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CHAPTER 1

INTRODUCTICON

Perennial and semiperennial plants such as orchard
and plantation crops, sugarcane, bananas, tropical fodder
grasses, etc, present to the field experimentalist,
additional problems not encountered in dealing with
ordinary annual field crops. The extreme type of these
perennials is found in the frult orchard where the yield
data come from a limited number of relatively large
trees. The trees themselves are generally far from
uniform in their genetical composition and, cansequently,
in their yield potential. In orchards there will gene-
rally be several age groups. Even if all the trees are
of the same age, it is usual that some bear early and
may reach thelr maximum early while others may be late
in bearing but continue to yield heavily for a much
longer period. The trees are widely spaced, and a rela=
tively small number can be included in a single plot as
apart from the question of acreage available, if plots
are made too large, the major soil fertility differences
within the blocks will counteract the advantage gained
by increasing the number of trees per plot. Even where

the number of trees is reduced to a minimum *the plot size



at an average spacing of 7.0 m willl be in the nelghbour-

2

hood of 700 to 1000 m™ and the effects of s0il differen=

ces within the plots will be considerable.

The root spread per plant 1s extensive and makes
the inclusion of non=experimental border trees essential
to avolid edge interference. The crop 1s perennial, and
the differential response of individual plants to the
varylng weather conditions from year to year introduces
a further source of variatlon. The yleld date alone do
not necessarily measure the whole effect of any parti-
cular treatment. The quality of the produce is often
as lmportant as the quantity. The rate of growth, roote
spread, susceptibility to pests and diseases, etc. may
be greatly improved without any immediate effect being
reflected on the yleld data. ’

In designing experiments on perennial crops, size
of plot, layoﬁt, uniformity of plants, recording of data,
all require careful consideration., Efficlent planning
of fleld experiments also depends on the knowledge of
inherent variability present in the experimental material.
Since much of the variation in a plantation may be from
sources other than environmental, the study of size and

shape of plots is not as important as that of annual



crops, but even so it should not be neglected., In pere~
nnials individual trees assume more importance. 5o the .
method of arrangement of individual trees to reduce

experimental error to the maximum is of prime concern.

Cashew (Anacardium occidentale L.) being a pere-
nnial tree is far different from annuals, needs spepial
statistical considerations in plamming experiments with
thém, The fact that it lives longer and i1s thus more
susceptable to mishaps needs greater caution to be
besfowed in designing experiments with them. Due to the
fairly large siz? of the tree and by virtue of its indie
viduality the influence of gepetic ﬁariation is more
pronounped than positional variation., So in field expe-
rimnents on perennials we should give more emphasize on
the variabllity present in tpe'crop than with environ=-
mental factors. The vegetative method of propagation
1s likely to produce trees true to £ype and the planting
material should be derived from the same parent stock.
Where the experiment 1Is to be superimposed on establi-
shed plantations, a locality in which the itrees are all

of same age group sh2ll be selected.

It 1s highly desirable that the plant material



used for any field experimentation should be as homo-
geneous as possible with respect to yield is concerned.
Cashev being a highly cross-pollinated (uncontrolled
method of pollination) crop the possibility of varied
vigour due to varied behaviour of parental combination
is common. Such a varied vigour of plants brings in an
error due to genetic variation. In agronomlc experi=
ment the variability can be reduced by including a large

number of plants in a plot,

Because of the heterogeneous nature of perennial
plants, a design which take into account the maximum |
benefit from heterogeneity is most important. Having
decided on an optimum plot size, srientation of plots
in blocks is known to have profound influence on expari-
mental error. This necessitates the choice of an effi-

clent design.'

In deciding upon the type of design it should be
remembered that statistical considerations, though very
important are never paramount. The designrused must be
need based and situation specific.. The true aim of the
design of experiment is to reduce experimental error as

far as possible and to obtain desired information as



precise as possible with ease,

One speclal problem assoclated with perennial
crops is that of their blennial or other cyclic fruif
bearing tendency. In one year the tree ylelds heavily,
in the next year its activity confines chiefly in growth,
ina thirﬁ year i1t returns to c¢ropping and so one In
such cases where there 1s a teﬁdency to yield heavily
every alternate year, statlstical analysis applied to.
the combined yield of ploté for two consecutive harvests

has obvious advantage.

To sum up, perennial plants have their ovn pro-
blems In field experimentation., They are usﬁally larger
and need more to be regarded as.individuals rather than
a group. Not least, by their longevity they raise ques-
tions about the source of variation, which may well
receive différing answers as the trees develop and some

sources vwax where others wanae.

The general method of laying out experiments by
taking compact blocks does noﬁ seem feasible in experi-
ments with adult trees because of ‘the high genic varia~
bllity in the individual trees. The present practice is
to fora blocks with trees having uniform yield, the real



aim being to reduce the variation within blocks. Ve can
think of methods which reduce the within block variation
by increasing the within plot variation, following the’
methods applied in selecting samples by cluster samp;ing
technique, It has shown that c¢luster sampling will be
more efficlient if the clusters are formed with hetero-.
geneous elements (Sukhatme et al. 1984). So, whatever
be the influence of environment and previous nutrition
on the tree, the within block variation will be reduced
by increasing the within plot variation. Thus the pre-
sent method of forming plots by lncreasing the within
plot variation 1s aimed with the following objectives.

1. T2 solve the difficulty of getting homogeneous
experimental trees with respect to character yleld -
in forming blocks.

2« To make the maxiﬁum use of trees with heterogeneous
yield from a plantation or. an area, by adopting the
principle of cluster sampling with negative c;rrela-
tion, with the aim of reducing the between plot
variation within a block,

3« To f£ix the optimum humber of plants per plot and
the number of plots per block,
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CHAPTER 2

REVIEW OF LITERATURE

Perennial plants and frult trees are, in general
far different from annual crops. Lventhough much work
has been done in evaluating the optimum size and shave
of plots in annual érops, only very little work has been
done on perennials. The wide variaebility present with
the experimental material makes it virtually impossible
for the experimenter to transfer the results of studies'
from one place t0 another. In annual crops the contri- -
bution of blological variation is less as compared to
perennials because of the large plant population involved.
In the present study of 'Standardization of field plot
technique for cashew'q waximum consideration is giveﬁ
for the inherent variability present in the experimental
material, In perennial crops the data are collected for
a number of years from the same tree, so error due to
environmental differences will build up with time and

small differences in growth rate can be importent.

2.1 Plant=to-plant variation

The earliest work to discover the relative impor-



tance of various sources of error was that of Smith
(1938). He pointed out that if variation comes from
the plants and if they have been allocated to their
position af random, the variance of mean per iree as
determined@ from a plot of "x' trees should be that of

the individual plents divided by x.

i.e. V

x = V1

X
But infact it more ugually follows the law

Vg = zj.where b takes some value between zers and one.

xb

The argument was later taken further by Pearce
(1955}, If the variation is infact made up of two
parts, one due to environment as given by Fairfield

Smith's law and the other due to plant themselves,.

e Ve =4 g
X

b

=

where V, = the inherent variability to be assessed.

V2 - the variation between individual trees, due
to position corresponds to genetlic and

environmental component of the total varia-



tion,

Vﬁ - variation per unit area between plot size 'xt',

If the second term dominates there will be no c¢orrela-

tion between performance of nelghbours,

Shrikende (1958) from his investigations on the
relative contribution of genetic and environmental
factors to the total variation in yield between trees of
coconut (Cocas nucifera), observed that the genetlc
variation between tfees is a more potential ssurce of
error than environmental variation, This investigation
was based on the main assumption that the genetic and-
environmental effects on the phenotype are additive and
independent and that the average yield 'y' of a tree
"over an even number of consecutive years can be expre-

gsed as

Y= d ; E where
G = contribution due to genotype

E = the contribution due to environment.

Bavappa (1959) showed that arecanut being a
highly cross-fertilised crop the possibility of seednut
gafhered from open pollinated nuts breedinz true to



their mother palm is rather remote. Certain parental
comblnations can possibly produce seedlings with better
vigour than certain others. Such varied behaviour of
parentai combination brings in an error due to genetic

variation,

Pankajakshan (1960) found that the earlier report
of Shrikande (1958) that the genetlc variation between
trees is a more potential source 9f error than environ-

mental variation, does not seem to hold good in all

cases considered, It was seen that genetic and environe

mental component of the total variation between trees
are in the ratio 3:2 for averages based on two years
and 131 for four years. For six and elght year period
the ratio changes to 2:3 and it shifts to 1:2 for the
ten year period, thus indicating that environmental
component is more important for perlods higher than

four years{

Pearce and Méore (1962) studied the variability
of apple trees using a statistical method and it appears
that varliation of trees ét planting does not persist for
more thén a few years, but that sources of variation of

continuing effectiveness can bulld up large differences

10



11

between trees, It was also found that variability builds

up more in poor conditions than in good.

The empirical relationship gilven by Smith (1938)
was modified by Freeman (1963) to take account of plant
variation, If V. is the total variance per plant of a

plot of x plants them Vx - V11 + gli where
- —_— X
xb
V11 - variance of a single plant
1
v11 = V1 (1 =o(), o being the proportion due to

environment of the variance of a unit plot can be re=

writtgn.as Vx o Vfu# V1 (1 =ol)
® %

A previous study on variability of apple trees,
has been extended to a study of variation in oranges,
peaches, cocoa, cherries and peans by Moore (1358),
Study revealed that variation at planting does not per-
sist and is eliminated by the time the trees hgve Incre=
ased thelr girth fourfold.

Abraham et al., (1969) in their study with uniformly
treated blackpepper et two pepper gardens in different
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regions having diiferent climate, soils etc., the opti-
mum size obtained at these places indicated that, the
optimum size of plot 1s invariant under different clima-
tic soil and other conditions. Inspite of this inva-
riance, the actual nunber of standards required for a
given precision was vastly different in the two gardens
because 1t depends on the specific veriability, This
latter inherent specific variability neesds to be deter-
mined for application of thesé results in individual

garden.

Singh et al., (1975) discussed the genetical con-
tribution vhile analysing the results relating to pere-
nnial crops like arecenut, mengzo, coconut, blackpepper,

orange, apple and banana,

Nair (1983) observed considerable variability
in the yields of cashew despite the fact that all trees

raised from same parental stock.

2.2 Blennial bearing tendency

Une special problem associated with perennial
crops is its alternate bearing tendency. In the 'on!

year the tree crops heavily, in the off year its activity
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lies chiefly in growth andlin the third year.it returns
to cropping and s0 on, Most perennial crops are in some
extend biennlal in cropping and growth and conseguently :
periods containing an odd number of years are rarely
comparable one with another. So if the iime taken by
the experiment is to be divided into perlods,.it is best
for them to be equal in length and for each to.cover an

even numbar of seasons {Pearce 1976).

Haldane (1958) commented on repeated biennial
tendency on doconut and felt that it is important to
know if this 1is a sn?rply defined character, and whether
this 13 an inherited character or whether it can be

overcome by the use of fertilisers,

Shrikande (1958) end Pankajakshan (1960) have
made passing references about the bilennial tendency in

coconut,

Singh (19612) studied the biennial bearing in
mango, goncluded that biennlal habit of mango cannot be
prevented by resorting to menuring, irrigation, pruning
and control of pest, nor it is affected by vigour of
varieties or the major climatic factor,';ainfall and

temperatures, It was also evident from the findings
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that exact cause of biennial bearing is not yet known
and i1l it is fully discovered. Thus the first attenpt
towards the control of phenomenon wlll be {o determine

the exact cause of fruit bud differentlation.

During the course of study of blennial bearing
studles in mango, Singh (1961b) found that biennial bear-
ing 1s governed by the timely productlion of naw vegeta=-

tive shoosts,

Method of estimating biennial bearing tendency
in cashew through correlation studies has been establi-
shed by Northwood (1967). The low correlation coeffi-
clent between years suggest a tendency towards alternate .

bearing.

Various methods for the measurement of irregular
and blennial phenomena in apple trzes weré considered

by Pearce and Urbanc (1967).

An attempt hes been made by Saraswathi (1983)
to derive appropriate test of significance to detect
bienniality and time trend in coconut., The study esta-
blished the fact that bilennlality is a significant

feature of coconut palms, The presence of bienniality



was also tested by & ﬁon-parametric approach, This
method also revealed the effect of biemmlallty but over

estimated 1ts presence,

2.3 Optimum size of plot

Experimental plot refers to the unit on which
random assignment of treatment 1s made. Size of plot .

in perennials refers to the number of plants in a plot,

An lnportant consideration in determining plot size
must always be the kinﬁ 0of record that it is proposed to
make (Pearce 1976). FPlot slze must also be considered
in the light of possible losses of trees., In the analysis
of data completely missing plots are manageable provided
these are not too many of them, at the other extrenme,
no irreparable harm 1s done if one or two plants die in
a plot of say, twelve or more. Difficulty is however

caused by a tree belng lost from a medium sized plot.

Gadd (1922) working on the experimental errors
of fileld trials with Hevea (Rubber) found that 16 tree
plots gave low probable error expreséed as a percentage
of mean and thét the increase in size of plot above 16

gave in comparison only a small reduction of probable

19
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error. The same author while reviewing the uniformity
\of probable errors stated that there is a large diversity
with reference to probable error as given by different
workers showing thereby that the value will probably
vary with parentage of trees, then age and conditions

under which they are grown.

On account of the wide spacing required by most
orchard crops, plots of larger size than those recommended
for annual crops will usually be necessary. Each plot
should contain 10 or more trees, with an average orchard
spacing, this will give a plot size of approximately 1/6
acre (Patterson 1939).

Pearce and Thom (1950) studied the optimum plot
size for apple experiments with no guard rows. One tree
plot gave most Information per tree and it was taken as

optimum plot zsize.

Sharpe and Blackmon (1950) recommended single
tree plots with pecan yield data.

Pearce and Thom (1951) found with cacao that plots

should be as small as possible.

Pearce (1953) while cataloguing the uniformity



17

trials conducted by different workers with reference

to variocus perennial crops stated that the cholice of the
plot size would depend entirely on circumstances, He
also stated that in any experiment the source of each
plant should be known and 1f it is not practicable to
use plants from only one source elther each block should
be made up in this way or a Pseudovariate used to elimi-

nate possible differences,

Conagin and Fraga (1955) working on coffes with
two plot sizes of nine and four found that smaller plots
were efficient in eliminating differences in soil ferti-
lity.

Shrikende (1958) formed plots of uniform yield.
This usually presents difficulty in getting homogeneous
experimental material, Also it necessitates the yield

of pre-experimental data.

Bavappa (1959) in his studies with arecanut, 24
seedling plot was found to be optimum plot size for
nursery experiment. While selecting nuts for experi-
ments care may be taken to select nuts of the most
commonly occurring ecotype from middle aged or older

palms and from the same order of bunch so as to reduce



the error variance,

Working on tea Dutta and Heath (1960) found plots
of size 30=45 bushes were optimum because smaller ones

would cause difficulties of- weighing,

Butters {1964) studied the variation in yields
of robusta coffee found that the optimum plot size varies
slightly with spacing, but practicel circumstances per-
nitting a nine tree plot (3 x 3) appears to be most sulta=
ble.

Narayenan (1965) recommended plots of medium size

for rubber,

1

Agarwal et al, (1968) worked out the optimum plot
size for arecanut, For arecanut with a single guard fow,

a plot of size 6 trees was founc to be optimum.

Abraham et al, (1?69) in their study with uni-
formly treated blackpepper found that ﬁith a éiven\expeu
rimental area, the smallest plot with a singlé stendard
was more efficlent, They also Observed that taking guard
rows into consideration a plot size of two standard was
optimum with one guard row,'while plot size between 6 to

8 were optimum with double guard roﬁs-

18



By analysis 'of pattern of variability in the yleld
of mandarin orange Menon and Tyagl (1971) studied the
relative efficiencies of various sizes and shapes of
plots and single tree plots were found to be optlmum
size, Agarwal (1973) studled the optimun size of plot
in apple and it was found that 10 trees per cluster as

optimum.

Bhargava and Sardana (1975) working with apple
crop found that single tree plots was most efficient., It
was also found that for 20 percentage SE (standard error)
of the mean, the number 2f replications decreases wlth
increase in the size of the plot for all block sizes,
however the total experimental material redquired was

nininun vhen a single itree experimental unit was adopted,

Bhargava et al. (1978) sﬁudiea the optimum size
and shape 9£ plot on banana and it was found that for
3 percentage SE of the mean unit plot size was the opti-

mum plot size.

Prabhakaran et al. (1978) analysed a uniformity
trial on banana for finding the optimum plot size amd
the result showed that slngle plant plots were most

efficient, However as banana plants .are liable for

19



Gisease incidence three plant plots were suggested for

experiment,

Nair (1983) studied the optimum size of plot for
cashew and found that one tree plot as optimum since
relafive percentage of informatlon was maximal in single
tree plot irrespective whether the plots were arranged
in blocks or mot and single tree plots were considered
optimm for field experiments. Plots of differrent sizes
and shapes were formed by combining adjacent trees, a u
tree representing the basic unit, The plots wére also

grouped into blocks of different sizes and shapes,

An attempt has been made by George et al. (1983)
to work out the optimum size and shape of plots and
blocks for cardamom experimentation at different price
situations; Four and six rows of three plants each were
found to be optimum plots for émaller and larger blocks
respectively. Brar et al, (1983) studied optimum plot -
slze for experiments on sweet orangé and 1t was found

that a plot size of 4 trees appeared to be sufficient,

Because of the high variability present with the
perennial crops like cashew the usual method of forming
plots suggested by Shrikande (1938) is daifficult, For
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conducting experiments on existing orchards neturally

. there will be difficulty in getting homogenedus expe=-
rimental material., So forming plots with heterogeneous
yield by creating a negative intra-class correlation
among units in a plot ﬁas worked out by Saraswathi
(1983). This method gave beneficial effect in plot fore

mation and hence the reduction in experimental ervor.

Cptimum size and shape of plots were also studied
by Siao (1935), Keller (1949), Yiedemann and Leininger
.(1963), Sardana et al. (1967), Agarwal and Deshpande
(1967), Brown and Morris (1967), Iyer and Agarwal (1970),
Saxena et al. (1972), Shanker et al. (1972), Prabhakaran
and Thomas (1974), Sreenath and Marwaha (1977),vKushik
et él. (1977), Sasmal and Katyal (1980), Biswas et al,
(1982), Jayaramen (19795 and Hariharan (1983) on annual
crops 1ikelcotton, hops, safflower, potato, dibbled paddy,
sorghum, sugarcane, oats, soybean, tapioca, cowpea,

mustard, tossa jute, cabbage, sunflower and brinjal.

2.4 TILffect of plot size on coefficient of variation ’

Coefficient of variation (CV) with different

plot sizes and shapes were studied by different workers
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in perennial crops like coconut (Shrikande 1958), arsca=
nut (Agarwal et al. 1968). All these workers found that
coefficient of variation found to decrease as plot size

increases,

Chapas (1961) based his results on two uniformity
trials of oil palm, using data for twelve years from one
and for five years from other, the cuantities studied’
being the number and the total weight of bunches, le
did not £ind plot shape to be of much importance, but the
CV did depend upon age, falling as trees got oslder amnd
crops increasecd., Also with increasing age, for one trizal,
values of Fairfield 3mith's b rose, indicating less asso-
clation between neighbouring trees, not as night have
been oxpected, more as envirinmental effects built upﬂ
When crops were grouped into two year periods the CV fell
markedly indicating that the individual variation of

trees was now relatively less.

A study of CV associated with plots of @ifferent

sizes on some important amnual crops like paddy, wheat,
jowar, cotton, oilseeds, sugarcane, Tyagi et al. (1973)
showed that the decrease in CV with lncrease in plot size

is marked for oilseeds and sugarcane than for othexr crops.



