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INTRODUCTION

The application of statistical techniques has
practically revolutioniscd the field of experimentation.
These techniques are frequently used in two diverse arcas
of agric.lt.ral research namcly agronomie and plant brecd-
ing trials. On the agr.nomic side, complets oxperiments
enabling the experimsnter to test the simultanvous affect of
two or more troatments have baogome com:ion, while wita tie
growling approciation taat statlistical methods are as negss.ary
and appropriute in plant broging, a8 .n agronomic rescarci,
breedars have started to undertake proparly laid out varietal
trials containing an incrceased numb:r of varieties.
Variability is inherent in any cxper.mental material.
Dus to tuis inherent variability it has becom: diftic.ilt to
compare ths reiative worth of treatments. &ven if a treat-
ment i8 fo.und to be promising, we¢ cannot doeido whether the
effuct can ve attridbut.d to the treatment or to tihe inhorent
variation in soil furtility. 38o0il fertility varies not only
from plac: to place but aven from pockst to pocket in the
sanu field. Tnis variation in soil fertility cannot be eli-
minated by any statistical tochnique. There are num:erous
otrer factors such as climate, type of soil, diseass incidenc:,
attick of insecte atc wiuich contribute to plot toc p.lot vari-
ation .n yiselde Thus even if the same treutment is applied
Lo a 83t oL p.ots thair yiv:de are fo.nd to digfer. This

plot to piot variation d.e to tav efizct of uncontro.ilable
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factors is culied expurimental error. oStatistica. techniques,
aimad at reducing the experimental error and getting an esti-
mate of experiment.l error for conduct.ng vaiid tests, are
of greater significance.

in agriculture a reseurch worker .8 reojuired to
expariment mainly in the fisld. Wwhather it is new varietiss,
cultivution practices or metneds of seud treatment, he has to
try them out in tne ficlid bufore he can asse.s their value.
These objects of comparison in his trials may bs termed treat-
ments. =hen oonducting un experiment the uxperimenter has to
onsure the repeatabiiity of his experimentul re¢su.ts. This
has got bearing on tho number of times each treutment is to
be rupeatud. Further the plots availabie for tie experiment
may not be uniform. ﬁnen.heterbgenneus materials are used,
appropriate methods are to be omployed to make tic troatment
comparisons efiective, afiiciant and purposef.l. Thurc may
also arise situations in which difiorent types of treatmerdts
have to bs combined into a single experiment. To have the
compurison oi treutuasnt. more efiieient an expsriment sho.uid
ensure (a) randomisation (b) replication and (¢) Local sontrol
(blocking).

Randomisation is impartial applicaticn of treutment
t0 tna experimental plots so that evary treatment has the
samoe chanca of baing appliad to @ach plot. It is of an
insurance against unforssscn causes,

Replication of a treatment is the number of timas

it occurs ia un experiment. If cnly every treatment is



replicated amore tian ones, ths exper.mentul arror can be
@stimat:de

Local control is a devics turough which wa cun contrul
all known sources of variution entering treutment comparisonse.

In agriculturai experimonts the experimentar is
interssted to ascert:.n the relativ. wortn of a set ol tr.ate
mants with reascnable coafidances To achisve this objeetive,
the of.iciency oi experimental dosign is imgroved by adopt-
ing tha principles of rundomisation, replication und local
control. Besidus thaese, Lhc accuracy ol the @stusatus also
depends on tug size and shupe ol the e.perimental piots
adopt .d.

To determine t:us s.itable size and shape of tue
plot and tie numober of plots in a block, an axpor:.mant called
Uniformity trial is conducted.

4 uniformity trial consists in growing in a piece
of land a particular cro with a uniform tractmont, dividing
the fieid into amall units and harveating and recordi g the
produce irom vucs of tnesqe units separatuly.

Hosults from a uuiformity trial sxperiment cun be
utilised ifor getting an ¢stimat.: of ¢xperimental error and
also to -ivterming th. suitable size and shape of plots and
blocks and yro-er oriuntation of plots within the blocks.
Fartility contour map can bs drawn from the results oi 8uch
trials which give. us ®some idea rogarding the uniformity of
the land. A8 tie magnitude of experimental orror .epends
upon 80il heterogenasity tie cnoice of optimum size and shape

of plots snould o¢ based upon 80:1 hetserogeneity, the choicu
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of optimum size and shape of plots should be bassd upon the
estim.te of experimsental error.

From the coefficient of variation of plot yields
(which is obtained for diflferent sizes and shapes by oombid—
ing the neighbouring un:ts accordingly); we can ostimate
the var.ation due to uncontrolled factors. The coef.iciunt
of variation, if it is high, indicates that thae variation
in tne soil furtility is high, 4f 4t 48 low thon it is
otherwise. But tie inhsremt variation of thu soil has a
difierent magni;Jdﬁ for iifierent siszes and-ahapal of plots
and blocks adopted. Gensrally we fini the suitable size
and snape of the plot und block fbr which this variation is
minimum.

On annual ciops liko paddy, wheat, jowar, mulze
an. sugarcany and perenaial crops like arecanut, mango, coconut,
black pepper, orange and apple a large numbaer of studies have
been mad: in India and abroad. But regarding tic suitable
size and shaps of plot and block on vegstables com . aratively
lesser work has baen done in tha country. Thae heterogonsous
nature of the various types of vegetabls cro;s maxkas it
virtually impossible to transfer results of plot studies
from one erop to anotuer. The divorsity of v.gotable crops
particularly witi reference to number of harvests presents
the greatest problem. Vegetable corops such as pulato, cabbage,
sweat potato and onions which normally are siagle harvest
erops, give much mors pr:cise axperimental data in term: of

tne coeliiciant of variability per experimental unit as
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compared to multiple harvest crops such as brinjal, bhindi
and tomato. Keeping these poiats in view the experiment is
conducted in brinjal, one of the most used veg:table in
kerala.

Vegetables play a key role in the human dist,
supplying the 'gaps' which other food materiuls cannot fili
up. They are important in redueing ths intestine ;cidity
produced during thae process of digestion. They are valuable
sources of vitamins and mineral elements nced:d by the body.

Brinjal is a native of India and has b::n in culti-
vation for a long time. It belongs to the Solanaceae or
nightsade family and known under the botanical name
Solanum melongana.

The present investigation is aimed wit the follo-
ing objectivaus.

() To study tne nature and magnitude of soil
heterogensity of the wagetable fields of the Main Campus at
Vellanikkara.

(1i) To estimate the optimum plot sizec and shape
for africient evaluation o: brinjal variety(s).

(1ii) To determine the optimum block size and
number of plots which cu: be accommodatsi in a block without
confounding, having prior knowladge on 80il nevirogeneity.

(iv) To determine the direction of the blocks to

increase the efficiuncy of the experiments on brinjal.
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orops, reflects the considerublse importunc: that has now beea
attached to it in vegetablu agronomic¢ programmas.
1i. 2. PiQu sise, suape gnd orientation

Experimental plot relers tot he unit on whic¢h ran-
dom assignment of troatments is made. The sisze of the plot,
therefore, refers not ,gmly 10 m“harvest. area but to the
whole unit recsiving the treatment. Gomez (1972) furfer
gave an idee of shape and orientation of plots. The shape
of the plot refurs to ths ratio of its length to its width,
The orientation of plots, on tho other hand, reiers to the
chqice of direction aiong wiich t.be lengths of tie plots will
be placed.

Although many studies of plot size and shape have
been made with a number of crops, it was not until 19,1 that
the first theoroticul consideration of plot shape was isade
by Christids (1931). Sven before this Hurris (1915, 1920)
proposed using the intra-class correlation coofficiont of
yields from adjacent areas a® g o;oafﬁc:lent of heterogunsity
but although numero.s workers have takwm the tro.ils to
evuluate such coeff{icients for thuir data it does not appear
to serva any other purposs than to deamonstrate tiat the
fortilities of adjacent areas are correlatud.

With regard to shape of plots as an independent
factor affocting the variability, the most oxtensive discuse~
sion has buen given by Christids (1931). Making the assum-
ption of a linear fortility gradient, he derivad a formula
for the effeect of plot shupe on variation. He concluded
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that long and narrow plots are always less variable than

square ones. Hs considered the competition also. Christids
(1931) continusd this Qtudy and reported in 19,9 on the eflact
of plot. au influencing the optimum shape of plote.

Smith (19.8) projyosed the first theoretical for-
mula for assessing the agifect of plot size on variation. He
deizonstrated a linear relationship batwéen logurithms of
variane: ani plot size witn the raegression cooificivnt es=
eribing the degraec of correlation butwesn adjacent areas of
land. He ignored thw shiupe of plot in this consideration
but admitted that it wmight bave soms oflect.

Coctran (1940) also considered the prob.emof the
shape ot ;plots for various types of fields. Ho discussed the
¢ases for smali and large values of tiw fortility gradient.
when wie Vulue of the gcrtility gradient is small, the
selactud plot shapa is largely a maiter of pruferences. ror
largs val.aes of fertlility gradiont long and narrow ;lots
should be selectad, sinc: the additional variane: dug to
plots witi other than optimum shapa will need to bé compen-
satad by additional repl:e¢ .tion. He coneludsd that it may
prove impract.ical to .8c long and narrow plots because of the
nature'of the cro; and it may bs less costly to iuersass plot
8izv than the n.amber of ruplicatus to obtain the desired
degres of prec.sion, as in such cases long and nuarro+ plot:
may not be desirable.

Investigations o the shape of plots by “ood and
Stratiom (190%) have s .gg:sted tha. long ani narrow plots

may not be mers variatle than square ones depending upon
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their orientation. Nevertheless, it does appear that long

and narrow plots tand to b on the avarags less variable than
square plots, a find.ng which agrecs with tho observation that
adjacuont areas tend to be moru closely corrslated than distant
arceas.

Panse (1941) studied the uffuct of 8ize and shape.of
block und arrangement of plots on variation. lie developed a
oconcept of bloek afliecivncy and experimental error. Ho con-
cluded, however, that plot size and shape are of -ruater
importanee in error variation than is block aeflricicney.

The work of Christids (loc. cit) and imith (loc. git)
on the aifscts of variation in plot shape and size had veen
extendsd by Taylor (1943). hLe develered an equation, using
a simpie discontinuous corraslation fuactiom for sstimuting
experimental error for any sige and shaps of 1lot. He points
out that even though his equation ssemed to have rasults
more neariy ap-roaching thosa obtained experimentally than
smith's, a less simplified or mor¢ raalistic apyroach should
fead to xors realistic res.lts.

Koch and rigney (1951) presented a method oi esti-
mating optimum plot size f{rom oxparimentui :ata. By using
certain assumptions they were able to calculate smith's
ragrussion coulficient fro: data other than uniformity trials.
Koeh and Rigney (1951) demomstrated that the resression coef=-
ficient of‘tbe log.rithm of vurianes on the rigression of
plot Bige could ve estimated f{rom the ¢xrerimental data in

which treatment ¢iiects are present, as well as from the data



*10=
JL 4t Tormity trialse. The; moted ULhat wnith {19, :} had
recoansadid Lusl, A ﬁstiamting thie pregrsssion cooll iciaent
151 oo Vereancis oi the difiorent sizes plot.sno.ld be welgh=
tud vy Loedr rospective degress ob Sroslome  n osact, sines
tie verianc. wstumaies, Jor o Yiwrant slze ol Wi ~lot, bLoih
inoanbior.ity triais wnd oo eroaeatal data wer: buiittup from

\ .
comaon components, thuy are frujuently highly correlatad.,

Thay had iliustrated the use oi uxperiment:l data from splite

plot and lattic: :dasign in determining #bhs optimum plot size.

sxparimental plot suupe may be squ.re or ructangular.
in expariments whers adge or vorder uoficcis are of difierential
importance in variety response, square plots are desirasie
because they have a minimum perimeter for a given plot area.
But rectangular plots are mora canvn@@nt for mechanizad

operations.

