TION OF THE $IZE AND
SHA;,;E OF PLOTS ‘FOR TRIALS
| ON CASHEW

' BY
REMESH B. NAIR _ .

 THESIS
Submitted in partial fulfilment of the

requirements for the degree of

Master of Science (Agricultural Statistics)

Faculty of Agriculture

Kerala Agricultural University

Dcpartment of Statistics

COLLEGE OF VETERINARY & ANIMAL SCIENCES

Mannuthy, Trichur.
1981



DECLARATION

T heraby declare that this thesis entitled
* DETTRMINATION OF THE SIZE AND SNAPE OF PLOTS POR
TRIALS ON CASHW® fs & banafide veoowrd of ressarch
work done by me during the course of researeh and
that the theeis has mot previously formed the beeis
mmmwmdmm.m
associsseship, numngmmmd
mmmNruquo

N igie
Mnnuthy, . REMEENBRATR
31.7,1980 ; ' S




CERTIFICATE

Certified that thie thesis entitled
*DETERMINATION OF THE SYZE AND SHA!™ OF PLOT. POR
TRIALS ON CASHAW® {g a recard of ressarch work
done independently by Sri Remesh B Neir, under my
guidance and supervision and that it has not
reviously formed the basis for the averd of any
degrea, fellowship or assccisteship to him,

Praspoed

SRX 4 PoV PRAIMAXARAN
CRATRMAN , ADVISORY BOARD
Manuthy, ASSOCIATE DROPESSOR OF
31,7198 AMIRICULTURAL STATISTICR
*fe COLLEGE OF NORTICULTURE,



I wish to express gy deep sense of gratitude
and indebtedness to 5ri.P,V.Prabhararan, Associste
Professor of Mriculture Statistics, College of
Horticulture under vhose guldance this wock has been
oarried out,

I have great pleasurs in expressing my sense of
gratitude to the members of thg Advisory bosyd,
DrePoUsSurendran, Professor of Statistios, College of
Veterinary and Animal Sgience, Dr.K.C.Jeorge, Associats
Professor of Agricultursl Statistics, College of
Morticulturs and Sri,V,K,Demodaran, irofessor of Pomology
College of Horticulture for their valuable suggestions,
help and guidance,

I am grateful to Dr,M,Xrishnan Nair, Dean,
Faculty of Veterinary sScisnce for the facilities
provided for the study, ,

I am --l»‘gﬂum to the Associste Professor
Cashew Rescarch Station, Madkathara for the fecilities
given to me during the course of this work,

Sincers thanks ars also due to my fellow
soholire Sri,Vijayaraghavakxumar, Sri,V,Hariharan and
Jacob Thomas for the help rendsred to me,



Y am aleo indedted to Xerala Agricultwral University
for the award of researoch fellowship during the ocourse

of my study,

I also express my senss of gratitude to
Sri.SeS5udhakaran Nair, Stenoorapher, AICRP(Poultry) for
typing the menuscript,

REMESH o BoNAIR



INTROTUCTION
REVI™H OF LITS2ATUR™

MATEY ALS AN METHODS
RESULTS

TABLES

DISCUSSTION

SUMMARY

REFT ENCES

ABSTRACY

*e

LA

e

.8

*e

L2 4

Page No,

24

N

43

67



INTRODUCTION



INTRODUCTION

Cashew botenically knowan as (Ansgacrdium
gecidentals L) which is a native of Brasil wes
introduced to India by portugese about 400 years
ago mainly to prevent soil erceion, Today it has got
& relevent place smong the commercial crope of our
country, During the past 400 years it has spread to
all the states in the Yestern and Eastern coasts of
peninsular India, It is & hardy orop growing in a
semievild manner in the poorest soils in southern
states, In the existing plantations very little oare
and sttention is paid in its cultuwre, DBesides Ind{a
other important castww growing countries in the world
are "osambigue, Tensania, Kenys and Drasil, Cashew
is an important crop in the agricultural, industrial
and commercial sconomy of the country.more partioularly
of e state of Kerala where the cashew processing
Industry is concentrated employing about a lakh and
half persomns,

India 15 the largest po duter of cashewnut,
The most useful product of cashevw tree in the world,
the cashew kernal (Xaju) inside the nut is very
palatable, highly nutritive and has a pleseing flaweur,



It makes & signifiocant cont:ibution to foreion
trade and is therefore an important earner of
forsign exchange like tes, jute, and coffee eto,
The export of cashew kernals and cashew nut ahell
1iquid have earned over 100 crores of rupees amnually
in regent years, The paesence of siwll oil is a
wnique phenomenon. It {e extregted during processing
of cashew as & by product, The cashew nut sheil
1iquid fe actually the pericarp £iuid, This liquid
has & lerge number of utilisation is industry and
allied fislde, Ye are earaning foreion money by
exporting the shell liquid, Not only cashew kermal
but all parts of the oashev tree are of cansidersble
soonomic importanoe,

Xerala §s the premier oashev growing etate in
India, The cashew provessing industry was started in
Kerala about S0 years ago sad until reoently Indis
hed almost & monoply in the internetionsl trede in
cashew kernal, There are &t present sbout 2350 gsshew
prosessing factocies in Kerels giving direct
employment to & lakh and half persons, These factories
require about 4,5 lakhs tennse of rew csshewnut for
working throughout the year, Mowever we are producing
anly sbout 1 lakh tonnes of Few nuts &t present and
we are depending upon the efriosn scumtries fer the



semaining quantities of rew materisl, With the
establishment of osshew prosessing units in some

of the major producing countries it has becoms
4ifficult to import the raw nuts required for our
provessing factoriss, The only solution for the
above prodblem is to increase the production of
cashewnut by all means, Among the several resasons
attributed to the low production and nroductivity
of cashewnut, the ifmportant ones are less attention
paid by the growers to the ¢rop in spite of its high
economic importance, inadequate fertilization and
poor m-nagement practices. So all types of research
like fertiliser trisls plant protection trials eto
are to be conducted for increasing the production of
cashew in Kerslas,

Certain experiments condugted at ridiachalam
have shown that the production of cashew trees omn
be considerably increased by the proper manuring and
irrigation of trees and maintaining an optimmum
nusber of tree population per head, The use of NPK
fertiliser has resulted in a ten fold increase in
the yleld of cashew, Thus there is the need of
standardieing the cultural practices in relation to
cashew cultivation o 88 to get maximum profit for
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the cashew growers, Field experiments are deing
planned at different places with a view to meet this

objective,

A £ield experiment can be successfully planned
only if the experimenter has some idea regarding the
variability of the experimental materiasl, Cashew,
being a perennial orop grest oire is to be paid in
the lay out of experiments, In perennial erope
individual trees are of prime importance beceuss
sach tree oocupies & very vast ares, All these trees
_have wvery long juvenile phase and the time taken for
flowering varies from tree to tres, The Amwation
of bearing period, the time taken for stadilising the
yield, the response to weather parameters ete aleo
vary from tree to tree, Further, much of the
variation is inherent in the tree itself and in
general genetic variation is more predominant over
positional variation,

All these factors must be taken into mt in
designing experiments on & perernial crop like cashew,
Several methods of reducing veriability are available
for the experimsnter which include the use of
vegetatively propagated meterials and seedlings reised
from the ssms parental stock, But all these methods



fail if an enxperimsnter wents to mrm a field
trial on an existing orchard containing large nuwber
of trees of diverse genetic meke up,

The tree to tree variation due to the effect of
uncontrolled factors is called experimental error,
Divect methode of controlling experimental error
include such devices as replicstion local contreol,
selection of uniform site for experimentation provision
for border rows to eliminate border effect,proper
orientation of plots and blocks,edioption of optimm
eimes and shapes for plots and bm: eta, Analysis
of dste from a uniformity triel on the crop will give
some idea regardiryy the nature and extent of the
variability of the experimental matarial, 7The data
from such & trial can be properly used for getting an
estimate of experimental error, for fixing the aumber
of replications required for getting & desired lewel
of precision for finding the optimm size of shape of
plots and hlocks and also for the proper orientation
of plots and blocks,

The experimental plot §s the basic unit for the
conduct of field experiments, Any experimenter who
wish to conduct an experiment with a crop will have
to start the experiment with & suitable plot sise,
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The sise and shape of & It can greatly affect the
magnitude of experimsntal error in field trial,
Too small plots mey give unreliable results vhile
unnecsssarily hrqo plots would result in & wastage
of resources and time, Purther the plots may be
sufficiently large for normsl cultural operations
and farm practices, In general experimental error
decreases &s plot sise increases, Inoreasing the
number of replications yather than plot si-e s
found to be more effective in improving the precision
of the experiment, Among the several factors which
affects the sive and shape of plots the important
£actors are border effect, 30il hetrogenity, scarcity
of seeds and type of experimsnt,

Another factor which affects the experimental
error iz the sine and shape of blocks, which is one
of the simplest and effective ways of coping with
9ol hetrogenity, 7The variascion amon; blocke omn be
removed from the exparimental error through hlodking,
Thus the experimental error is reduced and precision
of the experbent can be increased, in arranging
blocks in field and plot within blocks two points need
attention, One is the necessity in certain types of
triale such as those on cultivation, sowing dates ete

of leaving room for agricultural implemsnts at the



and of a plot, The other point is that the
arrangement of blodks should be such as to maximise
differences between blocks whersas plots should be
20 arranged within blotks as to minimise Aifferences
among them, |