In the case of paddy the crop 1s grown under very uniform
condition which might explains partly for these smaller

change in the CV with increase in plot size,

Nair (1983) found with cashew that when plot size

increases CV decreages,

The usual practice of selecting plants within a
plot is by maintaining high positive intraclass correlae
tion. There are sltuations where it can also be nega-
tive. By creating a negative intraclass correlation
Saraswathi (1983) reported a sufficient reduction in CV

in the case of experiment with coconut palams.

2,5 Blocksize

Blocking is 2 non statistical method to reduce
experiﬁental error mainly due to difference in soil
heterogeneity. Blocking also helps the experimenter to
reduce the experiment to convenient administrative unlits,
But the variation in a plantation may be coming from
sources that are genetical, the study of size and shape
of blocks is not as impoftant as with annual crops. But

even 80 it should not be neglected.
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By forming plots of trees with uniform yield
Shrikande (1958) showed that blocking is most efficient
with this method for elimination of error.

Agarwal et al, (1968) found that formation of
blocks 1s not helpful ih reducing variation.

Study of size and'shape of plots and blocks with
blackpepper Abraham et al. (1969) showed that CV increased
with an increase in the number of plots per block but the

increase was small with small sized plot.

Saraswathi (1983) found that blocking has not much
effect on the reduction of CV when plots are formed wi%h
n?gative intraclass correlation. So there is no need 4o
go into designs like RBD, LSD etc. CRD will be suffie

cient.

2.6 Efficiency of designs

Relative efficiency of one design over another is’
the ratio of amount of information supplied by the two,
Fisher (1960) has shown that the amount of information
supplied by an experiment is %V > 1; 1 where

~ -
S
S2 - an estimate of chz

V -« degrees of freedom for 52



If a @design has an estimated error variance 812

with V, d.f and if a gecond design has an estimated

error variance with Vo d.f, Then the relative efficlency

of flrst design Ry to the second design Rg is given by

RE (Ry/Ry) = (V; + 1) (V, +3) 8,2
(Vy + 1) (V4 + 3) 5,7

S1 - error variance of first deszsign Ry
522 = errdr variance of second deslgn R2
2
V1 - def of S1
2

2.7 HNumber of replications

Replication serves two purposes (1) it makes
possible an estimate of residual variabllity of the
experiment by providing error degrees of freedom and
(2) it enhences the estimate of treatment effects which

otherwise would be based on single plots. Although

increased replication does lead to better determlination |

of treatment means, it is not wise to base precision on
that alone. For one thing, it is often disappointing

in its result, Because replication has to increased

28



26

fourfold to halve the gtandard error. Again stendardi-
sation of experimental material and callbratlion are

usually more effective..

Investigations on the number of repllcations one
should keep in mind the possibility as suggested by
Salmon (1923) that an added replication results in an
increase in the size of the field and & consequent likely

increase in the =01l varlability.

Taking efficiency of smallest plot as unity
Agerwal et al. (1968) found in arecanut that relstive
efficiency decreases as plot size increases. Thus 1t
.recommends the fact that as far as possible we should
try to decrease the size of plot by proportionately

increasing the number of replications.

2.8 Calibration

Numerous writers have reported successaful appli-
catlon of method of celibration and & summary is pre=-

sented below,

Blocking is the one which controlis environmental

varlation and calibration controls the blological varia-



tion of the plant materlial. The callbrating measure-
ments has been made, the analysis of covarlance usually
provide the best means of using them. In essence the
method of covariance provide two bodies of data., Depene
dent variate and independent varliate, Dependent variate
is the chafacter under study and independent variate
represents some other character that is suspected of dis-

'turbing the results of the experiment and which arlses

from sources lrrelevant to its purpose. The method allows

the dependent variate to be adjusted by the independent,
using a formula derived from data themselves. Hence if
the independent variate is not infact causing any dis-

turbance, no adjustment will be made,

Chandler \1921) and Vidyanathan (1934) says that
calibration has wldespread application.

Sharpe and Blackmon (1350) worked with pecan
found that the crop over the past five years to be better

than either trunk circumference or crogsectional area.

Pearce and Thom (1951) working with cocoa found
a correlation between c¢rops over successive periods of
two or four years but concluded that calibration should

not go on too long.
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Shrikande (1958) recommended calibration but
argues that twe year periods are needed when there is
2 biennial tendency. VWhere there are biennial effects
neither the on year nor the off year crop alone shows
much rejation to yield in neighbauripg years, but two

year perlods are much better.

Pearce and Brown (1960) found a suggestion that
trunk records are of greatest use after a calibrating
period of poor drops but good growth, whersas previous
crops are of greater value after trees have been yielded
wéll. They further recommended as a general procedure
that apple crops should be calibrated by double cova-
riance on both past crops and initial trunk circumferen-

CeS.e

Chapas (1961) working with oil ‘palm found from
the empirical data that about two years experimental data
collected immediately preceding the experiment are suffi-
cient to obtain maximum efficiency from covariance analy=

© oais,

Longworth and Freeman (1963) studied the usze of
trunk girth as a calibrating variate for field experi-

ments on cocoa trees. It has been found that, with
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increasing age of the trees, correlations of yield with
trunk glrth tend to decrease, but correlations between
yvields in successive periods do not, Girth is reco=-
mnended as a calibrating variafe for yield in the follows
ing circumstances : on young trees, as a supplement to
pre~treatment yleld on mature trees and where 1t is
essential to begin a trial immediately on previously

unrecorded trees,

Sen (1963) pointed out that calibration is most
effective when blocking system is poor. He found with
cYops df tea that there was little to choose between
calibration and blocking as a meens of allowing for known

past differences.

' Abraham and Kulkarni (1963) studied for coconut
the optimum number of pre-sxperimental period required
to collect the data before start of the experiment so as
to use them for reduction in experimental error by cow-
variance. It was found that about two years experimental
period data immedlately prior to the experimental period

are sufficlent for covariance analysis.

Vernon and Morris (19564) make the useful point

that when blennial cropping occurs it is better to use



| periods containing an even number of years. They found
a single year crop to be a valuable calibrator, but they

recommended two, provided that does not cause deley.

Butters (1964) working with robusta coffee found
that stem diameter, measured at the first internode on
bearing stems, appears to be of limited use as a cali-

brating variate,

Narayanan (1966) studied the relationship between
trunk circumferences and yleld of rubber at different
times and later Narayanan (1968) concluded thet vield was
well calibrated by trunk circumference, but for longer
experinental periods 1t was better t0 use record of

previous yleld and to use double covariance,

For erecanut Agarwal et al. (1968) found it possi-
ble to calibrate one year's crop by that of two preceding

years,

' Menon end Tyagi (1971) studied with mandarin oramge
the relative merits of varlous growth characteristics of
trees as auxillary variate for anslysis of covariance
and it was found that spread and height of the tree as
most: suitable, The largest gain in precision of ahout

Ju



40 percentage was in the spread of the tree as an auxi=-
llary variate. More or less the same magnitude of gain
in precision was seen when height of the tree was auxi-
llary variate. Measurements like length of the trunlk,
though much simpler to record have not indicated a

reasonable gain in precision due to weak correlation.

An analysis of covarliance was performed (Nair
1983) on cashew with pre-experimental yiéld, trunk
girth and selection index (identification of superior
trees) as concommitant variables, and relative efficiency
of covariance aﬁalysis over ordinary analysis of variance
was estimated. Among the three calibrating variables
selection index served as a better covarilate than four
years average annual pre-experimental jield or trunk

girth,

' By taking two years pre-experimental data imme-
diately preceding the experimental year (Saraswathi 1983)
found with coconut that covariance analysis has not much
effect on the reduction of co-cfficient of variation when
plots are formed with negative intraclass correlation

coefficlent,
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CHAPTIER 3.

MATERTALS AND METHODS

Statistical analysis and interpretation of a

set of -experimental data depend upon the way in which
the experiment is planned. The results obtained from
an experiment are affected by treatments and also by a
variety of causes of variation. The minimisation of
these causes of variation can be achleved by adopting
sujtable experimental techniques. However, still there
will be the effect of many uncontrolled causes of varia-
tion which has to be taken into account while drawing
Inferences about the treatment effects., These uncon-
trolled causes of variation is termed as experimental
error. Statistieal tést of significance are the tools
used for drawing inferences from treatmental effects.
The inferences drawn from these tests are valid only'if

appropriate randomlsation is adopted,

The main sources of experimental errors are
(1) the inherent variability present in the experimental
material and (i1) the lack of uniformity in the conduct

of the experiment.
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In experiments with perennial crops the first
source of variation assumes more importance. The first
source of error can be reduced by increasing the size
of the experiment with addition of more replications
while the second source of error can be reduced by
improved experimental technigues., DBut there is a limi-
tatlion for increasing the éize of an experiment as it
will lead to an increase in cost. Hence methods of
increasing accuracy of the expefiment wlthout increasing
the size of the experiment assume Jmportance., One way of
increasing the accuracy of the experiment is by proper
cholce of experimental design. As the first source of
error assumes more importance in perennial crops, our
aim 1s to investigate on layout plans which will help to
draw reliable conclusions by taking into account the
inherent variability present among the plant materials,

The present study 'standardization of field plot
technique for cashew' by making use of trees with hete=
rogenecus yield per plot is based on an important prin-
ciple of cluster sampling that, the clusters formed with
negative intraclass correlation i.e with units within
the same cluster as heterogeneous, are relatively more

efficient (Sukhatme et al. 1984),



3.1 Materials for the study

The data for the present inwestigation were
collected from Cashew Research Station, Kerala Agri-
cultural University, Madekkathara, The plantation
conslists of 1044 trees planted in 1973 of which 405
trees are subjected to a NPK trial. The remaining
639 trees were treated uniformly from which a sample
of 294 trees was utilised for the present study by dis-
carding t;ees which were not yielding continuously for
four conéécutive years., The yleld records for eight
consecutive years ranging from 1976=-77 to 1983«84 were
collected. Since the trees exhibited remarkable biennial
tendency the yields of two successive years were com-
blned in all calculations to eliminate the effect of
biennial tendency, Thus the data for 8 years divided
into four groups of two years sach were utilised for the
empirical study. The yield of each tree was recorded
separately which formed the basis of study of variation
in plot sizes and arrangement of plots in blocks of

dlfferent sizes.

Z.2 Calibration of trees

'Calibration' is the use of past recads in
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fofecast;ng the future performance of experimental units
(Pearce and Taylor, 1950)., The calibration of trees has
had widespread application. Calibratiop provides some
-control over plant variation which has not been elimi-
nated by initial selection. Blocking and calibratiop

are not. to be seen as having unrelated uses, the former
controlling environmental varigtioﬁ or positional varia-
tion while the latter controlling biological variation,

To calibréte to the best advantage the trees ghould be
Planted and left for some time without differential
treatments, and measurements of the plants will be taken,
Pre-experimental yield of each tree for anyear was taken
ag the calibrating variate by using the principle of maxi-
mum correlation. The optimum number of pre-experimental
period was determined by observing the correlation coeffi-
cient between years separated by one period, two ﬁeriod,
three period etc. The period having maximum average
correlation coefficlent is taken as the optimum pre;

experipental period for calibration.

J3¢3 Methods of plot formation

Since experiments on perennial crops are.conducted

over a long period,3maximum care should be taken in the
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planning and conduct of the experiment., As the material
is costly, economy 'in the 'layout reduces theriotal cost
of experiment, In experiments with perennials concene
tration is on individual plants rather than a group of
plants and hence the size and shape of plots are not so
-importent as that of anmuals. In experiments with pere-
nnial crops an experimental unit can be an individual’
plant or group of planis, Generally, there is a practical
difficulty in getting trees with homogeneous yield in
designing experiments with perennials., A method o over-
come this diffliculty is to choose trees with homogeneous
yleld to form blocks (Shrikende 1958)., This procedure -
resﬁits in a significant positibe correlation between
plants within a plot, but by minimising the within plot
variation, the homogeneity within a block is lost. The
present method 1s based on the creation of 3 negative
correlation among trees within a plot with the aim of
reducing the plot to plot variation within a block to a

minimum,

The cluaters formed with negative intraclass
correlation are tend to be relatively most efficient in
sample surveys éﬁﬂﬂfhe upper limit of this intraclass

correlation coefficient was given as -1 (Sukhatme et al,
NN
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1984) vhore
n = number 3f clusters

im = slze of the cluster

In general intraclass correlation coefficlent will be
positive within a cluster. There are situations whore
it can be negative or can be made negative, The effi-
ciency of cluster sampling can best be elucidated with
the help of intraclass correlation coefficient between
the elements of a cluster, If there are 'n' clusters

each having 'm* elemenis. the relative efficiency of

cluster sasnpling with regard t9 single element is given
by

Relative Efficiency (RE) = H“) [I "2'“"77}-’] (3e341)

where

P 1s the intraclass correlation coefficlent
For sufficlently large n,

el
RE =

(M-

Form = 1 the relativg efficiency is unity and hence
both will behave in the geme manner. If my{, (m=1)P
will messure the relative chenge in sampling variance
brought aboul by sampling clusters instead of elements



and f is estimated es

{Mean équare hetween clusters -~ Mean (3.3.2)
J3 - square vithin clusters)

(@eanéquare between clustiers + (m-1)

meansguare within clusteré)

A negative value of pwas found to increase the effi-

clency of cluster sampling {(Sukhatme et al, 1984).

Efficiency of cluster sempling is given by

a?
E = "".--'2‘ (3-3-3)
M3y, _
vheye
82 = the total meansquare

m = the cluster size

q 2 = meansquare between cluster means.
b

From 3.3.3 it can be seen that efficiency of cluster
sampling increases asg meansquare bhetween clusters
decreases, This suzgests that for clusier sampling
to be efficlient the clusters should be so formed that
the variation between cluster means 1s as small as
possiblehﬁhile variation within clusters is as large

as possible., A field plot technique based on ‘the above
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results is suggested in the present study.

Js3.a Method I

The trees are ranked according to their yield
performance (descending or ascending order). Then the
trees were grouped into two = trees having yield less
than the median yleld and greater than the median yleld.
One tree from each group is taken at random to form
plots of size 2. The same data were divided into four
groups based on quartiles. Those having yleld less than
the first quartile formed groﬁp I, between first quartile
and the median as group II, be#ween median and third
quartile as group III and above the third quartile as
group IV, A plant from each group is selected st randoﬁ
to form a plot of size 4, So a group of hgterogeneous
plants constitute a plot. To form plots of sizes 3, 5,
6, 7 or 8 the ordered trees are divided into 3, 5, 6, 7
and 8 groups of equal size and one tree from each group
1s takén-to form plots of appropriate size. 3o in each
case, the plants within each plot will be heterogeneous
in yleld for the calibrating-ﬁericd.

Intraclass correlation coefficient and efficilency

were worked out for the above method using the formula



gilven in 3.3.2 and 3.3.3 respectively. The above men-
tioned method of plot formation resulted in a negative
intraclass correlation within plots and thereby helped

to reduce the between plot variation.

3.3.,b Method IT (Shrikande's method)

Shrikande (1958) working with coconut formed
plots of trees having homogeneous yileld for ‘the calibrat~
ing period. This method aims at reducing the variation
between plots within blocks. In this method the trees
are arranged in descénding order of yield performance
over an even number of consecutlve years., If there are
v treatments to be tried in K - tree plots, the ordered
trees are divided into groups of KV trees even group
being called as a block, where the block is no more a
compact plece of land but a group of relatively homoge-
neous genotypes with respect to the character 'yield!,
In this biock of ordered trees the V treatments are
applied at random to the first V trees, then to the next
V trees and so on, till all the trees in that block are
exhausted. In this block, the K trees to which the
first treatment 1s applied form a plot, all the K trees

to which the segond treatment is applied form another
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plot and so on. Thus there are V plots in this block.
Similarly the other blocks are deali with., This method

will help to reduce the within block variation.

Intraclass correlation coefficient and efficiency
were worked out using the formula given in 3.3.2 end
3.3;3. The above mentioned method o2f plot formation
resulted in a positive_intraclass correlation within

plots,

3.3.¢ Method ITI (Random method)

The plots of different sizes are formed by sele-

cting trees at random from the entire area,

Using the formula given in 3.3.2 and 3.3.3, the
intraclass correlation coefficient and efficiency were

worked out for this method,

In all the above methods the trees are dispersed
over the entire plantation. Plot mean, plot variance
and coefficient of variation were calculéted for each

method for various sizes of plots.

3+4 Relation between plot size and coefficient of
variation,
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Coefficient of variation determined for each.
method was plotted against the respective plot sizes,

A curve of the form ¥ = axb (3.4.1)

where

y - coefficient of varistiosn

X = plot size, a 2nd b are constanté was used to
define the relationship between plot size and coeffie
cient of variation. Constants of the function vere

estimated by transforming it into the linear form
log y = log a + b log x (3.4.2)

or Y=A + b X where
Y = log y
A = log a and
X = log x
The method of least squares was used to5 solve for a and

b.

The solutions of a and b are given by

b = 2XY - n EX) (£Y) (3.4,3)
ZX%~ n (&X)
aa Antilog (<Y = %sx) /n) = Antilog (?’-J% X) (3elads)

- Thus y is estimated as

A A D
V=8 x (3e4.5)



55 Optimum plot size « Maximum curvature method, .

The curvature k of a curve y = £(x) aé any point
P on 1t, is the rate of change in direction (i.e the
engle of inclinationo«(of the tangent line at P) per
unlt of arc-length & (Granville et al. 1965),
dol

Thus k = 32 = 1im AX = d2y _
ds As_mm (-i;;% s (3'5.1)

E@}E‘jya

where dy and a2 are the first and second derivative

dx dst
respectively of the function y » £ (x). Curvature is '
maximum where the derivative of k with respect to x is
zero for the function y = £ (x).l Thus the point of maxie

mum curvature, Xc for t%e function y = axb is given at

NRb~]
X wmw|ba2 ‘ (3.5.2)
¢ \TEE, T
a“b“(2b=1)

The optimum plot size was determined as Xc glven hy
3.5.2 which is the point where the curve has got maximum,
curvaeture, The maximum curvéture method tries to iden-
tify a plot size beyond which the rate of reduction in
coefficlent of varlation is minimal. The optimum plot

Size i3 the one jJust beyond the polnt of meximum curvae



ture (Federer 1967).
3.6 DBlocksize

Block size is the number of plots included in a
block. Blocks of different sizes were formed using plots
of different sizes. The coefficients of variation for

different block siZzes was determined ag

¢V = JEFTOr_meansquare x 100 (3.6.1)
Grandmean

3.7 ELEfficiency of designs

The relative efficiency of one design D1 to a
second design D2 is the ratio of amount of information
supplied by these two designs {Federer 1967). The amount
of information is measured as the inverse of the variance.
Thus the relative éfficiency of D, to.D2 is given by

. 1 1 o
RE (D1/132) ucﬁa /0_22 (3.741)

' where

-0—72 is the expected value 9f error variance in D1

2

and® 2% is the expected value of error variance in Dy,

2

. 2
‘ and b2

o2 and® 2% are estimated by S, s the error

mean squares for D1 and D2.

b4



A
Then RE (Dy/Dp) = _1 ;.1 =S 2

S 2
5
1 2 Sq

(3.7+2)

Pisher (1960} has suggested in general a need for corrac-

tion term V+1 to be applied to 1 as a factor of weigh~-
V+3 SE
tage depending upon the degrees of freedom available for

. A
estimating 812, the error mean square. Then RE (D1/D2)

» (V1+1) x 1
(V.«‘-#-B) 312 x 100 (3¢703)
V2+1) x 1
(V2+3 32

where
v, and V2 are the degrees of freedom to estimate

812 and 822 respectively from Dﬁ and 92'

On simplification )

A

RE (D,/Dy) = (V4#1) (V#3) 8,2 -

?’ X 100 (3-734)
(V2+1) (V1+3) 84

3«8 Efficiency of RBD over CRD

Using the general formula (3.7.4) the estinate of

relative efficiency of RBED over CRD can be written as
RE (RED/CRD) = (V4+1) (Vp3) MSE,
(V2+1) (V1+3) MSE

x 100  (3.841)
2
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vihere

V4 is the d.f for error in RBD

V2 is the d.f for error in CRD

MSE, is the estimated error meansquare for CRD
MSE, is the error meansquare for RBD

MSE, was estimated using the formula given
ochran end Cox (1962),
MSE, = Vp M5B (Vy+V,) MSEy (3.8.2)
(Vb+Vt+Ve)

Vb - d.£ for blocks for RED
V{ = Jof for tremtment in RED

Ve = d.f for error in RBD

MSB - block mean sum of square for RED

-MSE2 - error meansquare for RBD

Efficiency of RBD over CRD was estimated by
(3.8.7) for blocks of different sizes.,

3.9 Number ot-replications"

Since variability is almost universal, replicg=
tion should be practiced in all experimental work..