Thers are c¢onflicting opinions about the relation of
plot shaps to usxperimentil error. OSome early worker ceoncluded
that shupe was of little consequence but the majority believed
that it had some influsnce on eoxperimental crror (Hayes and
Immer, 1942; Luclerg et al., 1962).

Mercer and Hall (1911), working with mixgoes, found
no superiority of long and mar:-ow plots over squarc ones.
Similar conclusions were raached by Smith (1958) in beans;
Batehelor and Reaed (1918) in oranges; Stephans and Vinall (1928)
in sorghum and Lyon (1911) and Kiesselback (1923) in wheat.
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Uthers agreed with this conclusion, but only if the
length of the plot was oriented in the direetion of
soil fortilivy gradient, othorwlse squarv plots were
more efiective in redueing variability (Siao, 1935 in
cotton; and Smith, 1938, Day, 1920 and Iyer, 1942 in
whaat ).

Most evidonce, however, indicated that ructe
angular plets are much more ofiective than square oncs
4in controlling variability dus to 80il heterogensity,
for example, by Smith (1907<09), MeClelland (1926b) and
Bryan (1931, 1953) in corn; McDonald gt al.(1938) in
cotton; Holle and Pierc: (1960) in lima bsans; Kiesselbach
(1923) in oats; «estover (192h), Justesen (1932) and
Kalamkar (1932a) in potatoes; Swanson (1930) and Kulkarni
and Bose (19.6) in sorghgm; Vagholkar ot al.(194U) in
sugarcane; and Bose (1935) in wheat. Taylor (1907-C9),
who summaris<d eontemporary field sxperiments, found
that rectangular plots ure more desirable and convenient

for oxperimentation with field crops.

Dondrinos (1931), from theoretical considera-
tions, stated that variability would be amaller with

roctangular plets than with square ones, if soil hatero-
gonalty was patey.

Bumaorous studies have been made with horticul-

tural crops to determine the sourcss of vuriation and
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their magnitude, to establish both general ideas as to
influence of these size and shaps factors on error and
to specify for eachi ¢rop and loeation optimum combina-
tion of size and shu.se. T[he recent researches which
establish long and narrow plots are those of Bargava
and Sardhana (1975) in apple; George gt al.(1979) in
turmeric; Jayaraman (1979)in sunflower; Menon and Tyagi

(1971) in mandarin orangc.

Field plot tuchnique data with vegatable is
mors voluminous in potutoes. In potuto, it was found
that a long and narrow plot was the most desirablae.
Krants (1923) and Currenc: and Krants (1936) suggestud
a plot oi one row oyu94 cm. They also vuphasized tihe
practicul factor that workers customarily adjusted the
sizes of plot to what they cared for under their partie
cular conditions. Results obtained by Justeson (1932)
and Kalamkar (1932) as also Sardhana et al.(1967) |
agraad quite well with tha above suggestion on sige of

tha plot.

Hodnett (195;) in groundnut; weber and Horner
(1959); Joshi st al.(1972) and Kripashankar gt gle(1972)
in goyabeun; saxena gt al.(1972) in oat fodder; :reenath
(1973) in fodder sorghumj Prabhakaran and Thomas (1974)
in tapicea; Georgu 2t 2l.(1979) in cardamom; and Rambabu
gt 21.(1980) in grusses obtained more ofiicicncy with

lon;; and nar:ow plots thaw with square plots.



2. 4o Rolation of repligetion %o @ xgogingt,al arror

The number of times thit a complete sst of
varieties or straine 1s repeated in an experiment is
called tie number of replications. The number of replie
cations nueded i: a fiueld experiment depends ;rimariiy
on {(a) the degrse of soil heterogencity in the experi-
mental site and (b) tre gonetic variability of the plant
material under test. :ixperimental pre¢ision improves
with an inc¢reased numier of replications but after a
certain point, the improvement is not commensurate to
the additional input costs. However, for a given land
area greater axperimental precision is attuined by using
many replications of small-sised plots rdther than a
few replications of large plot. ouch studies havs bue a
made by Roumer (1925), Kalamkar (1932a), Justesen (1932)
and Livermore (1927) in potatoes; Somuerby (1923) in oats
and wheat; Immer and aalaxgh (1933) in sugarbeets; Beattie
and Boswsll (1936) in onions and carrots; Siao (1935),
Hutchinson and Panse (1935), Panse (1941) in cottonj
Joshi st al.(1972), Kripashankar et al.(1972), weber and
Horner (1959) in soyabean; Prabhakaran and Thomas (1974)
in tapioca; Frabhakuran @t gl.(1978) in banana; Saxena
ot al.(op._git$) in oat fodder; Srecnath (op. git) in
sorghum and Pahuja and Mehra (1981) in chickpea.

~ when land is limiting, but libour and trained
field assistants ure available, Currence and Krantaz(1936)



adviscd using small plots with more replications, but
Currence (1947) eautioned that small plots complicated
rucord taking and resulted in more competition batwaeaen

plants.

Replication is required in an experiment to
provide a measure of experimental error. More over,
one of the simplest weans of ineroasing preclsion is
increasing the number of ra:lications. Heyond u certain
number of replications, howaver, the improvement in
pracision is too suall to be of worth the additional cost,
when such a point is ruached and ths required preeision
i3 still not attained, otier means bosides inersasing

the number of replications must be used(Gomoz, 1972).

Gomaz (1972) suggested further that the magni-
tude of the experimental orror that is to be cbtained
in an experimsnt and the requirsement of thu dugres of
precision urc the main factors that determines tiae number

of raplications.

There is no rule about a desired roeplicat.on
numbsr but generally, there should be enough to provide
a minimum of 10 to 15 degra:s oi freedom for error. Lith
fower thun 10 to 15 degrovvs of frieiom, the value of tame
F raquired rises rapidly (Fisher and Yates, 1903).

2¢ 5e P&t“&“glgt thi&i;lg‘i

it wad customary to illustrate the plot=toeplot
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variability with the help of a fertility contour mip.
This is construetad by taking tha moving avurages of

the yields of tne unit plots and demareuting the regions
of same soil fortility by considering those arv.s which
have ylelds of same wmagnitude. This approaci of descri-
bing the vuriation in fortility has been adapted by a
lirge number of workers in india and abroad (singh et al.,
1975).

Unfortunately the pattern of fertility gradie-
ents establishod with a c¢ertain orop in one season may
not by characteristic oi thse sume ficld in succeeding

gyasons with the samy or dif:erant Cro.s.

smith (1938) pointed out that fertility contour
maps constructad from long and narrow nlots are mislea-
ding since they do not provide adequate roints to show
where tho contour lines should be connected. JConsequently,
thay suggust groatoer variability aeross than along the
plots. sertility contour mops were published for bajari
by kadam and Patel (1937}); for barle;, wheat and lentils
by Bose (1935); for carrots by Currsnes (1930); for
cotton by Crowther and Burtlett (1938), Hutchinson and
Panse (1935a) and MacDonald at al.(193:); for groundnuts
Hodnstt (1953); for oats by Johnson and Murphy (1943)

and for sugarcane by Iyer (1970).

All studies show that plot-to-p.ot variability
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roduces as plot size increases, but the reduction is

not proportionate to the increass in plot size.

Uniformity trials are used alse to caleulate
inter-an.ual corrolations of yields from the same plot:
From studies of many uniformity trials, Cochran (1937)
concludued that the crop yields from the scms plot in
Succu8sS.ive years wore positively correlated, but the

degree of correlation varied considerably.

Forester (1937) found that the inter-annual
corralation of plot yielids deereased s the number of
intsrven.ng yeur. iancreuswd. From & ten-ycar barley
uniformity test grown uader unirrigated conditions,
Buker 8t al.(1952) shiowed that the ;lots did not muine
tain the same rank throughout the experiments. The
interean.;ual correolation varied over a wiie range of
vilues and the yleld duta from one or a few years were
not an uccurate index of the natural soil variation of

an oxperimental sits.

2. 6. Plunt=to-plugt yariability

Another souree of variability in field sxperie
ments is the inherent variatioa among individual plants.
Inhersnt variability in oroduetive ability of indivie
dual plants is partieularly important in many horticule-
tural crop trials bucause a plot may contain only a

few plants or treu8. ln most agronomic cxpuriments,
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tiie number oif plants per plot is usually so lurge that
plant=to=plant variation is not of major importance.
wine: planteto-plant variation is d.c largely to dif-
ferences in the genetic constitution of the plants, some
erops are mora subject to this variation source than
others (lLellerg, 1977). Wwith erops which utilize single
genotype varisties, o gencetic contribution to plant-to=-
plant variation snould not exist. Theorctically, the
inhorent variability oi ;;lants propagated from sead
should be more pronouncad than that of plants propagated
vogstatively. ocomse factors of uvavironmenmt can also cause
plant-to-plant variability if{ they af.ect oniy onu or few

of the plants in u plot (LuClarg, 1977).

Considering the ubove facts Singh 2y ale.(1975)
had discussad the genaotical contribution also whils
analyéing the results relatimg to perennial crops like
arecanut, mango, coconut, blacgkpepper, orange, upple and

banana.

Peuree (1955) modified Smitin's equution as

T® Vy/X + Va iP

Where V4 is the v.riance between individual trecs and V,
is tiw variancs butweaen single trees, due to position
correspond to the genetic und environmental components.of

the totul variationa.nd\ y & \HL Variowce por wenct Qvea
betesee s plets of * bveey.
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2+ 7. Sige of plet

Because small difforsnces in yielding ability
among genotypes must be detectod in a crop~improvement
programme, the plot size we use must give accurats yield
estimates. Now, optimum plot size for a given crop
depends upon the oxtend of soil heterogansity, the cost
of the exporimental operations and degres of inter-
varietal heturogeneity (Smith, 1938).

2. do importance of 80il heterogsneity

There are t.o principal sources of vuriation
:n field expurimnts. (a) That due to tie heterogenaity
of the 8soil or position of zlots on the sxperimental
site, and (b) that due to tha inherent variability
within the crop species. (Rigney, 1948; Kempthorne, 1974;
and Garber and Hoovur, 1930),.

3incs tho medium for field experimentation is
primarily the soil, the degres ;f 80il uwuiformity in
tiie site obviocusly influences the preclision and accuracy
of rosuits. ANot only do soils vary from one part of the
world to another, but, in'any fileld or orchard, marked
variations occur within a single soil type. These
variations caus: aporaciable oxperimaental error in field
axperdments. In fact, the greatest source of error is
dus to the noh-uniformity 0f soil. It introduces a dsgre:

of uneurtainty into inferences made frow yield data of
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crops (Gomez, 1972; Forester, 1937; and Garbur et gl.,
1926) .

So0il heterogeneity rofers to the non-uniformity
of soil from port of the fiald to anothur (Gomez, 1972).
uven within a small area, soil can vury grsatly in texture,
drainage, moisture and availabla nutrients. This
variability is gencrally present evan in a field that

seems uniform.

