce.
Note down also the number of strains under tess:

2. Deocide upon the level of precision in'terms of .the ditterence
in varietal mean yields; expressed 1as. a. percentagé of the
general mean. This is the value of ‘D’ .in.eguation (A).

3.. :1f the general mean and the varieties under tests: lie--only

+! between. . the limits 2500 % 500 and 6 == 3-respectively,
v adopt -the value 12°57 for C. V. in equation (A).
4. If'the general- mean and the number. of varieties “fall
. outside the limits set in step:3, ad]uht -the- va.lue of C.V,
- with the help of the equatmn (B).

5. Take the'value of *t’ in equ&tmn {.&]'as 1 96

6. 'Substitute the’ va,luas for “t* C. V. and D " in'equation

(A) and get “n’ the number of replications to be adopted
“in the trial,

It will be noted 1rum wne wwove-vnar an average vaiue ot U. V.
estimated from a representative sample of past experiments is to be
first 6btained for évery Research station to enable use ‘of this method
for fixing the number of replications for future  trials, The: sample
size should be as large as possible. For & majority . of ¢ases-it’ may
be adopted as such in the equation (A).

Summary : The average value of C. V. from the past 46 field
experiments at the Paddy :Breeding Station,. Coimbatore has been
worked out, its reliability tested and its use to estimate the, mumber
c-f raphcn.tmns required for. future trmls illustrated. . Variations .in
.number of . treatment, ploi; size. and genera,l mean considered
Buuulatanenusly accounted. for. cmly 269% of the tnﬁa.l varmbﬂlty in
the values of C. V. The general mean enntnbuted the highesf
Prupﬂrtmn and is thus the most lmpnrbaut of the three factors
affecting the mean C. V., -A prqggdure to adjust. the mean C. V. for
-variations in general mean is.also suggested,
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FteIaT tﬂmls with paddy varieties conducted at the Pad{iy Br eazlmg
S!atmn, Coimbatore, during 1953-54, 195455 and 1955-56

Serial - . Coefficient Plot size Number of General mean
No. ' of variation Sq. ft. . varieties 1bs./acre.
‘Y’ ¢ X1’ ¢ X2’ - +Xa’
1. 11-20 100 7 1401
2. 7.80 80 T 2394
3. 1362 48 3 2289
4. 1054 80 3 2970
b. 3:50 20 3 2028
6. 24-80 48 T 1585
Ta 13-70 32 4 - 1871
3. 5-30 80 6 3048
9. 12-80 45 G 2190
10. 1370 50 8 1868
11. 9-20 40 3 2410
12. 10-90 80 3 2788
13, 8-10 80 3 2168
14, 8-60 - 60 6 1908
15. 16-20 48 7 2006
16. 13.40 48 5 2294
17. 8.70 45 9 3640
18. 1760 60 9 2604
19. 9-90 80 4 2795
20, 8.10 80 4 20306
21. 13-80 70 8 2367
22. 11-60 104 3 3674
23. 10-20 80 b 3530
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Continued

Serial  Coefficient  Plot size . Numbor of . - - Genébal mean,
No. ofvariation - Sq. f6. =~ - varietics' Ibsfacle

¥ EXPL oo - eXEP . el.ovlexge
24, 1100 80 4  WeTag
95, 27470 . .BO, 5 1651
26, 15:80 60 6 2425,
1. 880 - 56 G 13432
28. 3770 . 80" 10 11554
929, 1500 80 7 3870
30. 12:50 © 70 5 2881
31. 11°30 80 9 73099 ,
33. 870 60 9 3519
33, 1740 7175 8. 1997
34, - 910 99-25 '3 < 9851
35. 14.20 0225 4 112747
36, 1320 9295 5 2486
37. 10:90 9225 9 ©aT1
38. 931 0225 5 1713
39, 11:50 0225 4 . 2888
40, 1780 0225 3 1982
41. 980 9225 5 3254
49. 12'80 7000 9 2666
43, 620 8200 6 3851
44. . 8GO 71475 6 3214
45, 12:70 0925 4 2725
46. 1160 7175 9 3120
Mean 1257 7242 571 2542
Standard .
deviation 574 1803 216 739-43




