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IHTRODUCTION

The success of any field experiment very much depends
on the amount of gxparimental error which is a funcition of
very many factors. The size ard congiitution of the
experimental unit is a major factor contributing to the
experimental error. Henee attenfticn of researchers has been
laid on determination of aise and constitution of the
experimental units so as fto minimize the eiperimental error
within the savailable resources. All attempts in the
nethodelogy as well as ite application f¢ various crogps
have 8o Dar been solely bagsed on a single important
charncter. But any erep ie characterised by many characters
and all of them have to be considered while studying it.
In other worde, it will be more meaningful to determine the
optimum size of experimental .unit baged on aimultansous
consideration of the various important characters of the

crop.

Cocoa (Thecbroma cgcao L.) is a perennial crop that

gaing 1lmportance, especislly among the Keralé farmers. 1t
belongs to the family ' Sterculiaceae ' and originated in
the Awagzon river basin in JBrazil. Owing to ity shade
loving rnature, it is raised as an intercrop in coconut
gardens. Horeover, demand for cocoa is on the increase
due to the competetion that now exists in the market.

‘Hence research con various aspscis of the crep iz  being

taken up extemsively. Therefore determination of +ths



optimum seige of plots for cocoa is all the more impértant.

Cocoa is a crogy fertiliged crop, and genetic
variesbility emong trees iz predominant over eavironmental
variance., Any attempt on the formation of expérimental
plots for cocoa has fo take this aspect alse into
congideration. Therefore the present investigation was

taken up with the following objectives.

(1) To evolve a procedure to determine optimum size of

plots, with respect to wmore than one character.

(2) Yo determine opticum size of pleots fer cocoa in
wultivariate cese with and without hlocking using the

procedure evolved.

(3) TPo comwpare the optimum s0 determined with +hat
obtained with respect to a single variable in the caase of

COCOoR.
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REVIEY OF LITEHATURE
Any attempt on determination of optimum alze of
experimental units based on consideratien of more than
one character ig not evailable in literature. Even in the
" univariste case, few work had been done in methodology,
though the game had been extensievely used . A briel review
of the work in methodology &g well as its application is

given in this caapter.

fultlvariate case

Deterpinant of the scatter matrix had been used as =
meagure of variation 1n' multivariate case by various
resenrch workers. Friédman and Rubin(1967), 3dcott and
Symons(19711b), Aarriot{1971), Everitt(1979) and
Suresh(1986) used the determinant of the scatter matrix as
a measure of variation for clustering. Suresh(1986) used
the determinant of the pairwvise scatter matrix sluc as a

measure ol distance btetwoen genotypes.

Univariate cane

-

Smith(1938) proposed the first theoretical rodel i.e.,

Ve = V4 %~0 where V, is the variance of the mean yield per
plot based on tﬁe plots of x unita in sige, aﬁﬁ n, the
index of so0ll heterogeneity which lies between O =nd 1. A
velue of 'b' nesrer to one indicated that there wos no

- significant correlation arong contiguwous urits , whereas a

value in the ueighbourhoed of zero indicated a strong



linear relationship between adjacent units.

Smith's equation in the mwodified forms is given by
Y=ax"P where Y is the' coefficient of veriation per plot
based on plots of x units, "a' the coafficient of
variation of plots of mige unity and 'b' an index of soil

heterogeneity.

Seith's equation was modified by Freenan(1963) as.
Vy = v1'/xb+ v''/x where,
Vi is the total veriance per plant of a plots of x unite,
v1' ias the variaﬁce due to envircament of plots of
different. -aize and V"/x is the variance among plants

within plots of x units.

Hethods of estimation of plot size

Maximum curvature method consists of revpresenting the
relationship between plot size and coefficient of variation
graphically by using a free-hand curve and choosing the
size of the plot just beyond the point of meximum curvature
a3 the optimum. Federer(1967) hed pointed out two weaknesseg
of this method. They are (i) the relative costs of various
plot sizes are not considered and (ii) the point of maximum
curvature ig not independent of the smallest unit selected

or the scale of measurement used.

Prabhakaran .and Thomas(1974) on tapioca,
Hariharan{1981) on brinjal and Lucyemna{1986) on cahew

and several others used this method to determine oPtimﬁm
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plot size.

Raghava Rac@?EB} suggeated  caleulus  wmethod  of

deternination of opticum plot size by meximising

curvature. Gopakumaran(1984) used this procedure Lo 7Find
out the optimum plot aige in turmeric. He <found that
cptimun plot size was 3m2 for conducting field trismls on
turmerié. Tueyenna(1986) using this procedure, found seven

tree plote as optimum for field experiments in cashew.

8mith(1938) suggesied that the optimum plet size for

unguarded plots as X ,. = bky/{1-b)k, where X is the number

op
of basic units per plot,kq-the cosi associated with. number
of plots and Kp- the cost associated with unit area, b -

the index of scil heterogeneity.