S0il heteroguncity is a major coantributor to
orror in ficld uxperiments. It introduces a degree ol
uncurtainity into inferenges made from yield duta of

erops (Garoer gt al., 1920)

#hile little can b: dono to vliminate or reduce
soil heturogeneity itself, proper exporimental teghniquus
can considerably raduc: the offects of 80il neterogeneity
on uxperimental results.(Figher, 1951; Panse and
Sukhatme, 1954; Fed:rer, 1955; Coenran and Cox, 1957 and
Kempthorns, 1951).

Harris and seofield (1920, 1924) coneluded that
the fortility characteristies of field plots may persist
for many years. They showed a prepondarance of positive
cor:eélations batwaeh the yields of o series of plots in
consecutive years. Suech relationships clearly indicate
a relatively high permanenco of the differencss in thu

plots oi an experimental site.
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Bose (1935), using ﬁ?ris's 80il rartility
-adex upon yivlds from uniformity triuls oi burley,
lentils and whsat grown for thre: consgocutive years at
a site in FPusa, found that an sxperimentul sita whnich was
re¢asonably uniform for one cro- in ons saason was not
nocessarily uniform for another erop in anotiher 8.:ua n.
Ha coneluded tha. the analysis of variance was mors use-
ful than Harris's indéx bucuuse it provided 4 meas.ury
of soil ueturogensity and peraitted the identifieati.n

of furtil.ity gradients.

Hayes and Garber (1927) showed that correlae
tion butuecn yields of adjacunt 163 rfeet rows of oats,
8sring wheat, and winter wheat where hipgher than thosu
batweon the same 103 fact rows scparat.d by one or more

plots.

~mith (193.) propeosed a method for dateraining
o-timum plot size from uniformity trial data. His
empirical results obtuinei for a [inite fidd werc guue-
ralised to apply to an infinite iield. Using the yield
data from uniformity trials with 18 crops, conducted by
vario.s workers, he caleculated indic:s of soil hetiro-

goneity designatei by 'bt,

Generclly 'b' varies from zero to unitye A
value of 1.0 indicatvs a non=correlation Letwden adjacent
vasic units, wiersus a value nuar zero indicates a uigh
corrulat.on between adjacent basic units. ilso with

Suli-fertiliged crops tie value of 'b' is largely o
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function of thae efiect of soil heturogunseity, but with
cross~faortilized erops the plant-to-plant genetic

variation can gontribute to the value of 'b!,

2. 9. The gost function

The costs of fisld experimentation must also
be raoflacted in optimum plot size. where costa A1
included, cmith (1938) sugzusted that the optimum plot

gize for anguarded plots i3 eoumputed irom the foliowing

relationship.
(1) » 3 bKy/ (1=b) Ky
where

X = the number of basic units por plot,

Ky = ths cost associated with the numbor of plots

~and Kz ~ thue cost ussociated with unit. area.

The optimum size of the plot wihere border rows
ware also considured is given by Smith (1933) us

i

(2) i b(K,+ KyA)/(1=b) (K, + K B)

Where

Ky = the cost per plot,

K, - the cost per basic unit,

£, = the cost psr unlt area of plot lor handl-
ing the border rous,

A = the suard area at tic end of th: guarded

plog,
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B - is givea by (Wew)/w, wharc
W «» the width of the entire area (test area plus
guard area),

and w = the width of tho experimantal arua.

txamples of various cost involved in conducting
a uniformity trial are given for tobacco by (rews, Hones
und Mason (1963) and Pointer and Koech (1961); for -
soyabeans by Brim and Mason (1959); for tagioca by
Prabhakaran ani Thomas (1974) and for fodder sorghum by
Sreenath (1973).

Considering the equation 1, Federaer (1955) had

made the following obserw.ition.

"The vaius of 'b' in the range 0.3 to U.7 dous
not greatl; aliect the inerease in c¢ost or .iun variancs
waen plots of size vne fourth to four times tine optimum
plot 8ize aro used. Un the basis of thes: ruesults, plot
size of one~half to twice the optimum size can be taken
without uny loss o. ofilciencye. Howsever, for plot sizes
one fourth or .our times thd optimum size a loss in
ef.iciency of twenty per cent results becausc of the

incrcased varianca®,.

in yleii tuests, with soums crops, guard rows
and ends ol exparimental rows are discardud prior to
harvest. uwmith (1933) found that the average vuriances

ol guarded and uaguardaed rows plotied 38&1:1“ the test
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area guave similar curves. Also liodnett (1953) considerad
this relationship, "....if P guarded plots of & given

sizo axcluding guards oecupy the same total arsa as P!
unguarda.. slots of the same aise, theﬁ the variance within
blocks of P guarded plots will bo equal to thnot of the

P' unguarded plots®, He showed that tix: adverss ef.act

of guard urcvas is greater with small, than with largs
plots because t..0 experimentul arca is a smalier pro-

portion of the totul area.
2. 10, Misuse of umith's cost concept

Smith (log. eit) did not specifically dofine
the basis for calcuulting the cost factors, K, and KZ‘
lie computed Ky on a per plot basis and K3 on a square
foot basis, but Hobinson gk ale(1948) and Rigney (1943},
who applied the method to uniformity data, assumed the
total cost to be proportional to the totul area. The
concapt of the latter rosearchaes was followed in work
on optimum plot size with 8pring wheat by <lliot ¢t al.
(1952); in brome grass by Wasson and Kalton (1953);in
tobacco by pointer and Koech (op. eit); in lima beans
by Holle wund Pierce (1960); in alfulfasbromugruss
mixtures by Torris at al.(1963).

The differences in tne two conc:pts are

(@) According to smit. (log. cit):

Ky + Ky(x)g the cost per plot, whers
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K1 - the total cost ~er plot of those costs
uhiehYJOpand only on the number oi plots,

and Kz(x% THE Total cost per plot oi those costs

whieh depend only on the number of basic

units of area.

Thus K3 is the eost per unit & reu of thos:
costs proportional to urea.

(b) According to Robinson et al.(1948) and others:

K1+ K2 ® the cost per plot, where
‘K = That part of the total cost per plot which is
proportional to the number of plots and
K, = The totul cost per plot of those costs whieh ~
depend only on the nuamber of basic units per

arad.e

Murani (1963) pointed out that the cost ratios
calcualted by Robinson gt al.(1948), Elliot gt ol.(1952),
Pointer and Koch (1961) and Miller und Koch (1962) were
for Ky/K;(x) and not for K¢/K;« The ratio of Ki/Ka(x)
is dependent on ths size of the plot (x) and cannot be
used in sguation 1. Since the value of :tmith's 'b' is
independent of the sige of the basic units, only K, in

tne dquation 1 is expressed on a per unit vasis.

Marani (loc. git) proposed tnat voth K, 5.4

Ky in the above equations, be estimated on a per unit
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of area basis.

The correct definitions of Kq and K; were
used by Hodnett (1953) im an optimum plot size study
in groundnut; :allace and Chapman (1956) in oatforagy
by Rampton and Peterson (1962) in orchard grass; by
Weber and Horner (1957) and Brim and Mason (1959) in

soyabeans; by Sen (1963b) in tea; by Crews et al.(1963)
in tobacco; by Sardhana et 8l.(1967) in potato,
by <reenuth (1973) in fodder sorghum and by George ot al.

(1979) in turmeric.



Table 1. CV for differont plot 8ize® and ahapes

Number of units along N=J direction

Yield
1 2 3 X 6 8 12 2l
Humber of units 1 66.11 50.66 44.38 39,49 29.64 23,53 22,64 21.2C
direction
2 48.56 38.25 32.90 30,86 25,90 22.19 15.19 12.46
3 42493 23476 23463 22,75 22425 17.72 1577 "1.89
4 3175 29.06 22.20 25,09 21,93  17.22 1275 954
6 30,38 2022 2351 20,92 20,02 13.90 12,50 35493
8 32437 k78  22.48 20,60 20.14  14.03 10,98  7.33
12 21294 15.35 14.62 12432 13,68  7.36 6.37  5.57

12.82
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MATERIALS AND MaTHODS

FPlot sizes and shapes for field experiments
vary -ith cro:s soil types and treutments. The teclinique of
uniformity trial is gensrally adoptad to find the best size
and shape of plots for differiant crops. Thus a uniformity
trial was coaducted at tle main campus, Vellanikkara during
the third crbp season, 1930, The variety of brinjal planted
was oM = 0. Crop was planted in NortheSouth rows with a row
~to row spacing of 60 en und plant-to=plant distance of 45 om.
The trial consisted ol 68 rows each eom.rising of 64 plants.
fervesting of tne crop was done in small units of 4 plants
with two lines eacn iaving two plants, the size ol the unit
being 142 m X 0¢9 me Thus the units ure arrang:d in 34 rows
each consgisting of 32 units. The aumbar and weight of fruits
for =ach unit were recorded separately in each harvest. Ffor
the pur:ose of study, total weight of brinjal fruits of cach
unit were considered. Two rows on both sides and one unit
>n either sides cof each row were left as non-e:x .erimental area
before harvest, thereby lvaving 32 rows oi 30 unit. s8uac: Ior

statiatical examination.

3+ 1. Biometrical obsarvations

Biometrical observations woere made for the

foliowin# traits at the time of harvest, f{rom all the plants.

3. 1. 1. Yield
The total waight of brinjal fruits of sach unit
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was rocorded in kilograms. The ylelds ofveach basic unit
was recorded saparately, which formed the bakis of the itudy
of variation in plot sises and shapes and arrangement of
plots in blocks of differenmt eises. The data were analysed
statistically for a study of variation among plota of dif-
ferent siges and shapes, variation among blocks of difierent
sigzes and the estimation of ogtimﬁm plot size.
3o Ve 2. Number of fruits

lotal number of fruits from each unit was

counted and recorded.

3¢ 1e 3. Hedght of the plant

The height of the individual ::lant was measured
in contimoeters and addad on a per unit basis.

3¢ 1a he Number of primary branshes

The number of primary branches was counted and

the total number of primary bmnctis par unit was worked out.

3. 2. Size and shape of plots

From Uniformity trial yleld datu wwe cam - deters
mine optimums size and shape of pléts for field experiments
by t'we . methods. (i) Maximum ocurvature methods:
" and (411) Heterogeneity Indead method.

3. 2. 1, Maximum gurvature method

with the muximum curvature method, yisld data
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from basic units of a uniformity; trial aro combined into
zlots of diffcrunt siges which are compared for degraec of

variability. An index of wariability, either coelficient

of variation (= §§§5§§§§_Qggégglgg x 100) or standard error,
an

and plot (bloek) sizes .re plotted on the Y und £ uxes, res=-
pectively. A free hand curve .8 drawn through rasulting co=
ordinates and the optimum plot (block) size 48 read as the
point on thecurve wier: the rate of change for the variabie-
lity index .er incrumant of | lot (block) Size is she

grautaest.

Thus tie optimum plot or b;ock size is one
Jjust teyond the point of waximum eurvaturc. All of the carly
estimates of optimum plot size used this method. But the
arg.mant that tha plot or blogk in the region of maximum
curvaturs wili be optimum is fullaclous sincs this optimum
size entirely depsends on the scale of the co-ordinates against
winich the obsurvations have baan plotted. oJecondly tiis
mothod does not take into account the relative cost of wurious

plot or block sizes (3ingh gt gl., 1975).