Randomisation and replication ere the‘two necessary
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conditions to obtain a valid egtimate of the experimental
error (Fisher, 1960). Hence replication is an important

feature of any experimental work,

The number of replications required for 5%

standard error of the mean was given by

2
r= .L__CV)_Z (3.9.1)

p

where p is the percentage standard error.
3,10 Analysis of covariance

The possibility of improving the results by
analysis of covariance has been investigated. Pro-
experimental yleld was taken as the independent variate
in this analysis. The optimum number of pre-experimental
period needed for covariance analysis was determined by
maximum correlation method., The average correlation
coefficlents were worked out for separating periods rang-
ing from one to five years., The separating period having
maximom average correlation was taken as the optimum
pre-experimental perisd. By taking optimum pre-experi-
mental period as independent variate coefficient of
variation (adjusted) was calculated for selected plot

alzesn,
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It was also tried to obtain a relationshilip of the

form
y %L-rppx (3,10.1)

between average correlation coefficient (y) and separating
period (x) where |
of 1s the assympto%ic value of y.}g nmeasures the rate of
change in y for unit change in x and JD is a factor which
measures the deviation in y from lts assymptotic value
at given values of x. The coefficients (1;4, B and P of
the function were estimated by the method of selected
points (Yamena, 1964),



RESULTS
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CAAPIER &4

RESULTS

The methods discussed in Chapter 3 were 1llu-
strated with yield data on cashew for eight years
collected from Cashew Research Station, Madakkathara,
Kerala., Cashew being a perennial crop is subjected to
biennial fruit bearing tendency and hence the ylelds
of two successlve years have been added to eliminate
blennial tendency and the two year %totals were utilised
to Lllustrate the methods under study. Thus the plot
formation was based on the yield data for successive
year-pairs 1976=77 and 1977-78, 1978-79 and 1979-80,
1980-81 and 1931-82, 1982-83 and 1983-84, The average
yields(kg) per tree for the above periods were 3,42,
8441, 8.46 and 13,15 with standard deviations(kg) 2.98,
6.30, 5.71 and 8.25, The corresponding coefficlents of‘
variations (CV) were 87.13 percentage, T4.91 percentage,

67.49 percentage, 62,74 percentage,
4,1 Plot formation based on ordered arrangement.

Plots of various sizes were formed using the

method I described in section 3.3.a. The medisn yield
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(kg/tree) were 2,74, 7.01, 7.05 and 11.60 respectively
for each year-pair. The number of plots available to
form plots of different sizes for different year-pairs
is given in Appendix I. For the first year-pair, the
range of values the plots can take to form different
plot sizes is given in Appendix II along with *the range
of vélues of vield in other year=-pairs., To form plots
of size two, the trees were divided into two groups,
those having yield (kg/tree) greater than 2,741 and
those less than or equél to 2.741 and one tree from each
group was selected at random. The data were grouped
into three as follows - those less ﬁhén or egual to
1.480, greater than 1.480 and less than or egual to
34775, greater than 3.775 and less than or equal to
16.712, Plots of size three were formed‘by a random
selection of one tree each from these groups. Plbtg of
size four was formed by a random selection of one tree
each from the following yield groups - those trees having
yield, less than or equai to 0,935, gréatef than 0,995
and less than or equal to 2,741, greater than 2.741 and
less than or equal to 4.940, greater than 4.940 and less
than or equal to 16.712. For plot size five, the trees

constituting the different groups were, those less than
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or equal to per tree.yield(kg) 0.82, greater than 0,82
and less than or equal to 1.90, greater than 1,30 and.
less than or equal to 3,364, greater than 3,364 end less
than or equal to 5.160,. greater than 5,160 and legs than
or ‘equal to 16.,712. With a plot size of six, the reﬁ-
pective range of values of yleld(kg) in each groups were
less than or equal to 0.70, greater than 0.70 and 1e§s
than or equal to 1.48, greater than 1.48 and less than or
equal to 2,741, greater than 2,741 and less than or equal
' to 3.819, greater than 3.819 and less than or equal to
6.10, greater than 6.10. Trees were selected randomely
from each of the yield group = those less than or equal
to 0,645, those greater than 0.645 and less than or equal
1o 1.280, greater than 1,280 and less then or equal o
2,150, -greater than 2,150 end less than or equal to
3.197, greater than 34197 and less than or equal to.
4,380, greater than 4.380 and less than or equal to.
6.902, greater than 6.902 ‘to form plots of size seven.
To form plots of size eight, the entire trees in the
plahtation were grbuped into elght blasses those trees
having yleld less than or equal to 0,597, greater than
0.597 and less than or equa1~£o 0.995, greatér than |
0.995 and less than or equal to 4.720, greater then
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1.720 and less tﬁan or equal %o 2.741. greater than
2.7417 and less than or equal to 3,515, greater than
3.915 and less than or équai to 4.842, greafer than
4,842 end less than or'equal o 7.074,'greater than
7.074. The reépecfive yield groups for other year-pairs
along with these results are given in Appendix II,

The average per plot yield(kg) for the above plot
sizes were 6.87, 9,90, 13.66, 16.28, 20,23, 23.52 and
26.42. wvith a stendard deviation of 2,396, 1.332, 1.397,
0.845, 0.821, 0,750 and 0,618 in the first year-pair.
These values along with the values for other year-pairs
are .glven in Table 1. The CV.worked out for various plot
sizes are given in Table &4, The CV (%) decreazed from
34,88 to 2.34 when plot size increased from two to elght
for the first year-pair, The carresponding reduction in
CV were 23.60 to 1,68, 23.59 to 1.53, 19.78 to 1.30 rese
pectively for the second, third and fourth year-pairs.
The CV obtained was the highest for plot size two con=
pared to all other plot sizes, It was found to decrease

-

with an increase in plot size,

4.21 Intraclass correlation coefficient (P ) and effi-
clency,

Arrangement of trees by the above method fopr



Table 1.,

Plot mean and SD of yield.
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Plot
size

Mean (kg)

Sh (kg)

1976-77 1978-79 1980-81 1982-83 1976~77 1978-79 1980-81 1982-83

to

to

to

to

t0

to

to

1977-78 1979-80 1981-82 1983-84 1977=78 1979-80 1981=82 198384

O < oo wm oW

6.87

9.90
13.66
16.28
20423
23452
26,42

16.81
24,47
33,61
41,48
49.21
56.19
64,34

16,91
25.38
33471
41,63
50.74
54.79
62.62

25.95
38,90
51.89
63.48
77.87
88.71
99.12

24396
1.332
1.397
0.845
0.821
0.750

" 00618

3,966
2,595
2,640
1,916
1474
1.096
1.081

24989
3.1#3
2,345
2,074
14951
1,069
0.958

5,134
3.830
2,837
2,817
24370
14535
1.289




various plot sizes in the first year-palr is given in
Appendix II, It is seen thét maximum heterogeneity within
plots is maintained with reépect to the character yield,
The extent of heterogeheity as a measure of inbtraclass
correlation coefficient can be viewed from Table 7 to
Table 10. The intraclass correlation coefficients (P)
were less than the upper limits provided for each P. Its
value ranged from «0.350 to =0,135, =0.603 to -0,138,
~0.510 to =0.137, =0.586 to =0.138 for the first, second
third and fourth year-pair. It can be seén that the
magnitude of P decreased with an increase in plot size.

The efficlency worked out for different plot sizes and
for different year-pairs are given in Table 7 to Table 10.
Efficiency increased from 154°14 to 1942,73, 252,42 to
2797.94, 204,61 to 2399.18, 242,55 to 3094.08 as plot size
increased from two tb eiéhx in the first, second, #hird
and fourth year—paiﬁs respectively.' As thé size of the
cluster increased efficienby was found t0 increase.
However not much difference in efficiency was noticed
with plot size three and four in the first two year-pairs
because of the small increase in meansquare between

clusters (sz).

5%



4.3 Plot formation based on'metﬁoﬂ I1,

Plots of size 2, 3, 4, 5, 6, 7 and 8 were formed
by'the—method described in section 3.3.b. The number of
plots avallable from the whole area with various plot -
sizes for dirferenilyear-pairs ére glven in Appendix I.
The averaée per piot yield(kg) and plot SD(kg) are
presented in Table 2,

The values of the CV (%) are givem in Table 5.
The CV ranged from 33.96 té 61.55, 25.81 to 53.08. 27.95
to 48,13, 25.41 to 43,53 for different year-pairs in
various plot slzes. The CV was highest for a plot size
of two compared to all other plot sizes in each year-pair.

It was found to decrease with an increase in plot size,

4.3.1 Intraclass correlation coefficient (P ) and
efficlency.

The arrangemeént of trees by the above method for
various plot sizes for the first yearepair are given in
Appendix II. It can be seen that maximum homogeneity
was maintained within plots. The extend of homogeneity
8s a measure of intraclass correlation coefficient can be

seen from Table 7 to Table 10, The intraclass correlation

55



Table 2., Plot mean and SD of yield,

56

Plot Mean (kg) - 8D (kg)
S8 97677 1976-79 1980-81 1982-83  1976-77 157776 1379-50 1950561
1973373 1975980 1981982 198584 1979978 1976079 1980081 198162
2 6,84 16,81 16,98 25,95 C4,210 8,923 T 8.172 11,297
3 9,90 24,61 25,52 38,92 4,739 10.324 10,147 13.875
4 13,21 33,67 32,96 51.9% ' 5.476 12,676  10.823 16,116
5 16,28 41,51 40,14 64,11 T 5,961 13,762 11,338 17.549
6  19.81 49,22 51,00 77.80 ' 6.726 14,672 14,285 19,771
7 2350 55,81 54,79 83,71 ' 74550 15,037 12.612 20,324
8 26,41 64,34 99,12 7.762 16,280 13,536 20,780

62,62




coefficients were pogitive for all plot sizes and nearly
eﬁual t0 one. However‘a slight decrease in was observed
when plot size increased from two to eight, The effiw-.
clency was found to decrease with an increase in plot
silze (vide Table 7 to Table 10). Efficlency renged from
49.83 to 12,24, 49.87 to 12,28, 49.74 to 12,07, 49.71 fo
11.99 in ihe first, second, third and fourth year—pa;rs.

4.4 Plot formation based on random method.

As described in section 3.3.c plots of different
slzes were formed. The number of plots avallable for
different year=-palrs with different plot sizes is &Zlven
in Appendix I. The average per plot year(kg) and SD of
yield(kg) are given in Table 3,

The values of the CV (%) for various plot sizes
are given in Table 6. The CV (%) was decreased from
43.74 to 15,01, 36.82 to 12,18, 31.67 to 11.15, 30.41
to 10.89 as plot size increased fram two to eighte The
range of variation in CV was 87.39 to 62g73 with single

tree plots for the four year=pairs,

4.4.1 Intraclass correlation coefficient (P) and
efficiency.

In rendom methodemay be expected to be either



oy |
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Table 3. Plot mean and 8D of vield,
Plot Mean (kg) 5D (kg)
stae 1976=77 1978=79 1980~81 198283 197677 1978-79 1080=81 19232-83
: to to to to to to to to
1977=-78 1979-80.1981-82 1983-84 1977-78 197980 1981~-82 1933-84
2 6.84 16,81 16,91 26,32 2.989 6.187 5.356 B8.004
3 10,32 25.18 25.37 39.48 2,991 6,081 5.066 8,716
4 13.77 33.061 33.67 52.64 3.347 5,877 5.257 8.986
5 17.27 42,10 41,61 65,93 3.256 6,820 4,768 8,153
6 20.66 50,37 S0.74 78,96 - 3,101 6.135 5.658 8.597
7 24,02 583.97 58.45 92.44 3.505 7.226 4,771 8.8563
8 27455 67.26 66,80 106,24 3.468 6.629 5,346

96733




Table &, Method I. CV for different plot sizes.

Plot size Year-palr .

() | 1976-77 1978-79 1980-81 1982-83
1977278 1975080 1981982 198381

2 34,88 23.60 23.59 19.78

3 13,46 10.6% 12,38 9.85

4 10,23 7.85 6,96 547

5 5419 4,62 4,98 ol

6 4,06 3,00 3,85 5.04

7 3.9 1.95 1,95 1,73

8 2,54 1.68 1,53 1,30
Single 8739 74,91 67.49 62,73

tree -

plots




Table 5. Method IT. CV for different plot sizes,

Year-pair

Plot size —
1976=77 - 197879 1980=81 1982~83
to to to to
1977-78 1979-80 1981-32 1983-al
2 61.55 53,08 48,13 43,53
3 47 .87 41,95 .39.76 35,65
4 41,45 37,65 32,83 31,03
5 /36,62 33,15 128,25 27,37
6 33,96 129,81 27.96 25,41
7 32,14 26,94 23,02 22,91
8 129,39 25,30 21.62 20,96




Table 6. Method ITI. CV for different plot sizes.
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Plot size Year-pair
1976=77 1578~79 1980-81 1982=83
to to. to to
1977~78 1979=80 198132 1983-84
2 43,74 36,82 31,67 30,41
3 28,99 24,15 19,97 22,08
4 24,25 17.48 15,62 1707
5 18.86 16,20 11 .46 12:37
6 15,01 12,18 11.15 10.89
7 14,60 12,25 8.16 9:59
8 12,59 9.86 8.00 9:40




positive or negative._F’ranged from ¥0.004 to +0.087,
«0,011 t0o =0,055, =0,003 to =0,118 and «-0.008 to +0.,060
respectively in the four year-pairs. The intraclass
correlation coefficients were very low in magnitude, No
remarkable chénge in efficiency was noticed with an
increase in plot size, It ramged from 79.19 to 99,20,
85.58 to 114.96, 101,71 to 135.99, 84.76 to 106,82 per=

centage respectlvely for each yeare-pair.

4,5 Relationship between plot size (X) and coefficient
of variation (Y).

The relationship between plot size (X ) and cv
among plots (y) were defined by the experimentel model

y = ax’, b&0
where 'a' and 'b' are constants.
This model was fitted for each year-pair and the results
are prasented in Table 12, The ocurve v = a xb gave a
good fit to the data and the expected and observed values
of CV are given in Table 11. The coefficients of detepr-
aination (r®) for the fitted function showed that 97 to
99 percentage variation in CV was explained by the fitted
functions. The values of the fitted constants ta' and 'b?

ranged from 90.64 to 124,81 and =1,91 9 =1.,95 during the

bde



Table 7. Intraclass correlation coefficient ( f), upper limit of Pand Efficiency (E)
of different plot sizes. (Year-pair: 1976=T77 to 1977=78).

Plot size ‘P L (s )
Method T Method II Method IIX ¥Method I Method 11 Method ITI
2 ~0.350 0.998 0,012 154,14 49,83 98.83
3 0300 0.998 0,006 418,55  33.08 99,20
4 -0.260 0.99%4 0,087 455.90 24,77 79.19
5 ~0.224 0.993 0.049 982,76 19474 83.57
6 -0.,183 0.9390 0.018 1192.69 16.42 91.89
7 -0.155 0,981 0.065 143114 412 - 71.87
8 ~0.135 0.986 0.051 1942,73 12,24 73.76

Upper 1imit of P= T0.005



Table 8. Intraclass correlation coefficient (P ), Upper 1limlt offand Eff:.ciency (E)
of different plot sizes (Year—paiw 1978-79 to 1979-80),
Plot size P B (5)
Method I Method II  Method III - Method I  Method II Method III
2 ~0,603 0.997 ~0.036 252,42 69,87 103.72
3 -0.406  0.996 -0.055 536,30 33,14 107.55
4 20,275 0.993 ~0,043 | 569.73 24,51 114,96
5 | =0.226 0.991 -0.042 1024.43 19.81 85.58
6 0,188 0.993 ~0.011 1627.53 1640 105.78
7 20.160  0.997 0,050 2679.72 13,95 76,78
8 | =0.138 0.986 0.014 2797 .94 12.28 90.94
“0.004

Upper 1limit of P=

%9q



Table 9. Intraclass correlation coefficlent (_P s ﬂpper 1imit :?i‘}’and Efficiency (E)
of different plot sizes (Year-palr: 1980-81 to 1981-82) ‘

Plot size P E (%)
Method I ¥Method IT - Method III Method I Method I1 Method TIX
2 .-;?.510 0.999 - .=0.118 204,61 49,74 113.50
3 ~0.347 0,997 ~0.105 329.01 35:01 126.87
4 =-0.272 0.997 ~0.0L6 | 544,18 . 24,62 116.02
5 -0.212 0.991 ~0.066 663.43 . 19.68 135,99
6 =077 0.995 ~0.003 855.23 16425 101.71
7 =0.158 0.989 ~Q. 0kt 1936429 13,91 136.11
8 =0.137 0.991 -0.011 2399.18 12.07 ' 108.38

Upper limit of P= ~0.006.



Table 10, Intraclass correlation coefficient (P }» Upper limit of Pand Efficlency (E)
of different plot sizes (Year-pair: 1982-83 to 1933-84).

. Plot size P E(55)
Method I Method II Method IIX ¥Method I Method IX Method III
2 -0,.586 0,999 -0.064 242,55 49.71 - 106.82
3 ~0.385 0.998 0.555 437 40 22,96 90.10
4 ~0.291 0.997 "~ 0.060 79474 24,57 . BALT6
5 -0.219 0.993 -0.008 80770 19.59 . 103.45
6 -0.182 0.992 9.016 1138,36 16,24, 92.60
7 -0.160 0.950 0.023 2430 .57 13,85 . 88.05
8 -0.138 0.994 0.051 309408 11.99 73.46

Upper 1imit of P= ~0.006.

99
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Table 11, Observed and expected values of the exponential
function y = axb

Plot Year-pair
size  4976-77 to 1978=79 %o 1980-81 to 1982-83 to
1977-78 197980 1981-82 1983-8%
0 E 0 B 0 E 0 L

2 34,88  33.22 23,60 25.01 23.59 26,34 19,78  23.69
3 13.46  15.32 10,61 11,40 12,38 11.93  9.85 10.81
4 10.25 8,84  7.85 6.53  6.96  6.80 5.47 6,19
5 5.19 5,77  4.62 4.26 4,98 4,40 A4k 4,02
6 4,06 4,08 3,00 2,98 3,85 3,08 3,06 2,83
7 3,19 3.0 1,95 2,21 1.95 2.28 1.73  2.09
8. 2.3 © 2,35 1,68 1,71 1,53 1,76  1.30  1.62
A 50, 0.600 0.466 0.652 04999
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year=pairg.

4,6 Optimum plot size = Maximum curvature method.

The method of maximum curvature explained in -
section 3,5 was used to estimate the optimum plot size,
The maximum curvature was observed at 6.80, 6.14, 6,253,

6.03 respectively for each year-pair.

4,7 Block size and number of replications.