Several workers such as Saxens et al.(1972) on oal,
Sreenath(1973) on sorghum, Prebhskaran and Thomas{1974) on
tapioce, Hariharan{1981} on brinjal, Gopakumaran{(1984) on

turneric,worked out optimum plot size wsing this approach.

Pearce and Thom(1950) conducted experiments in apple
trees with no guard rowa. They observed that larger plots
geve more information per repliecate while smaller ones gave -
more informetion per tree and obtained single tree plots as

optimum,

Optimus plot size was also obtalned by naximising
information per unit area by various werkers. Butters(1564)

used this procedure and found nine tree plots %o be most



guitable for robusta coffee. Several workers like FHenon
end Tyegi{(1971) on mandarian orange, Bharghave and
Sardana(1975) on apple, Prabhokaran et s1.(1978) on banana,
BRharghava et 21.(1978) on banana, Hair(1981) on cashev had
tried this method. They found that single tree plots were
the most efficient <for conducting field <tripls on

regpective crops.

Pearce and Thom(1951) investigated the plot aize Tor
' experiments in cocoa., They found that a plot should be as

smell as 0.15 acre for an acurate experiment.

Gomez (1972) defined optimum plot size as that which
requires minipum experimental materisl for a given

precisgion.

Agarwal (1973%) recommended single tree plot for apple
as the best on the consideration of minimum experimental

magteriel for given precigion.

Xalawkar(1932a) defined efficiecney of & plot of x
units as 1/xC, where €, is the coefficient of variation of

plots of x units.

Kripashanker et 5l.(1972) found that efficiency of the
plot decreased with increase in aize of the plot in the ease
of soyabean for any given shape of plot. He found that =
. pidt of about ‘9m2 with three replication was found

guitable.



Prabhakaran and Thomes(1974) had  shown  that
efficiency of a plot decreased with an increase in size of
the plot in .the case of tapiocé. 8imiler results wyere
obtained by Agarwal et al.(1968) on  arecanut,

Hariharen(1981) on brinjel, Gopakumaren(1984) on turmeric.

Jayaraman({1979) #%ried out Pairfield Smith nethod and
HMaximum curvature method and recommended a plot size of
17.28 pg.a{7.2 m x 2.4 m ) for condueting field experiments

in sunflover.

Legsman and Atkins(1963a) enpirically found that
logCy= a/(a+logx)? vhere C, is the coefficient of variation
of plots of x units, was superior %o Smith's model i.e.,

Y=ax~? in the case of grain sorghum.

Gopakumaran(1984) worked out the follewing  three
nonlinear models for describing the relationship between

coefficlient of varigtion and plot sige x.

(1) Y= a+b/NFre/x
(11) ¥~'=e+blogx

(11i) Y~ t=a+bix+ox .

He found that the first rmodel ygrs guperior to

Smith's model, i.e., Y=ax"P in the case of turneric.

Koch and Rigney(1951) developed a wmethod called
variance component heterogeneity index method for

eatimating plot size by utilising data from aciual field



experiments with different treatmerts instead of conducting
uniformity tirals. This method ccnsisted in estimation of

different =sizes by reconstructing the ANOVA of the

specified design and using these estimated variance for

fitting Smith's function.

But Hatheway and ¥illiams(19%8) pointed out that the

method of Xoch and Rigney(1951) cften resulted in inaccurate
estimates of plot sige becemuse they assigned egual weights

to the different components of varistion even though they

were based on different degrees of freedom.

Sundararaj(1977) proposed a technique for estimating
optimum sice and shape of plot from fertilizer trial data.
The +technigue involved substrection of <treatment effect
from each obserVgtion and treating the resulting data ae

data from uniformity triel.

Formation of plots and blocks

Shrikande(1958) observed that genetic variation
between treee was more potentiel source of error than
environmental variation in coconut. This was based on the
agsumption that genetic and environmentel 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 exprecsed as ¥Y=C+E where ¢ is the contribution

due to genotype, and ¥ that due to environment.

He 'proposed three methods of plot formation to



control error variation, Pirst method is to divide the land
into compact blocks and within each block the adjacent
trees are grouped togeother to form plots. This method aims
at reducing within block variation, and increasing the
between block variation, as far as 'F'component is

concerned.

In second method the trees are arranged in descending
order of magnitude of totel yield for an even number of
congecutive years. Suppose there are v tireatments to be
tried in k tree plots. The ordered trees are divided into
groups of kv trees. These group of kv trees form blocks.
In each block of ordered 1irees, apply v treatments at
rendom to the first k trees, ithen to the next k trees =znd
so on, till =211 the treese in the block =are exhausted; In
each block, k +trees recileving a treatment forms & plot.
This method eaims at reducing within block variation and

- increasing the between bloek variation a3 far as the G

component 1s concerned.

The two methods were combined into a third method as
follows. First divide the land intc compact block of kv
trees. The <+rees within blocks are arrangzed acco;ding to
the total vroduction per tree and plots are formed as in
the second method. This method aims at reducing the within
block variation, by making plots within compect blocks as
homogeneous as possible for G components while compact

blocks are used to control +he environmental varistion.



lucyarma(i986) tried formation of plots by selecting

trees at random from the entire sres.