In £ield experiments with cashew it is generally
difficult to increase the numiear of replications from
more than 4 or 3, Therefore othar msthods such as
use of calibrating veriables have to be adopted for
increasing the accurasy of these experiments,
Pre-experimental yields collected for & few years
prior to the application of treatments were possilly
serve as & useful calibrating variate, Optimm
aumber of pre-experimental periods are to be determined
80 88 to nullify the biennial tendency of cashew trees,

When the above mentioned direct methods for
controlling experimental error fail or found to be
less efflcient there are certain indirect statistical
methods for controlling the error, The techniques
of calibration and analysis of covariance provide the
best indirect mathods of oontrolling the experimental
arror. The present inwestigation was undertaken with
the objecgtive of finding suitable sise and shape of
plots for field trials on cashew and indirect methods



of controlling the experimental error, Thess studies
will help the research worker in the efficient

designing of field experiments on cashew and theredy
increasing the production and produstivity of cashew,
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REVIEW OF LITERATURE

tventhouch comprehensive research on differemt
problems oconcerning with £ield experiments on ceshew
have not been undertsken in India so far, studies
on certain problems associsted with £1isld experiments
on a vary few plantation orops and wvegetable crope
have been carried out in different parts of India,
A brief review of the work dme 90 far on these
aspects s furnished delow under the following hesdings,

1. 8ime and shape of plots

2. Si3e and shaps of blooks

3. Analysis of covarience and calibrstion
4, Mumber of pre-experimental periods

S, Correlation between contiguous units
6, Number of repliostions

1. Siae and shene of nlots

Govinda Iyer (1957) reported that a plot of
9 trees can be effectively whed for manurisl trials
on ccoonut, The study aleo revealed that there wes
no significant differsnte in the mesn yields of
central and border trees and consequently there was



a0 need for providing internal border rows in
experiments with cooonut,

Mocording te Kulkarni and Abrshem (1963)
calibrating varistes like pre-experimental yields
could be used for efficient grouping of plots,

Rem Babu gt aAl. (1980) found from a uniformity trial
on fodder that the goefficient of variation decressed
wxmmmmmamwsazm
consequently they recommendsd & plot sise of u’

for experiments with fodder crop,

Mathewey and Willisme (1938) established the
relstion E (log V) = E (log Vi)eB logi¥ Vhere
B 45 the regression cosfficient of V(x) on log x,
x is the number of units per plot vy is the variance
among plots of size unity and Vy 18 the variance of
mean per unit area for plots of sise x units, This
formula requires & finite population correction vhen
the sise of the block is small compared with the sise
of plot, Prabhskaren and Thomss (1974) reported that the
shape of plot 4id not found to have any consistent
effect on the CV, However for & given plot sise iong
and narrow plots generally yielded lower coefficient
of variation than square plots of the same dimension,
Hith smaller plot simes the effect of shape was more |
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predominant, They recommended a plot sise of 235 oq
meters for condusting field trials on tepioce,

Abraham and Vanchani (1964) in field experimsnts
with rice stated thet cosfficfent of variation for
S plot or 10 plot blatks decreased with an increase
in plot sime irrespective of the shape of the plots,
Shepe of plots did not show any consistent effect on
plot variability, However plots elongated in vest
rast direction showed less variability than plots
elongeted in North South direction, Nersyansn (1965)
found that minimum varisnce was obtained when number
of recorded trees in & plot was in the region from
25 to 49 in field expsriments with rubber, The use of
smaller plots micht be disgontinued owing to the uneven
distribution of tree loss while very big plots create
daifficulties with regard to the overall sigs of the
experiment with consegquent problems concerning site,
bloeking of mnmnm eto,

Mearce (195S) supgested a nev function for
determination of plot sise on perennial crops which

“va'-&*_y_.vgummim per unit area

mma:m«-mv‘ummmm
Wrfs
individual srees, V is the variance between single
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tree and b is & constant lying between O and i, The
second component was a function of gehetic veristion
while the first was & function of soil difference,
mMnudmmlmMunrumbu
with encugh error degrees of freedom, In experiments
with & large number of trees in a plot was missing
it vas advisable to have either small plots or larger
plots not medium sise, Accoxding to him providing
meca@uumqmul.

from & uniformity trial on ococconut Panke jakshan
(1960) seperated the genetic and environmental
components of veriations with the help of the equation
WuGsmx®, ¥ = pooled between mesn squere, m-plot sise,
b, & and 3 are constants, M found that the genetic
and environmental components of the total veriation
batween trees were in the retio 312 for averages based
on 2 years and 1:1 for 4 years, HRis studies also
nmhamtcnummmtmmw
for pctx.odn higher than 4 years and attains prominance
in relatively large plots,

Moording to Agerwal gt 4l1.(1968) the plot sime
vhich requires the minimm experimental materisl for
10 per gent of standard error of the mean was defined

as the optimum plot sise in peremnial crope, He
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recommended a plot of 6 trees for conducting !uld_
experiments with szecanut, Msnon and Tyagi (1971)
obecrved that in £ield experiments with mandarian
orange the relative information per tree was msuximm
in the oase of single tree plots and hence single
tree plote were the most efficient ones, He further
observed that incomplete block designs were more
efficient in trials involving a large number of
treatments and the device of confounding could be
effectively used for reducing bloock sise in field
experiments with orange,

sardana gt 4l (1967) found that the optimum plot
sine for field experiments with potato was about
8,4n°, Pahuje and Manra (1981) sucgested s simple
modifiontion to the well known emiths equation for
determining the plot sise, as Vyx = Vy/A> vhere
Bely/2, b is the constant in smiths equation, in field
experiments with chick pes, The results of the
experiments indicated that coefficient of variation
showed no general trend with varying plot sises,
However with 4 replicetions maximum precision could be
obtained from & plot sise 1,5 m x 50 om, But with thig
costficient of variation a A1£f venoe of less than 17
per gent of the msan could not be detected, Therefore
langer plots were recommended so that difference of
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10 to 13 per cent were dutectadle,

From one of the earliest uniformity trials
conduated on cotton by Hutchison and Fense at
indoore during 1933 using the veriety Malwi, it was
found that long and narrow plots laid out along the
rows over plot of the sams sise and shape laid out
agross the rows were independent of the fertility
gradiant,

Iyer and Agarwel (1970) found that in field
experiments with sugareans the ov decreased with an
increase in plot sise either in length or in bredth
but the decresse Was more rapid with increased length,
For larger plot sise, the shape of plots plays an
important role further if longer diamension of plots
1s kept along the direction of the rows more precise
results ware oitained, They recommended & plot of
oine L0048 hectre and shape 7,32 m x 5,49 m for field
trials on sugarcane,

Prabhakaran gt 4le (1978) obeerved that relative

pevoentage informtion is maximm for single tree plots
in £ield trials with banans and they suggested single

tree plot for oconducting field trials on banane,

Basing upon the rasults of a uniformity trials
on black pepper 5ingh gt §l. (1958) reported that there
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was greater veriation for larger plot then for smaller
plots but the differents was not indicated when the sime
of a plot exvesded ten standapds, They also found

that single tree plot was optimum for conducting field
experiments on black pepper, The experimental

material required was larger in ¢ plot blockes than in
8 plot blocks,

In tes Eden (1931) found a plot sime of ,036
agre as the most optimum for field trials,
Paardekoopar (1973) stated that smsller plot with more
replications were always more efiicient than larger
plots with fewer ﬂpxmum. single tree plots were
always the most efficient and might be used for all
experiments not requiring guard rows,

For arecanut nursery expsriments Savapps (1959)
found 24 seedlings per plot to be optimm, In
cardarom, hetrogenity betwasn row was found to be
significantly more than that between colums and as
such formation of plots with more num-er of rows will
give more homogenous blodks for experiments on that erop,
George gt al. (1979) reported that & plot sise of 12
plants arranged in four row of three plants each for
smaller blocks and 18 plants in eix rows of ) plants
each for larger blocks has besn recommended as the



optimum, 1In the case of oil palm Webster (1939)
recommended the plot sise of 12 ¢o 32 palms considering

single year yield,

2. Sime _snd shace of hlocka

xulkarni and Abrsham (1963) reported that certain
qualitative characters such as fertility gradiant can
be made use of for formation of blocks, Ram Dabu gt al.
(1980) on chick pes showe that block shape had no
cansistent effect on ov, Block efficiency decressed
with incresse in block sime, The function ywax™ was
found to be qood fit between block sime x and

coafficient of veristion b )

Abraham end Vanchini (1964) in £ield experiments
with rice stated that plots with a givon sise and
shape, block efficiency gradually decresased with the
sive of the block, ¥ith blook of the same sime but at
different shapes formad fyom plots of same sise there
was no apparant change in the efficiency of block
within the range of blook shapes tried,

Saxena gt 81.(1972) concluded that rectangular
blocks with wider ratio betwe-n dimension was in
gensral found to be more efficient than that with
narrow ratio between dimensions, He also revesled that
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8 block of 10 plots was suiteble for conducting field
trials on fodder, Agarwal gt 8],(1968) reported that
the advantages due to hlocks might be considered
negligible vhen bloek efficiency was in the
neighbourhood of one, Rambabu gt 81.(1991) found that
block efficiency decreased with an increase in blook
sise in field trials with natural gresslands, Tw
shape of the hlock had no consistent effect on blook
efficiency,

In field experiments with mango orcp bLlocks
vith more plots along the row gave & smaller ov as
compared to blocks with lesser number of plots along
the row (D Singh gt 8l.,1938),