3e 2. 2, Fortility contour map

Cnae of the methods to describe ti.e hatarogue
neity of land is to construgt the fertility coutour mape.
This is constructed by taking the moving averages of the
yields of %nit plots und demarcating the regions of the s.me
8scil fertility by considering those areas which have yialds
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of sams magnitude. This approach of dascribing ths variation
in ferti.ity has been adopted by large number of workoersin
india and abroad.

Some of ths workers who have made use cf this
method was, {or barley, w-.cat and lentils by Bose (19.5); for
carrots by Currence (1936); for bajara by Kadam and Fatel
{1957); for cotton by Huteh:nson and Pansa (1935a); for ground=-
nut3 by Hodneit (1953); for cvats by Johnson and Murphy (1943);
for potatoes by Kalaukar (1932a); and for sugarecuns by Iyer
and igarwal (1970).

Lvary ond has observad that this procedure does
not provide an; quantitative estimate of the soil fertility
variation. Also, if the soil is patchy it becomes difiicult
tc lay out the expariment and to find the plot or block of
suitable size and shups. apart from this, if the contour map
is constructed from the yields of rectangular plots orientad
in both thedirections ulong tne field, it has buen found that
the conto.r lines would run proedominently in the direction of
ths length of the ;lot whatever this diruction might be. Tha
appearence of greatsr variability across the -lots than along
them may misleud tho oxperimenters (singh gt ul., 1975 and
omith, 1938),

30 20 o DL cgnait ;ndgx WEMQ

vindth (1938) proposed a method, which will be

roforred to as thae Heterogeneity lndex method, for determining
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the optimum plot sizé from unifarmity trial data. His empi=-
rical rusults outained for a finite f{ield were generalised to
apply to an iniin.te field. By harveating a crop in very

smali units, no found thut the wariancs per unit area for plots
of arsa x units was givan approximataly by

(1) Vy = Vy/ xb

whera

X is ti® number of basic units in a plot,

V. is the varianes (caleulated on a per unit basis)
of the yisld per univ area among plovs of x
units in sise,

V; 1is tue variance among plots of qna unit in
size and '

b is the charaeteristic of the so0il and a
measurad of the correlation umongz coatiguous

units.

for exuuple, 1f b 871,
(2) Vx = V4 / x.
and tue unit. making uys vthe plot of units are not corrslated
ut alle 1, on the other hand, the x units are perfectly

correlatad, when 'b' is zero and
(3) Vx = Vi

80 that there is no gain dus to the use of largaer sizse of plot.
in general 'b' will be votweon zero and unity, so that larger

plots give more information with the same number of plots.
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Transforming equation 1 to logarithms, tho
exsression has linear regression relationshipe

(%) Log{Vy) = Log(Vqy ) = b logls)

The index of 8o0il hoterogeneity 'b', is the
re raession of tue logarithm of the plot variance (on a par
unit vasis) on tihe logurithm of the number of bacic units
per plote 4n squation 4, 'b' is couputed by vhne method os

leust sguarc..
3¢ 3o smith's equation in tuo wmodified form

smith (1.38) gave an empirical relation bet=-
ween variance and the size of tha plot. Ha defined the

. R . o
vuriancs iaw ac follws
(5) Y2 aa

whara

-

is the variuanes of yield per unit areda
bisod on plot: of .. units,

a 1is the varianes per plot of unit arcu and
b is ti:e characteristic of soil and o meusure

of corrzclition cmong contiguo.is units.

The valus of 'b', a8 mentioned, generally lies

batwaan U and 1,

.

¢rom equation 5, Y= a i*b,

(6) 1log(Y) = 1logla) = b leg{.)
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whicn 18 the rogression of log(Y) on log(4) and 'b' is the

regredsion coefficient.

The value of 'b' can be obt.ined by solving

the fodlowing normal aquationa.

-

(7) = log y4 =Zlog & = bxXlog x4
and \
(8) =1log xj log y{ = log «x log x - b=(log x4 )2

The value of 'b! given by these vquations is

(9) b=z X log x4 log yg - = log ¥y, =log xq
= (log x;)2= (= (log x4 ))}‘1

Since y;'s arv the .ndividual sumple vurianeces

on a per unit basis, Smith (1938) and Federsr (1955) pointed
out toat it has a variable number o: degrees of freedom and
consequently, have diiferent var zn¢.s. Thereiore, the fol-

lowing fomula gives u woighied 'b' (Jedurer, 1955)

{10) p o XY log yy log x4 == W log yis-y 108 x!}/i Ny
=7, (log x,)2 == w; (log x3)2/= ;

whara

~1 the dogress ol [readom associat:d with a given

varianea.

(The u@gms are proportional to tiw reciprocal of the vari-
anc:8. since variance of log yj; to « first upproximation is 2/4w)
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Je be Bolibive soilcicucy 9f plot sigaeo

The ultimate units were combined to form blocks of
different siicse. The eoafficiaqt of variction for dif.ere.t
block siza3 are m.de us. of for culeculating the relative

afiiciuncies of wvurious plet silzas,.

1f V4 and V, ure the var:ances of two plot sizes
(Agurwal gt al., 1968, ay and uy expressed on & per unit
basis and ry and r, ure tin numbsr oi replications possitle,
the relutive ufiiciency of plot size ay compared.ith ag is

given by
(11) V, rz/v;’a r.
But coafiiciint of variation is proportional to V/2.

Therufors Vy/V, cun ba replaced by (ay /az )
{evy/cvy) .

Aguin total area ol tne ticld is {ixed; thereiore
(12) =T,

Finally (Vy r;)/{(V2 r4) can be replaced by

(13) (a1/a2)? x  (cvy/evy)?

Whoras

¢vy = the coufficient of vuriation for plot s:ze

cv, - The coeflicient of variation for plot size dae
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3¢ 5. Block efiiciency

The advantag: of usiiz blocks in reducing axperigen=-
tal errorby removing a portion of variagbility duve vo thuam is

called 'block efficiency’.

Tnis can be measured by the ratio of error variance
that woul: have beaen obtained after eliminating differencae due
to block. Thwe advantage dus to blocks may be considerad
nogligible when tho ratio is in the neighbourhood of unity.
(Agarwal ot al., 1968; Zulkurni et al., 1936 and -ingh gt al.,
1975).

3¢ 6. Number of replications gnd area regquired

The number o: replicutions and ursea required for 5.
stundard error of the mean was worked out for dif.erqent 8izas

of plots and blocks by using the formula,
(14) r 2 (ov)2/p2

whare
ev = thd avurages cosfficient of variation and

P = tha 55 standurd error of tihe mwan,

The total ar:a required for ugxperimentation was
obtained by multiplying the plot size (m?) with the number
of replications at 5. SE of the mean for differcnt sizes of

the blocks and plots.
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3¢ 7. Sost funetion

supposae the ¢ost funetion iz of the followling
linear form

(15) Ge= X 84 + ¢

wharpra

¢, - is the cost of individual itom within the
exparimantal unit,

cp - i8 the overall cost of experiment al unit
whiech is independent of the sige and

¢ - 13 tha totul coat of the axperimental unit

t
of a3ize x

Then G, the total cost per unit of information is given by

Cochran (194J) as

"

('6) c (x -7 e cp)/(‘/Y)’ or
(17) C=alxeg -g-cp)/xb

The value of 'x' which minimise tis cost is given

by tne eguation

(18) £ . 0.

s0lving this cquation wa get
(19) x 2 blcp)/(1-b)ecs

which is the o;timum plot slsze.
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RESULTS

A uniformity trial on brinjal was conductasd
at tae main campus of tha Keral agricultural University,
Vellanikkara. arvasting of the ero; was dona in small
units of 4 plunts with two lines euen having two plants,
the 8ize of the .uait being 1.2 @ x Vo9 me roOr tiw pur.ose
of study, total weight orf brinjal fruits of sach .nit

was considaerad.

2t the time of harvest, biometrieczl obsarvations
were made [or the trait., yleld, frults por plant, hLelight
of t.e plant uand number of crimury brancies par plant
from 1l the plantse. The datu were then examined stitie
sticaliy ior a study of variations among plots of dif. =
arant s$izas and shapes, orientation among blocks oi
diiforent sizes and for the estimution of opt.uum plot

Size.

be 1. wfisct of plot shape on variability

from the data of yields (.ppendix I}, differont
tubles were worked out by pooling trmo adjacent 1,2,5,4,
0,8 amd 1< plots. The basic units wer: comuined both in
bast-west ond Northe-couth direction to form plots oi
difierunt sizes und shapes. Tho cosiricient of variation
for each o4 thesy tuvles wor: worked out as given in

Tablae 1.
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- §rom Table 1, it can bo seen timt an inerease
in toe plot size in either direction decreasas the coufe
ficient of vuriation. The CV decressed from 66411 to
3451,

Iﬁ tha same mannar the data on other biometri-
cal characters Viz,, numver of frults  er plant, primary
branches per plant and heigot of the plants wer.: also
poolad in botii the directions by combining adjacont 1,2,
3,,0,8, and 12 units. The respective tables are given

in appendiges ii, IIl and IV,

The coefricient of vaggation for sach of these
tables were worked out. The cor;esponding tublas rupre-
senting the plot sizes .nd CV ure given in Table 2, Tuble
J and Table 4 rospoctively for number of fruits per plant

priamsry branches -er plant and height of the plant.

in all cuses the CV daereasaed as the size of

taa plot was inerzas .d in zither direetions.

10 the case of tioe number of fruits per plant
the CV decrsased from 67.20 to 1,04, where as for number
of primary branches per plant the CV decreused from 53.42
to 6,67 and for the height of the plant the CV showed a
decrease from 62,66 to 9.90.

he 20 m sbapa

The CV was averaged out over different shapes



‘o blocks for u fixed size and shape of plots. 7ihe
shupe of tiie plot does not seem to have a consistent
af.act ca thv coerficiant of variation. Howevor ior a
givoen plot 8izu, long and narrow plots generuliy yielded
lower UV than approximately squars plots (iable 5).

#ith ths smalle:r plot 8sizes, the effcct of size is more
predominant so that larger plots are mor: efiicicnt than
saulle - onas irrespactive of thelr shape. 43 the size
oi the ;lot increasass, shape also is important, <o tnat
broud plots wre often lass af;icianb)tnan longai pluts
0i a smaller Bize. Jefining the cefiiciency of a plot by
1/x (CV), wnors . is tie number of ousic units constitute
ing ule bLigger plov und CV is the coel.iciont ol vuria-
tion, the «fiiciency docreased us the size of the plot

was inereased from 00,0265 te 00,0022 as given in Tuable 6,

be 3o ufieet of plot 8ize on variability

A ﬁg@@ hand curve has been drawn(Fige 1) in
wiiicii the ﬁloﬁ gize is plotted against the avsrage
cosfficiunt of variation. It can by 8een tnat tiw
cocfficient of variation deere¢ased rapidly, whea the size

4 and théreafter the

)

of the plot increasaed upto % m
decrease is rather slowe. Thus by tie method of maximum

curvaturuy the bust plot size is about 8.64 mz.