Sige and shape of the block

Abraham and Vachani(1964) observed that shape of the
block did not have any conslstent effect on block

efficiency for experiments in rice.

Agarwal et al.(1968) found that bloeking was not
effecti;e to control variation in arecanut. Similar resultis
were obtained by Abrahan et g£4(1969) on  pepper,
Kripashanker et al.(1972) on soysbean, Saxena et al.(1972)
on oat, 3reenaﬁh(19?3) on M.P. chari sorghum, DBist et
al.(1975) on potato.

Bhargavae and Sardana(1975) observed o decrease in

efficienchéf the experiment with increase in blocksize for

apple trees.

Houshik et 21.(1977) observed that coefficlent of
variation increased with 1ncremse in Yblock size for
experimenta in mpusatard. They aleoc reported +that, blocks
elongated in east-west direction were able to reduce error

t¢ a grester extent than those elongated in north-sgouth

direction.

Rambabu et al.(1980) coducted fieclé trials om natursal
gragelends in hills =and found that . C.¥ decreased with

increase in bloek sigze.

10



il

Hair{1981) observed that two plot blocks were the most
efficient fFor conducting field experiments on cashew. He
aloo found that the efficiency of blocking decreased with

increase in plot size.

Brar ¢t al.(1983) investigated optimum plot sige Tor

sweet orange and found thet the efficiency of blocking

decreased with increasc in block sSize. They also found a

relation between variation Y znd plot esize X i.e., XYU=K.

Saraswath1(1983) found that +two plot tlocks were the
most efficient for conducting fileld ézperimenta on coconute.
She also found that the efficiency of blecking decreased

with increase in plot size.

Gopakumaran{1984) found that two plot blocks were the
nost efficient in controlling error in the case of

turneric.

Calibrating variables

Cheeaman and Pound(19%8) reported eightfold increase
in precision using the recorde for three-years yleld prior

to the experimental year in the case of cocoa.

Pearce end Thom (1951) observed that for analysis of
covariance for cocoa, preceaeding two or four years yleld

was optimum {0 reduce error.

Longworth and Preeman(1963) conducted experiments with

cocoa trees a2nd reconmended girth as a czlibrating variate
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for young trees, and as a supplement to pre-treatment yield

on mature trees.

Shrikande(1958) recommended calibration by two year's
yield data when there is a Dbiennial tendency for

experiments with coconut.

Abraham and Xulkarni (1963) found that about two years
data immediately prior to the experimental period as

sufficient for covariance analysis in coconut.

Sen(1963) pointed out +that calibration was most
effective Fhen blocking was less effective. He found that
there was little to choose between calibration and blocking
as a means of allowing for known past differences for

experiments on tea.

Butters(1964) found that stem diameters measured at
the first internode on bearing stems, was of limited use as

a calibrating variate for robusta coffee.

Agarval et 21.(1968) reported positive correlation
between the total yield of pre-experimental years with that
of experimental year for arecanut . The highest correlation

for yield was obtained with yield of two consecutive®® years;

Menon and Tyagi(1971) reported spread and height of

the tree to be good for analysis of covariance.

Nair(1?81) suggested selection index as an efficient

calibrating variate for cashew.
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Saraswathi(1983) found that analysis of covarlance vas
not effective in reduction of coeffﬁcient of variation when
plots were formed with negative i1intraclass correlation

coefficient in the case of coconut.

Lucyamna(19686) recommended yield data of one year
prior to the start of the experiment as & covariate for

conducting experiments with cashew.
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HATERIALS AND METHODS

The materiml for the prescent study conelists of 738

Forastero variety of cocoa(Theobrema cocao L.) planted in

October 1979 with a spacing of 3ox3m in the Xeralae

hgricultural Develcpment Project(XADP) farm, Vellanikkara

of the Kerala Agricultural Urniversity. The crop was raiaed -

under rainfed conditions in the inter spaceas of an existing
rubber plentation. The panurial and cultural practices
were done as per the package of practices recommendation of

the Herala Agricultural University.

Observations were recorded on the following thnres

characters.
1. Yield.

liunber of Egds harvested from December 158% to Hovember
1986 was recorded as yield for each tree.
2. Trunk girth

Trunk girth wvas measured in en at 1S5cm height for every
traa,
%. Canopy spread

North-8outh and Easnt-West canopy spread wvere neasured
in cm for each tree and their mrithmetic mean was rccorded

ag the measure of canopy sopread.

Methods

Individusl trees are of prime importance than groups of

plants for conducting experiment in perennial crops.

14



Therefore the size of the experimentsl plot was considered

in terme of the number of trees.

Heasure of variation in multivariate case.