In black pepper compatst blook were found to be
better than rectangular blocks, 'm difference was not
appreciable with small plote but with plote exteeding
12 standards per plot considersble incresse in the
efficiency of compact black was evident, The increase
in efficiency with compeet block was not consistent
with varying plot sise and shopes (D Singh gt al.,1968

Govinda Iyer (1957) reportad that in field
experiments with coconut covarisnce analysis oen be
effectively used for reducing the experimentsl error,
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Acoording to Xulkerni and Abraham (1963) the

technique of calibrating variables could be
sffectively adopted for increasing the nrecision of
estimates in £ield experiments with perennial erope by
applying multiple covariance rather than ordinary
covariance ana lysis, Harvayanan (1968) observed
significant positive correlation between pre-treatment
yield andi preetrestment girth 4in field experiments on
rubber, These correlations were found to be dependant
on the length of the pre-axperimental year, He aleo
suggested mtmmwuuud“m
additional calilrating variable for increasing the
izvecision of experimente with double covariance analysis,

Acocording to Pearce (1988) coveriance snalysis
was move effective in layger plots than in smaller
plots in field expsriments with grapes and oil palme,
He also pointed out the importance of celibration of
trees Defore their experimental use, Panka jakshan
(1960) reported that the use of covarisnce technique
with & plot of 8 to 10 trees seemed to be the best
alternative for incfessing the precision., In the case
of Mumcxpcrmmwu the plot sise is
not to exceed four trees it is always advantages to giwe
importance to genetic component to get midutm
dsvel of prevision,
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Menon and Tyegi An field experiments wieh

mandarian ocrange found the largest gain in precision
could be obtained by taking spread as an suxiliary
variate, The same precision was also obtained in the
case of height of the tree, The gain in precision due
to covariance analysie using girth as covarite vas
not apyreciahle,

For coconut Shrikhande (1967) has found that
Mtzc and murmnt-x. components were in the ratio
211 or 312 this could be peduced by the method of
coveriance enalysis, Absywardens (1970) observed
30 to S0 per cent redustion in experimental error by
using two years pre-experimntsl yield as oalibrating
variate, Recent studies (Anom,1977) revealed that the
increase of efficiency due to mgima analysis using
two or four years pre=trestment yield vas 40 per cent,
longworth ancd freeman (1963) recommended trunk girth
as 8 cslibratin: variate for yield in the case of young
trees, Murray (1934) uma from Sunatra that in
rubber, wvhaen preliminary and excerimental years were
oonsegutive there wes neorly four fold incresse in
precision due to covariance anaslysis, ‘hen they were
three year spart the error variance of ad justed yield
reduoed to about a half,



Kulkerni and Abvalum (1963) cbserved that in
using pre-axperissntal yield data for covariance
adjustments it was important to know & minimum periocd
for wvhich the presexperimental data should be recorded,
™is 48 turn ecpcm on the pattern of correlation
betwesn yields indifferent years, The full advantage
of pre-experimental data oould be taken only by using
multiple covariance snalysis on the {ndividual
pre«gxparimental periods, It was found that about 2
years data immediately prior to start of the experiment
were sufficient for covariance analysis on £ield trials
with moet perennial orope,

Narayanan (1986) showed that the degree of increasse
in precision due to analysis of covariance gradually
decreased with an increass in the time between
experimental yleld,and pre-expsrimental yleld, On an
aversge the incresss pregision varied from ahout 2 in
the first year to about 1,8 4in the 3Ivd ysar, vithout
the use of pre-treatment the number of replications would
perhaps need to be twice a8 numerous as to schiewve the
same degree of accuragy, '

Agarwal gt 2).(1968) revesled that the meximm
reduction could be ocbtained due to covariance analysis
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using pree-experimental yeild for 8 perfiod of 2 ysars

as concomitant veriahle, In field experiments with
mango one pre=experimental period i.e two consecutive
years yield was sufficient to control the error to a
minimus lewel (D Singh g& Als.1968),

Constant *d' 4in the fair field Smith's equation

%V‘x'b

is a measure of correlation between contiguous
units (Smith,H,Fe,1938)¢ A hich value of b indicetes
that the x units maxing up 8 plot are not strongly
correlated wharess a low value of °‘b° esvecially in the
neichbourhood of sero reveals s strong liner
relationship between contiguous units, The value of *d’
for severasl crops reported by different workers from

time to time were reviswed here,.

Krips Shanker gt gl (1972) reported that the *b*
value for soyabeen ranged from (31 to .23 indicesing
4 hich correlation between contiguous plots,

Prabhakaran gt .Als (1978) got ‘b’ values which
renged between 72 to 79, vhen the plots are arranged
in blocks snd ,904 vhen the plots are not grouped,
in fiel? experim-nts with hanana,

Prabhakaran and Thoms (1974) found that *bwalues
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for Tapioca 1lie Detween 4076 to 2730 indicating &
high correletion between contiguous units,

Abraham gt A)e (1969) reported that *b* velue for
arecanut fell in the zange of 30 to 37,

Gopani gt 8le (1970) found that the values of
D' varied from 319 o ,264 Andicated positive
correlation between neighbouring plots, in field
experiments with groundnut, The value of b’
decreased with an increase in plot sise,

Abraham and Vachani (1964) obtained a *b* value
ranged betwaen o139 to OB indicating high correlstion
batwe n contiguous plots in £ield experimmnts with
rice @rop,

Sardane gt 81, (1987) found that in field
experimemts with potato the *bH* values ranied between
Ol” to .2!‘.

Menon gt al. (1971) reported that the *b* velus
for mendarian orange was in the range from ,138 ¢to
02849,

6. Humber of replicstions

From the results of uniforaity trisl on fodder
Samena gt 8], (1972) reported that for smell plots a
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fairly large nuber of ﬁpluaum wmre to be
provided for getting a desired lewvel of aocuragy, But
s the plot sise incressed from 2m° to 6Om- there was
a considerable redustion in the number of replication
required to obtain the same level of precision,
Prathakeran gt al. (1978) found that the numbsr of
replications ranged from 19 to 2 when plots are arranged
in blocks and 21 to 5 when they are not a:ranged in
blocks, in £field experiments with banana, He also
cheserved that the maber of replications required
decreased with an incresss in plot aime inepite of the
redustion of experimental plants in enlarged nlots,
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MATERIAL" AMD NPTHODS

The data required for this study wers odgained
from the availadbls reconds of the Cashew Ressarch
Station, Madakkathara, The experimental matarial
eonsisted of a compact block of 625 trees in a
28 x 28 errengement, A single row of trees on
either side of the £ield was discarded to eliminate
border effeot, Thus the final stand consisted of
576 trees in 24 x 24 arrengement in the experimental
area, Observetions on & few missing trees ware
estimated by & eimple averaging process, The seedlings
ware raised from the same parental stock, All the
trees woare of the same ags group an:d were subd jected
to the same cultural and management practices, Both
genstic and environmental fagtors contributed to the
large amount of variation cbserwved in the experimental
trees, All the trees hod reached the stage of yield
stability, Secondary data for 5 years from 197% to
1961 were gathered, fManurial practices were the same
for all the trees up to the year 1960, but later
changed in accordsnce with a 37 factorial design
superimpomd on them dut&n the year 1980,

mprmammmmnmmm



in the treatent was considered to be the
presexparisantal period and the year following the
application of treatment was oconsidered @ be the
axperimental period, Secondary dats for tw
pre~axparimental period ware treated ag if they were
generated by conducting & unifdPaity trial on the
same cite for the period under reference, In addition
to yleld, ohumum on eertain morphological
charagters related to yisld such as height, spread
and srunk girth were also gathared during the year
1978.79, The mean yiald per tree was caloulated for
each of the 576 trees on the basis of the
presexperimsntal data, Plots of Jdifferent sises and
shapes were formed by combining adjesgent trees, a tree
representing the basic unit,

Several methods have been suggested from time to
tise for adtaining the gptimm plot sime, Among them
the well known esperical reletionship between plot
sise and variance of mean per plot developed by
Bmith (1938) is considered to be the best, Smith's
squation {s of the form Vix m AP where Vi 1s the
var iance of yield per unit area among plots of
sige x units, Vi is the vorfiance of yielc of plots of
sise unity and b is a measure of correlation smong
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contiguous unite, The limicing values of b are O
and 1, unless inter experimental competition is
present (Federer,1958), As the equation 18
logarithimically linear the best estimates of Vi

and b can be obtained by the principle of least
squares, The fitted regression equation provides the
expected values of Vx for different values of x,

Smith has aleo ecneidered the cost function

CuCo+Cyye wheare Co is the cost which is independent
of plot sise and C; is the contribution to the cost

by a unit increase in plot sime, Optimum plot sime
is the ome which minimises the cost ner unit of
information namely (CosCiy) Vix®. However for a
erop 1ike ceshew & tree is the ultimate unit and
therefore the entire gost is proportional to the
number of trees per plot, Thus it is more logiosl to
define the optimum plot sise as the one giving
maximum information from the dats per unit trees, The
optisum pxg;t sive was estimated with this objectiw
in view, Optimum plot sime oan also be defined as
the one which requires the minimwm experimental
material for a given SF of mean,

The number of repliostions required for estimating
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the mesn yield with P per cent standard errec is
given by the relation u-tm’/v’ vhere N is the expected
number of repliostions and CV e the coefficient of
variation,