4e 4o Relptive e@f iciancy

Taking the ef.iciency of the smallest plot as



unity, the relative effieciencies of various plot sizes

are given in Tuble 7.

from ths Table 7, we observe that the relativy
efficiency ducrasased from 1.0 to 0,048 as the size of
tha plot was increassd from 2.16 m® to 25.92 m%e. Thus
as far as possiuiv we s.ould try to decreuss the sise of

the plot by proportionally inereasing tic nuwasber of

raplications.
’b. 5 Fairfield Smith's variongs law

The woll known fairfield umith's variance law,

Y = axP |
whars

¥ - the average CV irrespective of tiw snape

of plots und

x - tie plot sise,
was fitted Jor varying block sizes as given in Table &,
The coaefficient of heterogeneity 'b' wus found to vary
betwacn 0.126@ to 0,13006, for the yield datae A8 the
values of 'b' in various block sizes are nsarer to zero
(b<Ue2)y we can reasounubly assume t:rat there exists a
high positive correiation betweon the nelghbouring plotse
Hencu the position ol the plot is important in controlling
th® error variatioan. The sum °f squaresdue to fitted
aquation lies batween 93.19% to 99.40.s Hence the iits

wara 8svem 10 ba good in all the cases. Thse value of 'a’
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in the fitted equation lies between 19.2742 and 26,7059
for differaent block sizes und was 29,5078 without are

rangemant in olocks.

For the data on number of fruits per plant,
primary branches per plant and neight of the plant
sinilar equations werc fitted as giv:n in Tablass 8(a),
8(b) .nd 5(¢) respectively. In all cases 'b* was found.
to range botwuen Q.1 and U.2, thereby eonfiruing the

corrclation uLetween neighbouring plot..

4e O. Number of replicaitions

The minimum numbar of replications per treate
ment for standard error of 5 per cont and minimum area
raequire: per troatmaent are givsen in Tabls 9. From this
tabl. it co.u:d be seen that the minimum numbsr of repli-
cations and the .ainimum area required for 5 por cent i
of tho mean is the 12-plotvp106ks followe.i by I=plot
blocks and oO=plot biockse Thus tne iormation oi large
blocks in tie cass of vegaetabi® erops was found to e

advantagoous .8 comparyd to ObLLer Crops.

4e 7. Sige und shave of block and block 9.ficisncy

As in experimental design, tie plots are
gensrally .rranged wit hin blockse. Therefore, for g.iicie
ent planning iha inforaation on tne efficianey 0i diiiee
rent block sices 1s also of great importancae. {Or wor<e
ing out tie relative effAQciancy;of various block sizes,

the ratic of the error varianee oi a particular block
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arrangoment was worked out. This ratieo was expresssd
as paercentags and was taeken as the efficiency of that

block arrangement.

The block effieieney in percantags for block
sizas 2,4,6,8 and 12 were worked out as ia Table 10.
For the yileld data in the case of 2«plot vlocks v.@ most
afficient plot 8ize is 12 followed by plot size 8. in
the casc of h=plot blocks, the most eificiunt plol size
is 8 closely followed by & ani in the euass of G=plot
blocks the most efficient plot siza is 8 closely followed
by 12. In the casse of Beplot blocks the most afficient
plot sizu is 4 closely followed by 12 ani in the ca® of
12-plot blocks the most afficient block size is 12
closaly fol-owed by 6 and é. in gencral we could conclude
thet for all ty,es of blocks, plots of size 8 and 12 are

found to uvs most efrficlent.

similurly from Table 11, we have tie block
3.l .clancias {or data on number of Iruits ﬁér plant in
different blocks of sizus 2, &, 6, & ani 12, in the
cass of 2, &, © und 8 plot blocks tic most er iecient plot
size is 3. The plot sise that closely foilowa‘*th;s
plot size vuries {rom blocks to blocks. iIn tns case ol
2=plot blocks, a plot 8iusc ?2 ¢losely iollows piot 8ise
8 whuerea. in 4eplot vlocks it is plot size¢ 4 aad plot
size 6 in tihe cas: oi 6=-plot blocks and plot size 12 in
the case of 8=plot blocks. But in the case of 12=plot
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blocks o plot size 4 was most eificiant closely followed

by a plot sizs 12,

The efiieciancy of different block arrangeament
for tis duta on tis number of primury brangn¢s per plant
is given in Tubls 12, 1In the casq of 2eplot blocks a
piot siza 4 was found to be most afiicient closely follow-
aed by plot sizes 2 and 6. But ior 4-plot biocks a plot
8izc 8 was most afficient closely feollowad by plot sizeke.
In the case .i O=plot, 8-plot and 1zZeplot blocks tie clot

size 8 was most officient clbaoly’foléﬁad by plot size G.

The dutu on neight of the plant for .aving the
¢ificienciuvs of difler9nt block arrangemant 1s given in
Table 13 .or 2, 4, 6, 8 and 12-plot blocks the plots
size 3 was found to ve wost efficient closaly ifollowed

b; tse plot size 12,

Le 3o COSt funetion

Taking the cost funetion for ficld exparimunt
a8

C S o1+ G2 x

ahare
Cy 1is the cost proportional to the nusber of
replications and
C2 is the co:t proportional to the arca
rejuired with the basic plot of x m<
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and ussuming that the wuriance is governed by wmithi's law,
it can be shown that for a {ixed cost, the optimum plot

8ize ‘Kopt) is given by the equation,
iopt = b C4 J{1=b) C;

A% it is difficult to gt actual values for

vg and Cy , the optumum plot 8ize was cow ule . by assu-
ming arvitrary vaiues for the ratio €y : ¢ uand taking
an average vulae of 'b' to be equal to V1333, Ths
optimum plot sizs caleculated ugainst diflferent values of
¢, and g, sre given in Table 14, Furthor assuming that
Gy will nov exce:d 50'02 the optimuwn plot size Is about
8464 m%, This is in quite agreemaent with the result
obtained by the method of muximum curviturs dicussed

Jardiere.

ke 9o Fortility contour map

From tiu yiold data obtuined in tie uniformily
trials a contour pap showing the fertility gruiient havy
ba:n propared by pooling the plot yield whicn ars homo=-
ganeous in natura. This fertility contour m.p of the

lot s depictad in Figure 2.

from the figure it is scaan that the soil
tertility of tuis [ 1ot do not show any uniiorm traad.

moreovar it is shosing 4 very irregular puttern. duence



wlplym

w2 can conclude that this sopil 15 not homogencous in
nature. 5 this ploi 48 only a random samzlo of the
entire Vellanikkara campus of Kerala agricultural

Univaersity, this trend may boe genoralised to the arca

0i the entir: campus.
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REVIEW OF LITSRATURG

In agricilture a researc:. worker is required to
conduct a good numbar of field experimentas. Now varieties,
nawer cultivation practices or methods of suzed truatment
gt¢ havs to be assessad in the field bafore recommandation.
Thuse objects of comparison in different trials may be
tormed as treatments. rxporimental plot rofers to tnu
unit on whici random assignment of treatment is m.de.
ifficient planning of iiuld trials depends on adoption
of s.itable size and shape of olota. It derends on the
variability preseat on the experimsntal material and with
the orops. The idea of magnitude of variability can be
obtained from the data on uniformity trials conduetued on
the crop (redaerer, 1955; Fisher, 1951; Panse and Sukhatme,
1954 ).

For tie valid inference and aecuracy in probability,
randomisation and replication are haoeasary, but a loecal
control is equally important for inercasing the precision
of ficld sxperiments. The local control mainly duals with
the size and chaps of individual plots, the division of
bloecks and their position in the experimental fields which
chiofly derend oa the distribution of fartility gradients
in tie¢ c¢xperimental area and the number and nature of crop
under test.

To investigute these problems, uniformity trials
were undertaken by Jifferent workers on all important cro :s.

A raview of tie works that had bezn done so far in wvarious



Table 2. CV for different plot sizes and shapaes

Rumb.r of units along N~5 direction

- G W G T S Wy -

Fruits per 1 2 3 IN 6 8 12 2l
Nunber of units 1 67026 ‘}3022 v“2c27 35093 }3051 27087 22090 17020
along bws

direction

N

48,11 3475 30049 26418 2430 21.73 17.8h% 12489
3 hUJ06 29023 289k 21,45 20466 17.51 14,75 11,96
b 33498 25488 23462 20.56 19441 17.09 1374 7.97
6 29.56 22412 18493  15.bis 15403 1009 7.27 4.05
8 25.82 2073 19. 5 15.33 16,00 11,67 .09 2.3k

12 20,27 15.21 .36  11.95  9.92 6.59 1.89  1.87

24 17436 13482 17.84 15446 11,30 6,02 1.0 =

-n - g G S D S we



Tible 5« CVfor different plot s.zes and shapes

- - - DD W W G WD e VN WA WD S Y - - e Sban @b RGN NS W "

Humber ot unlta along Neo diruction

branche S/ 1 2 3 L 6 8 Ry 24
.nlmhv - A o S G Ay A s o D AN D WD WD S

Number of 1 53.42 36.69 3074 2978 24,08 2441 19.69 16,1,
units along , ,

E=v diraction ' ' )

2 3het7  25.82 22,56 2154  164°5 15446 157 13447

3 29413 22471 21,67 18.62 15,99 17.96 15027 12,33
b  25.12 19.9u 1752 17e57 1429 15,37 13671 120U
6 2135 16.73 15435 hed5 V.elh 1398 1,455 1145

8 18.19 13.92 12.73 1224 1007 10.78 10.21 793

12 14,01 1217 10,43 10.%2 9.61 144,03 10401 715
2 1017 3406 77k 751 6.6 6,38 6,07 -

it



Table 4. CV for diriferent plot sizes and shapes

Bumber of units along Nes directiun

1 2 3 & 6 3 12 24
Kumber of 1 62,66 50.11 L2.58 40.13 35.83 29;28 25.92 1G9.15
units along
S i . : . . o o
dl;uction 2  L.el2 Aye ,6 351 27.22 35057 21,04 17.63 12,44

3 S.M )1 ois8 27.22 23,03 22,81 18,09 15.81 10,75
b 3035 25482 23437 20417 25.13  15.17 13452 8468
6 24,73 20.56  13.74 16426  15.95 12.27 12.00  da3b
8 22006  19.52  13.05 15,62 16413  11.81 10.99 6.7
12 15065 1:07. 12439 1265 10,58  7.01 8416 5.56




Table 5.

goufficient of variation for plots and blocks of different

si ze8 and shapes

DU A > B OB D WP

Plot

Block
Block size shape cv
size shape L' : B!
LB o o

2 2 2: 1 1: 2 38425
2 2 231 31,75
2 1:2 112 39.49
2 1:2 2 : 1 38.25
690
2 EER R 1:2 33476
3 3:1 2t 1 304,58
3 1:3 1:2 Jlel2
3 1: 4 < ¢ 1 32490
b 1 : 4 1:2 29 40l
& 1 34 211 30480
L bt 1 1: 2 29..6
4 [ | 2: 1 32437
4 2 : 2 T : < e O
4 2132 2 : 1 29,06
o 1316 112 25458
o 1:6 2 :1 2590
6 6: 1 132 20,22
5 611 2: 1 21,94
o 512 112 22475

contdenece



Table 5(oontdeecses)

Flot bloek
Blok ise Sisge Shape ) :?:g? oV
LB '

2 o s12 211 . 20422

6 2315 132 25.99
o 213 2:1 2Re k0
8 1:8 231 22,19
3 531 112 2478
g INY 2:1 2pe78
8 hi2 1:2 2L ,09
8 24 1:2 4219
8 234 21 2l 009
12 1:12 112 152
12 1112 211 1519
12 1211 112 | 15034
12 12:1 211 20,30
12 012 112 20492
12 612 211 15455
12 216 112 15015
12 210 21 21,93
12 his 112 2169,
12 33k 211 2UeY2
24y 112, an 12440
2 21 112 14e55
24 2112 a1 12.75
2 2112 12 12446
2