Peterminant of the dispersion matrix is in wide use
as & measure of variation in mmltivariate case. Iut as
in the wunivariate case 1t depends on the unit of
neasurepent as well as the nmezgnitude of the cobservetions.
Bence the matrix of relative d%ispersion of the vectoer

~

variable FX,

¥ = 33 cera(B.1)

L *p)
vas defined as 0= (Sij)pxp eeaa(3.2)
N o= -
where 8y 4= 2(>cngjk —nxixj)/mixj i,}= 1’,2,......9,
=]
f4; is the observation on i%! character of the KtV uniy,
i} is tﬁa mean per unit of the ith charsecter and

% is the $otal number of units.

Thus /8/ which is independent of unite of measurement
and magnitude of observations was proposed as the nmeasure
of relative variation in multivariate ceaen for

deterninaticn of optimum size of experimental unit.

Different methode of ploi formation

Plets were formed -by 3 different methode and their

efficiencies were compared empirically. The different



methods of plot formation with no blocking and with blocks

of gize %,10 and 15 gre described below.
Method I

The whole set cf trees were divided into conpact
blocks of required size and plots of one tc 1% trees were
formed by combining edjecent trees In the field. In the
case of no blocking, the whole set of trees were considered

as a single block.
Hethod II

All trees were arranged 1in descernding order of
magnitude of (1) the trunk girth and of (2) the spread
separately and were divided 1into bloeks of reguired
gize. Plots of one to 15 trees were formed Ly combining
adjacent trees in the 1list in each block for sach
arrangement. ‘For no blocking, the whole zet of trees wvare

considered as a zingle block.

Method ITI

The trees were first erranged as desccribed in Hethod
II. Plots of different sizes were iormed by the following
procedure. Let there be nk trees in & block. Divide the
nk trees into 'n' groups of 'k' trees bearing continous
serial numbers cach. When 'n' is even, the ith plot wvase
formed by combining ith tree from each of the first 'n/2!

groups and (k-i+{P¥%tree from each of the remaining 'n/2'

16



groups. In other words the irees having gerial number i,
itk, 342K, soe-.. i+ {(n/2)=1)k, [(n/21)k-141,. 0000 onk-141

form 1th plot in each bloek, where i=1,2,3,¢..c...n.

Whon 'n' is odd, 1th plot was formed by combining the
it tree from each of the Firat({n-1/2) groups and (k-1+1%
tree from each of the renmaining ((n—ﬂ/?) groups, where
i=1,2,¢0seen. In other wordas +the trees having scrial
number 1, i+kK,..0. . i+«n—ﬂf2)k, ({({n+1)/2 )41 Ye=141,
(((n+1)/2)+2)%-i+1, « » . . nk-i+?1 form i¥? plot in each

block, where 1=1,2,3,.¢....0.

Determination of optimum plot size

Optimun sizes of plots were determined by three
different approaches for d@ifferent block sigZes and for
without blocking under each of the three methods of plot

Forpation.

(1) Optiwum plot size is the one which requires pinimum

experimental units for a specified precision.

Humber of trees  to  achieve P%  error

Multivarinte case

Let

b
It
L]

cesee(3e3)

M‘o .
o)

be the mesn vector for the p dimengsional vector veariable X

for plots of sigze 'r'. The relative dispersion matrix of f,

17
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say n(%) is given by

B(X) = (834/7) +vvvn(3.4)
Hence the determinent of relative dispersion matrix is
given by

[p(x)]=

Analoguous to fixing C.V at P % level in univariate case,

g/ P

for P% error in multivariate case,

| © 8/ P = (2/100)2

ie C 8P J(p/100)2 = T euena(3.5)

ia the number bf replications required to achieve P% error.
In other wordsﬂ the number of replicetions, r, +to achieve
P% error has to be at least ]S\’lP/(PIIOO)Q. Liowever when
the number of ‘replications B0 obtained was less than two,
the same was taken as Two. The number of trees reguired
to achieve P® 'error was obtained by multiplying the number

of replication with the corresponding plot zige.

Univariate Case.

"he co-efficlent of veriztion (CV) wee considered as
the measure af variation. The number of replications, r,

required to achive P% standard error was determined as

r = (gv)2 / (P/100)2 enesaf3.6)

where CV refers 1o co-efficient of variation. The number

of trees required to achieve P% standeré error was obtained

by multiplying the number of replicationd with the

correepon@ingiplot size.

18
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(2) Efficiencf of a plotc of x unite was +taken gs 1/xCV
where CV is the co-efficient of variation for plots of x
trees in tﬁe univariate case and 1/x \3/757 in the
nultivariete case. The plet size which gave maximum value
for efficieﬁcyﬁwas teken as the optimum plot aize under

this method.

(5) Method of maximum curvature

The following four models were fTitted for /8/ againdt
rlot size in mﬁltivariate cese and for CV egainagt plot sige

in uvivarigte case,
-

T = axP creen(3.7)
¥is arb/{Tre/x CRIE
Yl1= a+blogx cevee(3.9)
Y%’: a+ofxX+ex canes{3.10)

where, Y is .the CV in wunivariate case eand /3/ 1in
pultivariate céss, and x the plot sise. Optimum plot size
was determined;by celculus method of maximum curvature for
the best fitting nodel. Optimum plot size for model&S.?)
was found to be '

; Xopt = [(ab)2(2be1) / (br2))1/2(0+1)
Optimus plot size for model (3.8) was oObtained az the

solution of the pohﬁnomial equation 1.875b(V%)%+6a(J%)8

5753 (JF)3-2.8125ab2 ({X)2-T.125020([X) -6a”=0

[Optimum plot size had to be celculated only for +these

two models. ]
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RESULTS

The date were analysed by the nethods desceribed
in 'Haterials . and HMethoda' and the resultz obtained

are presented below.
4.1, Hethod I

4.1.a ﬁult1Vafiate case.