The possibllity of using heterogeneous genotype in
Randomised Block Deaign was examined., Here again a plot
means a group of heterogeneous genotypes - hetersgeneity
in the sense of measurable character 'yield'. Six and
ten dﬁmmy treétments were tried in randomised blocks,

The CV (%) obtained for six and ‘ten plot block was almost
equal. 5So an increase in block size did not result in a
reduction of experimental error (vide Table 13 to Table
16). CV was found to decrease with an increase in plot
size., The CV obtgined with the same number of treatments
uslng completely Randomised design was also given in
Tables 13 to 16. The CV was almost equal for both the

designs.

The minimum number of replications réquired at



Table 12. Relationship between plot size (x) and CV (y)_.
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Yearepalr Fitted function 7 X opt
1976=77 to v = 124.81 x~ 1910 0,99 6.80
1977=78
=1 .94

1978"79 tD ,V = 95073 X 0099 6-14
1979-80

1980-81 %o y o 101,99 x~1*P 0,98 6.23
1031-82 - : ‘ :
1982-83 %o

1983~84

y' = 90064 K-1 .9‘&

0.97

6.03




55 standard error of the mean 1s given in Table 13 to
Table 16, 4 substantial reduction in number of replice-
tions was observed when plot size increased from ‘three,
With plots of size six and.above the ﬁinimum number of

replications was found to vary from two to four,

_ b 8 Efficiency of Randomised Block Design (RBD) over
completely Randomised Block Design (CRD).

The relative efficiency of RBD over CRD was exae
mined uslng the formula given in section 3,8 and the
results are given in Table 17. From the table it can be
seen that block efficiency was approﬁimately equal to
one., If plots are formed with négative 1ntraclass
carrelation coefficient CRD and RBD were found %o be

equally efficient.

4.9 Analysis of covariance.

The correlatioﬁ between years with respect to the
character yield'is glven in Appendix I. From this, the
avérage correlation coefficient separated by different
periods obtained. The relatiocnship between average
correlation c¢oefficients and separating periods was i
explained by

Y = 0.1349 + 0.2394 x 0.4605%

70



Table 13. CV and ninimum number of replications (r)
(Year-pair: 1976-77 to 1977=78)

Plot CRD )
slze 6 treatments 10 treatments 6 treatments _10 treatments
cY r cv r cv e cv r
2 48,89 95 47.44 90 48,70 95 44,58 80
3 23,60 22 22,22 20 23,91 23 21.53 19
A 20.41 17 22.01 19 20,16 16 22.67 21
5 11.67 5 - 11.01 5 1175 6 11.38 5
6 9.75 4 9.33 3 9,92 . 4 . 9.34 3
7 8.54 3 9.32 3 9.15 3 3.61 4
8 7.49 2 6.80 2 7.93 3 7.14 2

T4



- Table 14. CV and minimum nunmber of replications ()
(Year=-pair: 1978~79 to 1979-80)

Plot CRD ' oD
slze 6 treatments _ 10 treatments , - 6 treatments 10 treatments
cv r cv r cv r cv r
2  33.05 W a2 w3243 M 30.59 37
3 18,28 13 18.26 13 17.61 12 . 17.%0 12
4 14.87 9 15,85 10 13.43 7 16416 10
5 Q.42 4 9,92 4 9.22 3 9,61 4
6 6,80 2 7.15 2 7.10 2 6.76
7 5.09 1 6,06 1 5436 1 6.37 2
8 ta21 1 3439 1 4,57 1 3.57 1

oL



Table 15. CV and minimum number of replications (r)

-

(Year-pair: 1920=81 to 1981-82)

Plot .CRD ‘R_BD
size 6 treatments 10 treatments 6 treatments | 10 ‘treatments
cv r cY r Ccv T CV r
2 33.68 45 34,12 47 32.68 43 34.59 hg
3 19.12 15 20.39 17 19.44 15 20,02 16
& 13.55 7 13.88 8 14.36 8 144,59 9
5 11.37 5 11.76 6 11.10 5 12.24 6
6 9.16 3 8.58 4 8.35 3 7.60 2
7 5,02 1 3.32 1 5,16 1 3.49 1
8 L.57 1 4,48 1 LoST 1 b4 bl 1

EL



Table 16, CV and minimum number of replications (r)

(Year-palr: 1082-83 to 1985-84) .

Plot CRD RED
size 6 treatments 10 treatments ‘ 6 treatments 10 treatments
cv r CV r Ccv ' r Ccv r
2 28.29 32 27.83 31 29,70 35 28.89 33
3 16.65 1 16.35 11 16034 1 16.98 12
A 10.67 5 12,51 6 1030 4 12.37 6
5 10,32 4 9.66 & 11,01 5 10.05 A
6 5.61 1 6.61 2 5.66 1 6.95 2
7 b5k 1 440 1 3,41 1 4,23 1
8 5,02 9 — - 415 1 - -

7L



Table 17. Block efficiency

Plot 1976=77 to 1977=78 . 1978=T79 t0 1979=80 ‘ 1980=81 to 1981=-82 1982-83 to 1983=84:
size , -

.6 plot 10 ploi;, ' 6 Vplo*b 10 plot 6 plot 10 plot 6 plot 10 plot

block block block block ' block block block ) block
2 1,002 . 1.129 1,055 1,101 .  1.057 0.970 0.993 0,924
3 0.968 . 1.100 1.07 1,193 . 0.959 1.,032. ' 1,029 0.923
4 1.017 0.937 1.218 0.957 0.883 0.899 - 1,060 1,018
5 1.066 0,931 1.036  1.058 1,034 0.915 0.865 0.915
6 0.954 0.988 0,907 1,103 14181 1,111 0.933 0.890
7 0.881  0.950 0.807 0.926 0. Ghks 0.936 1.106 1.013
8 0.899 0.936 0.866 0.935 0,869 1.100 0.533 ~

Gl
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A good agreement was obtained between observed
and expected valueg of average correlatlon coefficient
(Table 18).. The average correlation coefficlent decre-
ased from 0.3743 to 0,1457 when the separating perilod -
increased from one to five. The same renge was observed
for the estimated correlation coefficient, The maximum
.average correlation.was obtained for periods separating
by one year. So one=year period was tsken as the optimum
pre-experimental period for covariance analysis., This
one year is the yeaf.just preceding the experimental
period,.-

The optimum plot size was determined és six to
‘seven.. Covariance analysis was performed with these blot
sizes and the results are presented in Table 19. The |
coefficients of variation adjusted for the proeexperi-
mental period of one year did nbt show any reduction as
compared to unadjusted cqefficients of variation with

these plot sizes.,



Table 18. Average coefficlent of correlation between yield
separated by different periods.

Number of separat- . . Coefficient of correlation (y)
ing periods (x)
Observed Expected
1 0.3743 0.3743
2 00,2238 - Qe 2451
3 0.1857 0.1857
4 0.1562 0.1583

5 0.1457 0,1457




78

Table 19. CV for plot yields with and without covariance

adjustment.
PLot Year-pair
8126 41978~79 to 1979-80 1980-81 to 1981-82 1982-33 to 1935=84
6 570 (3.00) 384 (3.84) 4,01 (3.04)
7 4093 (1-95) 3&21 (1095) 306[+ (1073)

The figures given in paranthesis corresponds o the

CV without covariance adjustment.



DISCUSSION



CHAPTER 5

DISCUSSTON.

The design is very important in conducting any
field experiment and to draw meaningful inferences from
them. The usual method of forming blocks is on the
basis of geographical contiguity of trees. But this
method was not found to be efficilent with plantation
crops. It is important that the blological variation
among individual trees should be taken into account in
designing experiments with them. Because of the biolo-
gicel variation present among the experimentsl trees
calibration teéhniques are preferred in forming plots
and blocks with perernlals, the blocks so formed may
indeed allow for past sources of variation. But the
trees of a plot thus formed will be scattered over the
experimental area instead of lying side by side. Uni-
formity of pre-experimental yields over an even number
of years is always preferred for calibration so as to
eliminate biennial periodicity. But in the present
study with Casheﬁ, the yleld of each tree for an year
is taken as the best calibrating variate, This calibrat-
ing variate has been decided upon by taking the maximum

average correlation on different number of separating



periods (years).

In the present investigation three methods of plot
formation are tried. The first method is based on create
ing maximun héterogeneity'within plots in selecting expe-
rimental unité thereby decreasing the between plot varia=-
tion within a block to a minimum. In the second method
maxiﬁum homogeneity 1s created among units in a plot and
In the third method a randon collection of units consti
tute a plot, In all these methods the tfees are gspread
over the entire area, The first two methods are based -on
calibration techniques while the third method does not
require any knowledge of past performance of trees, The
vleld record of one year immediately preceding the expé-
rimental periad is found to be sufficient for calibra-

tion. N

Though if is better to have uniform experimentai

. trees with respect to an important measurable character
1like 'yield’, it is genera;ly found to be impracticable
with perennials because of the high genetical variation
present among the trees. The first method will solve the
problem of getting uniform experimental trees and will

lead to successful experimentation with adult trees,
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In the first method plots are formed with trees
having marked yield differences. Yith a plot size two
median may be used as the criteria for selection of
trees. When median is used as the criteria, 60 to 68
percentage reduction in CV is observed when compered to
single tree plots. Vith & plot size of three, if the
selection of trees is based on the ordered arrangcement
of trees 82 to 86 percentage reduction in CV is effected
in comparison with single tree plots. For all other
plop sizes ordersd arrengement 9f tree are used as selece
tion criteria in plot formation. To form plots of size
four trees are selected on the basis of quartiles. This
selection resulted in a reduction of 8% to 99 percentage
in CV compared 0 single tree plots. With plot size five,
six, seven and eight, 88 to 98 percentage reduction in
cv is obtained and this reduction is almost similar in

magnitude over all the year-palrs.

In all the a2bove methods the intraclass correla-
tlon coefficients (P) are negative and below the speci-
£ied upper limit defined theoriticelly for P. With an
increase in plot slze the megnitude of intraclass corre-
lation coefficient is found to decrease. This will cere

talnly help to improve the efficiency of the design of



experiment.

A comparison of CV for various plot sizes with
ordered arrangement of trees (Method I) with Method II
a substantial reduction i{n CV is observed. This reduce~
tion is 43 to 55 percentage, 70 to 75 percentage, 75 to
82 percentage, 82 to 86 percentage, 86 4o 90 i:ercentageB
90 to 93 percentage, 92 to 94 percentage respectively
for plot sizes two, three, four, five, six, seven and
elght in the four year-pairs, This indicates that
method I is better tpan method II in plot formation.

A comparison of CV for various plot sizes in
method I and method III again shows that the former 1is
superior to the latter, The CV reduced by 20 to 36
percentage, 38 09756 pereentage, 55 to 68 percentage,

56 to 72 percentage, 65 to 75 percentage, 76 to 84 pey-
centage, 81 to 86 percentage respectively for plot sizes
two, three, four, five, six, seven and eight in the four

year«pairs,

In method I, a high negative intraclass correla=
tion (P) within a plot while in method II a hizh positive
intracless correlation (P) within a plot. The high nega-
tive Pexplains the heterogeneity of experimental unit
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within a plot vhereas high positive intraclass correla-
tion explains the homogeneity of trees within a plot. In
method III a very low intraclass correlation coefficient

(either positive or negative) in magnitude is observed.

Efficiency of cluster sampling increases as the
neansquere within clusters increases and meansquare
between clusters decreases. In method I clusters (clu=
ster means a plot). are formed by grouping heterogeneous
genotype thereby reducing beitween cluster varietion to
a minimuz., The between cluster meansquare decreases and
within cluster meansquare increases as plot size increases.
Hence efficiency increases as plot size inereases, In'
the present method the variat;on between clugsters is as
8mall as possible whilé the variation within clusiers is
as large aé possible and hence the present methoad is‘more
efficient than all other methods. This method is in |
accordance with the f£ollowing principle in cluster sam-
plihg. For cluster saﬁpling to be efficieht the clusters’
should be so formed that the variation between clustep-
means is as small as possible while the variation within

clusters is as large as possible (Sukhatme et al, 1984).

The maximum curvature observed at*6.8, 6.14, 6,23,



| 6.03 respectivéiy in sach year-pair. Since the point of
maximumn cuﬁva#ure rangés from 6 t§ 6.8 in the studied
year~pairs 7 can be recommended as optimum plot size for .
_ experinents w}th cashew, With the optimum plot s;zg
seven method i is about 101 %o 192 timeﬁ asg efficieni as
compared to method II. Whereas this range is sbout 14

- %0 35 times when compared io method III in different
year-pairs. Thus we can conclude that method I 13 the
best method in designing experiments with cashew followed
by method III and method II. Efficlency of Randomised

: bloék design (RBD) over completely Randomised Block design
(CRD) is found to be equal %o one aﬁproximately. The

- efficiency nearly equals to one indicates that both CRD
and RED are equally efficlent, This leads t0 a conclue

" sion that 1f heterogeneous genotype are taken from dise

. Pent ereas to form a plot even a2 CRD can be used instead

of a RBD for field experimentation with cashew.

The use of covariance technique do not ravéal
any substantizl reduction in CV. Since the plots are
formed with pre-recorded yield again using the same yield

as. covarlate assumes no importarce.

The above results obtained are in agreement with
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the results in experimentation with coconut (Saraswathi
i983). Based on all the above results it may be conclue

ded that method I is the best to design experiments with

Cashew,



SUMMARY
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CHAPTER 6

SUMMARY

Desiegning is very important in conducting field
experiment and to draw reliable comclusions from then.
The design specifies the nature of control over the
operations in the experiment. Proper desizning will
increase the accuracy and sensitivity of the results.
It 1s therefore necessary that the data are oollected
by adopting proper desligns so that they can be validly
interpretable,

The usual method of forming blocks on the basis
of geographical contiguity of tree 1s often not found
to be efficient in plantation crops. The high binloglcal
variation among the individual trees should be taken into
consideration t9o design experiments with them. It 1is
always better to have uniform experimental trees? uni-
foqmity in the sense of measurable characteristic of the
tree (eg. vield) both within and between plots in a
block, |

But there are practical constraints in achleving

this homogeneity. The high variation from plant to planf



v

necessitates a search for other field plot technique,

The method of forming plots by grouping trees
having marked yleld digferences is examined. This method
(method I) is based on the introduction of negative
intraélass correlation among the trees within a plot and
found to reduce the withln block variation by increasing
the'yithin plot variation and thereby increasing the

accuracy of the experiment.

This method is illustrated with an empirical
vield data of.294 trees collected from Ceshew Research
Station, Kerala Agricultural University, Madakkathara
for a period of eight years ranging from 1976=77 to
1983-84. Cashew being a perennial which is often sub-
jected to biennial periodicity. So the yield data were
pooled aver an even‘number of consecutive years to eli=-
minate the bienniality. Even this pooling will not
help ¢o get uniform experimental trees to layout experi-
wents on them. The four peirs of yield data were used
to design experiments with various plot sizes. The same
data=were also utilised to design experiments by apply-
ing Shrikande's method where maximum homogenelty is
maintained both between and within plots. The plots
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are also formed with a random selection of trees from
the whole plantation under consideration. This method
is named as random method. ALl these methods were tried
in for plot sizes ranging from two to eight. However
thn first method was found to be superiar to other two
-ethods. The efficiency of RBD over CRD was found to be

one approximately with methoth.

. The relationshlp between CV and plot sizes was
described by an exponential model ¥y = axb and using the
method of maximum curvature seven was found to be optinum

for field experimentation with cashew.

The correlation coefficlients separated by diffe=-
rent periods were worked out and the principle of maxi-
mum correlation was adopted to decide upon the optimum
pre-experimental period for callbration purpose. As
such yleld data of one year prior to the start of the
experiment was found to be sufficient for calibration. .
The possibility of increasing accuracy of the experiment
by covariance analysis with ancillary variate as the
calibrating variate is examined and found that covarisnce

is not necessary with method I,



Hased on the above resulis it can be concluded
“that method I is the best f£leld plot technique to design

experiments with cashew,

83
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Available number of plots as per various methods,

Yéarhpair

Tet el agretr o 1o78-79 1980-81  1982-63
1977~7a 1979-80 1981-82  1983-84

2 105 118 87 78

3 2. 78 s s

s 54 59 43 39

5 43 47 : o

6 36 39 29 26

7 31, . 33 2% 22

8 &7 29 21 19




Correlation matrix

Year
1076=77 1977=78 1078=79 1975=80 1080-81 1081=82 1082=83 108%5=-84
1.000 0.3376337 0.3699507 0.4158717 0.1713564  0.0542954 0.3037633 0.2644446
1.00 0.4585172 0.3807676 0.03558044 ~0,07331436 0,1263181 0.3189225
1.00 0.3945086 0.08852131 ~0.06539645 0.2230366 0.2566183
1.000 0.3052713 0.0005019 0.3199022 0. 3036955
1.00 0.4237777 C.4274108 © 042225693
1.00 0.2148946 0.07539744
1,00 0.4857411

1.000
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Range of wvalues in yleld

Plot size

Yearwpair: 1976«77 to 1977-78

S2.7681, >2.741

<1.480, >1.480

and

<3775,

3775

£0.995, >0.995
<4,940, 74,940

-and

£2,781,

~>2,741 and

<0,820, >0.820
< 3,364, 3,364

and

and

<1.90,
£5.160,

71.90 and
~>5.160

=0.720, >0.700
2,741, 2,741
< 6.100, 3>6.100

and

and

é1 .480,
<3.819,

735,819 and

=0.645, S0.645
£2,150, >2.150
<4,380, Ph.380

and
and

and

<1,280,
£3.197,
<6,902,

>1.280 and
>3.197 and
>6,902

<0.597, >0.597
=1.720, 31,720
£3.515, 73.515
<7.074, 7.074

and
and

and

=0,995,
<2.741,
<4,.842,

50,995 and
D2.741 and
>'!'|' . 8‘#2 and




Range of values in yield

Plot size Year-pair: 1978-79 to 1979=80

2 =7.005, >7.005

3 <4.,300, 4,30 and 210,253, 510,253

4 =3.300, >3.,300 and «£7.005, ©>7.005 and
12,350, 3A2.350

5 é2.50, 72050 and é5027: ?5027 and
=8.925, 3»8.925 and £13.300, >13.,300

6 2,000, .3»2,000 and «£4,300, ~>4.300 and
=7.005, . >7,005 and <£10.253, -»10.253 and
=14.500, 714,500

7 =1.750, . 21,750 and £3.600, 3,600 and
11,025, >11.025 and £14.635, A14.635

8 =1.550,. 1,550 and £34300, 3,300 and
=4,900,. 74.90 and . &7.005, ~>7.005 and
=9.481,. >9.481 and £11.965, $11.965 and

=15.20, . A15.20




Range of values in yield

Plot size

Year-palr: 1980=31 o 1981=-82

£7.05, >7.05

543

and £9.00, >>9.00

< 4,75,
<£10.35,

74-75

>10.35

<4.10,

£8.10,

>4,10
>8.10

and £ 6,00, 776,00 and-
and £11.80, >11.80

<3.35,

57.05.
<14.18,

73635

- >7.05
4,18

=5,43,
éguo.ol

and 75,430 and

and 79.00 and .