1212 1Y 12,32



Tablas 5 (OOthooo-o)

bl

Plot Bloek ~ Plot Block
Block ) Blogk- -
- Sige Shape shape CV 5 v shape CV
8ize LB LY1B! 8i ze L:B  L':B
2 2h 3:8 2:1 13,90 4
4 6 1:6 1:4 19,20
2h 833 132 20,14 “ ,
i () ‘36 2:2 '5019
2 436 1:2 12475
6 136 L1 21093
_2‘0 63‘. 2:1 2.e60 '
6 6:1 134 20,92
& 2 231 Ll 32457 ’
6 631 2:2 150}5
2 231 232 29.00 '
6 6:1 431 20,30
2 21 1:14. 30.:6 ‘
V 6 332 LET 17072
2 132 134 29.04 ) - '
| 6 312 2:2 20,52
2 1:2 212 30.8()
6 3:2 bh:1 15,35
2 1:2 Lil 29,06
6 213 1:4h 15416
3 Ji1 1314 22475
; O 2:3 212 216G,
3 3:1 2:2 20422 .
o 2:3 il 224
J 3:1 L1 2194
8 2k 212 17422
3 1:3 11 23458
8 234 Lh:t 20,00
J 1313 2:2 25.90
8 1:8 “3‘ 17.22
3 1:3 L1l 22426
8 4:2 134 17422
b 2:2 1ih 22419
8 b2 212 20,060
4 232 212 24,09
. 8 8:1 1:4 20060
b 232 L1l 24473
12 2:6 114 12640
i 134 Lt  24.09
12 2:6 41 20434
& 134 2:2 2219
12 216 2:2 1275
b 4t 114 24409
12 413 1:4 1275
N st 212 24.78
12 b 212 20414

———. B



Table 5. (contdesss)

"5 2w

Bloek
Bi&ﬂ

b

- P;g§ Block Blook Plot Block
2@ ohapy zhape CV  size T shape CV
LsB LY:B! size Shape L':B'
12 632 134 13.90 6 3 331 2:3 23451
12 612 4:1 14455 L Vb 312 17.72
12 12:1 1:4 12,32 IR 1:4 o:1 20,92
12 12:1 2312 1455 L 212 2313 21,93
12 1:12 b3t 12,75 4 232 312 20.92
12 1:12 2:2 12,46 b 421 $3 22,48
2, 634 212 7.36 b k31 312 15,35
24 614 L3t 11,56 b b2 1:6 21,93
24 416 212 10,98 6 213 312 20,02
24 L:0 1:h G5k 6 6:1 1:6 ° 20,02
2 833 1314 10,93 8 L2 283 2l lly
24 3:8 421 7.0 12 236 312 12,50
24 1:2h L1 954 12 2316 011 1se00
2h  2L31 Y3l 11,56 12 1231 1:6 1._.08
2 23112 212 9.54 2 614 2:3 0437
2y 2312 431 10,52 2L, 3:3 312 12.82
2 12312 1:h 7.36 2, 12:2 1:6 6.37
2  12:2 2:2 11.56 2 12312 2:3  12.82
2 2:1 136 25,90 8 2 21 13 22419
2 211 213 <2LeR0 2 2:1 2y 2409
2 2t11 312 20422 3 311 1:8 17.72
2 <11 011 21,94 5‘ 3:1 234 20,92
3 311 136 22425 3 3 hi2 15455

contdeeee
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Table 5. (Gﬂntdo oo)

“hiock_ Plot  sloex  Block__ Plot  Block
sige wvize .hape siupe CV  size 8ize ohape shaps CV

LsB Ltsi! : L:B LY:BY L

3 4 114 Lhid 17.22 12 2 1:2 1:12 19,20

IN 1:4 331 20,60 2  1:2 2:6 21,93

L 2:2 2t 17,22 2 1:2 6:2 15435

b 232 412 20.00 2 1:2 33k 17.72

4 L 1:8 17,22 2  1:2 Wil 2149

& i3 21k 20400 3 113 128 14462

6 2:3 12 Quellk 3 1:3 6:2 2ueV2

6  3:2 sk 1390 3 13 3:k 13,77

6 o3l 1:8 15,90 5 3 1:12  13.77

8 1:. 8:1 16,03 i 3 2:6 20402

12 2:6 L2 10,9 3 311 L33 14462

12 433 2:4 10,98 L 114 1231 1232

12 612 PETN 7.36 1l 2:6 12,..0

12 12:1 1:8 7.30 1:4 0:2 13.5u

2y oslh Li2 Le70
12:2 234 o7V
2:1 12:1 2.eVU3
2:1 1:12 15,19
21,93
231 6:2 15..5
2:1 St 2992

12

232 12:1 14655
212 1:12 12.46
2:2 2:0 1275
231 3 28 o443
1:2 12:1 15455

2:2 6:2 12.32

N

—b

N

o

L R o R R

-
.
N
o
N
S
L J
-
¥

2:2 L3l Quelly

- WD T SR AP A D U A A A A WS A > GD WU AP TSN S S T T e

Contdeees



Table 5. (contdees) -

A WP OB e

“Sle

- - e

Block

Ei::k Eéggbpo éﬁggg CV size sizﬁ pe ?iigﬁ cv
sige L:B L':B! LiB L':B! -
12 o 106 1231 13.08 12 12 1312 12 0437
6 1316 632 12,50 12 1231 1312 6457
6 116 3t 11439 12 632 1512 8,93
6 631 13112 12,50 12 032 2:6 6..7
6 631 216 13,68 12 2316 12:1 12,32
6 6:1 L13 13,68 12 236 6:2 6.37
) 312 1312 11,89 12 34 2:6 8.93
O 312 k3 13.68 12 433 612 12,82
6 £8) 1231 14,29 2 1324 1231 5657
6 2313 31 12,50 2y 2431 13112 3.51
8 1:8 1231 7436 2, 2312 0:2 5457
8 331 1:12 10,98 2, 2112 12:1 Je51
8 L2 2:6 10,98 2 12:2 1:12 5.57
8 412 612 11,56 2 1232 216 3.51
8 Li2 1:12 9454 2, 3:8 423 557
8 422 3t 7,36 2, 813 EHN 351
Whero
L = the number of units in a row
'B = the number of units in a eoluamn
L'« tho number of plots in u row
and B'« the number

of plots in a column.



e85«

Table 6. The efficienc; of a plot (= 1/x {(cv)).

- e A TP IR A G TS D ARG TR A ) OB TP D w G U AP B an W Wy wp G W SR

Plot cv 1/x (cv) eV 1/x (ev) CV 1/x {(ev)
adze Without blocking 2-plot blocks &4=p.ot blocks

S Wuy NER - D WS T S W U dRew WD A5 ShAD

2 50,60  0.,0099 36,94 0,0135 30,31 0,0165
3 blbe38 040075 32454 040102 23478 0,0140
b 39049 0,006 3031 0.0082  23.7% 0.0105
o 33012 0,0U5U 24,50 040067 18.37 0.00:8
8  29.6k 0s0ub2  24e89 0,050  18.91 0.0006
12 2458 Je 0035 13437 00,0045 1420 (,0058

2 19.20 V60022 14,65 00,0028 9.86 00,0042

Plot 55 1/x (ev) v 1/x (ev) oV -1/x (cv)
8ize O-plot blocks 8=plot blocks 12=plot blocks
2 2448 0,020 R3elh 00216 1.4 7 0.02065

J 22,88 0.0146 18,00 0,01385 16,14 00,0207

b 20,18 0,0124 16,91 001,22 14,09 040177

6 20,02 040083 15,93 0,0104 1,09 00127

3 20,14 00,0003 12.89 0.0097 9.63 0,010

12 13.29 Ve 917 0.,0091 1e02 GeOU97

2 9.59 0,004 3 470 0,U089 Ledh Q40092

1




__Fffect of plot slze en variability oyppe 1
48— - A
- p6‘77 x Op 1?()‘1
. /“ .
26,08 x"0- 1314
25,67 x70+ 1316
40— " .
= 94,33 301730
/23,02 x-0,14%9
35—
’50_—4
25—
90l
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Table 7. Plot size, CV, and Relative offici:ncy

o Wiithout 2-plot 4=plot 6-plot  8-plot 12-plot
lei' 31“""‘-‘ bloeking blocks blocks bl cks blocks blogks
@) ¢V & oV R, oY RE oV 1 oV & OV .

2.10 50406 1,000 36694 1,000 30631 14000 24,008 1,000 23414 1,000 18687 1ewiu

3ol 44638 Ue579 32054 UeB831 23673 U785 22438 Ue950 13400 Ue773 16614 Le0Y7

be32 3949 Vbl 30.31 U321 2,.74 0.783 20413 U838 13,91 0817 1409 U9

6.48 33612 0,260 24;;80 Ue071 18487 04025 20402 0831 15453 0651 1309 Ue566

8o Ol 2900k Ue13. 24689 UeUTh 1 .01 LoD 20614 0836 12,59 0.593 903 Uit 16
12,90 23653 06123 13437 UelY7 14020 Uly70 13429 .e552 9e17 V396 8462 Ces73

2592 1920 UeUL8 14465 0o 97 9486 04325 9.09 0o 98 4470 0a203 Lol Ue190

95~
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Table 8. R.lation betwsen CV (y) and plot size (x)
Tield d.tu. .

- - - - « u Sy

Bloecks Smith's equation «« amount of
{ =g x=b variation explained

gighm?fm 2945678 x'u"%d Y9 &40

2 26,7659 x~0+ 120k 97.02

i 26,0787 x~O+ 1314 96457

0 25eu705 x"Ue1330 93.19

8 23334 001730 93439

12 23,9228 5001439

24 19,2752 x O+ 1463 93.9




Table 3(a) Smith's equation

Table 8(b) Smith's equation
fittad to data on Primury branches/|

Table &(c) imith's
bt e equation for ht/pte

sm,bh's e ion
e Vangg

smith's aquation

I = ax

fitted to d ta on fraits/pt.
;Blocks wmith's eqaurioa
I = g«
- T
mgho# 26..2 x =0.2204
blocking
2 24495 5—6.1361
b e85 x =0e107%
o 2485 x =0a10h¢
3 2Aye93 x =Ve21
12 28.13 x =0.162%
24 23ebls 1 =0e1607

26,6729 x =Ue1725

2640106 x=0e2247
25.63.6 x =0e1895
- 2k43037 x =0.1650
25.9415 x 02026
2305954 x =Ue252¢

2pe8369 x =0e2243

28,64 x =Oe2475

24,68 a=ed 0k

25.34 x 042436

421"" X .0.1952

2517 x =V 2200

16,28 x =0.1113

-

- e s v W, -

-g¢-



Tavle 9. Minimum number of replications and minimum area required at 5. Si of the mean

T D Wiy W Gl Ty S W A W GBI S -

Flot size

Without 2=-plot -h-plot g—plot 8-plot 12-plot

blocking blocks blocks blocks blocks blocks

& a r a r Y r a r a r a r a
2 2610 103 222,48 55 118,80 37 79.92 23 49.68 21 45,36 b  ue<hy
362 79 255.96 42 130,08 23 The52 21 634Uk 13  4le12 10 2440
b Le32 62 2067.34 37 13%.84 23 99.36 16 6512 14 06UL3 8 3450
6e48 UMb 285.12 25 162,00 14 90.72 16 103,68 10 6he80 7 45..6
8 8.64 35 302440 22 190,08 14, 120,96 16 138424, 8 69.12 513l
12 12496 22 235612 14, 1814 3 103.68 7 90.72 4 51.44 s8ed8
A 25092 15 388480 9 23562 & 1034035 5 129.60 &4 10 .¢68 4 103,08

-

4 = nuabar of units

4 = .r3a in 8. e e

r - numoer of replicuations

66



Table 1U. Plot sizu and block aeffiefency(.) for yield data

asasen

8=plot
blocks

12-plot
blocks

s W W T G G W W W O gy AP D W

pxo% giza 2=plot h=plot 6-plo§
m<) blocks blogks blocks
1.08 56485 76.37 Tl o446
2.10 8:492 79431 68.99
o 52 90.02  81.10  75.35
Oe8 89.58 79.30 75.69
3 o Oly 90,96 81e22 78466
12,96 90,63 79.28 7760

64425
70. 9
7556
75k
77«64
76.51

53480
61,06
60,08
OYely5
0937
750
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Table 11. Plot 8ize an’i block efricieney(;:) for data oun
fruits per plant,

- W Sy - - - - s e D 08 B

Plot size 2=plot L=plot 6=plot 3=plot 12=plot
(m2) blocks  blocks  blocks  blocks blocka
P ST % B 7«19 72.18 03.14 52443
2,16 58491 30,06 72.08 71.11 oV 9%
hei2 90659 8497 75422 Tiele 73623
Gels3 Get12 ‘975 78460 73495 5948
3464 92.67 Ao o83 82,06 81,06 0740

12496 91 o0 82,29 0659 76,79 69431
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Table 12, Flot size and block of.iciency() for duta on

primary branches.