1 -

The detegminént of the felative digpersion matrix
(/8/) of plots of mize ranging from one to 15 adjacent
trees have been evaluated with no blocking and with blocks
of size 5, 10 dnd 15 end are presented in Table 4.1.
The ﬁumber of' trees required to sachieve atmost ‘five
percent error along with the nusmber of replications =slong
with efficien&y for the different plot sizes were
determined and:are also presented in Table 4.1. Pour nodels
fitted for /S/hagainst plot mize (x) along with RZ value

are given in the Table 4.1}

M

/S/ decreased from .47x15 for single tree plots to
.821:10"6 for 15 tree plots when blocking was not adopted.
The minimum number of treee reguired to achieve atnost five
percent error :wae found to be for single iree plots.
Single tree élcts vere also found +to have maxzimum
effielency. Among the four mwmodels considered, R was
higheast for moéal(B.?) and was 99%. Optimum plot size
determined froé the method of meximum curvature of +this

model was unitf;
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/8/ had an over zll decreasing trend with increase in
aize of plots , though it was not regular when blocking was

adopted.

In +the case of five plot blocks, value of /[8/

ranzed from .5ﬁ73x10“5 to .4!310"8. The minimum nupber of

. trees required to  achlieve atmost  five  percent

error was found to be for single tree plots. Nine tree
plots were foqhd to give maximum erficiency. Ré  was
highest for model(3.8)and was 73%. Three tiree plots were
found to be cpfimum using this model.

In the ecagse of 10 plot bloeks, /S/ renged {from
.4279x1Q“4 to .6x10~7 Tor 12 tree plots. Two stree plots
were found to be optimum with respect %to the number of
trees reguired to get five pereent error. Maximpum
efficiency wag for two tree plote. With an Re value of 892%,
medel(?.&)was;the best fitting én& in this case and optimum

plot size determined was 18.

When blocks were formed with 15 plots,/S8/ ranged <rronm
47262104 for single tree plots to .12x107% for 12 tree
plots. The ainimuz number of trees required to get
percent error:?as for single tree plots. ©Single iree plots
were found to 'give maximum efficisncy. ﬁodel(E,Q)had the
highest R value of 86% and the corresponding optimuzx plat

flze was one.



4.1.b Univariate case.

The coefficient of variation (CV), of plots of size
ranging from one to 15 adjacent trees have been calculated
for yield, with no blocking end with blocks of size 5,10
and 15 and are presented in Table 4.2. The number of
replications aqd treeg required to achieve five percent
standard error and efficiency for plots of different siges
are also given in the same Teble, Four models were fitted

in this case alsc and the details are given in Table 4.12.

CV decreased from .873 for single tree plots te .400
for 15 tree plots when no blocking was adopted . -Therqv
decreased withlincreaaa in plot size. The minimum number
of trees requiged to achieve five percent 3E was found to
be for single tree plots. ELingle tree plots also gave
maximum efficiency. The highest RS velue of 993 was
recorded for models (5.8)&nd(§.1q) and the correaponding

optimum plot size for model (3.8)was found to be two.

WWhen block size was five, CV decreased from ($.822
for single tree plots to 0.158 for 15 tree plots. CV had
an overall deéreasing trend with increese in plct size,
though 1t was;pot‘regular.The minimue nhumber of trees

required to get five percent BE was found for 12 tree

plots. Single tree plots hed maximum efficiency. The value

of RZ was highest 93% for model(3.a) and it gave an optimum

plot size of unity.

When blocks of ten plots were formed, CV decressed

22
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from 0.8%4 for.gingla tree plets to L1437 {for 15 tree plois.
Generally CV wés found deereamsing with an increase in plot

size, but for plot sizes 3,7,11,13 andl4d. The minimun
number of treeé regired to get five percent SE. was found to
be for 12 +tree plots. Single tree plots had maximun
efficiency. The value of R? was highest(96%) for nodel(3.8)

and optimum plot size wes one.

¥hen bl&ck size was 15 , the CV decreasd from 0.800
for asingle tree plots to 0.157 for 12 tree plois and then
increased to 4?51 for 15 tree plots. €V decreased with
increase in plot size except for 4,11,13 and 15 +tree
plote. The m{higum nunber of trces required to get five
percent SE waéffound t¢ be for 10 tree plots. Bingle tree
plots had wmaximum efficiency. R? was highest (94%) for
model\3.5)and ﬁptimum plot size was one,

N
4.2. tethod IT.