<£3.10,
£6.05,

<9.20,

>3.,10
76,05

379,20

<4.95, 74,95 and -
<7.70, »7.70 and .
and £14,00, 214,00

and

and

=2.85,
=5.58,
<8.15,
<14.65,

2485
75.58
>>8.15
A14.65

74,40 and
>7.05 and
and £10.00, >10,00 and

arid ._4.4.40 »
and £7.05,




Range of values in yield

Plot size

Year-pair: 1982-83 to 1983-84

Z11.60,

>11.60

<.7.80,

77.80

and £15,.,25,

7 15425

<6.54,

<17.70,

76454
>17.70

and £11,.60,

and

>5.70
—>13,40

and

and é1 9065,

<. B.83, 78485

719.65

and

5,45
20,85

and '_4__ 7.80,

and £15.25,

780

and

4,50
9,60
515,95

and £ 6.80,
and £12.50,
and £ 21,30,

7_6o80
' 712.50
- >>21:30

and

and

£.8.15,
<.13,65,
£.24,80,

>4.70
>8.15
13465
21,80

and £ 6,45,

7 645

and ~£11.60, >>11.60

and = 17.20,

>17.20

and
and

and
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Arrangement of trees as per method I (Four trees per plot)

Sﬁgﬁer Tree Number gigﬁer Tree Number Kﬁgger Tree Number gtgger Tree Number Stgger Tree Number gi;ger Tree Number
1 58 (0.637 2 262 (0.840 3 125 (0.600) & 202 (0,930 5 285 (0,700 6 63 (0440
5 (1.720 179 (2.475 50 (1.728 184 (1.258 130 (2.480 271 (2.565
134 (3.392 3.142 162 (3,085 112 (3,515 43 (2.767 182 (4.109
106 (7.515 85 (6.100 160 (6.220 87 (5.300 176 {(7.040 232 (9.940
7 234 (0.845 8 47 (0.505 g 105 (0.910. 10 36 (0,549 11 55 {(0.715 12 272 (0.245
145 (1.000 165 {1.802 " 123 (2.180 ) 291 (2.270 88 (1.340 124 (2.670
129 (3.234 133 (3.190 44 {3.052 42 (3,528 92 (4.540 192 {3.550
149 (5.222 216 (4.955 233 (9.095 139 (6.902 231 (8.199 180 (7.440
13 273 (0.665 14 B g1 (0.850 15 116 (0.800 16 266 (0.790 17 6 (0.965 18 173 (0.485
159 (1.735 24 (1.466 110 (1.525 247 (1.450 40 (2.485 213 (2.662
80 §A.389 205 53 910 185 gh.sao 171 (3.364 . 171 (3.364 132 (3.190
270 (15.238) 195 {13.100) 175 (5.000 163 {6.683 142 (5.057 12 (4.943
19 264 (0.129 20 69 (0.550 21 100 (0.140 22 11 {(0.665 23 186 (0.605 24 51 {0.457
242 {1.260 66 (1.100 94 (1.700 181 (1.300 57 (2.165 78 {1.435
225 (3.425 151 23.199 239 ;3.562 127 (3.405 107 (3.489 243 (2.830
284 (7.520 6.425 77 (5.135 222 (5.160 193 (7.045 240 (9.184
25 8; (0.513 26 190 (0.530 27 172 0'228 28 132 (0.325 29 ?g g.gggi 30 121 (g.ggg
16 (1.492 221 {1.525 226 (1. 56 (2.187 . .
294 E2.970 84 §3.7?5 25 (4,067 206 gb.067 143 (3.605 3 ga.nza
212 (B.C54 96 (7.443 154 (5.015 241 (7.074 128 (12.852) 108 (7.520
39 23 (0.188) 32 22 (0.320) 33 70 so.sav 34 269 Eo.sas 55 229 (0.466) 36 250 (0.520)
198 (1.480 - 217 (1.405 38 (2.715 158 (2.250C 8 (2.139 253 1.910}
41 3 362 109 (4,535 118 Ea.7ho 224 24.020 201 (3.688 167 (2.810
45 5 L85 203 (7.710 9% (B.545 150 (5,083 97 (6.242 223 (10.075)
37 53 o 965 79 (0.330 B9 248 (0,993 40 117 (0.770 41 122 (0.490 42 140 (0,100
138 {2.000 200 (1.344 256 (1.280 252 (1.260 59 {2.359 244 (2.010
111 4 527 17 (3.197 49 (3.819 7 (3.695 126 {3.590 208 (3.150
86 (8.658 230 (10.044) 13 (5.210 215 (7.512 174 (16.712) 207 (7.825
43 255 (0.140 113 (0.820 45 281 (0.820 L6 237 0.69&; 57 258 {0.810 48 147 (0.333
177 {1.690 119 {2.060 90 (2.137 290 (2.150 214 {1.032 218 (1.580
98 (4.330 115 (3,310 52 (2.782 276 2.800; 169 (4.256 144 (3.965
137 (6.100 168 (5.167 191 (7.591 197 (5.090 178 (8.005 188 {(5.894
_Ag 292 (0.850 102 5.530 51 18 20.130 52 28 (0.820 53 48 (0.285 54 228 (0.510
189 (2. 300} 170 (1.420 2 (1.815 246 (1.575 56 (1.232 152 (2.697
155 (L.842 166 (3.063 136 {4.9&0 209 (2.860 114 (4,395 183 (3,747
194 (11.210) 204 {(9.292 7.507 211 (7.545 220 (7.492 135 (9.596

Figures given in brackets represents yield.



Arrangement of trees as per method I
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“(five trees per plot)
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Plot Plot Plot Plot Plot Plot Plot
No. Tree Number No. Tree Number No. Tree Number  No. Tree Number No. Tree Number No. Tree Number No. Tree Numbe)
1 58 (o 637) 2 125 (0.600 3 285 (0.700 4 63 (0.440 5 47 (0.505 6 36 (0.549 7 55 (0,715
5 (1.720 262 (0.840 50 (1.728 184 (1.258 145 (1.000 165 (1.802 202 (0.930
10 3,142 179 (2.475 162 (3,085 130 (2.480 27 (2.565 43 (2.767 123 (2.180
134 (3.392 216 (4,955 112 (3.515 182 (4.109 42 {(3.528 52 (4.540 175 (5.000,
106 (7.515 85 (6.100 160 (6.220 87 (5.300 176 (7.040 232 (9.940 149 (5,222,
8 272 (0.245 g 273 (0.665 10 116 (0.800 11 266 (0.790 12 1735 (0.485 13 264 (0.129 14 69 {0.550,
88 (1.340 159 (1.735 234 (0.845 24 (1,460 105 (0.910 110 (1.525 247 1.1450<
291 (2.270 124 (2.670 129 (3,234 133 (3.190 40 (2,485 44 (3,052 - 213 (2.662
192 (3.550) . 80 (4,389) . = .= 205 (3.910 185 (4.380) -~ 142 (5.057) 12 (4,943 121 (3.880
233 (9.095 139 (6,902 231 (8.199 180 (7.440 163 (6.683 284 (7.520 104 (6.425
15 100 (0,140 16 141 (0.665 17 186 (0.605 18 51 (0.457 19 81 (0.213 20 190 {0.530 21 172 (0.550
91 (0.850 242 (1,260 66 (1.100 94 (1.700 181 (1.300 0.965 78 (1.435
171 (3.364 57 (2.165 132 (3.190 156 (2.187 151 (3.199 164 (2.235 38 (2.715
77 (5.135 222 {5.160 225 (3.425 239 (3.562 127 (3.405 107 (3.489 154 (5,015
193 (7.045 240 (9,184 212 (8.054 96 (7.443 241 (7.074 128(12.852 108 (7.520
22 33 (0.395 23 161 (0,597 24 23 (0.188 25 72 (0,320 26 70 (0.647 27 269 (0.645 28 229 (0.466)
16 (1.492 221 (1.525 226 (1.440 15 (1,590 198 (1.480 217 (1.405 46 (0,995
158 (2.250 243 (2,830 8 (2.139 294 (2.970 253 {1.910 138 (2,000 59 (2.359
84 (3,775 25 (4.067 206 {4,067 143 53.605 150 (5.C83 3 (3.428 109r (4,535
b5 (5,485 203 (7.710 93 (8.545 97 (6.242 223(10.075 86 (8.658 230(10.04L%
29 250 (0,520 30 79 (0,330 31 117 {(0.770 32 122 (0.490 33 140 (0,100 34 255 (0.140 35 113 (0.820
200 (1.344 256 (1.280 252 (1.260 5% (0.965 248 (0.993 177 {1.690 281 (0.820
244 (2,010 41 (3,362 119 (2.060 90 (2.137 290 (2,150 167 (2.810 17 (3.197
118 (4,740 224 (4.020 201 (3.688 111 (4.527 49 (3.819 7 (3.695 126 3 590
13 (5.210 215 (7.512 207 (7.825 137 (6.100 168 (5.167 191 (7.591 178
36 237 {0.694 37 258 (0.810 38 147 (0.338 39 102 (0,530 40 18 (0.130 28 (0.820 42 48 (0,285
214 (1.032 218 (1.580 170 (1,420 2 {(1.815 292 (0.850 246 (1,575 56 (1.232
189 (2.300 208 (3,150 _ 115 (3.310 52 (2,782 276 (2.800 166 (3.063 152 (2.697
98 (4.330 169 {4.256 144 (3,965 197 {5.090 155 (4.842 136 (4.940 114 (4.395
188 (5.894 19&(01.210 204 (9.292 14 (7.507 . 211 (7.545 220 (7,492 135 (9.596
43 228 (0,510
196 (1.900
209 (2.860
183 (3.747
11 (5.180),
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Arrangement of trees as per method I (six trees per plot)

- —_———

Plot Plot Plot Plot ° Plot Plot Plot
No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number
1 58 (0.637 2 125 (0.600 3 285 (0,700 4 63 (0.440 5 47 (0,505 6 36 (0.549 7 272 (0,245
262 (0,840 184 {1.258 145 (1.000 202 (0.930 88 (1.340 234 (0,845 24 (1.466
5 (1.720 179 (2.475 50 (1.728 130 (2,480 271(2.565 165 (1.802 123 (2.180
134 (3,392 10 (3.142 162 (3.085 112 (3.515 4% (2.767 129 (3.234 133 (3.190
85 (6,100 87 (5.300 149 (5.222 216 (4,955 182 (4.109 92 (4.540 175 (5.000
106 (7.515 160 (6,220 176 (7.040 232 (9.940 233 (5.095 139 (6.902 231 (8.199
8 275 (0.665 9 173 (0.485 10 264 0.1292 11 69 (0.550 12 100 (0.1400) 13 141 (0.665 14 186 (0.605
105 (0.910 55 (0.715 247 (1.450 a1 (0.850 242 (1.260 116 (0.800 66 (1.100
291 (2.270 124 (2.670 159 {1.735 110 (1.525 40 (2.485 ) 213 (2.662 - = .- 94 (1.7C0
&4 (3,052 . L2 (3.528)_ 182 (34550 - “A71 (3.364) - - 132 {3.190 225 (3,425 151 (3.199
80 (4.389) . 205 (3,910 185 (4.380 142 (5.057 12 (4.943 121 (3.880 77 (5.135
180 (7.440 270(15.238 195 (13.100) 163 (6.68% 284 (7.520 104 (6.425 193 (7.045 ‘
15 51 E0-457 16 81 (0.213 17 190 (0,530 18 172 (0.550 19 33 (0,395 20 161 {0.597 21 23 (0,188
266 (0.790 181 (1.300 6 (0,965 78 (1.435 226 (1.440 198 (1.480 217 (1.405
57 (2.165 16 (1.492 221 (1.525 156 (2.187 15 (1.590 164 (2.235 38 (2.715
239 (3,562 127 (3.405 107 (3.489 243 (2.830 294 (2,970 84 (3.775 143 (3.60s
222 (5.160 154 (5,015 45 (5.485 25 (4087 206 (4.067 150 (5,083 109 (4.535,
240 (9.184 212 (8.054 96 (7.443 241 (7.074 128 (12.852) 108 (7.520 203 (7.710
22 72 (0.320 70 (0,647 24 269 (0.E45 25 229 (0,466 26 250 (0.520 27 79 (0.330 28 122 (0490
L6 (0.995 200. (1.344 256 (1.280 252 (1.260 53 (0.965 248 (0,993 117 0 770
158 (2.250 8 (2.139 253 (1. 910 138 (2.000 59 (2.359 244 (2,010 177 (1.690
3 (2.478 41 (3.362 201 (3.6 1687 (2.810 17 (3.197 49 (3.819 7 {3.695
118 (4.7540 224 (4,020 111 {h.5 7 13 {5.210 137 (6.100 168 (5.167 98 (4.330
93 (8.545 97 (6.242 223(10. 075 86 (8.658 230(10,044 215 (7.512 135 (9.596
29 196 (1.900 30 255 (C.q 0 31 237 (0.694 32 147 (0.333 33 102 (0.530 34 18 (0.130 35 0285
113 (0.820 281 (0.820 214 (1,032 170 (1.420 258 (0.810 292 (0.850 1.232
119 (2.060 90 (2.137 290 (2.150 218 (1.580 189 (2,300 2 (1.815 2&6 1.575
126 (3.590 208 (3.150 15 (3.310 52 (2,782 276 (2.800 - 166 (3.053 209 (2,860
169 (4.256 144 (3,965 197 (5.090 155 (4.842 188 (5.894 136 (4.940 114 (4,395
207 (7.825 191 (7.591 178 (8.005 194 (11.210) 204 (9.292 14 (7.507 211 (7.545
36 228 {0.694
28 (0.820
152 (2.697
183 3 747
. 180
220 7 492).




Arrangement of trees as per method I (seven trees per plot)

Number Tree Number i£§£er Tree MNumber gtgﬁer Tree Humber Eigger Tree Nuzber ﬁi;ger Tree Number Eigger Tree Number
1 58 (0.637 = 122 (0.6C0 3 63 (0.L40 4 47 (0.505 5 36 (0.549 & 272 (0.245
262 (0.840 1845 (1.258 145 (1.000 202 (0.0930 285 (0.700 254 (0.B45

5 (1.720 52 (1.7 28 165 (1.802 g8 (1.340 159 (1.735 24 (1.466

10 EB.1A2 178 (2.475 162 (3.085 ‘ 130 (2.480 271 (2.565 43 (2.7€7

134 (3.392 112 (3.515 - 182 (L.1C9 129 (3.234 42 (3.528 192 (3.550

8§ {6.190 1€0 Es.zgo i 87 i5.3oo . 145 (5.222 ) 216 {L.955 128 (6.912

T 06 (7.515) ¢ 178 (7.080) T ~232 (9.56L0) ~ - ™ 233 (9.095) - - 231 (8s183) - - - - - 180 (7.440:

7 173 (0.L85 = 255 (0.129 9 69 (0.550 10 100 0.140 11 186 {0.605 12 51 (0.457
105 (0.910 =3 (0.715 273 (0.665 o1 (C.850 242 1.250 ' 116 (0.BCC

111G (1.525 257 (1.456 94 (1.7C0 181 (1.30C 78 1 L35 16 (1.492

123 (2.1890 2c1 (2,270 124 {2.670 133 (3.19C Z.485 44 (3,052

205 (3.910 155 (4,380 171 (3.364 121 (2.880 225 3,425 151 (3.199

92 (4.540 175 (5.000 80 (4.389 163 (6.683 142 (5.057 12 (4.943

270 (15.238) 125 (13.100) 284 (7.52C 193 (7.045 240 (9.184 212 (B.054

13 81 (0.213 1k 150 (0.530 15 172 {0.550 16 33 (0.395 17 161 (0.597 18 23 (0.1€8
66 (1.400 285 (0.790 6 (0.965 141 {(0.8E5 46 (0.995 256 (1.280

221 (1.525 228 (1.440 15 {1.590 198 (4.480 217 (1.405 8 (2.139

213 (2.662 57 (2.165 132 (3.190 156 (2.187 164 (2.235 38 (2.715

239 (3.562 127 (3.405 107 (3.489 84 (3.775 25 (L.067 206 (4.067

104 (6.425 77 (5.135 222 (5.160 154 (5.015 45 (5.485 150 (5.083

96 (7.443 251 (7.074 128 (12.852) 108 (7.520 203 (7.710 93 (B8.545

49 72 20.320 zZ0 2589 (0.645 21 oo (0,456 22 250 (0,520 23 79 (0.330 24 122 (0.49C
252 (1.260 Z75 (0.655 53 (0.955 248 (C.C03 117 (0,770 113 (£.820

253 (1.910 133 (2.000 200 (1.344 244 (2.070 177 (1.630 119 (2.080

158 (2.250 2:3 (2.830 294 (2.97C 53 (2.35% 167 (2.810 17 (3.197

142 (3,605 Z (3.428 49 (3.362 224 (4,020 201 3.688 49 {3.819

97 (6.242 409 (L.535 118 {4740 111 {&.527 5.210 137 (6.10C

223 (10.075) &5 (8.658 230 (10.044) 215 (7.512 207 (7. 825) 1861 (7.591

25 140 (0.100 2= 255 (0.140 27 147 (0.333 28 102 (C.530 29 55 {0.715 30 48 (0,285
281 (0.820 214 (1.032 237 (0.694 258 (0.810 292 (0.850 56 (1.232

90 (2.137 290 (2.150 218 (1.580 470 (1.420 2 {1.815 246 (1.575

189 (2.300 202 (3.150 . 52 (2.782 276 (2.800 166 (3.063 152 (2.697

7 (3.695 126 (3.590 o8 (4.330 115 (3.310 169 (4.256 L4 (3.965

168 (5.167 197 (5.090 155 (4.842 188 (5.894 136 (4.940 1194 (4.395

178 (8.005 124 (11.210) 204 (9.292 14 (7.5C7 211 (7.545 220 (7.492




Arrangement of trees as per method I {eight trees per plo.t)
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Plot
Plot Plot Plot Plot Plot —— Ei?t Pree Number No? Tree Number
No. _Tree Number  No. Tree Number  No, Tree Number  No. Tree Number  No. Tree Number ~ No. Tree Number ~ No. Tree Number
---------------------------------- 7 69 (0.550
. 272 (C.245 S 173 (0.485 6 264 (D.129 +350
boRied  C oy 0 EERd 3 0E8 222 (01700 22 (oials 125 foe
. . 83 (1. . : .
3 15722 %5 01538 133 {2-480 271 {2.565 165 (1.802 123 12489 335 151950
179 (2.475 50 (1.728 130 {2.480 12 (5:392 43 (2.767 129 (3.23 133 (3190
134 (3,392 10 (3.142 S5 (2540 192 (3.550 80 (4,389 205 {3.910 139 (6.502
15 (61100 16 (2:350 €7 (5.300 176 (7.040 142 (5.202 335 (459330 284 (7.526
138 137595 232 (9.940 233 (2,095 231 (8.199) 180 fr.aso) 195 s.100) L EBR N7
__________________________________ e R 16 161 (0,597
: 190 (0.530 12 172 (0.550 13 33 (0.395 .
R P R et R e I A R
. - . 181 (1.300 7 o2 : 164 (2.235
242 (1.260 66 (1.100 94 (1.700 181 {1390 I8 11-322 a8 §2.1a7 G (21252
124 (2.670 159 (1.735 40 (2.485 508 (5425 151 (3.19% 127 (3.405 197 (3-489
4t (3,052 171 (3.364 132 (3.190 : 206 (4.067 143 (3.605 109 (4,
e (s i (2185 T (0 4 B3 2 (3122
203 (31388 212 (8.054 96 (7.443 128 (12.852) 108 \7.520) . @5 .oy .32 8.o%s)
""""""""""""" - N = 140 (0.100
5 0.520 19 79 (0.330 20 122 (0.49C0) 21 .
15 23 (0.188 16 72(0.320) 17 229 (0.465) 18 230 (0.320 2 2:425 248 (0.993 155 (9283
256 157062 15 19:223 198 (11580 217 {1.405 200 {1.24% 574 (21510 135 (21660
226 1040 15 T.5¢9 . - - ) 59 2.359 - -
-910 135 (2.00 810 17 (3.197
158 (2.250 8 (2.139 223 V1210 3 (3.428 41 (3.362 167 (2. 26 (3.530
38 (2.715 232 125830 221 15858 117 (h.527 49 (3.819 7 {31695 126 (52580
118 (&.740 224 (4.020 201 (3.68 ‘5 150 (5.085 57 (6.242 3 (5.
5 241 (7.074 45 (5.L85 “591 178 (&.005
;2% {35°3255 ) ?éé g%:gég 230 {10.044) 215 (7.512 _ 207 £7f§§§ . Ye1 i7.551) 178 (B.005)
_______________________________ - oy .28 2 228 (0.51C
= oz s ey s meam @ gepy o« eam o ey
113 (0.820 281 (0, . £20 246 (1.575 .
1.580 170 (1. 196 {1.900
177 {1.650 214 (1.032 218 5250 276 {2.800 152 (2.697 9 .
90 {2.137 290 (2.150 189 (2.3 155 (4.ak2 166 (%.063 209 (2.860
.150 115 (3.310 32 (2.782 : 114 (4.395 183 (3.747
0 I 0 IReh 2 (50 s e
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13Z 11.210) 204 (9.292 14 (7.507 2(1.815) (