Relative percentage informstion per tree(R) for
plots of different sises an? for blodks was calcul ated
by using the formula RIm mvx e the

variance for unit plot sise and Vx is the expescted

variance of plot means,

Fair £ield Smith deduced the following relationship
for the variance per unit ares between plots of

sise x units in blocks of m plots (\‘m)g-_ﬂﬁ‘:)_v‘

wvhere Vx is the varianoe in an infinite land, b
coefiicient of hetrogenity snd hencte he obtained the
relative efficiency of blogks of m plots ralative

to blocks of n plots to be the same regerdless of size

of plot and equal t .{*-.mmu-b o
' lm,“#)

This oan be utilised for the study of ths
efficiency of various bhlock sises,
Intra class correlation coefficient 0 was calculated

by using the farmulas (° vhere x = plot sise,




SSM =« pooled between sample mean square

WEM = pooled error mean Square

As a measure to make allovance for the inherent
genetic variation the trees were ranked accoarding

to the pre-experimental yield totals and groupd into
three blocks of simes 4, 8 and 12, The relative
efficiency of blocking with ranking over blocking
without ranking wes determined by using the formula,

R .‘Vlz
VEY

where R = relative efficiency of ranking over blocking
without ranking,

VE] = variance of msan without ranking
VB2 = varience of msan with ranking

In fagtorial experiments with large nunber of
fagtors the number of trestment combination will be
too many, In that csse confounding of effects could
be resorted to reduss the block siss, The equation
given by (a) could be made use of for £inding out the
efficiencies of varlite confounding systems,

The sero order intercorrelation matrix of different
charagters namely experimental yield (y), girth (xy),
spresd (x3) , height (x;} and four years
pre-experimental yield total (xy) were calculated, In
order to estimate the direet effect of each quantitative
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cheragter on yield the standardised partial
regression cosfiisients were oalculated using the
formula ki » B4 __%__

B4 » stendardised partial regression oocefficient
si = standard deviation of the suxiliary verists
sy = standard deviation of the main variate

bl = partial regression coefficient of yi on xd

Standerdiged rartial regression coefficient is
indapendent of unite of measuremont, T™he cosfficiemt
of determination was cajcul ®ed by using the relstion

The significance of the multiple regression sjuation

was tested by using Fawst with F (4,563) degrees

of freedom, |
Significance of partial regreseion coefficiemt

wes tested by using student®s °t° test givan dy

¢ )

SE of (bi) wjciis

58(bi) = stendard error of the rartisl regression
coefficient bi x
eil'’s are diagonsl elements of the inverted veriance
covariance matrix,

The fitted regression equetion y = by ®ixi was used
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as & selection index for identifying trees of
supericr nature, An index wvalue wes calcul ated for
each tree end the correlstion coefficient between
the selection index and the yleld was found out,

Covariance analyais wes pnrtotm‘d by using
different covaristes, In the case of ranked trees
the coveriates used were girth and spread and 4in the
non-ranked csse index saore and totcl yield for four
' pn-c@eﬂmux years were used as coveriatss,
Efficiency of coveriance snalysis was determined as
£ollows:

86 due to yleld (y) @ A
SeSe due to regression of yield on the

covariate x = P

s2el - P
S8XR

MTE without adjust Ay = By
mMer with adjust AuP/AL g E,

df1 « degrecs of freedom for error
df72 = degrees of freedom for errorel

S3Pxye » aum of product of x on y from the error

1ine
E5me = sum of squares of x from the error line

Relative efficiencey of covariance technique over

local control » ?2 x 100

The procedure was also repeated with ranked trees,



RESULTS



T™he ylelds of adjacent trees were combined
together to form plots of 1, 2, 4, 6, 8 and 12
trees, Since a single tree was considered to be
the sampling unit there was & serious limictation in
varying th: shape of the plot to all geometrical
configurations, A fied mmber k, of contiguous
trees of the seme row or column or alterations of
square or rectangular arrangement of a cluster of
k trees constituted 8 plot of sise k¢ Plot length
vas defined in eastewest direction and breadth in
northesouth direction. The mean, sum of squares,
variance, standard deviation and coefficients of
variation for wvarious plot dimensions were worked
out, The variability of plots of different sises and
shapes was estimeted by using the coefficient of
variation and is given in Table 1,

tise and shape of plots

Cosfficient of varistion was found to decrease
consistently with an im in plot sise, CV was
found to very from 46,89 per aent ¢to 116,85 per cent,
mwmmmnmﬂ;mﬁmh tres plots
and lowst in 12 tree plots arranged in 3 rowe



each consisting of 4 trees, The shape of the plot

dié not seem to have any oonsistent effect on
veriability, For smaller plot simes shape had some
influence on verisbility, In 4 trees plots, & squars
arsangement of trees showed a variation of 79 per osnt,
while 4 trees arranged in rowewise and colum wise
directions showed only 61 and 67 per cent of

variations respectively, But as the plot sise
increased shepe of the plot 4id not seem to enert

any appreciable effect on the precision of the setimate,

S8ise and shape of blocks

Adjseant plots were grouped to form blooks of
different sises, blocks of five different sines
namesly, 2, 4, 6, 8 and 12 plots were formed by
combining adjacent plots in various possible ways,
Thues 8 blook of sise 4 was formed in 3 ways such as
inalxd, 2x2aaddx]l arrangerente, The tetal,
between and within sum of squares in each case wes
caloulated and the "pooled within sum of squares”
was found out for ecaloulating variances snd
coefficient of variation, The percentage reduction
in veriability due to hlooking was calcul ed as the
ratio of between block sum of squares to total sum of
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squares, The significance of dlock varistion wes
tested by using the Petest of significance(Tsble 2),
The coefficient of variastion of plots of different
t‘;lznlmim when arranged in blocks of 2, 4, 6, B
and 12 plots are given in Teble 3, The results
showed that the CV decressed steadily with an
increase in plot sise S:rmun of the shape of
the plot., The minimum CV (36,77) was noticed in

2 plot blocks, Maximum CV (123,5) was also found
in 2 plot blocks, Ag the block sise incressed the
renge of variation of CV dsgreased. 1In 12 plot
blocks it was eflom 118 to 41, Coefficient of
variation m.eobc stadle for the same plot sime
in Aifferent blocks.

The significance of the between block veristion
showed that environmental veriation wes not
negligible and local control was effective in
sepesrating and sorting ocut the compontents of veriation
arising from differences between blocks, It could
be seen that efficiency of blaocking decressed as
the blook sise mmmzmzmxz. The maximum
efficiency 65 per cent was cbearved in 2 plot Mook,
while the mindoasa 20 per @ent was okserved in 12
plot blocks (Table 2),



Yair £1ield Smith's varianoce law

The Fair f£ield Smith's equation was fitted on
the hasis of obeerved varisnces of plot means both
in the case when plots are grouped into blocks of
various sizes and not groured into blocks, The
observed variances are given in table ¢, The
ob served variances decreased vith an increase in
block size, The fitted equations were given in
Table S¢ The valuss of *D* ran:sd from 975 to
0.08224 in the case when plots are arranged in blocks
and 0,6843 vhen plots are not arranjed, This
indicated a very poor MQlltzm between neighbouring
units suggesting that positional waristion was not
as imrortant as inherefit gemetic veriation between
the trees, It could also be seen that °*h* value
shoved a decreasing tendency as the block size
inoreased, The value of *b* was statistically
significant in all the cases and the multiple
correlation coefficients ranged from 0,96 to 0,98 as
the block sise inoreased from 2 to 12, Tt was 0,99
in the case of without blooking.

he intra-cless coarrelation coefficients for plots
of different sises and shapes are given in Table 6,
It could be seen that the intra~class correlation
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coefficient ranged £rom «0.44 tO 0,49, This
indicated that the ocrrelation between plots of the
same block was mot high, It was foun- that
intra«class correlation decreased with an incresse
in plot sisee It was also found that intre-class
acrrelation coefficienmt increased with an increase
in the tiock oise and found to be Mm(bd’)
in 12 plot blozks,

Block efficienay

The relative efficiency of blocks of different
sizes as estimated from Pair field Smith's equation
was given in Table 7(qy¢ ™ plot blocks were found
to be less efficient than 4 plot and 6 plot blocks,
but more efficient than 8 plot and 12 plot blocks,
The relative efficiencies of the unconfounded
designs with Jdifferent confounding systems are given
in Table 7(;,) 88 estimated from the Fair f£ield Smith's
ejquation using an overall cosfficient of
heterogeneity egqual to 0,8843, It can ba seen that
with 4 factors each at o levels the reduction of
block sise from 16 to 8 resulted in a gain of sbout
4.5 per cent and reduction from 16 to ¢ resulted in
& gain of 11 per cent in the unconfoundd effects,
In 2% factoriel experiment & reduation from 32 to 8



resulted in 3 gain of 8 per cent, The gain in
precision due to the use of incomplete bloaks of
sise 9 in 37 factorisl system is about & per cent,
This calls for the use of incomplete block designs
in planning experiments wiwre large number of
treatments are to v tssted,

The expected varianoe of plot means based on
plots of different sises are given in table 8, The
expected variances decreagsed with an increase in
plot sime, The maximum value (2,196) wes tound in
2 plot hlock for single tree plots, As the block
sive increased the range of veriation decreased,

In 2 plot blocks itranged from 2,196 to 0,194,while
in 12 plot blocks the reduction was from 1,931 to
0250, The relotive percentage {nformation per tree
for plots of Jifferent sises is jiven in Table 9,