The trgés were arranged in descending order of
pagnitude of ‘trunk girth and of canopy cpread separately
and pléts weré formed by combining trees adjocent in the

list. !

"4.2.1. Arrangement by trunk girth
|

4.2.1.8 HMultivariate cese

/8/ of plots of sise varying from one to 15 trees

have been calculsted with no blocking end with bloecks cof




gige 8,10 &ndliﬁ and are given in Table 4.%. The nunber
of replications required to get five percent error along
with the corréﬁgnding numﬁer ef trees and efficiency
: 1

are also provided in the same Table. The four nodels

fitted and R® are given in the Table 4.13.

/6/ &ecrqged from 0.00047 for single tree plots 1o
0.348110“5 fér 15 +tree plots when no bloecking was
adopted. The minimun number of trees reguired to gét five
_percent error wvas for single tree plots. 3Bingle tree plots
also hed maxim?m efficiency. Hodel(3.8)was found to be the
bast £it with 'an R2 velue of 99% and three tree plots was

found to be epéimum from this model.

When the block sipe was five, velue of /8/ decressed
from .00742 +to 103x10-6, /3/ was Found decreasing with
increase in plot size except for 3,46,8 and 12 tree plots.
The minimum number of trees reguired to get five percent
error was found for two itree plots. %Pwo tree plets also
had maxismux efficiency. RZ value was highest (95%) for

rodel \3.8)and optimum plot size for thie model was 13.

¥hen th% block sige was 10, /8/ decreased Irom
0.00465 for single tree plots to..0.420x10”6 for 15  tree
plots. /8/ was, found decremsing with incrsase in plot size
except Tfor 8;12 and 13 tree plots. The ninimum number
of trees requiéed to get five percent error wRo found
for 11 tiree plots. t was found thet 11 tree plote also

2

nad maximum efficiency. R® value was highest (938%) for

24



model (3.8)and opiinum plot size for thie model was 10.

When block wsize was 15, /8/ decreased from 0.00486
for single tree plots to 0.157x1072 for 15 tree plots. /S/
wag found to décreaae with increase in plot sine gxcept
for 8 and 12 ;ree plots. The minimum number of trees
required to a@ﬁieve five percent error wes found for 11
tree plots. ELEVen tree plots also had maxipum efficiency.

R® velue was highest (99%) for model(}.?)and optimum plot

gize using this model was one.

4.2.1;b Univariaie caze

The CV of plots of size ranging from one to 15
adjacenttreeg‘h?ve been -calcuated, for yield ¥ith no
blocking and with Dblocks of aize 5, 10, and 1% and are
given in Table ¢.4. The number of %rees reguired %c achieve
five percenwy S? along with the number of trees needed are
&iven. Efficieécy was found out for different plot siges
and are given ?n the zame Table. Pour nodels were fitted

and the details are given in Table 4.14.

cV decreaéed from .873 for single tree plots to .413
for 1% +tree plots when no bdlocking was adopted. The
minimun nu@beq of trees required to achieve Tive percent
38 was for siﬁgl@ tree plots. It was founé that paxisunm
efficiency also was for single tree plots. ﬁodel(}-a) gave
the best it wiﬁh 88% value Tor Hg, and single tree plot as
optinun.

YWhen block, size was five, tihe CY decreased from 1.348



26

for wmingle tree plots to .270 for 11 ftrce ploté. in
" genersl, CV had a decreasing trend with increase in plot
gize, but for 3.5.8,10,12,14 and 15 tree plots. The ninipum
number of trees required to get five percent error vas fpr
nine tree¢ pleotse. Two tree plots were found to give
meximmm efficlency. R® wae highest (89%) for model (3.8)

giving an optinua plot sigze of unity.

When blocks of ten plota wvere formed, (V decreazsged
fron 1.050 for; eingle tree plots to .268 for 13 tree plois.
Generally, CV 'was found decfaasing.with increase in plot
alze except fér plot niges 4,12,14~anﬁ 15. The minipum
nunber of trées required to get five pesrcent erreor wvas
found to ba for 15 4ree plots. Single tree plota wers
found to provide moxipunm effieiency. The highest value of
R% (97%) was for model(?.a)giving an optimum plet size

c¢f one. '
H

In the ‘case of block sime 15, CV decreased from
1.24% for aiqéla tree plots to .298 for 15 tree plots. In
general CV de?reased with an Increase in plot sige except
for 4,8 and 12 tree plotes. The minimum number of irees
reqgqired to ge?lfive pereent error was Tound io be for gix
tree plota. !Bingle tree plots had nmaximun efficiency.
The value of R was highest (97%) for model(?.&)giving an

optirum plet size of unity.
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4.2.2. Arrangement by canopy spread.

4.2.2.8 Hultivariate case

/8/ of plois of size varying from one to 15 trees have
been calculated with no blocking and with blocks of sizes
5,10 and 15 =and are given in Table 4.5. The number of
trees required to achieve Tive percent error along with the
number of replicationa and efficiency for d;fferent plot
3izes are algo given in the same Table. Four models fitted

along with R? values are siven in the Table 4.15.