et o e s o g o o e o Y B e . e R B B e e




Arrangement of trees as per method IT (two trees per plot}

Tree number Plot Tree number Plot Tree number Plot Tree number Plot Tree number

number number number number number number
1 140 Eo 100; 2 18 0.1303 3 100 Eo.1aog 4 81 Eo.z13§ 5 48 (0.2853 6 79 50.3303
264 (0,129 255 (0.140) | 23 (0.188 272 (0.245 72 (0.320 147 (0.333
7 33 Eo.395; 8 51 go.as7g 9 173 go has; 10 47 20.5053 11 250 (o.szo; 12 102 (0.5303
63 (0.440 229 (0.466 122 (0.490 228 (0.510 190 (0.530 36 (0.549
13 69 Eo.sso; 14 161 50.5973 15 186 {o 605; 16 269 50.6453 17 273 (0. 665; 18 237 (0.69bg
172 (0.550 125 (0,600 58 {0.637 70 (0.647 141 (0.665 285 (0,700
19 55 50.7153 20 266 Eo.790; 21 258 EO.B10; 22 113 20.8203 23 262 Eo.a&o; 24 91 EO.850;
117 (0,770 116 (0.800 28 (0.820 281 (0.820 234 (0.845 292 (0.850
25 105 50.910; 26 & 50.9653 27 248 (0.9933 28 145 E1.ooog 29 66 51.1003 30 184 (1.258;
202 (0,930) 53 (0.965 46 (0.995 214 (1.032 56 (1.232 242 (1.260
31 252 &1.260; 32 181 51.300; 33 200 (1.5&&3 34 170 51.&203 35 226 (1.4&0; 36 24 E1.A66§
256 {1.280 88 (1.340 217 (1.405 78 (1.435 247 (1.450 198 (1.480
37 16 i1.h923 38 221 E1.525; 39 218 {1.5so; 40 177 51.690; 49 5 51 720; 42 159 E1.735g
110 {1.525 246 (1.575 15 (1.590 94 (14700 _ 50 (1.728 165 (1.802
43 2 (1.815 44 253 (1.910 45 244 (2.010 46 90 (2,137 L7 290 (2.150) 48 123 (2.180
196 51.9003 138 Ez.ooo; 119 Ez.oso; 8 52.1393 57 (2.165) 156 52.187;
4L9 164 {2.235; 50 291 (2.2703 51 51 (2.359 52 130 gz.hao; 53 2714 (2.5653 54 124 (2.6703
158 (2.250 189 (2.300 179 (2.475 40 _2.485 213 (2.662 152 (2.697 .
55 38 (2.715 56 52 (2.782) 57 167 (2.810) 58 209 (2.860 59 44 (3.052) 60 162 (3.08B5
43 52.767} 276 (2.800) 243 (2.830) 294 52.9703 166 (3.063) 10 (3.1423
61 208 53.150; 62 133 §3.1go; 63 151 53.1993 64 115 23.3103 85 171 ia.3ehg 66 127 23.4053
132 (3.190 17 (3.197 129 (3.234 41 (3,362 134 (3.392 225 (3.425
67 3.428 68 112 (3.515 69 192 (3.550 70 126 (3.590 71 201 (3.688 72 183 (3.747)
107 Es.hegg 42 53.52&1; 239 £3.562; 143 23.605; 23.6953 84 (3.775;
73 49 53.819; 7h 205 23-9103 75 224 24.0203 76 206 54.0673 77 169 (4.256; 78 185 Eh.3803
121 (3.880 144 (3.965 25 (4.067 182 (4.109 98 (4.330 80 (4.389
79 114 {4.3953 80 109 54.5353 81 118 ia.7hog 82 136 24.940; 83 216 §“'955§ 84 154 55 .0150)
1711 (4.527 92 (4.540 155 (4.842 12 (4.943 ‘ 175 (5.000 142 (5.,057)
a5 150 25.083; 86 77 §5.135; 87 168 25.167; 88 13 55.210; 89 87 5.300; 90 188 Es.agh;
197 (5.090 222 (5.160 11 (5.180 149 (5.222 45 (5.485 85 (6.100
N 137 {6.100; o2 97 6.2h23 93 163 E6.683§ 94 176 57.0403 g5 241 57.07u3 96 96 57.443;
160 (6.200 104 (6.425 139 (6.902 193 (7.045 180 (7.440 220 (7.492
97 14 7.5073 98 106 57.5153 .99 108 27.5203 100 191 57.5913 4101 207 57.825; 102 212 58.0543
215 (7.512 284 (7.520 211 (7.545 203 (7.710 178 (8.C05 231 (8.199
103 93 58.545; 104 233 59.095; 105 204 29.2923 106 232 {9.949) 107 223 510.075; 108 128 §12.852;
86 (B8.658 240 (9.184 135 (9.595 230 (10.044) 194 (14.240 195 (13.100

e e e e e o et -

109 270 15.2383
16.712




Arrangenent of trees as per method IT (three trees per plot)

Plct

Plot

ngéggr Tree number nE;ng Tree nuober nﬁég:r Tree number number Tree number number Tree number nﬁigzr Tree number L
450 (ca1co) 255 (0.140) 81 (0.213 72 go 320 3% (0.395 229 {0.466
1 264 (T.129 2 100 (C.140 3 272 (0.245 4 79 (0.330 5 63 (0.L40 6 173 (0.485
18 (9.130 23 (0.188 48 (0.285 147 (0.333 51 (0.457 122 (0.490 L
T a7 (0.505) - 190 (0.530) " 69 (0.550) - 125 (0.600 269 (0.645 141 (0.665
7 228 50.510§ 8 102 ;O.S30§ 9 172 io.ssoi 10 186 §0.605§ 11 70 (0.647; 12 237 (0.694
250 (0.520 36 (0.549 161 (0.597 58 {0.637 273 (0.665 285__2_299 ______
Co-f T 5572,T15) 116" (0.80C 113 (0.820 254 (0.B45) 105 {0.910 53 (0.965
13 117 3 770 258 §0.810 15 281 (0.820) 16 91 (0.850) 17 202 (0.930 18 248 (0.993
266 u.?9o 28 (0.820 262 (C.840 262 (0.850 6 (0.965 46 (0.995
B 145 {1.000 56 -(-;_232 - 252 (1.260) 88 51.31¢o 170 (1.4204 247 (1.450
19 214 {(1.032) 20 184 1 258) 21 256 (1.280§ 22 200 (1.344) 23 78 {1.435 24 24 é1.466
66 (1.100 242 1 260 181 (1.300 217 (1.405 226 (1.440 198 (1.480
16 492 “528"??'535) 177 (1.690 50 (1.728) 2 (1.815 138 (2.000
25 4110 (..525§ 26 218 1.580; 27 94 §1.700 28 159 21.7353 29 196 (1,900 30 2hLL 52.010
221 (1.525 16 (1.590 5 (1.720 165 (1.802 253 (1.910 119 (2.060
_____ 90 (2.137 57 (2.165 164 (2.235 189 (2.300 130 (2.480 213 (2.662
31 8 gz 139} 32 123 §2.1so§ 33 158 (2.250) 34 59 2.3593 35 Lo (2.485 36 124 (2.670
, 290 {2.150 156 (2.187 291 (2.270 179 {2.475 271 (2.565 152 _2.627 _
38 (2.715 276 (2.80C 209 (2.850 166 (3.063 208 (3.150 17 23.197
37 43 E2.767 38 167 22.810 39 294 (2.970) 40 162 (3.085} 41 132 (3,190 42 151 (3.199
52 {z.782 243 (2.830 L4 (3.052 10 (3.142 133 (3.190 129 (3.234
115 E3.31o 134 (3.392 3 (3.428 42 53.528 126 (3.590 7 53.695
43 41 (3.362) 44 127 (3.405) 45 107 (3.489) 46 192 (3.550) 47 143 (3.605 48 183 (3.747
171 (3.364 225 (3.425 112 (3.515 239 (3.562 201 (3.688 84 (3.775
49 (3.819 144 (3,965 206 (4.,067) 98 (4.330 114 (4.395 92 (4.540
49 121 (3.880} 50 224 (4,020) 51 182 4.1093 52 185 (4.380) 53 111 54.527 - 54 118 (4.740
205 (3.910 25 (4.067 169 (4.256 80 (4.389 109, (4.535 155 (4,842
136 (&.940 175 (5.000 150 {5.083 222 (5.160 13 (5.210 45 (5.485
55 12 g& 943) 56 154 (5.015) S7 197 (5.090) 58 168 (5.167) 59 149 (5.220 60 188 (5.804
216 (&.955 142 (5.057 77 (5.135 11 (5.180 87 (5.300 85 (6.4100
137 ¢8-1c0 1k (6.425 176 (7.040 180 (7440 14 (7.507 284 57.520
64 160 5 220) 62 163 (6.683) 63 193 (7.045) 64 96 (7.443) 65 215 (7.512 66 108 (7.520
. 97 (5.242 139 (6.902 241 (7.074 220 (7.492 106 (7.515 211 (7.545 _
191 (7-591 178 {8.005 93 (B.545 240 (9.184 232 (9.940) 194 (11.2190
67 205 (7.710) 68 217 {8.054) 69 86 (8.658) 7O 204 (9.292) 71 230 10.0443 72 128 (12.852
207 (7.825 231 (8.199 233 (9.095 135 (9.596 223 (10.075 195 (13.100

Figures given in brackets represents yield.



Arrangement of trees as per method IT {four trees per plot)

nﬁig:r Tree number niig:r Tree nmuober nﬁégzr Tree number nsiggr Tree number nziggr Tree number nﬁig:r Tree number
140 (0.100 100 {0.140 48 (0.285 33 (0.395 173 (0.485 250 (0.520
4 264 (0,429 > 23 (0.188 72 {0,320 L 65 (0.4L40 5 122 (0.490 g 190 (0.530
18 (0.130 B1 (0.213 75 (0.3%0 51 (0.457 47 [0.505 102 (0.530
255 {0,140 272 (0.245 147 (0.530 229 (0.486 228 (0.510 36 (0.549
69 (0.550 186 (C. 605 273 (0.665 55 (0,715 258 {(0.810 262 (0.840 '
o 172 (0.550 8 58 (0.837 141 {0.665 10 117 (0.770) 44 28 (0.820) ,, 234 (0.845
161 (0.597 269 (0.645 237 (0.694 266 (0.790 113 (0.820 91 (0.850
125 (0.600 70" (0.647 285 (C.700 116 (0.800 281 (0.820 292 (0.850)
i 105 (C.910 248 (0.993) 66 (1.100 252 (1.260 200 (1.344 226 (1.440
13 202 {0.930 1 46 (0.995 15 56 (1.232 16 256 (1.280) - 217 (1.405) 4q 247 (1.450
6 (0.985 145 (1.000 184 (1.258 181 (1.300 170 (1.420 24 (1.466
53 (0.965 214 (1.032 242 {1.260 88 (1.340 78 (1.435 198 {1.480
16 (1.492 218 (1.580 5 (1.720 2 (1.815 244 (2.010 290 (2.150
19 110 (1.525 20 15 (1.590 29 50 (1.728 22 196 (1.9C0 2% 119 (2.060) 57 (2.165
221 (1.525 177 {1.690 159 {1.735 253 (1.910 90 (2.137 123 (2.180
246 (1,575 94 (1.720 165 (1.802 138 (2.C00 8 (2.139 156 (2.187)
164 (2.235 59 (2.359 271 (2.565 38 (2.715 167 (2.810 44 (3,052
25 158 (2.250 26 179 (2.475 27 213 (2.662 28 43 (2.767 29 243 52.830 30 166 (3.063
291 (2.270 130 (2.480 124 (2.670 52 (2.782 209 (2.860 162 %3.085
189 (2.3C0 40 (2.485 152 (2. 697 276 (2.800 204 (2.€70 10 (3.142
208 (3.150 151 (3.199 171 (3.364) 3 (5.428 192 (3.550) 201 (3.688
31 132 (3.190) 55 129 (3.234) .5 134 (3.392) 5, 107 (3.489) 5 239 (3.562) zg 7 (5.695
133 (5.150 115 (3.510 127 (3.405 112 (3.515 . 126 23.590 183 E3.747
17 (3.197 41 (3.362 225 (3.425 42 (3.528 143 (3.605 84 (3.775
49 (2,819 224 (4.020 169 (4.256 114 (4.395 118 (4.740 216 (4,955
27 121 (3.880 38 25 (4.057 39 98 (4.330 40 111 (4.527) 44 155 (4.842) ., 175 (5.0C0
205 53.910 206 (L.0E7 185 4.380 109 (4.535 136 (4.9540 154 (5.015
144 (3.965 182 (4.109 4.389) 92 (4.540 12 (4.943 142 (5.057
150 (5.083 168 (5.167 87 (5.300 137 (6.100 163 (6.683 241 (7.074
43 197 (5.020 uh 11 (5.180 45 45 (5.485 46 160 (6.200 47 139 (6.902) ,q 180 (7.440
77 (5.135 13 (5.210 5.8954 97 (6.242 176 (7.040 96 (7.44%3
222 (5.160 149 (5.222 85 6.100 104 (6.425 193 (7.045 220 (7.492
L4 (7.507 108 (7.520 207 7-825 93 (B.545 204 (9.292 223 (10.075
215 (7.512 211 (7.545 178 (8.005 B85 (8.658 135 (9.596 194 (11.210
L} 9
49 106 (7.515 50 191 (7.591 51 212 (8.054 52 23% (9.095) 53 252 (9.8540) 7 128 (12.852
284 (7.520 203 (7.710 231 (8.199 240 (9.184 230 (10.044) 195 (13.100

Figures given in brackets represents yield.



Arranczement of trees as per method II (five trees wer plot)

t Plot Plot
nﬁigzr Tree number ngig:r Tree number ngég:r Tree number nﬁiger Tree number numbff Triinfumber nETEfr Tree number
T e omooy 5 ¢ - 250 (0,520 172 {(0.550
36 839 23 19:293 W13 E8'§§§3 e g.ﬁgg 330 5250 161 0.597;
1 2% 8'158 2 2'% 8:2145 3 23 (0.395 4 122 (0.439D 5 102 (0.530 6 125 8.2%23)
0,150 48 (0.285 63 %o.aao} 47 10.505 36 (0.549 1 :
232 (o:1io 72 {C.320 51 (0.457 228 (0.510 69 (0.350) 58 (0.637)_
e b e e o e e e i o et e At % 1 e e e i P e o e o T e e o . B B R L Y e T S SRR S T l‘ 1 .O 2
269 {0.645 285 {0.700) 258 (0.818) 23? Eg.ggg) 5% (8:822) 2;6 (1.180)
7 23? 8'22; 8 123 8:3}3% 9 1%2 Egtggog 10 292 (0.850 11 2&2 0.993 12 1g£ q.ggg
) 66 (0.790 281 (0.820 105 50.910 46 (C.395 .
gg} 8.282 358 0:4% 262 (0.840 202 {0.930 15 (1.000) 262 (1.260)
------------------------- 1 Ton (1.bE6) 246 ( YT * .G00
252 (1.260 217 (1.405 24 (1,466 ggg q.ggg 53 q:ggg ;gg 1.310
13 %Z? 1'%%8 A 133 1:2%? 15 R Uisad 16 15 {1.590 17 159 {1.735 18 138 2:000
88 (1.340 226 (1.440 110 (1.525 177 (1.690 165 (1.802 .
200 E1.§44 247 {1.450 221 1.5253 o4 51.700 __________ 2 1e1s) 119 (2.060)
______________________________________ - 2 359) 213 (2.662) 294 (2.970
N Een ggesl omesl AR % G
19 298 3'128 20 1?2 5:328 21 1;% 20038 22 152 (2.607 23 1g§ g.ggg 24 122 i;.gggg
2.16 291 (2.270 40 (2.485 38 {2.715 2 . .
12;/ 2:180 189 (2.300 271 (2.565 L3 (2.767) 209 (2.860) 16 (5.142)
_____________________________________________________ > haey T 880
295 2:3%9 129 {3-238) 127 (2099 192 (31228 207 (2-o00 on E%.S?o’
152 (3.19 . ) . 167 13892 205 (3.910
L BEE L mE L ol L BEE L gil . in
151 (3.199 134 (3.392 112 (3:515) b3 (5.805) 49 (5.819) - 25 (408T7)
206 (4,067 80 (4.389 118 2.;20 :Itgz g.ggg 17 g:%g 1;9{ g:ggg
31 12% ﬁ'%?% 32 11# ﬁ:?%? 33 1%2 429&3 34 1Lz (5.057 35 168 (5.167 %6 1gg g.ggg
- 4.530 1C9 (4.535 12 {4.o4L3 150 (5.083 11 (5.180 .
A 3 th:300) o R N R 55 (8350}
_____________________________________ o » 6 (B.658
137 (6.100 139 {6.902 96 7.243 ggg E;.ggg fgg (g ggg) 2§3 (9.035
37 1§$ g'gﬁg 38 13? 3'832 39 229 3:583 40 241 (7.545 41 212 Ea:o5h b2 240 §9.1au
on (6. 241 (7.07k 215 (7.512 191 57.591 231 (8.159) 204 (9.292
182 52.2223 180 (7.44C 106 (7.515 205 (7.710 93 28.545 135 (9.596)
2352 (9.940)
230 (10.04k
43 223 (10.075
194 (11.210

128 (12.852

2 e S 20 ot B o . e e e e



Arrancement of trees ar per nmethod IT {six trees per plot)

nﬁig:r Tree number nzig:r Tree number nﬁig:r Tree number nﬁégzr Tree number nﬁig:r Tree number nﬁigzr Tree number
140 (0,100 81 (0.213 33 (0.395 47 {0.505 69 (0.550 269 (0.645
264 (0.129 272 (0,245 63 (0.440 228 (0.510 172 (0.550 70 (0,647
1 18 (0,130 2 48 (0.285 3 54 (0.457 4 : 250 (0.520 5 161 (0.597 & 275 (0.665
255 (0,140 72 (0,320 229 (0.466 730 (0.530 125 (0.600 141 (0,665
100 (0.140 79 (0.330 ' 175 {0.485 102 (0.530 186 (0.605 237 (0.694
23 (0.188 147 {0.333 122 (0.490 36 {0.549 58 {0.637 285 (0.700
55 (0.715 113 {0.820 105 (0.210 145 (1.000 252 51.260 170 {1.420
117 (0.770 281 (0.820 202 (0.930 214 {1.032 256 (17.280 78 (1.435
7 266 (0.790 8 262 {0.8L0 9 6 (0.0955 10 66 (1.4C0 11 181 (1.300) 12 226 (1.440
416 (0.8C0 25l (G845 53 (0.965). 56 {1.252 . 88 .(1.,340) - 247 (1.450
258 (0.810 91 (0.850 248 (0.993 184 {1.258 200 {1.344 24 (1.466
28 (0.820 292 (0.850 46 (C.295 242 (1.260 217 (1.405 168 (1.480
16 E1.A92 177 (1.690 2 (1.815 a0 (2.137 164 2.235; 130 (2.480
110 (1.525 o4 (1,700 196 (1.960 8 (2.139 156 {2.250 40 (2.485
13 221 (1.525 14 5 (1.720 15 253 (1.910 16 290 (2.150 17 231 {2.270) 18 271 (2.565
246 (1.575 50 (1.728 138 (2.C00 57 (2.165 189 (2.300 213 (2.662
218 (1.580 159 (1.735 244 (2,010 123 (2.180 59 (2.359 124 (2.670
15 (1.590 165 (1.802 119 (2.060) L156 2.187 179 (2.475) 182 {(2.697
38 (2.715 209 {2.B60 208 (3.150 115 {(3.310 Z {(3.428 125 {3.590
L% (2,757 294 (2.970 152 {3.190 Ly (3,362 107 (3.489 143 (3.605
19 52 {(2.782 20 44 (3.052 21 133 (3.192 22 171 (3.364 23 142 {3.515) 24 201 (3.638
276 (2.800 166 (3.063 17 (3.197 134 (3.392 42 (3.528 7 {3.695
167 (2.810 162 (3.085 151 (3.199 127 (3.405 192 (3.550 183 (3.747
243 (2.830 10 (3.142 129 (3.234 225 (3.425 239 (3.562 84 (3.775)
49 (3.819 206 (4,067 114 (4,395 136 (4,940 - 150 (5.083 13 (5.210)
121 (3.880 182 (4.109 111 (4,527 12 (L.543 167 (5.090 149 (5.222
25 205 (3.910 26 169 (4.256 27 409 (4.535 28 296 (4,955 29 77 (5.135) 30 87 (5.300
144 (3,965 98 (4.330 92 (4.540) - 175 (5.000 222 {5.160 45 {5.485
224 (4,020 185 §4.3so 118 u.740; 154 (5,015 168 (5.167 188 (5.894
25 {4.067 80 (4.389 155 (4.842 142 (5.057 11 (5.180 85 (6.100
e et e e e e e e e e et e e et A e e e LI L
137 (6.100 176 {7.0L40 14 (7.507 191 (7.59 93 (8.545 252 (9.940)
160 (6.220 193 (7.045 215 (7.512 ' 203 (7.710 86 (e.858 230 (10,044
31 97 (6.242 32 241 (7.074 33 106 (7.515 34 207 (7.825 35 33 (9.095) 36 223 (10.075
104 {6.425 180 (7.440 284 (7.520 173 (8.005 240 (9.184 194 (11.210
163 (6,653 96 (7.443 108 (7.520 212 (8.054 204 (9.292 128 (12.852
139 (6.902 220 (7.L92 271 (7.545 231 (8.199 135 (9.596 195 (13.100

Filgures given in brackets represents yield.