As the efficiency of a plot sige can be defined in
tezrms of the relative pereentane information per tree
the optimum plot sise is the one providing maximum
amount of relstive reroentage information, It ocould
be seen that the relative percentage infarmation ves
maximum in aingle tree plots both in the case of
arrangement in blocks and without dblocking, The
relative rercentage information decreased from 100 to

45 vhen the plot sise deoxeased from 1 to 12 Phen
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they are not grouped, 'hen plots are arrenged in
blocks the relative percentage information decreased
vith an increase in plot sise, The maximum relative
peroentage infomation (94) wes found in 2 plot blooks
with a plot sise of 12 ﬁl.!. The minimum value (64)
was cbeerved in 12 trees plots laid out in 12 plot
blocks, Minimumm relative percentsge information was
notioced in 12 tree plots n all the cases,

The number of replioations required to provide
estimates of population mean with $§ per cent
standard error were caleulated for grouped deta and
given in table 10, On the basis of the desired
nunber of replications and the plot sise the expected
number of trees corresponding to various plot sisves
have been worked out both in the case of grouped and
ungrouned arrangements, 7The results indigated that
single tree plots required the minimum experimental
- material, Since the best plot size can aleo be
defined as the one Wwhich utilises the minimm of the
resources for providing estimstes with a given lewel
of precision, this result hrings to néht the
importance of single tree plots in conduating f1eld
experiments with cashew, ¥ith single tree plots wvhich
are not grouped into blocks, only 546 trees were
required to rrovide estimates with S per cent standard
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errar vhareas 12 tree plots in & 4 x 3 arrangemant
required about 1416 trees for gettin; estimates
with the sams precision, The same is the cass with
grouped troes 8lso, m:nammmm
in the number of trees for singls tree plots to 12
tree plots was from 610 to 649, The ranges of
veriation of trees for 4, 6, 8 and 12 plot blocks
were S70 to 684, 558 to €8S, 533 to 797 and 538 to

834 respectively,
Ranking of trees

The Mlxty of wre-experimental data for
efficient arrangement of plots and blockp and in
covariamse technique, for contyrolling experimemal
error waz also examined, T™e plots were formed by
calibrating the trecs on the basis of the yleld of
the tree ‘fct m first four pree-axperimental years
fmmadiately prior to the start of the experimsnt,
The pre~experimental plot yield totals wore arranged
in order of merit and the firet k such plots in ceder
considered as emmiuum the £irst blocke of sise
k and the next k plots forming the next block and
8o on, The efficiency of blocking after ranking was
Ww&mwtamhmxmmma
4, 8 and 12 plots taking a single tree as the basie
unit, The cosfficient of varistion of ranked data
for plots of differunt siwes are given in Table 11,
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It could be seen that the CV ranged from 78 to 23
as the plot size inoreased from 2 to 24, Por a
v;mmclimw&mmmm\vum:
tmmqa!m—nd:duu. For & plot of eise
4 trees CV after ranking was found to be 45,5 per
cent and that of ach-ranked data was found to bes 63
per centy, Thus there is a peduction of 20 per oent
in variability in 4 plot blooks due to ranking of
the trees according to the pre-sxperimental yields,
Blooking was found to bes wary efficient in the case
of ranked data, The block efficliencies for
different blook sises for aingle tree plot blocks
were given in Table 12, The block efficicncy of
2 plot block was 99,6, The block efficiaencies of ¢,
6, 8, 12 and 24 plot Dlooks were 99,4, 98,9, 98,8,
98,3 and 95,4 respectively,

Correlation and regreasion

The correlation coefficients Detwaen experimental
yield and different quantitative characters nsmely
girth (m1), height (x2), spread (x3) and four years
pressxperimental yield total (x4) were caloulsed
(Table 13)s Maximum correlotion 0,4335 was found

betwesn four years presgxperimsntal yield total and
experimental year's yisld, Correlation coefficieng
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of yield and girth a8 yield and spread ware 0,3497
and 0,3689 respectively, All these correlation
coefficients ware found to be statistioslly signiffcent,

The multiple regression equation of experimental
year's yield on the abow four charaaters wes found
to be statistically significant (Tedle 14), The
cosfficient of determination was rather low (0.22),
Partisl regression cosfficients were computed and
standardised, The standardised -artisl regression
coefficients of girth, height, spread, pre-experimental
year's yield on expsrimental year's yield were |
042276, «0,1067, 0,0767 and 0,3208 respectively, The
regression coefficients were tested for significame
and all excert the partial regression coefficient of
experimental year yield on spresd was significent,
es given in Table 18,

In arder to identify trees of superior neture
a selection idex was evolved by substituting the
corresponiing parametric velues in the €icted equation,
The correlation between this index and the
experiorntal yesr's yield wes found to be 0,49 vhich
18 higher than thast with other characters like girth,
height, pre-axperimentsl yield and spread,

Covariance analysis wes dane using Aitfere-nt covariates
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MM!’WQ‘WMO; The covariates
used in the ranking method were spread and girth,
In the non-renked chse selection index and
presaxperimental year's yield total were the
concasitant varistes, The mesults are presented in
Table 16 and 17, It was found thet the gain in
effioiency was 44 per cent in 4 plot blook, when
pre-axperimontal year's yield total was sed &8s covariaste,
The efficiency decressed with an incresse in plot sise,
As eh- plot sise increaseld from 4 to 8 there wvas &
reduction of 8 per cent in efficiency while vhen the
plot sime increased from 8 to 12 the reduction in |
efficiency was only 1 per cent, The maximm gain in
preaision in covariance anslysis (54 rer cent) was
found when selection m'u used a8 coveriate, As
the rlot sime increased from 4 to 8 the redustion in
efficiency was 6 ptr gemt Wiiich was lesser than that
for the same by using pre-experimental year's yield
as the coveriste, But when the plot size increased
from 8 to 12 the reduation was 3 ner cent which was
greater than that for the same by using rre-experimental
year's yleld as the covariate, The efficienay Gus to
the antlysis of coverianoe by using girth as coveriats
4n ranked cese wes only 18 per cent (Table 18), The
relative efficiencies dearedsed to 4 and 0,02 when
mpxor.uummqunmaaun
respectively. The relative efficiencies by ueing spread
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as covariate were 100,94, 104,22, and 102,88 for
4, 8 an? 12 plot blocks respectiwvely (Teble 19),

Munber of pre-experisental periods

In order to £ind out the optimum mmber of
pre-gxperimental pericds the correlation coefficients
between pre-~experimental and experimental year's
yield with a tims lag of 1, 2, 3 and 4 years were
calculated, The expsrimeatal year’s yicld was ageain
correlsted to the total of first 2, total of first 3,
and total of first 4, ree-sxperimntal year's yield
and the correl aaion coefficients were civen in
Tsble 20, Maximum correlation coefficient was found
between experimental yeati vield and total of 4
pre-axperimental year's yleld, It might ds seen that
there wvas only a subkle difference in correlation
coefficient between two pre-axperimental year's yield
total and four pre-sxperimentsl year's yield total,
The correlation coefficient detween 3 years
pre-gxrerimental yield total and experimental year's
yield was only 0,2444, whitle that between exnerimental
yield and previous years yield was only ,166, ™e
minimum correlation cosfficient («,014) was noticed
between experimental yield and [re-experimental yteld
with a time lag of & yesrs,
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Table %,

Relationship detween plot sive and variabilicy
for ungrouped 4ath.

B M0 D W W W W A AT W WS WS S W

Plot Plot cv maber of Nusber of
eine shape replications trees
@ 4D G 9 G W W W W W A W W W B W W W W WS S e
1 141 116,83 846 546
2 112 88,32 311 622
FTY 86,11 2% 892
4 134 60,9 148 . 892
1 67,59 182 728
202 78,72 248 992
¢ 32 69,5 193 1158
213 61,95 153 9198
116 60,83 148 a8
611 82,13 108 648
8 118 83423 113 904
811 50,69 102 822
214 51,94 108 863
412 36,42 127 1018
12 1211 331,82 108 1272
1312 53,27 108 1260
43 54,8 118 1410
314 6.9 80 1036
612 80,64 102 1224
216 52,09 10 1330



Table 2, ) '
Peroentage redustion in sum of squares Adue

to blocks of different sisss

L I B B B BN B B NN R N OB B A AN BN OBE AR BN R IR BN R B B AR R IR

Blook sime Peroentage reduction r

™ 6 B e W G e U W A e W W WID W W N s eSS
a 68,98 2,901 **
4 $4.2 4,012 "
6 0.7 4301
8 36,81 S.662 **

12 20,22 . Te3l® **

Table 3,
Cosfficient of variation of plots of different
sismes with arrangement in blocks of varying
sives,

(Namber of trees) —0RE S DICS DeE RIOGN.
2 4 ] 8 12

| 123,83 119,43 118,2 115,64 115.8
08,09 96,58 05,39 086,48 87,08
62,83 82,70 62,54 064,81 05,40
51,86 S1.N% 51,92 S4.,90 585,45
4,82 45,49 45,49 49,41 69,24

12 3,77 37,08 37,77 40,73 41.68

L B I N



Table 4,
varisnoe of plot msane based on plots

of different sises

W W A AW WA W W DA A WYY SR WS e

Plot ll: g&m ——lSRAE. 0L DIOSS cex DioOK
Mr xmm
trees) 2 4 ¢ 8 12

B o O W W AW WA W W D W W W W RS S ®

p | 2,0354 2,9388 22,4704 2,3263 2,2617 2,1818
2 241323 ,908 L9234 L9119 9795 9803
4 oTO33 L4452 5176 58541 L5133 5884
6 25686 3033 LMB2 L3049 L4189 L4388
8 8414 L3884 L2084 L2373 L0285  L,31%8