/8/ decreased Trom .47x10™7 for single tree plots 1o
.238x10~2 far 15 tree plots. /8/ was found to decrease
with increase in plot size. The mininum number of irees
required to get five percent error was found to be Ifor
single +tree plots. Single tree plots were found to give
naximnun efficiency. Hodel (3.8)was the best it with 99%

RZ and three tree plots as optimum.

When tblock size was five, /S/ decreased from
.556x1072 for single tree plots to A4x10™ 7T for 15 tree
plotz. /8/ had 'an over all decreasing trend with increase
in plot size, though it was not regular. fThe minicum
number of trees required to get five percent eorror was
foundé for two tree plots. It was found that two tree plots
also pgave nmaximum efficiency. Model(?.&)was the beat fit

vith 94% R and single tree plots as optimum.

When block size was 10, /S/ decreased from L111x1072
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for single tree plots to .100x10~2 for 15 +tree plota.

/S/ wes found to be decreasing with increase in plot eilze,
but for plot éizes 8,12 and 13. The minimum nunber of
trees requiredlto get five percent error wes found to be
for single tree plots. Uix trec plots were ZFfound +to be
optimum with reaspect %o maxinmum efficiency. Model(}.a) vasn
found to be the best it with en R velue of 99% . Four

tree plots were found to be optimum from this model.

When block size wag 15, /8/ decreased fron-.96x10™2
Tor single tree plots to L151x10™°2 for 15 tree plots. /s/
decreased with increese In plot size, but for 7,10 and
13 tree pleots.’ The minimum nuwber of trees required to get
Tive percent error wag found to be for six tree plots. Six
tree plots were glso Tound to give maximun eflficiency. R®
was highést for model (3.8)vith 99% R2 and four tree plots

as opvimum.

4.2.2.b Univariate case

CV of yield determined for different plot sizes are
given in Table 4.6. The minimum number of trees required
to achleve five percent 8E rlong with the corresponding
nuzber of repiications are also provided in the same Table.
Efficiency found for different plot sizee are also pfovided

in Table 4.6. Four models fitted and the B2 values are

given in the Table 4.16

CV decreased from .873 for single tree plote to .443

for 15 tree plots. The minimum nuaber of trees regired to
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get five percent SE was found to be for single tree plots.
Single tree plots also provided maxirum efficiency. Nodele
(3.8) and(3.10) fitted the data best with 998 R° and model

(3.8)gave an optimum plot size of unity.

¥hen block size was five, CV decremsed from 1.022 for
single tree plots to .200 for 15 tree plots. It had an
over all decr?asing trend, though was not reguler. Zhe
number of trees required to achieve Ffive percent SX was
found to be for 1% +tree plots. MNaximum efficiency was
found to be for single tree plots. The value of RZ vaa
highest (85%) for models\B.I)&[}.Q)and two tree plois ag

optimum in the case of model(ﬁ.ﬁ.)

Yhen block size was 10, CV decreased from .838 for

two tree plots to .232 for 11 tree plots. CV was found to
decrease with increase in plot =ize,thouzh it was not
reguler. The nminimup number of trees required to achieve
five percent SE was found to be for 11 tree plota. BSingle '
tree plots was found to provide mazimum efficiency. Hodel
Lﬁ.@) gave the best it with 9%% N2 and ihree tree plot As

the optimumn.

When block size was 15, CV decrensed <from .840 Tor
single tree plots to .290 for nine tree plots. CV had an’
over all decreasing trend with incresse in plot size, but
it was not régular. The pinimum nunber of trees required
to echieve five percent 8E was found to be for six tree

plots. Single tree plots wms found to be optimum with



reapect to maximum efficiency. ﬁodei(ﬁ.g) wag .the nost

fitting one with 86% 72 and an optimum plot sise of unity.
4-3- ﬁ@thﬂﬁ III' - - T

The +treesm were arranzed in a descending order of
magnitude of trunk girth and of canopy spread separately

and plots wre formed aa described in 'Materiels and NMethods'

»

4.%.1 Arrangement by Trunk girth.

4.3.1.8 Huitiv&riate cane.

fS/ of plots of size varying from one to 15 trees
have been calculated with no blocking and with blocks of
5,10 and 15 a#d are given in Table 4.7. The number of
replications réquired to get Tive percent error along with
the corresponding number of trees and efficiency for
different plot sizes are alao provided in the same table.
The four modeis £itted and R® veluo determined for ench

model are given in the Table 4.17.

/3] decreased from -00047 for cingle tree plots to
.7x10‘9 Tor 15 tree plots when no blocking wes adopted. The
ninimum number of {rees required to get five percent error
was found to for two tree plots. Eleven tree plois had
maximum efficiency. ﬁadel(ﬁ.&)was Tfound to be the best it
with an R2 Va%ye of 95%. PFourteen tree plots found to be

optimuiz using this nodel.