Arrangement of trees as per methed II (Seven trees per plot)

Plot Plot Plot Plot Plot Flot Plot

No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Numbep
1 140 (0.100 2 272 (0.245 3 51 (0.457 4 190 (0.530 5 186 (0,605 6 285 (0.700 7 113 (0.820)
264 0.1292 Zs o.zag 229 0.426 102 (0.530 58 (0.637 55 (0.715 281 (0.820

18 (0.130Q 72 {0.3520 173 {0.485 36 (0.549 269 {0.645 117 {0,770 262 (0.840

255 {0.140 79 (0.330 122 (0.49) 69 (0.550 70 (0.647 266 (0,790 234 {0.845

100 (0.140 147 (0.333 47 (0.505 172 (0.550 273 (0.665 116 (0.800) - . 91 {0.850

23 0.1883 33 {0.395 228 (0.510 161 (0.597 141 (0.665 258 (0.810 292 (0,850

81 (0.213 63 (0.440 250 {0.520 125 (0,600 237 (0.694 28 (0.820 105 (0,910

8 202 (0.930 9 66 {1.400 10 88 (1.340) - 11 24 (1.466) -12 15 (1.590 13 2 (1.815) 1k 8 (2.139
6 (0.965 56 (1.232 200 (1.344 198 (1.480 177 (1.690 196 (1.900 290 (2.150

53 (0.965 184 (1.258 217 (1.405 16 (1.492 94 (1.700 253 (1.910 57 (2.165

248 (0.993 242 (1.260 170 (1.420 110 (1,525 5 (1.720 138 (2.000 123 (2.180

46 (0.995) 252 (1.260 78 (1.435 221 (1.525 50 (1.728 244 (2.010 156 (2.187

145 1.0003 256 {1.280 226 (1.440 246 (1.575 159 51.735 119 (2.060 164 (2.235

294 (1.032 181 (1.300 247 {1.450 218 (1.580 165 (1.802 90 (2.137 158 (2.250

15 291 (2.270 16 213 (2,662 17 167 ({2.810 18 10 (3.142 19 115 (3.310 20 107 (3.489) 21 201 (3.688
189 (2.300 124 (2.670 24% (2.830 208 (3.150 41 (3.362 112 (3.515 7 (3.695

59 (2.359 152 (2.697 209 (2.860 132 §3.19o 171 (3.364 42 (3.528 183 (3.747

179 (2.475 38 {2.715 294 (2.970 133 (3.190 134 (3.392 192 (3.550 84 (3.775

130 (2.48C 43 (2,767 44 (3,052 17 (3.197 127 (3.405 239 (3.562 49 (3.819

40 (2.485 52 (2.782 166 (3.063 " 151 (3.199 225 (3.425 126 (3,590 121 (3.880

271 (2.565 276 (2.805 162 (3.085 129 (3.234 3 (3.428 143 (3,605 205 (3.910

a2 144 (3,965 23 185 (4.380 24 155 (4.842 25 150 {5.083 26 149 (5.222 27 97 (6.242) 28 180 (7.440
224 (4,020 80 (4.389 136 (4.940 197 (5.090 87 (5.300 104 (6.425 96 (7.443

25 (4,067 M4 (4,395 12 (4.943 77 (5.135 45 (5.485 163 (6.683 220 (7.492

206 (4.067 111 (4.527 216 (4.995 222 (5.160 188 (5.894 139 {6,902 14 (7.507

182 (4.709 109 (4.535 175 (5.0C0 168 (5.167 85 (6.100 176 (7.040 215 (7.512

169 (4,256 92 (4,540 154 (5.015 11 (5.180 137 (6.100 193 (7.045 106 (7.515

" 98 (4.330 118 (4.740 142 (5.057 13 (5.210) 160 (6.200 21 (7.074 284 (7.520

29 108 (7.520 30 2%1 (8.199 31 232 (9.940
191 {7.591 86 (8.658 223(10,075
203 (7.710 233 (9.095 194(11.210
207 (7.825 240 (9.184 128(12.852
178 (8,005 204 (9.292 195(13.100
212 (8,054 135 (0.596 270(15.238). Figures given in brackets represents yield.




Arrangement of trees as per method.II (Eight trees per plot)

P el L S —— - o o — — - ——— et - -

Plot ' Plot Plot Plot Plot Plot Plot
No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number
1 140 (0.100 2 48 (0,285 3 173 (0.485 4 69 (0.550 5 - 273 (0.665 6 258 (0.810 7 105 (0.910
264 (0.129 72 (0,320 122 (0,490 172 (0,550 141 (0,665 28 {0.820 202 {(0.930
18 (0.130 79 (0.330 47 (0.505 161 (0,597 237 (0.694 113 {0,820 6 (0.965
255 (0,140 147 (0.330 228 (0.510 125 (0.600 285 (0.700 281 (0.820 53 (0,965
100 (0.140 33 (0.395 250 (0.520 186 (0.605 55 (0,715 262 (0.840 248 (0.993
23 (0.188 63 (0.440 190 (0,530 58 (0,637 117 (C.770 234 (0.845 46 (0,995
81 (0.213) _ 51 (C.457 102 (0.530 . 269 (0.,645) . 266 (0.790 .91 (0.850 . . .=.145 {1.000)-
272 (0,245 - - 2297 (0,466 %6 (0.549 70 (0.647 116 (0.800 292 (G.850 214. (1.032
8 66 {(1.100 9 200 (1.344 10 16 {1.492 11 5 (1720) 12 244 (2,010 13 164 (2.235 271 (2.565
56 {1.232 217 (1.405 110 (1.525 50 (1.728 119 (2,060 158 (2.250 21% (2.662
184 (1.258 170 (1.420 221 (1.525 159 (1.735 90 (2,137 291 (2.270 124 (2.670
242 (1.260 78 (1.435 246 (1.575 165 {1.802 8 (2,139 189 (2.300 152 (2.697
256 (1.280 226 (1.440 218 (1.580 2 (1.815 290 (2,150 59 (2.359 38 (2.715
181 (1.300 247 (1.450 15 (1.590 196 (1.900 57 (2.165 179 (2.475 43 (2.767
88 (1.340 24 (1.466 177 (1.690 253 (1.910 123 (2.180 130 (2,480 52 (2.782
252 {(1.260 198 (1.480 94 (1.700 138 (2.000 156 (2.187 40 (2.485 276 (2.805
15 167 (2.810 16 208 (3,150 17 171 (3.364 18 192 (3.550 19 49 (3,819 20 169 (4.256 118 (4.740
243 (2.830 . 132 (3.190 134 (3.392 239 (3,562 121 £3.880 98 (4.330 155 (4.84L2
209 (2.860 133 (3.190 127 (3.405 126 (3.590 205 (3.910 185 (4,380 136 (4,940
294 (2,870 17 (3.197 225 (3.425 143 (3.605 144 (3,965 80 (4.389 12 (4,943
44 (3,052 151 (3.199 3 (3.428 201 (3.688 224 (4,020 114 {4.395 216 (4.955
166 (3.063 129 (3.234 107 (3.489 7 (3.695 25 (4,067 114 (4,527 175 (5.000
162 (3,085 115 (3.310 112 (3.515 183 (3.747 206 (4.067 109 (4.535 154 (5.015
10 (3.142 41 (3.362 42 {3.528 B4 (3.775 182 (4,109 ’ 92 (4.540 142 (5.057
22 150 (5.083 23 87 (5.300 24 163 (6,683 25 14 {7.507 26 207 (7.825 27 204 (9,292
197 (5.090 45 (5.485 139 (6.902 215 (7.512 178 (8,005 135 (9,596 .
77 (5.135 188 (5.894 176 (7.040 106 (7.515 212 (8,054 232 (9.940
222 (5.160 85 (6.100 193 (7.045 284 {7.520 231 (8.199 230(10.044
168 (5.167 137 (6.100 241 (7.074 108 (7.520 93 (8.545 223(10.,075 Figures given in
11 (5.180 160 (6,220 180 (7.440 211 (7.545 86 (8.658 - 194(11.210 brackets represents
13 (5.210 97 (6.242 96 (7.443 191 (7.591 233 (9.095 128 12.852 yield.
149 (5.222 104 (6.425 220 (7.492 203 (7.710 240 (9,184 195(13.100




Arrangement of trees as per method III {two trees per plot)

Plot Tree number Plot Tree nurber Plot Tree nurnber Plot Tree nurber Plot Tree nucber Plet Tree number

_mumber pumber number nuber mumber mmber o
oGy e imlesn o s v BER) C mEemy ¢ LR
7ol e zpocol) 9 zmioor) 10 m3(i605) 11 ey (1o iz a2g (201003
ComBE Y 2R NEEyC mEen T BEm 0 e
B R 2 N I Rer S B A i IR R
DoEEes e B T RESE Tt BAS ¥ BEam o e
okt WG P BESR t Ehas v st B
g (o9 ds a(1Age) 39w (zoer) 40 3 (agem) 41 D (.5am) 2 190 (05300
aag:’rf:h%}m """"" ??5"{6?555;“55 """ Iéﬂ%?iéé;"ié """ ?éB'ZZTéBE;"Z?“""'ZB'EETES;"ZE; """ 326'5675665'"
e o l1.s80) 47 L0.305) 239 (3.562) 175 (5.000) 136 (4.5h0) 168 (5.167)
oo mEnE v M BER RS P S Y RN 8 (e
> GG e T mEm Y MEeEN T BEE C Bk
. ° 5 8 . & . ; 3 «300) -
e ZB“EBTZEB;’"EE """ -?58'{57555;"85 """" EEB'ESTEZE);""EZ“""'?S'EE?E?B;'"E% """"" EE"EETEZES"E,% """" 58"%5?555;""
___________ 8 l2.133) .. 335 (3.425) 127 (3.495) 102 {0.530) 194 (11.210) 266 (0,790
67 195 (13.,100) 68 L9 3.8193 69 23 (0.,188) 70 141 (0,665) 71 85 (6.100) 72 128 (12.852)
_____ BT gm0 GBEe T RERE T 2By P %5
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LPOBER Y R eyt REE T e B e
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105 g ol on T a3 T(e a0l 105 1m (32301 06 3 (1489) 107 1z (h.gk3) 108 302 (2:330)
“?55""?58'56?565; """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
Z6 (0.549

Figures given in brackets represents yield.



Arrangement of trees as per method III (three trees per plot)

- e

E&gger Tree number ngégzr Tree number ngig:r Iree number nﬁig:r Tree number nzigzr Tree number niiggr Iree number
247 (1.450 163 (6.683 72 (0.320 162 3.085; 224 (4.020 276 (2.800)
1 228 (0,510 2 48 (0.285 3 142 (5.057 4 56 (0.995 5 93 {8.545 6 223 10.07;)
173 (0.485 119 (2.060 121 (3.880 230 (10.044) 237 (0.694 211 (7.545
143 (3.605) 88 (1.340 151 (3.199 234 (0.845 196 (1.900 100 (0.140) .
7 270 (15.238) 8 123 (2.180 9 81 (0.213 10 17 (3.197 11 264 (0.129 148 (0.850
145 (1.000) 178 (8.005 55 (0.715 135 (9.596 139 (6.902 122 (C.490
77 (5.135 33 (0.395 56 (1.2%2 . 112 (3.515 292 (G.&850 291 {2.270).
13 241 (7.07h) 14 80 {4.389) 15 11 (5.180 16 108 (7.520 17 . 166 (3.063 160 (6.220
109 (4.535) " - 42 (3.528 169 {L.256 51 {0,457 "4 (3,965 147 (0,333
78 (1.435 56 (2.359 118 (44700 180 (7.440 200 (1.344 472 (0,550
19 94 (1.700} 20 91 (0.850) 21 58 {0.637 22 201 (3.688 23 233 (9.095 98 (4,330
179 {2.475 205 (3.910 212 (8.054 161 {7.591 214 (1.032 209 (2.860
248 {0.993 3 (3.428 43 (2,767 7 (3.695 217 (1.405 47 (0.505
25 B4 {3.775) 26 134 (3.392) 27 106 (7-515 28 190 {0.530 29 218 (1.580 107 {3.489
24 (1.466 232 (9.940 111 (4.527 52 (2.782 113 {0.82C 239 (3.562
165 1.8023 136 (4,940 137 (6.100 110 (1.525 242 1.2603 40 Ez.ABE
314 175 (5.000) 32 116 {0.800}) 33 10 (3.142 34 262 (0.840 35 104 (6.425) 36 177 {1.690
18 {0.1300) 168 (5.167 271 (2.565 181 {1.300 174 {16.712) 150 (5.083
44 (3,082 . 240 (9.184 250 (0,520 87 (5.300 45 (5,485 225 (3.425
37 16 (1.492) 38 290 (2.150) 39 156 (2.187 40 159 {1.735 41 8 (2.139 255 (0,140
213 (2.652 138 (2.000 132 (5.190 188 (5.894 126 {3.590 127 (3.405
13 (5.210 194 (11.210) 195 {13.100) 183 (3.747 ) 141 (0.665 176 (7.040)
43 102 (0.530) 44 96 7.4&3; 45 50 1.7283 46 23 (0.188 47 38 (2.715 128 (12.852)
g7 {(6.242 266 (0.790 49 (3.819 215 (7.512 85 (6.100 171 {3.364)
14 (7.507 117 (0.770 204 (9.292 269 (0.645 130 (2.480 6 (0.965
49 86 {8.,658) 50 25 {4.067) 51 2 (1.815 52 206 {4.067 53 133 (3.1%0 184 (1.258
57 (2.165 . 231 (8.199 284 (7.520 129 (3.234 . 195 (7.045 €9 (0.550 _
155 (4.842 ~ 90 (2.137 167 (2.810 185 {4.380 256 (1.280 182 {4,109
55 70 (0.647) 56 115 (3.310) 57 222 (5.160 58 246 (1.575 59 140 (0,100 5% (C.965
281 (0.820 203 (7.710 189 (2.%00 294 (2.970 105 (0.910 229 (0.466
220 (7.492 - 253 (1.910 198 (1.480 154 (5.015 192 (3.550 207 (7.825
61 124 (2.670) 62 15 (1.590) 63 170 (1.420 &4 79 (0.330 65 216 (4.955 41 (3.362
63 {0.440 164 (2.235 152 (2.697 197 (5.090 258 (0.810 114 {4.395
) 226 (1.440 272 (0.245 244 (2.010 149 (5.222 5 (1.720 273 (0.665
67 92 (4,540) 68 161 (0.597) 69 252 (1.260 70 158 {2.250 71 6 {1.100 202 {0.9%0
285 (0.700 208 (3.150 243 (2.830 125 {0.600 ) 12 (4.943 221 (1.525

= et s —_— ———

Figures glven in brackets represents yield.