12 + 3069 «2339 ,25M 02402 «2972 2919
T EEEE] --u:-ﬁun-éu..u-u..nnnann

Table S, :
Smith's equation fitted to the data

“...Q‘.‘f‘.Q”--'”--Q“.-"’Q"’

Number of  Fitted equetion r P

wpﬁ‘

LG B R R B B B B0 B B B B R BN I B N N BB AR W R RN R R RN R
b Ld

2 Vix) = 2,198 x™*781%"  ge24 9262

M vin) = 2,0541 *W”I!“ «9820 «9643

. Vix) = 2,012 x**9184*"  guqq 973
s Vix) = 1,928 7™0839°° o500 9620

12 Vix) = 31,9311 x~8334°° 90 9783
loging  ViX) = 1,887 y 08T g0 9831
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Teble 6 | |
Relationship between plot sime and intre-cless
cerrelation cosfficient,

- A S e e W WA G IR WA E A A W WSS

Plot sise Vithowt WH__

b weddldd o2244 3138 L4243 L3901 « 4918
4 =e 2180 0226 L2898 L4041 L3268 L4602
é =e 3202 02236 L2060 3611 L3382 L4024
8 -glllP JOS08 L2465 ,3013 ,2982 L3904

12 «sOT738 +OB79 L2498 .“th ..1930 3260

Table 7(a) o
Relative efficiencies of hlooks of Afferent
eizes as estimsted from Pair field Smith's
equation,

W GW D ED G DD B S GED ST S E TR O PG
Number of plots rer blodk Relative efficiency

LR K BR BN BN Y B BN R N BRI N B BN B NN B BN B BN R R N B WA N )

4 va . 14018

¢ ve2 | 2,014
8 w2 +« 9808
12 ve2 «96001
6 vod + 9984
8 wad , 1,023
12 ved ' , 1.130
8 veb 1,027
12 vet , - 1,019
12 v « 9938
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Table 7(d)
Relative effisiency of unconfoundsd effects

with different confounding systems

“ W A U W W WD W AN E W AW AN AW WD W

Fagtorial syetem Block sise Relative e¢fficiency

4

2 o 1,045
. 1,109

2 16 1,032
] 1,079

3! » 1,083

Table 8,
Bxpected variance of plot means computed

from Fair €i¢14 Smith®s law

Plot sise  ¥ithout _______Wusher of plots oer hlock.

(unier of bloddm ; 4 P o 12

T T T T T Tee7 T T2,1867 2,084 2,012 1.9257 1.9311
2 1,176 1,1174 1,079 1,084 1,071 1,092
‘ 7307 JS684 JS6T1 .S832 L6031 L6178
é 553 23628 3892 ,3981 4270 o 8424
. 4547  JIB2 42980 2980 3360 o492

12 03445 1947 (2048 L2084 ,2391 ,2%02



Table 9,

Relative psrventage information rer tree
for plots and dblocks of different sises

Plot sise Vithout ._w.ﬂ.w__
{(Bunber blocking o
of trees)

2 100 100 100 100 100 100

2 85,35 98,2 95,15 94,5 89,61 88,42
4 64,56 96,61 90,55 89,3 80,05 78,18
) 6,81 95,64 87,96 86,4 75,01 72,78
e $1.88 94498 86,15 84,39 71,64 69,11
12 45,64 94,01 03,7 81,64 67,12 64,38



Table 10,
¥uber of replications and nusber of trees required for providing

estimates with S5 per cent standerd error when plote are arranged

in blocks,
| 2 (  +3

No.of No.of No.of Rosof NOOf tNo,0f Noof Ro,0of Noof No.of
repli=- treee repliie treesc replie trees replie. trees repli- trecs
cations cations cations cations eatins

@ a6 A A @ B W % O W g W s WS G W O T TP G T O W A A WD A P A TSI U A S e WA W T W A A W

60 5% s70 558 SS8 533 S35 536 S

2 M 620 300 €00 296 9 299 S%8 304 607

s 158 en 158 o 157 625 167 688 172 686

¢ 07  ee2 108 649 108 667 120 71 123 738
8 80 643 83 662 B3 663 93 147 W,

12 se e 57 684 57 685 64 797 69 8M



Table 11,

S0

Relationahip between plot sise and veriability
for renked 4data,

Plot sise Vix)
- G W W W W W S 0O
1 2,08
2 1,03
4 »5163
¢ « 3433
¢ 26004
12 o3720
24 <0078

cv
- 9% o & ®» - - W e W%
111.2
78,81
35,79
45,51
39,62
32,27
23,001

Table 12,

Efficiencies of Ddlocks of different simes
for ranked dats

@ W W O B W W WS G W WU WY W A W M

Number of plote

perxr blocok

Percentage reduction due to
blocking

o W% W A W O W W W T S W W A A W e

2
4
¢
e
12
a4

99,6
99,4
98,92
90,84
90,34
95,40
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Table 13, ,
Correlation matrix of different plant
characters in cashww

@ MG T W W WG G W M EE WU WU N WS SS

¥ x1 X2 X3

A oF @ G G0 D S A W D W W A6 D W WD WS WD D D W S O

Xy o 49T

X, 3071 LGN

Xy «3699% ,TZ00%% ,5948%°

Xy 43350 L4349%% (2938%¢ ,sP71e

Tables 14,
Analysis of varianse of regression of

experimental year's yield on certain
quantitative traits in cashew

Souroe at B8 ] r
Regression 4 2,6098 008523 41,2978
‘Brvor $63 8.9088 +0158

Total | 87 11,5188

UK B B IR BN A B B I N B R B 2 N N E N B B N N I E N NW ]

*¢ Blognificant at 0,01 per aant level,
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Table 13,

fartial regression coesfficients and
their standasd errors

W e @ W AW W AW W I AW A A e S

Neme Partisl re=  Standardised Standardg,,
oharagter gression psrtial re-« arrore

cosfficiente gression

cosfficients

o U G W W AR A5 A W WD W WD WS G WSS
Girth +0586 «32P <0156 3,780
Height »e0039 e 3087 20019 — 2,083*
Spresd 0016 0782 0013 31,2188
antal yoars 1062 «3206 0270 6,91%*
yield total

*¢ Significant at 0,01 per aent level
* significent at 0408 per cent level
RS Scatistically non signifiosnt

Table 16, .
Analysis of covarianes of cashevw yield data
using pre-gxparimental yield (x4) as
coveriste without renking .

L 2B 2B BN BN BRI BN BN R BN BN B B BB K BN BE K BN WY NN BN NN NN W W 2

No.,of plots Unadjusted Peroentage Adjusted Efffi- Gain

per blogk  MSE reduotion due MSE cienoy in
W covarisnce pré=
_ clision
B GF W M B W WD G W S WS m PSSP S
4 92,040 30,38 6,20 143,39
s 9.9974 26,49 7.0094 133,70 3¢
32 9,6358 26,14 7.1306 135,13 38
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Table 17,

Aalysis of coveriance of oashew 14 data
using seleotion index(s) as cowar in
wuhout. ranking

No.of Unad justed Peroentage Adjusted Efficiency Gain in

plets MSE redustion MSE prechsion
per blodk dues %0
covarianm .
W 40 G W A0 W WD W W@ T W WD DSOS W W e W
4 9,048 35,3 85,8623 154,34 S4e 34
8 9.3974 32,97 $,44356 148,90 48,9
12 . 9,0358 N.N 6,94%0 145,3¢ 45,0

Table 18,

mxycu of covarisnoe of oashew yield data
using girth as & covariate in ranked case

Ro.of vn-a Feroentage \wm ficiency Gain in
plots reduction pre¢ie
per blook dus tO . sion
oovarianoe

.Q.Q--Qﬁ-ﬂ.Q‘“-Q'Q-Q.--OQ--....

4 2449 16,04 « 2061 118,684 18,84

8 +4352 4,32 «4178 104,19 4,19

12 « 4939 2010 04937 100,02 +02



Table 19,

Analysis of covarisnce of gashew yield data
teing spread ss ooveriats in ranked case

No.of nad justed Pezamntage Adjusted Rfficiency Cain 4in

plote MBE reduttion MSE

per blook dus to sion
covarimos

4 . 2449 8,39 02349 108,9 8.94
8 +4382 4,249 Ny, 104,2 4,22
32 + 4939 2,703 « 014 102,58 2,58

Table 20,
Corvel stion coetficients of experimental yteld

data with pre-exrerimsntal yield data for
different nperiods

Pre-experimental period Correlation coefficient
W W @ W W W W W SISO P W G SO Y e W
t‘ «1668**
tz 031037
t, 01218%*
., 014"
.1“2 o320
‘I*&"’s o 2444**
‘1“2*3*‘ 043390



DISCUSSION



The importance ofcptimsm sise and shape of plots
and blocks for the efficient planning of field
xperimnts is widely knowa, The sise and shepe and
of plots depends generslly on the wariasbility present
in the crop and the eaviromment in vhich it is grown,
Lot of work has been done for standardising the
technique of field experimentation of annual arope,
But in the oase of peremnial fruit trees and other
plantation orops the work done is meagre, ‘Yith regard
to cashew no attenpt has been done o far for
standardising the f£1eld plot techaique, The technique
developed for annuals cannot de applied to perennials
due to the inherent hetrogenity of the planting msterial,
large plot sises or mmber of replications cannot be
adopted dus to the high cost of experimsntation, The
mxtmufxmmnnmmocm
and blocks, number of replications, calibreting
varisbles, optisum numbar of preeaxperimental periods
ete are discussed here, '