-ay L T 4 D AP > = o

W PRUD O WD W e SO DAY A OB By e W

Plo? 3ize , ?-p19t 4=plot 6=plot iﬁ-;si?t i2=plot
a*) biocks blocks blocks  blocks blocks
1,048 36457 306 b 78,68 72491 60,92
2. 10 93422 87.17 79.64 72,03 69.57
he 2 93484 8943 80.49 75470 73.01
Oeks8 91.92 3lye Q0 81. 8 80,79 Th 60
3464 39492 39477 32.#1 8L 427 70447
124,96 86,50 824,77 79.60 o35 /5005

D AP Sy AD s W A Ty T G T A GG B D QRGN WRIIR TR TR G GO G WY TR W UD = G AP Y WS A - At e A WP B S b
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Table 13+ Plot size and block efficlency(.) for duta on
heigit of the plant.

Plot giae 2=plot beplot 6=plot &-plot 12-plot
() blocks  blocks  bloeks blocks  blocks

GO A D TRAP TP ANER W D ED G GNP B an TPED S5IN-US Ob G TOED AR U AP G gl S S5 THAD T gy qp s W AE A0 55 45 G A6 b an BB AN D W an o gp W SN

1,08 8549 7528 73632 63470 53e1h
2,16 83492 79.69 70.54 71400 o140u
bes2 GUG 31 82.54 75454 Tl oSk 69 466
Gel8 Gesd 7953 77.15 Thelu 6b o1k7
8464 91.82 83403 8046 79455 72472
12,96 91e13 82479 78410 76405 . 7245
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&nen coust of oxperimentat.on is also considerced.

Table 14. Optimum piot size
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IBasic units

Arc. (mé)

YD D 0 o W T e @ T G S D AE TR W S AB ap WD e A e > S A

WP TS Sy S P S G R e

I 1 04065 0.70
IN 2 Q.32 Oe.5
I 3 0422 Ou2s
b I Uel16 0.17
3 1 1.29 1439
3 3 Uoly Uels
12 1 1.93 2403
12 z 0497 1,05
12 b 0.48 0.52
2l 1 3e87 Le18
2 1 5.16 5.57
32 2 2,58 2,79
52 . 1.72 1430
44 1 7.7 o0
50 b 2,02 2413
50 > 2.69 2¢91
50 2 403 L35
50 1 8,00 8470
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DISCUSSION



D1SCUS.IUN

5¢ 1. nfiegt of plot size on variobiiity

The variability of each plot size and shape

was Jaetaermined by means of coefficiemt of variatione

An inerease in the sige of plots in either
direction dacrease tie coefficiant of variation (Tuble 1),
Generally the goaf.icient of variation for ractangular
piots was sligiatly less than that for square or nearly
s,uare plots. The reduction ia CV was nov proportional
to tho number of basic units combined.

The above result is in agrscment with the
observations made by imith (1907«09). MeClelland (1926b),
and Bryan (1931, 1933) in corn, Justesen (1932) and
Kalamkar (1932a) in potatoes, Kulkarni and Boso (1936)
in sorghum, Vagnolkar st ale(1940) in sugarcans, Ho8e
(1935) in wheut, Sardhana @t al.(1967) in potatoes,
Prabhakaran and Thomas (1974) in taploca, Guorge et ai.
(1979)in cardamon, Joshi 3% al. (1972) and Kripasbankar
8t 21.(1972) in soyatean, Kaushik ot 21.(1977) in
mustard, Saxena @t 4l1.(1972) in oat fodder, Sreenath
(1973) in fodder sorghum, Jayaraman (1979) in sunflower
and George et gl1.(1979) in turmeric. Also similar
was tie observutions by Abraham (1969) in blackpapper,
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Abraham and Vachhani (1964) in rice, Agurwal ot al.(1968)
in arecanut, bhargava aad card.ana (1975) in aprle,
Menon and Tya i (1971) in orang: and Ram babu @t al,
(1980) 1in gzrasses.

But t:he repofts of Batehelor and Rued (19138)
in oranges, Lyon (1911) and Kiassalback (192;) in wheat
und Smith (195<) in vseans,who concluded thut long and
nurerow lot. Weré no longer su:erior to 8quure ones,
is contrudictary to the above result. oome ottior Wworkurs
reported taa. square .lot8 ware .ore eiicciive in rodu-
cing vuriability than ionz and narrow plots wien the
longth ol tie plot was oriented in the diraction of soil
fartility (Day, 1920 and Iyer, 1942 in wheuat and .iao,

1935 in cotton)

5¢ 2. afisgt gof plot shape on variability

To examine tne chope of plots the CV for diie
iferent plot 8i:es und shapes ware outua.nad ({lablc 5).
it will <g¢ seen {rom the table that thue CV was smaller
in generul for lots elongatad in the di-ection of ihe

IOWe

The shaps ol plot had no consistent effuct on

CVe But long and narrow plots .long 9.si-westl 8:.'Oowad
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lowsr uVe Tiids might be due to field slope in @sst=
wost direction. oJimilar was the obscrvation wmude by

spreaenath (1973) in foddsr sorghum.

As the efficicncy of a plot of a given size is
1/« (ev) whers x is tie number of basic units constitue
tinz the v:gger plot (Kalamkar, 1932), the :ficiency
decreasyd as tue size of the plot was incr:zusad (Table 6.
fuls decrcass in the efiiciency of tiae bigg.r plot implles
tha. hi_her vuriability can be counter balanced by using
suailer plota. <han tie plot slze is increased, uoil
difivrenczs are av.raged oui, but this introduces more
error dus to larger variatioa within blocks. ;1milar
reports werd ulso mad: by Prabhakaran and thomas (1974)
in tapioca, -racnath (1973) im fodd2r sorghum und

Ka.amker (1932) in potatoas.

5¢ 3o Optimum plot size through maximum curvature method

sor determining the optimum ;iot sizo by the
mathod of maximim curvaturs the yield of udjucent units
ars cowmbined to form plois of different size. und snapas.
A irac hand curvs has bean drawn in which ths piot sizs
is plottud againat the avoru -2 CV(.)e The optimum plot
size i, one just .o ;>nd tiw point of maximum curvatura.
rrom figuire 1, it «will be seen that the <V is ducreascd

as tue size of tne plot wus inerscased upto ¢ m?, theru-
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after tic decrease is rather slow. Jajyaraman (1979)
also tried this metnod for obtaining tie optimum size of

plot in sunflower und arrived at a fairly good result.

5¢ be Relative gtiiciengy

Takingz tne afficiency of the smallest piot as
anity, the r:lative aof.ielencies of various "lot sizes

are givsen in 1able 7,

The e.licieney was the highest for the smallest
plot; 8o tus objuctive should be to decrsass the plot
size as far as pos-.itle, aubjeet to practical consider.e
tions and to inercase the number of repiications pro;ore
tionallye. As plot shape was found to be onl  of minor
izportance in af.ecting variabilit; for tic rangss of
plot sizes under consideration, the aerror will not be
serious if an av:rage CV is used for (i) a givun plot
sizs Jor all shupus of plots an. (1i) for tho purpose
ol detormining the number of rlants required for a given
lovael of uccuraey of the treatment mean, with’ a given

number of treatments per block.

The above result is in agreement with the
obsarvations made by Agurwal @t al.(1964) in arecanut
and Kaushik @t ale(1977) in mustard.

5. 5. smith's law |
The avurage CV shows a certain relationship
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with thoe size of :lot, the number of plot:s per block
baing tiig Same. omith's low (1938), Y 3 a AP

where Y ic tue averags OV for fiied plot size of . units,
fitvud to the observad valuss of CV for dif.eront block

3izas saparataly.

Jor tue yleld data the valus of '®', Smith's
coaefiicient of haturogeneity, vuried from 0.1264 to
Ue 1730 for diiferent cvlock sizas and wus 0.1800 without
arranzement in blocks. Thus thare apeurs to be u
nign positife corrsiation batween the neiginbour.ng plots,
.imilapr result:s wercs also obtuinad by Sinzh ot ale(19753)
and sreenath (1978) in bhindi and foddor sorshum rasvue-
ctivslye The corrolation betwaosn the noei-hbouring plot.s
was further confirmed by the data on othar biometriexl
characturs, .5 thoe ranges of '™' wvalues {or duta on {ruit:
por plant 15 Q.11 to Ue24; for number of rimary brancheu
per plant is 0,165 to U.253 und for height o. the plant
18 Ue11 to U249 respsctively (Tublaes 8, 3(a), 4ib) and

J(Ciie

5 6+ Block efficicncy

To study the variability in blocks, plots of
di forem sizes and shupes were grounsad togethar in
blocks of 2, 4, 6, 3 and 12 plots. The arrangoment of

plots within blocks wer< au given in Table 10,
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The coefficient of variation per plot wus
worksd out for wvach of these arrangements for comparing
tha relative eificiency of blocks with respect to the
control or soil heturogeneity (Tuble 10).

¥or uny glvan _lot 8ize, the €oufficient of
variation was lesgs for the blocks of smuller sizes.
For the plots of smaller dimensions, the coefricisent of
variation was high in each of the blocks. As the sigze
of th: plot was incrsasad from 2.16 m2 ¢o 25,92 m? a
considerable reductio. in the coefficient of wvariation
was ovtainede. uUpto & plots in a block, the shape of the

block did not uifect the precision oif tie blocks.

un careful observation on difierent block uf=-
ficiencies (Tables 10, 11, 12 and 13) for datu on yield
4 block size of 8 and 12 were found most <iiicient where-’
as i.: the casas8 of number of frults por plant, number of
primary brinchaes per plant and the height of tho plant

genarally a plot size 8 was found to b most el.icient.