Arrangement of trees as per method III (four trees per plot)

Plot Tree mm»er Flot Tree number Plot Tree numbef Flot Tree number Plot Tree number Plot Tree number

number nucber nunber number nurber number
247 (1.43C 48 (G.285 121 (3.880 224 n.ozog 223 (10,575) 145 (1.000
1 228 (£.2-3 2 118 (2.069 3 182 (Z.0235 4 93 (&8.545 5 211 7.5u5; 6 85 (1.340
175 (G.l25 72 (6.320 46 (0.595 237 o.-sswg 143 (3.575 123 (2.180
163 (£.523) 142 (5.057 230 (1C.044) 276 (2.800 270 (15.235) 178 (8.005
151 (3.132) 17 53.197 139 (6.902 77 {5.135 20 (4.38¢) 166 (4.256
7 81 (G.z213 3 135 (9.596 9 1C0 (0.140 10 241 {7.074 11 42 (z.528 12 112 (3.515
55 {0.745 196 51.900 148 (0.850 109 (4.535 52 (1.232 - . 108 (7.522 N
234 (0,523 . 254 (C.129 122 (0L420 3 0.395 11 (5.123C) 51 (0.457
292 (Q.=s2 16C (6.220 179 (2.475 118 (4,700} 201 (3.685 214 (1.032
13 165 (5.253 14 147 (0.533 15 59 (2.359 16 58 (0.637 17 191 (7.591 18 172 (0.550
144 (Z_.c£5 72 (1.435 91 (0.850 212 (8.054 200 (1.344 98 (4.330
291 (z.z27C 94 (1.700 205 (3.940 . 188 (7.442 233 {9.095 209 (2.860
248 (C.sg3) 134 (3.3952 111 (L4.527) 217 (1.505 1C7 (5.489 i 18 (0.130
19 Bl 3.7753 2o 232 E9.9ao 21 7 (3.695) 22 218 51.580 23 239 (3Z.582 24 136 (4,940
24 (1.L=22 43 (2.767 1c0 0.5305 113 0,8204 165 (1.8C2 116 (C.80QC
3 (7.Lz23) 106 (7.545 52 (2.782 47 (G.5C535 175 {5.C00 1€8 5.1675
137 €6.12C) 262 (G.840 174 (16.712) 44 (3.052 290 (2.152 132 §3.19o
25 10 (3.+427 26 121 (1.300 27 40 (2.485 28 16 (1.4G2 25 138 (2.000 30 87 (5.300
271 52-555‘ 242 21.260 177 (1.690 213 (2.55p 250 %o.szs 159 51.735
110 1.5255 104 (6.425 150 (5.083 2L0 (9.184 186 {2.127 188 (5.894
45 (5.£235) 255 (0.140 S7 (6.242) 195 (13.120) 23 (C.188 85 (6.100;
31 g (2.135¢ 32 127 (3.405 33 194 (14.240) 34 5C {1.725 35 215 (7.512 36 176 (7.040
126 (3.525; 13 (5.210 96 (7.5h43) 49 (3.819 141 (0.665 128 (12.852)
225 (Z..2%) 102 (C.530 256 (C.7SC} 183 (3.747 38 (2.715 171 {3.364)
14 (7.5C7) 25 (4.057) 224 (7.520) 150 (2.42C; 184, (1.258) 281 (0.826
37 85 5.5552 38 231 {5.199 39 259 (C.645 40 133 {(3.195 41 69 (0.550 42 90 (2.137
57 (2.182) 204 (9.292 206 h.067§ 193 (7.C45 155 (4.842 115 (3.310
167 (2.810 246 (1.575 105 (0.910 B 220 (7.492 15 {1.,59C 152 (2.697
43 222 (5.165 L4 294 (2.970 45 182 (4.109 45 124 (2.670 47 164 (2.235 48 154 (5.015
~ 189 (2.3C0 256 {1.280 53 (0.965 63 {0.440 198 (1.43G 79 (0.330
185 (4.380 140 {0,400 229 (0.466 253 {(1.910 170 (1.420 157 (5.090
192 (3.552) 41 (3.352 . 285 (0.700) 244 (2.010 158 (2.250 12 (4,943
4g 216 (4.3} 50 114 (4.395 51 272 (0.245 52 252 (1.260 5 125 (0.600 54 273 (0.665
258 o.a:cg 226 (1.440 161 0.597§ 243 (2.830 5 {1.720 202 (0.930
207 (7.22= gz {4.540 2603 (3.150 149 (5.222 66 (1.100 221 (1.525
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Arrangement of trees as per method III (five trees per plot)

nﬁig:r Tree nunmber ngiggr Tree number nﬁ%g:r Tree number nﬁiggr Tree number nﬁiggr Tree number ngig:r Tree numbdr
247 (1.450 119 (2.060 46 (0.,995) 276 (2.800) 145 (1.000 81 (0.213
228 (0,510 72 (0.320 230 {10.044) 223 (10.075) 88 (1.340 55 (0.715
1 173 ({0.485 2 142 (5.057 3 224 (4,020 4 211 7.5A53 5 123 (2.180 6 234 (0.845
163 (6.683 121 (3.880 93 (B.545 143 (3.605 178 (8.005 17 (3.197
48 (0.285 162 (3.085 237 (0.694 270 (15.238) 151 (3.199 135 (9.595
196 (1.9C0 122 (0.490 80 (4,389 12 (3.515 144 (3.965). o (1.700
. 264 (0.129 77 (5.135 42 (3,528 108 (7.520 291 (2,270) ... . 179 (2.475
7 139 {(6.502) 8 21 (7.074) 9. 56 (1.232 10 51 (0,457 11 160 (6.220 12 59 (2.359
- 100 (0,340 109 {4,535 11 (5.180 292 (0.850 147 {0.330 91 (0,850
148 (0.850 33 (0.395) 169 (4.256 166 (3.063 78 (1.435 205 {3.910
118 (4.700 191 (7.591 . 98 (4,330 3 (3.428 111 (4.527 218 (1.580
58 (0.637 . 200 {1,355y 209 (2.860 134 (5.392 7 (3.695 113 (0.820
13 212 (8,054 14 233 (9.095) 15 248 (0,993 16 232 (9.940 17 190 (0.530 18 47 (0,505
180 (7.440 214 (1.032 84 (3.775 43 (2,767 52 (2.782 107 (3.489
201 (3.688 172 (0.550 24 (1,466 106 {(7.515 217 (1.405 239 (3.562
165 (1.802 168 (5.167 262 (0.840 40 (2.485 213 (2.662 156 (2.187
175 (5.000 137 (6.100 181 (1.300 177 (1.690 240 (g.4184) 152 (3.190
19 18 (0.4130 20 10 (3.142) 21 242 (1,260 22 150 (5.083 23 290 (2.150 24 87 (5.300
136 (4.940 271 (2.565 104 (6,425 44 (3,052 138 (2.000 159 (1.735
116 (0.800 110 (1.525 174 (16.712) 16 (1.492 250 (0,520 188 (5.804
45 - (54485 127 (3.405 - 9 7.4&3; 183 (3.747 as 6.100; 86 (8.658
B (2.139 13 (5,210 266 {0.790 23 (Cc.188 ) 176 (7-040 57 {2.165
25 126 (3.590 26 102 (0.530) 27 195 (13.100) 28 215 (7.512 29 128 (12.852) 30 117 (0.770
225 53.A25 97 (6.242 50 1.7283 141 (0.665 171 3.36&3 25 (4.067
255 (0.140 194 (11.210) 49 (3.819 38 (2.715 14 (7.507 231 (8.199
2Ch4 (9.292 129 (3.234 184 (1.258 90 {2.137 189 (2.300 140 {0,100
2 (1.815 1230 (2.480 69 (0.550 115 (3.310 185 (4.330 105 (0.910
31 284 (7.520 32 133 (3.190) 33 155 (4.842 34 203 (7.710 35 266 (1.575 36 182 (4.109
269 (0.645 193 (7.045 70 (0.647 167 (2.810 294 (2.970 53 (0.965
206 (4.067 6 (0.965 281 (0.820 222 {5.160 256 (1.280 229 (0.468
220 (7.492 164 (2.235 79 (0.330 207 (7.825 285 (0.700 252 (1.260
' 124 (2.670 . 198 (1.480 197 (5.050 41 (3.362 272 (0.245 243 (2.830
37 63 (0,440 38 170 (1.420) 39 192 (3,550 40 114 (4.395 41 161 (0.597 42 149 (5.222
253 (1,910 152 (2.697 216 (4.955 226 (1.440 208 (3,150 158 (2.250
15 (1.590 154 (5,015 258 (0.810 92 (4.540 244 (2.010 125 (0.600
5 (1.720
-, 66 (1.100
43 12 (4,943
273 (0.665
202 (0.930

-




Arrangement of trees as per method III (six trees per plot)

—— - — - et

niég:r Tree number nﬁig:r Tree number nﬁig:r Tree number nzigzr Tree number nﬁig:r Tree number nﬁtg:r Tree number
247 (1.450 72 (0,320 224 (4L.020 143 (3.605) 151 (3.199 196 (1.900
228 (0.510 142 (5.057 9% (B.545 270 (15.238) 81 (0.213 264 (0.129
1 173 (0.485 2 121 (3.880 3 237 (0.694 4 145 (1.000 5 55 (0.715 6 139 (6.902
163 (6.583 162 (3.085 276 (2.8200 88 (1.340 234 (0.845 1C0 (0.140
48 (0.285 46 (0.995 223 (10.07 123 (2.180 47 (3.197 148 (0.850C
119 (2,060 230 {10.044) 211 (7.545 178 (8.005 155 {9.596 122 (0.450
77 (5.135 56 (1.232 292 (0.850 78 (1.435 118 (4.700 200 (1.344
241 (7.074 11 (5.180 166 (3.063 94 (1.700 58 (0.637 233 (9.095
7 “109 (4,535 8 169 (L.256 G 144 (3.965) ° 10 179 (2.475 11 242 (8.054) 12 214 (1,032
33 (0.395 112 (3.515 291 (2.270 59 (2.359 180 (7 .L4LO 172 {0.550
80 (4.389 108 {7.520). 160 (6.220 91 (C.850 201 (3.688 98 (4.330
42 (3.528 51 (0.457 147 (0,330 205 (3.910 191 (7.591 209 (2.860
248 (0,993 43 (2.767 217 (1.405 165 (1.802 137 (6.100 242 1.260}
B4 (3.775 106 (7.515 218 (1.580 175 (5.000 40 (3.142 104 (6.425
13 24 (1.466) 14 111 (4.527) 15 113 (0.820 16 18 (0.130 17 271 (2.565) 18 174 (16,7127
3 (3.428 7 (3.695 47 (0.505 136 (4.940 110 (1.525 40 (2.485
134 (3.392 190 (0.530 107 (3.489 116 (0.800 262 (0.840 177 (1.690
232 (9.940 52 (2.782 239 (3.562 468 (5.167 181 (1.300 150 {5.083
L4 (3.052 250 (0,520 45 (5,485 127 (3.405 195 (13.100) 141 (0.€65
16 (1.492 156 (2.187 8 (2.139 13 (5.240 50 (1.728 38 (2.715
19 213 (2.662) 20 132 (3.190) 21 126 (3.590 22 102 (0,530 23 L9 (3.819) 24 85 (6.100
240 (9.184 87 {5.300 225 (3.425 97 (6.242 183 (3.7h7 176 (7.040
290 (2.150 159 (1.735 . 255 (0.140 194 (11.210) 2% (0.188 128 (12.852)
138 (2.000 188 (5.854 96 7.4&3% 215 (7.512 171 (3.364)
266 (0.790
14 (7,507 204 (9,292 130 (2.480 155 (4.8L2 167 (2.810 256 (1.280
86 (8.658 2 (1.815 133 (3.190 70 (0.647 ' 222 (5.160 140 (0.100
25 57 (2.165) 26 284 (7.520)} 27 193 (7.045 28 281 (0.820 29 189 (2.300) 30 105 (0,910
117 {0.770 269 (0.645 & (0.965 a0 (2.137 185 (4,380 182 (4.109
25 (4.067 206 (4.067 184 (1.258 115 (3.310 246 (1.575 55 (0.965
231 (8.199 - 429 (3.234 69 (0.550 203 (7.710 294 (2.970 229 (0.466
220 (7.492 498 (1.480 192 (3.550 226 (1.440 244 (2.010 1.720
124 (2.670 170 (1.420 216 (4.955 92 (4.540 252 (1.260 66 (1.100
31 63 (0.440) 32 152 (2.697) 33 258 (0.810 34 285 (0.700 35 243 (2.830) 36 12 (L.943
253 (1.910 154 (5.015 207 (7.825 272 {0.245 149 (5.222 273 (0.665
15 (1.590 79 (0.330 44 (3,362 161 (0.597 158 (2.250 202 (0.930
164 (2.235 197 (5.090 114 (4.395 208 (34150 125 (0.600 221 (1.525

Figures given in brackets represents yield.



Arrangement of trees as per method IXII {Seven

trees per plot)

Plot Plot FPlot Plot Plot Plot Plot
No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Number No. Tree Numher
1 247 (1.450 2 142 (5,057 3 237 (0.694 4 88 (1.340 5 17 (3.197 6 122 (0,490 7 56 (1.232
228 (0.510 121 (3.880 276 2.8003 123 (2.180 135 (9.596 77 (5.135 11 (5.180
173 (0.L85 162 (3.085 223 (10,075) 178 (8.005 196 (1.900 241 (7.074 169 (4,256
163 (6.683 L6 (0,995 211 7.5&5? 151 {3.199 264 (0.129 109 (hL.535 112 (3.515
48 (0.285 230 (10.044) 143 (3.605 81 {0.213 139 (6,902 33 (0.395 108 ({7+520
119 (2,060 224 (4,020 270 15.2§e) 55 (0.715 100 (0.1400) 8O (4.389 51 (0,457
72 (0,320 93 (8,545 _ 145 (1,00 234 (0.845) 148 (0.850) 42 (3.528 .292 (0,850
8 166 (3.063 9 179 sz.a75 10 180 {7.440 11 98 (4.330 12 232 (9.940 13 217 (1,405 14 10 3.142;
144 (3.965 59 (2.359 201 (3.688 209 (2.860 43 (2.767) . 218 (1.580) 175 (5.000
291 (2.270 91 {0.850 191 (7.591 248 (0.993). 106 {7.515 113 {0,820 18 (0.1300)
160 (6.220 205 {3.910 200 (1.344 B84 (3.775 111 {4,527 47 (0.505 136 (4,940
147 (0,330 118 (4,700 233 (9.095 24 (1.4 7 (3.695 107 (3.489 116 (0.800
78 (1.435 58 (0.637 214 (1.032 3 (3.428 190 (0,530 239 (3,562 168 (5.167
94 (1.700 212 (8.054 172 {0.550 134 (3,392 52 (2.782 165 (1.802 137 (6,100
15 174 (16.712) 16 40 (2.485 17 290 (2,150 18 188 (5.894 19 13 (5.210 20 50 (1.728 21 85 6.100;
271 (2.565 177 {1.690 138 (2.000 45 (5.485 102 (0,530 49 (3.819 ) 176 (7.040
110 (1.525 150 (5,083 250 (0,520 8 (2.139 97 (6.242 183 (3.747 128 (12.852)
262 (0,840 44 (3,052 156 (2.187 126 (3.590 194 (11,210) 23 (0.188 171 (3.364
181 {1.300 16 (1.492 132 (3.190 225 (3.425 96 7.&&3; 215 (7.512 14 (7.507
242 (1.260 213 (2.662 87 {5,300 255 (0,140 266 (0,790 141 (0.665 86 (8.658
104 (6.425 240 (9.184 159 (1.735 127 (3.405 195 (13.100) 38 (2.715 57 (2.165
2 117 (0.770 23 206 (4.067 24 69 (0.550 25 167 (2.810 26 140 (0.100 27 63 (0.440 28 154 (5.015
25 (4.067 129 (3.234 155 (4.842 222 (5.160 105 (0,910 253 (1.910 79 (0.330
231 (8.199 130 (2.480 70 (0.647 189 (2,300 182 (4.109 15 (1.590 197 (5,090
204 (9.292 133 (3.190 281 (0.820 185 (4,380 53 (0.965 164 (2.235 192 (3,550
2 (1.815 193 (7.045 90 (2,137 246 (1.575 229 (0.466 198 (1.480 216 (4.955
284 ( 7.520) 6 (0.965 115 (3,310 294 (2.970 220 (7.492 170 (1.420 : 258 (0,810
269 (0.645) 184 (1.250 203 (7.710 256 (1.280 124 (2.670 152 (2.697 207 (7.825
g 41 {3.362 30 208 (3,150 31 5 (1.720
114 (4.395 244 {2,010 66 (1.100
226 (1.440 252 (1.260 12 (4.943
92 (4,540 243 (2.830 2735 (0,665
285 (0.700 149 (5.222 202 (0.930
272 (0.245 158 (2.250 221 {1.525
161 (0.597 125 (0,600 186 (0.605)}. Flgures given in brackets represents yield.




Arrangement of trees as per method III (Eight trees per plot)
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ﬁigzer Tree Number Etgger Tree Number gﬁgger Tree Number gﬁ;ﬁer Tree Number Sﬁ:ger Tree Number E&;:er Tree Number
1 247 51.950 2 121 {3.880 3 223 (10,075) 4 151 3_-,99; 5 139 (6.902) A 80 (4.389
228 (0.510 162 (3.085 211 7.5&5? 81 (0.213 100 (0.1400 42 (3.528
173 (0.485 46 (0.995 143 (3,605 55 {(U,715) 148 (0.8500 56 (1.232
163 (6.683 230 {10.044) 270 (15.238) 234 (0.u45) 122 (0.4900 11 (5.180
48 (0.285 224 (4.020) 145 (1.000 17 (3.197 77 (5.135 169 (4.256
119 (2.060 93 (B.545) 88 (1.340 135 (9. 596§ 241 (7.074 112 (3.515
72 {0.320 237 50.694; 123 (2.180 196 1.900 109 (4.535 108 (7.520
142 (5.057 276 (2.800 178 (8.005), 264 0 129) 33 (0.395 51 (0.457
7 282 (0.850 8 179 (2.475 9 201 (3.688 . 11 111 {4,527 12 107 (3.489
166 (3.063) 59 {2.359) 191 (7.591 o 28 gg?g .. 7 (3.695) - - 239 (3.562
" 144 (3.965)° 91 (0.850 200 (1.344 1 héR 190 (0.530 165 (1.802
291 (2.27 205 (3.910 233 (9,095 3 528 52 (2.782 10 (3.142
160 (6.220 118 (4.700 214 (1,032 134 3.392 217 (1.405 175 (5.000
147 (0.330 58 (0.637 172 (0,550 232 9940 218 (1.580 18 (0.130
.78 (1.435 212 (8.054 98 (4.330 5767 113 (0.820 136 (4.940
94 (1,700 180 (7.440 209 (2.860 47 (0.505 116 (0.800
106 7. 515
13 168 5.167; 14 104 (6.425 15 290 (2.150 16 45 (5.48 17 97 (6.242) 18 23 (0.188
137 (6.100 40 (2,485 138 (2.000 8 2.139 194 (11.210) 215 (7.512
174 (16.712) 177 (1.690 250 (0,520 126 (3.590 96 7.4&3; 141 (0,665
271 {(2.565 150 (5.083 156 (2.187 225 (3.425 266 {0.790 38 (2.715
110 (1.525 3.052 132 {3,190 255 (0.140 195 (13.100) 85 (6.100
262 (0.8B40 16 (1.492 87 (5.300 127 (3.405 50 (1.728 176 {7.040
181 (1.300 213 (2.662 159 (1.735 13 5.210 49 (3.819 128 (12.852)
242 (1.260 240 (9.184 188 (5.894 102 (0.530 183 (3.747 171 (3.364)
19 14 (7.507 20 284 (7.520 21 184 {1.258 22 167 (2.810) . 23 105 (6,910 24 15 {1.590
86 (8.658 269 (0.645 69 (0.550 222 (5.160 182 (4.109 164 (2.235
57 (2.165 206 {4.067 155 (4.842 189 (2.300 53 (0,965 188 (1.480
117 (0.770 129 (3.234 70 (0.647 185 (4,380 229 (0.466 170 {1.420
25 (4,067 130 (2.480 281 (0.820 246 (1.575 220 (7.492 152 (2.697
231 (8.199 133 (3.190 90 (2.137 294 (2.570 124 (2.670 154 (5,015
204 (9,292 195 (7.045 115 (3.310 256 (1.280 63 Eo.tmo _ 79 (0,330
2 (1.815 0.965 203 (7,710 140 {0,100 253 (1.910) * 197 (5.090
25 192 (3.550 26 285 (0.700 27 158 (2.250
216 (4.955 272 (0.245 125 (0,600
258 (0.810 161 (0.597 5 (1.720
207 (7.825 208 (3.150 66 (1.100
41 (3.362 244 (2.010 i 12 (4.943
114 (4,395 252 (1.260 273 (0.665
226 (1.440 243 (2.830 202 {0,930
92 {4,540 - 149 (5.222 221 (1.525

Figures given in brackets represents yield.
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ABSTRACT

Thﬂ present study deals with a plot technique
for conducting rield experimentu on a biologically
heterogeneous tree crop 'cashew' by applying a vell
known result ;n sampling theory that tha clusters formed
with negativefintraclass corrélation are relatively more
efficient, Céshew beiné a pereﬁnial crop are sensitive
to variation in fertility status of soil in which they
Zrov, susceptéble to mishaps, long gestation period ete,
Because of théir large size and long life they are con-
siderably different from'annuals or field crops es to
need special ;onsiderations 1n-design1ng experiments
with them.

The exéerimenter is always faced with the diffi-
culty of getting uniform experimental trees on account
of the bialogical variation present among the individual
trees. The difficulty in getting experimental trees
with uniform ﬁield or some other measurable characteri-
stic of the tree and some considerations in overcoming
this problem is discussed. Achieving greater homoge~
neity betweenfplots within a block by ereating greater
heterogeneity within plots is found to be a better field



plot technique for experiments with adult trees on
cashew. Similar technigues are also applicable to
other plantation crops which are subjected to high
biological variation.

Two other methods - Shrikande's method and
Randon method were also tried and the superlority of
the present design approach over the others were eva-
luated, The optimum plot size estimated seven for the
present design approach, Completely Randomised Design
and Randomised Block Design were found to be equally
efficient with this plot technique, The usefulness of
the covariance analysis is investigated and found that

no covariance agjustment is necessary with this approach.