Siwe and shape of ploks

The analysis of the uniformity trial data on
osshew showed that CV decreased with an increase in



plot sise, coefficients of wariation for differsnt plot
sises and shapes veried from 46,09 to 116,68, Thue
there existed & considerable sanunt of veriability
between the yields of individual treas eventhough they
were reised from the same parental stook, In other
words, a large amount of versation was due to individual
tree Aifferences rather than difference betwo~n plots
with regard to soil fertility, There was much difference
in CV with different shapes of plot for a £ixed sime

of plot, A difference of only 2 mar csnt was observed
in tvo tree plots while arranging them in row wiee and
column vise directicns, Put &8 the plot sise incressed
it was found that CV had & little effect on the shaps
of the ploty The above results wares in agreement with
the findings of Prabhakaran gt al, (1972), Sardana gt al,
(1967), Smith,H.F.(1938), Abraham gt 2. (1964),

Saxmena gt Al. (3972) and Rambabu gi 3l, (196C) in varicue

oropse In 4 tree plot: & squares Arrangement of trees
wis found to giwe a hicher CV as cawpured to rectangul s
arrangemente In 12 plot hlocks an errangemant of trees
in three rows and four columns was found to give the
lowast CV as compared to other possible arrangements,

It seems that an & Jmost sgusye arrangement of
plots is advantagous for yeduaing wveriability with
large plots, But vhen very small nlots are used



s7?7
restangular plote awe expested to be more advantagous,
In 6 plot and § plok bleaks not much difference im CV
was observed between metangular and almost square
arrangement of plotse In 6 plot and 8 plot blocks
CV wvas found to clustar around 30 to 60 per cent,
Therefore if plots of medium sine were to be used any
srrangemsnt of plots could be adopted, ‘hen border
rows are to be alloted it is advieable to use square
plots because square plots give mintium perimeter for
8 given plot sise, For example & net plot of 4 trees
in rectangular arrangement required altogether 18
trees 4in the gross plot while a square arrangesert of
4 trees required only 16 trees in gross nlot,

It oan be seen that the relative percentage
information was maximm for single tres plots both 4in
the csse vhan plots are arranged in blocks and aleo
wvithout arranging them in blooks, Thus single tree
plots are the most efficient cnes in condusting fiedd
trials on cashew, The results were in agreement with
the £indings of Agarwal gt 3. (1968), Menon gt a). (2971),
Prabhakeran gt 8l.(1978), and Marayanan (1966) in
certain perennisl arops,

Since single tree plots pémldn mtximm
information we can safely recommend single tree plots
for oconduating f£ield experiments with ceshww, But one



se
disadventage of single tree plots e that the
axperimenter has to ssorifioe the entire information
from the plot on smonunt of missing & single tree from
the plot, As an slternative suggestion, two tree
plots can aleo be recommended heceuse the loms in
information due to 2 tree plots &s compéred to single
tree plots was not appreaisble, A maximum loses of
information of about 12 per oent was noticed in 12 plot
blooks as the plot sise incressed from 1 to 12 trees,
Thus with larger blocks increesing plot sise 414 not
seen to have any beneficial effect in reducing the
variadility, but in smaller blocks plots of verious
sizses might be used without much loss in fnformstion,
Thus 4in 2 plot or 4 plot blocks 2 trees or even 4 tree’
plots could be used without much lose in recieion,
larger plots are more convenient to conduet agricultural

operations,

Practical convenience often give place to
experimental precision, But with larger blocks single
tree plote were found to be the most efficient and
would be used unless the experimenter fears that some
of the trees might be destroyed in the @ourse of the
experiment, due to soms unforeseen causes, in that
oase 2 tree plots could also be used as an alternative
to single tree plots, Por & given number of trees the



method of increasing replications pir trestment was
found to be more advantagous than the method of
incresaing the plot siss, So wherever possible the
mintimen plot sise should be used by providing the
meximum number of replications per treatment,

Kock efficiency

I¢ was found that sise of the blook had & very
1ittle influence on CV, In smaller plots CV was found
to decreass with an increase in block sise, but as the
plot sime Ainoreased the trend was just the reverse,
The statistiocsal significance of between block veriation
- showed that environmental variation was not negligidble
and locel control was effective in seperating and
sorting out the components of varistion arising due to
differences between blocks, The peroentage variation
removed by blouks of different aises was found to
decrease with an increase in plot sise, Dut the rate
of detresse was rather slow from 2 plot to 4 plot bleoks,
This indicated the need for employing indireot methods
of controlling experimental error such as calitwation
and coveriance, especially when a laxrge mumber of
treatments are to be cospared,

Rfficiency of confonding

In experiments wheres & large mumber of treatments



&
are to be tested the device of confounding is usually
adopted for reducing blodck sims and improving the
preaision of the estimate, It was found that confounded
designs were more efficient thean the corresponding
unconfounded designs in the sense that they gave a lower
mlmdptumuwmmhu&ea
designs, The relative efficiency was found to increass
with a decresss in block sise, The results calls for
the use of confounded fagtorial experiments vhen the
experimsnter is confronted with the problem of testing
several factors simultanecusly st 2 or more levels,
especially in menurial triale, In varietal trials the
use of incomplete block designs was found to be more
advantagous as comparad to the use of corresponding
oomplets blook designe,

Fair f£ield Smith's variance lew

Pair £ield Smith's equstion was f£itted on the

bagsis of obeecrved varisnces of plot means in both cases
when plots are arrenged in blecks and when they are not
arranged. The velues of the coefficient °b' was found
to very from .97 to (82 as the plot sise increased from
2 @ 12 in the case when plots are arrsnged im blooks,
then plots are not arranged the walue of b was found to
be 468 , These results were similar to those obtained
by Prathakaren gt 2ls(1978) in benane and Menon gt als



(1971) in mandarin orence,

Mareover 90 psr eent of veriation of plot yielde
ocould be explained by Fair field Smith's equation in
each of the cases of grouped and ungroured trees, From
this high °h* wvalues it could be infered that the
cantiguous units vere not strongly correleted, Therefore,
positional veariation was not as predominant as the
genotypic veriastion, If the site is homogeneous then
the entire veriation of the experimental material is
expected to be contributed by the genstic make up of
the trees,

Calibration of trees and the control of error

As & means of controlling genetic variation
among trees, the trees wers ranked acowrding to their
past performence and the analysis of ranked data indicated
that considerable amount of veristion could be removed
by the above procedure, It was also found that the abowe
method of ranking was very efficisnt with plots of
smaller sise, but its efficiency Moressed with larger
plots, However the mmdocmqm found to be
superior to ordinary unctdered arvangement, Apart from
the direct methods like blacking, local control ete for
controliing experimental veristion ranking is siso found
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to be & satisfactory messurs for reducing the ervor,
Tt 1s a rether simple and operationally convenient
progedure and oan be easily performed by the research
worker than the teohniques of covariance, It wes
found that more than 95 per cent of veriation could be
removed by arranging the trees in order ascording to
their past performance, Henoe ranking of trees and
grouping into aifferent blocks can be recommended as an
effective method of controlling experimsntal veristion
involwd in £ield experimentes with cashew,

Anslyeie of covariance with ranked deta

As an additional method to reduce the erves
varience covarisnce analysis was rerformed with sonked
-data and the result indicated that girth cen be talen
as an efficient coveriate, DBut the efficiency of girth
83 covariate was found tO decresse with a iacresss in
plot eise, Spresd wos found to De & movre ¢fficiemt
coveriate than girth in large plot blocks, Mowever the
use of covarisme analysis with larger bloaks 414 not
seem to 2ffeot & substantial redustion in the
experimmntal errcr, This result is in sgresment with
the results obtained by Magsyansns (1968) en rubbder,
Menon and Tyegi (1971) 4n £ie)4 experiments with s
mandarian orange found Mm‘mmumxm

.
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oould be obtained by taking spread as an auwxiliary
variste, 7This contredicts with our results, This
may be dus to the differense in morphologicsl
charegcters of mendarin orange and cashew, He also
reported that gain in precision due to covariance
analysis by using trunk girth as a covariate was not
sppreciuble. But in field experiments with cashew
girth served ae better cowarisdte than spread, The
sfficiency of covariance analysis decrcased with an
incresse in plot size irrsspegtive of the noture of
covariates, This was in agreemsnt with the f£indings
of Panksjakshan (1966) who found that covariance technique
was used only upto 10 trese plets,

Correlation analyzin and selestion index

The correlstion Mr-h of yield and {te
component charagters showed that yleld was positively
correlated with girth, heicht, spread and
preeaxperimental yield, Among these charascters
presgxperimsntal yield was the most prominant chersgter
contributing to wristions in yield, All these characters
were intercorrelated, Therefore it might happen that
sorrelation between yield and any one of these characters
micht be caused by the relationship of the particular
charscter with another charsgter which was also
correlated with yield, So the standardised partisl
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regreseion coefficients wers cslculated to assess the
direct effect of each charagter on yield, The direet
Sffeot of height on yield was found % be negative
indieating that taller trees on the aversge are likely
to ®mdhidbit relatively low ylelding potentiality wiwn
other charagters are kapt constant at their mean lewels,
The other three charscters exhibited positive liner
relationshipe with yleld, '