5¢ 7+ Minimum pumber of replications

The reduction in experimental eiror for
treatmemt co.parisons cun be achieved by (i) taking
larger plots and (1i) increasing the number of repli-

cations (Agarwal at al., 1968)

The tw criteria are complementary for a fixed
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experimental area. Therefore a plot size which uchioves
a balance between these two criteria 1s defined as
optimum piote

Hayes ot ale (1955) recommendad that increasing
replications would decrocse the standard error morc
rapidly than increasing the & ge of plots. Therefore ths
number of replications nec:ssary for given stundard of

accuracy war: gtudled.

The efficionc, of blocks is closely linked wits
tns number of replicaticns. Heneu for & purticular block
size and shape, it is necessary to know the number of
roplications required to obtain fivs per cent error of
the mocan. «ith this standard of accuracy, the ¢ifective
number of replications and the total area required per

treatment worce worked out for various plot sizues (Tuble 9),.

For smaller plots, a fairly large number of
replications ware required to achieve 5 per cent accuragy
in any of the block sizes. But. as the plot siza wus
increusud from 2.10 1Pto 25.92 m? » thore was u considse- .
racle reductiocn in the number of replications required
to cbtain the same precision. For instane:, lor plots
of 8izga 12.% m? in blocks of L=plots or 8=plots, only
8 or 4 replications, respagtively, were nesded, whereas
for lots of 8ico 2,16 mz, 37 or 21 replications were

required. bBHut tie total area required by swmallier plots
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was much less than that by biggsr plots. It .8 thercefors

better to have smiller plots with mor. replicutions.

wines tne number of replicitions required to
achiev: 5 per cent accuracy is diractly proportional
tc the squara of variation, a decrease in the coufricient
of variation implies a decrsas: in the number of re-ii-
cations. iienca less replie:tions ar: roquira! if bigger
pl.ts are usvd and vice varsa. 70 achiave p paor cunt
aceur.cy, the number of repiica.ions snould be multipiied
vy the sactor(5/p)¢, Kulkarai st al.(1936) working with
sorgitum, hutchins.n and Panse (1935) working with cotton,
Abraham 2v al.(1969) in blackpepper, Ehaiggva and cardhbono
(1575) in as.le, Gopani gt al.(1970), Josni ot al.(1972j
and Aripashankar :t ale.(1972) in soy.bean, i'rathakarun
at al.(1974) in banana, Suxena gt al.(1%72) in out sodder,
rcenath (1974) in fodder sorghum and Rumbabu gt ule (1930)
in grassos reported similar fi.dings and pointed out
that though Lha error o4 the uiaperiment was roduewi by o
decrvase ia the .er cent otaadurd deviation due to an
.nereasce in tie plot sise, thae arror wa. at tig sama time

incroas:d by the loss in ihe number of replications.

5+ 8s Cost function

it has baeen shown that the smallur jplots ware

much more vi.icient tuun the bigger omnss and tha total
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area rejuired by them was also comparatively lesa.

Bryan (1§33) working with maiza, ulso got similur r:sults.
However to obtain a practical minimum, it is necessary

to work the optimum piot size for field experiments in
brinjale. with wmith's (1938) ompirical relation for
doturmining the optimum plot sige, vize, iyng ® b ¢y/
(1=b) C,, whera 'b' is the rogressio: coeificient of

log (cv) on log (piot a3ize), Cy is the cost proportional
to the aumber of :.lot. per treatments, i.e., number of
replicutions, and C3 is the cost .roportionul to thu total
area per treatment, the optimum plot sizo was computed

by assuming arbitrary values of ihe ratio Cy ¢+ |

(as it is difficult to obtain accurate valuas of ¢y und

C2 in practice) and then taking the averag: vaiue of

'b' over blocks of vario.s sizes to be eqiul to 0,1363
(Table 14).

The optinmum plot‘sisa varied batween 0,046
and 3.U5 basic units for various ratios. ror wider
ratioa, tie optimum plot sise was bigger und for anarrower
onés, it wis smauller. An increase in the cost per unit
arsa and deerease in the ¢ost per roplication had
raduced the optimﬁm plot size.. Assuming the cost due
to plot area to ue 2%, the optimum plot size was 8,05

basic units or about 3,65 m?, This was reduced to
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approximately ona basic unit or 1,08 m? whun tha cost

due to areua increased to 88. of the total.

5¢ 9¢ Furtilicy eontour map

A 8study of the diraction ~f the fertility
contour of the experimantal area was made buged on the
yield data by poiling plot yialds of homogensous nature,.
Tho fertility contour map thus obtained was as shown
in figure 2 From thic fl ure it could be conecladad
that ther: is no speeific trend for the soil {ertility
and on the whole the lind can be considerad not very

homogeneous us fur as the fertility is concerned.

#artilivy contour maps were published for
vajura by Kodaw und Patel (1937), for burley, wheat
and lentils by Boss (1935), for carrcts by currencs
(1936), for cotton by Hutchinson .nd Panse {1$35a),
for groundnuts by Hodnett {1953), for potatous by
Kalamkar (1932a} and for sugarcane by iyer .ni A urwal
(1970) «
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SUMMARY

A uniformity trial in brinjal was conducted
at the Main Campus of the Kerala Agricultural Universivy,
Vellanikkara during the third crop seasoan, 1930.The
main objective of the experiment was to study the vari-
ations anong piots of diffarent. sizes and shapes, ori-
entation among blocks of difforent sigzes, having prior
knowledgs on soil rsot.arogemity for the eatimation of
optimum plot size. The crop was planted in NortheSouth
rows wit h— a row to row spadng _of 60 cm and plant to
plant distane: of 45 cme Harvesting of the erop was
done in small units of & plants with two lines cach
ha.ing two plants, the size of the unit being 1.2 m x
J«Y m. Two rows on both sides and one unit on either
sidass of each row were loft as non-experimental arsu
before harvest, t.bamby 1aaving 32 rows of 30 unit.s
each for statistieal examination.

At the tims of harvest, biometrical observae-
tions wer: mude on height, primary branches, number of
fruits and weight of brinjal fyiks harvested, from all
the plants.

i“he data on all thess trials were pooled in
both the direetions by combining adjacent 1, 2, 3, &,
6, 8 and 12 units. It was observed that an increuse in
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the plot size in either di?ections luereased the CV, but
the d:crease was mors rapid along the N-3 diraction.

Long and narrow plots ylelded lowor CV than approximately
square plots. The effidoncy of plota deercased as the

size of ine plot was increvasede

The OV avuraged over all the diffcrent siapes -
of plots followad closely the relation Y s g x=0 (Fairiield
Smith's iaw1. Tha values of *b', Lmith's cozf. iclaent of
heterogeneity, for all bdiometei. a1l characters in vario.s
block sizec wers noarer to zero (b<0.2) revealad that
ther. ¢xists a nigh positive eorrelation between neighn-
bouring plots. The {its ware sqcn to be rood 1a ull
cuses as the coefficient of determination obtuined for

vario.s uvlock s8i.@8 worc vary nearsr to unity.

At larg:r plot siges, the rograssion line
sihowed a tendency to curve doun altho gh neglig.ble.
The optimum plot 8i:e obtained through Fairfield Omith's
mathod and :msa:imum curvaturs method showad only a
3light diier:nce. irom the abov:s coasidoeraticns, a
plot 8ize 0i .04 M2 (Y0 m x 0.9 m) was found advisable

for coaducting most of the fleld experiments in trinjal.

Taking the eofilciency of thc smallest plot as
unity, the relative officiencies of various nlots were
computed. Tne eificiency was Lhe nighest for tno sm.llest

plot. .o thu objactive srould be to decrsasc tae slot
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size as fur as possible and to inereasc the number of

raplications.

Jor working out tne relative afficiency of
various bloek sizaes, the ratio of the error variance
of a particuludr block arrangement to that without block
arrangemant was wori<ed out. This pratio wis expressad
as percentage and was taken as the efficicney of that

block arrangcment.

There 18 a genural decrease of block efficie
sncy with increasing block 8ize. orc compact vlocks
0. the same size show & higher efiiclency. bBlocks of
iduatical size and shape but consisting of lo:ag plots
also show a scmewhat kigher elficiency than blocks with
srort ploitu of tnu same size. Arrang:ment of plots in
more than one row degrsased block efiiciency and t..e

effect is mors pronounced with long plots.

The minimum number of replications par treat-
ment for standard orror of 5 per c¢ont und minimum area
require; por ireatment for varying plot sizu was caleu-
lated. The numoer of replications required for u giv:n
levul of uccuracy deercased with an incroasce in plot
8igzoe and i .creasing the number of re:licitions rather
than plot s ge wis found more advantageous for a fiied

axperimental area.

To study the nature of soil heterogenaity
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of tne vagaet.ble [ields of the main cumpus, at Vsllanikkara,
a fortility contour map of tha plot was ;re arcde. The
figurse shiowed that the land was not very homogonuous as

far as the fertility pattern is coneerned.

By assuning arbitrary values of tie cost proiors
tional to the number of replications and tue cost pru ore
tional t¢ Lus total area pur treatment the optimum plot
8izu wWus computed. An increase in tie cosit per unit arc.
and decraase in ths cost pef replication had roducad
t..2 optimum plot siza, The optimun plot size Jlor any
field experiment in _rinjal was viorked out to .o .boit

80“ 6320
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The data on number of fruits,

Appendix II.
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ippendix IV, The data on height of tha plant.
lidight in cm. Columns
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ABSTRACT

A un.formity trial in brinjal (Selanum
melongena L.) was condueted at the Main Campus of tie
Kerala Agricultural University, Vollanikkara during §he
tzird crop season, 1980, Cbserv.ticns on yield, number
of fruits, primary vranches and haight of each plunt
was rucordaed at time of harvest im swmall units euach of

size 1,08 m2 (2 rows x 2 plants at 60 x 45 cm spacing).

The variability of each plot size and sna e
wid duiermined by caiculating the couificiont oi variae
ti.n. it was observed that an iacreusce .n the plot 8ize
in eitier direction decreased tne UVe DBut the ducreusse
was wore rapid along H=S direction. Long and narrow

plots yislded lowsr CV than ap roximately square plots.

The observ:d relatiom batieen plot sizs and
variance was in conformity with the Fairfield oSmith's
varianc.: law. at larg.r plot sizes, the rigression

lins showed a tendaney to curvse down althou;h negligibla,

The optimum plot ®igze o.ssrved through Smith¥s
method and maximum curvature method was ulmost the
same. ¥rom tie above considerations, o plot sizu of
8.0k m? (9,6 m x 0.9 m) was found to be most advisable

for conducting most of the field ¢x eriments in brinjale.
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The efficianey of the plot decrvased as thw 8ize
of the plot wus increused. There is a gunaral decreusa
ot bleck efiiciency with inereasing block s.zu. More
compuct blocks of the same 8ige show u higher officiencye.
Blocks laid out perpaaticular to the direction of furti-

lity gradient removued larguest variation,

The numbar of replications amd totzl area of
l.ind prequired to give 5., 3i of the mean were calcilatud,
for the samo number of lots par block smaller plots
requirs more replicution but less total are. thun larger
plots. 3Sut inereasing the number of replicutions rathur
than plot size was found more advantageous for a fixed

axperimont:l arza.

The fertility contour map of the field revealed
that tie land 15 not very homogendous as far as the

fertility patilern 13 concsrned.

3y assuming arbitrary‘valuss'of the cost pro ore
tional to the nuaber of raplications and tho cost propor-
tioual t¢ tue totul area per treataent, tnoe optimum plot
s8ize for fisld axperiments in brinjal was computed

using a linear cost function.
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