Amonyg the different characters the most important
charagter ocontributing to veriations in tree yield is
past performance of the treees A 100 per asnt inarease
in pre<experimental yield fe expected to providea a
32 per cent variation in the astual emrtmntyl years
yield, Girth is the next importsnt faotor in
detearnmining the productivity of a tree, It i about
tvo third as inportant as the prewexperimentsl yield,
This result brings to light the importance of gireh
as an additional cowariate for analysis of coveriense
in cashew, 1In order to give due weichtage to thess
aharagters in measuring the isherent yielding
potentiality of the trees & selection index was developed,

The index value of each tree was calculated
and they were correlated with the exrerimental viedd,
The cerrelation c«!ﬁm abRained was higher thas
that odtained by ueing pre-exparimental yield as the



e
covariate, Covarisnoe ansliysis with 4 years
pre=gxperimental yield data as the coveriate was found
to reduce the grror variance by 44 per cent, thereas
the use of seleotion indax as the covariate was found
to reduoe the error veriangs by 354 per cent, This ie
in agreement with the findings of Absywardana (1970)
in coconut, This suggests a more powerful oslibrating
variable for covarisnce analysis, Instead of using
pre-gxperimental yledd as the covariate the index
valuss for esch tree obtained from this selection index
cen be more effectively used for reducing experimental
eFTOr,

Optimus number of pre-experimental periods

one we~experimental period, that is two
congecutive ysars {mmedistely prior to start of the
experimernt was found to be sufficient to o:ntrel the
error through covariance technirue, A single year's
yield immediat-ly prior to start of the experim nt was
not strongly correlated with experimental ytield, T™his
may be due to biennial tendency of the crop, PMast
data for four consegutive years could also be used
effectively for calihrlqu

But such prooedure if adopted, would result 4in
unnecessary ctime lag wherever such data are not
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aveilable and the ultimste gain in precisicn over the
use of two years 4sta might be quite negligible, T™hus
for sll practienl purposss data £or two pre«experimental
period fwmdiately ‘uxw to start of the experiment may
be collected and utilised for the control of genetis
wariation through the teshmiques of calibration and
covariance, This result is in sgresment with the
£indings of Pulkarni end Abwshem (1963) on srecanute



SUMMARY



Investigations en different sspects of field
experimentation on cashew with reference to sime and shape
of plots were W using the data collected from
available records of m Regearch Station,adakathara
for a period of five years starting from 1976 and the
results ocbtained are suwmarised below,

 Considerable veriability was observed in the yields
of treas even thouch they were raised from the same
parental stook, The cosfficient of variability ranged
from 48,89 to 116,83 in the case of ungrouped data,

fhape of the plot 414 not seem to have a consistent
effect on CV especi 'lly in laxge plot blocks,

The relative perosntace information wes found to be
maximum 4in single tree plots both 4in the case vhen the
puesmmwmbmmmmqm not
arranged, Therefors single tree plots could be womnaoa
for conducting field e:xperiments on oashew, In order to
avoid the enhanced chance of loss in information with
single tree plots as sn Alternative suggestion two tree
plots could also be used for mum field mxperimemas
on cashev,

It was observed that twp plot blocks were the most
efficlient for conduating iuiﬂ expariments on cashew,



The efficiency of blodkingdearsesed with an inarease

in plot sise, The significence of block veriation
revealed that envirenmental varistion was not negligible
and local control was effective in controlling
experimental variation,

The Fair field Smith's equation gsve & good €4t to
the data both in the osees when the plots are aranged
in blocks and not arranged, The coefficient of
determination was found to be more than 90 per oemt 4in
both the sbove cases, It could aleo be seen that value
of the heterogeneity cosfficient *D* showed s decressing
tendency as the block sise inoreased, The relatiwly
high wlue of the paramster °*b* indicated that genotypic
varistion wvas more predominant than positional veriation,

It could be seen that sxperimental arror could be
considerably redused by the use of incomplete block
destgns, 1n 2% experiment & redustion of block sise from
6 to 8 resulted & gain in precision of 4,5 per cent while
& reduction from 16 to 4 enhanoed the precision to 11
per oent, ma’qmammwmunme\
by the device of confounding resulted a 6 peor cent gain
in prevision,

. The number of replications required to provide
estimates with & given level of rrecision decressed with
&n ineresse in plot eize, But for s given experimental
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meterial an increase in nuwber of replicetions rather
then plot sise was found to provids more rrecise
information,

As a means of controlling the {nherent genotypic
variation of the trees, the trees were ranked socording
to their past performanos and the anslysis of the renied
dsta showd that the method of ranking could be used s
ndcmwmlmm&mﬂmumtn
£ield triale with cashew, The efficiency of loucsl
control was found to be significnt with ranked data mnd
it decressed uniformly with an incresase in number of
plots per block, The coefficient of variation of the
renked data wvas found to be lesser than that of non-renked
data in all plot sises,

Correlation studies on different charaacters revealed
that pregxperimental yesr's yield total was the most
oontributing charscter to varjstions in yield, Among
the different morrhologicel characters, trunk girth of
the tree was found to be the major factor oontributing to
variations in yield even though msan spread of the tree
was also found to be strongly coarrelated with yield
regression analysis of the dats rewvealed that {nfluence
of this character on yield was not direct but through other
characters,

A sslestion indx evolved from the £4tted regression
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equation was found tchtrongly gorpelatod with the
experim ntal yieldd, The corTelation cosfficient cbserved
was higher than that for other yield contributing
characters, This showed thet selection index could be
used as a more efficient calitrating variat: than trunk
girth and pre-experimental yield,

Analysis of covariance performed on the noneranked
data using the pre<axperimsncsl yield and selection index
as covariates showed that selection index wes a better
covariate than pre«experimental yield for reducing
variations in exnerimental yleld, In both the cases
analysis of caurum resulted in & consicaradble gain in
precision and i{ta efficiency decredsed with an inorease
in plot sise, Analysis of covariance performed with ranked
data using girth and spread as coveriated revealed that
girth ocould be served as an efficient covariate especially
in small plot blocks, If a8 1age number of traatments are
to be tested and consequently blocke of larger sizes are to
be used, then rank: ng and grouping of trees into blocks
agcording to pre-experimental yield is sufficient as the
sdditional gain in reecision owing to the use of analysis
of covariance is only negliyible,

Total of the rree-experimental yield data fot two
years immediately prior to the start of the experiment was
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found to be suffictent¥for cantrolling experimentd error
variance by the use of amalysis of coveriance, Four
yoar's pre-experimentsl yield total can also be used

as an effective calidweting variste with a slight
sdventage over the former, Mut a single year's yield
data immediately prior to start of the experiment was not
found to serve as an efficlient ooveriate, This may be
due to the hiennia:@ tendency of the erape
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ABETRACT

The present study vhose chjective is to ewsluate
the problems concerned with field experimentation on |
cashev was wxlertaken using the yiald rec-rde of 628
uniformly treated cashew trees golliscted from cashew
research station, Madakethars for & neriod of five years
starting from 1976, A single row of trees was discarded
on either side of the experimental £isld ¢to eliminate
border effect, Thus the experimental material
consisted of 576 trees raised from samp parental stook
in & 24 x 24 compact block arrangement, The period
197 to 1980 for wvhich thers was 0o change in treatment
was considered to be the pre-axperim ntal period and
the year following the applicstion of treatment was
considered to be the experimental period, Observations
on certain yield contriduting characters pertaining to
the year 1978 to 1979, séch as height, spread and trunk
girth ware also gathared,

Plots of Aifferent sizes and shapes waore formed
by combining ylelds of adjoining trees in various possible
vays, a single tree being coneidered as the ultimate unit,
The plots were grouped into blocks of different sizes
and CV was worked ocut for plots of different Atmensions



when plots were arranged in blocks and not arvanged,

The tress were found to be hichly heterogenous
even thouch they were raissd from the same parental
stocke, Single tree plots were found to be the most
efficient vhen viewed from the point of view of maximm
relative percentage informstion and consequently could
be recommended for conducting field experiments on cashew,
Two tres plots could also be recommendsd due to certain
practical considerations, Shape of plot did not seem
to have a consistent effeot on veriability,

Fair fiels Smith's equation gave & good £it to the
data and the parameter °*b' was found to be high in both
the cases when trees are arrenged in bloocks and when they
are not arranged, It ves obeerved that 2 plot blocks
were the most efficient for conducting field experiments
on cashew, The efficiency of hlocking decreased with an
increase in plot sime,

e result showed that experimental error could be
considersbly reduced by the use of incomplete blook
dusigne, As an effective method of controlling tree to
tree variation, the method of rasking based on their past
performance can be adopted, Efficiency of looal contro}
was considerably incressed by ranking of trees as compsred



to mere groupinc of trees with respect to their
geographios] contiguity, Pree-sxperimental yesr®s yield
was foun! to be the most important yield contributing
characts:, Trunk girth of tree was also found to hawve
signiticant influence on the inherent yiclding abiliey
of the trees, |

A selection index evolved was found to be strongly
correlated with experimental yield, The correlation
coefficient ocbscrved for this veriste was higher than
that for other yield contributing cheracters. Maximum
efficiency in analysis of eoverisnce was noted by using
salection index as covariate, PRfficiency of covariance
-analysis decreased with an ingresss in plot sime, The
optimum presexperimental period for calibration snd

covariance enalysis was found to be two year's imwdistely

prior to the start of the experiment,
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