¥hen block size was Tive, [9/ decreased from G074 for
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aingle tree plots to .1x10"% for 15 tree plots. /8/ wae
found to be decreesing with increase in plot size, but for
plot eizes 5,11 and 14, The nmininunm number of *trees
required to get five percent error wvas Tound to be for six
tree plotis. Fifteen +tree plouie were found %o provide
maxipum efficiency. The value of R® was highest (97%) for

model(}.?)and dptimum rlot size was one,

When block size was 10, /8/ decreased from 0046 for

aingle tree plots %o .12x10-7 for 1% .tree plote. /3/ woe
found to decrease with increase in plot size except for six

tree plots. The ninimum nuamber of trees reguired to
achieve five percent error wes found to be for five tiree
plota. Thirteen tree plots were found having maximum
efficiency. R? was highest (98%) for modelkB.T)and single

tree plots were found to be optimur using this model.

In +the case of 15 plot blocks, /8/ decreased from
.0044 for single tree plota to .14x10~7 for 15 tree plots.
/3/ decreased with an increase in plot size. The wmininum
number of- trees required to echieve five percent error
was found to be for eight tree plots. Fourteén tree plots
wvere found to provide maximum efficiency. liodel (3.7) vas
the best it with en R® value of 99% and optimum plot size

from this model was unity.

4.%3.1.% Univariate case.

The CV for plots of size varying one to 15 trees have



been determined Tor yield with nc blocking and with blocks

of sizes 5,10 and 15 and are given in the Table 4.8.
The number of revlications required to schieve five percent
AF nlong with the number of trees needed are also given in
the same Table. Efficiency deternined for different plot
sizres are also provided in the same Teble. Tour ﬁodels

fitted and RS determined for each model are provided in the

Table 4.18.

-~

¢V dearessed from 02.875 Ior eingle &ree plots 1o
.226 Tor 12 tree plois in the case of without blocking.
CV vas JFTound to docrease with increase in plot size,
except for 7,13 and 14 tree ﬁlots. The minimum nunber
cf trees required to achieve five ypercent 8B was Tound to
be for gix tree plots. Bingle tree plots were found %o
be optimum with respect 1o efficiency. The highest(948)
1~ was recorded for mcdel(ﬁ.a)and the corresponding optinum

plot size was Tound to Te one.

in the cagse ¢f block size five, the CV decresed irom
1.348 Zor single iree plots to 0.140 {for 12 tree plotas,
Generally it was Tound that CV decreesed with increase in
vlot size, but for plot sizes 3,4,10 and 1%, The ninimun
number ol trees required to acnieve fivevercent BFY was
found To be for 12 +tree oplots. Haxioum efficiency wao
found te be ror twe tree plots. With an [2 value of 88Y
model(§.10)w&s the beat Titting one in this case. Optimunm

rlot size determined was +two using model(j.?}-
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Tor ©blocks of size ten, CV decreased from 1.050 for
single tree plets o 0.217 for nine trec plote. Generaily
the CV decreasad with an increase in plot sise except for
plot siges 2,6,10,11,13 and 15, The wminfsum number of
trees required to achieve fTive percent SE was found %o be
for nine tree plots. FHeximum efficiency was found to be
for single tree ploto. Model(j.?)had the highest R2 velue

of 92% end the corresponding optimum plot size was one.

In the case of bleock size 195, CV decreased from 1.240
for single tree plots to 0.227 for 14 tree plots. CV was
found to decrehselwith increase in plot size except Tot
plot sizes 5,11,12,13, and 15. The minimum wumber of
trees required {to zchieve five percent 3E was found for 10
tree plots. Single tree plots was found to provide maximam
efficiency. R® was highest for models(3.8)&(3.10) and it
vee 99%. ©Single tree plots wes Ffound to be optisum using

modelLﬁ.B).

4.3.2 Arrangement by cancpy spread.

4.3.,2.2 Hultivariate case.

/S/ of plois of size varying from one to 15 trees have
teen calculated with no blociting and with blocks of sizes
5, 10 and 15 @nd are given in the .table 4.9. The number
of replications required to achieve five percent error
along with the number of trees and efficiency for different

plo% siges are elso given in the same table. Four models
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fitted for /S/ smgainst plot sises along with 32 values are

given in the table 4.19.

/8/ decreased from .00047 for single tree plots to
.9x10~9 for 15:tree plots in the case of without blocking.
/8/ decreased ;ith increase in plot size. except for seven
and 13 tree plots. The minimum number of trees required to
get five percéﬁt error.waa found to be fer four tree plots.
8ix tree plots were found to provide maximum efficiency.
The -best fittiﬁg model (3.7) with an RZ{96%) had single tree

plots as optimunm.

When block size was five, /S/ decreassed from .0055
for single tree plots to .14x10™2 for 15 tree plots. /8/
decreased with increase in plot gsize except for 13 tree
plots. The minimur number of trees required to get 5%
arror was found to be for six +tree plote. Twelve tree
plots were found to provide maximum efficiency. R2 yes
highest (96%) Tor modelLﬁ.?) and single tree‘ plots  was

optinum.

When bloék of 10 plote vwere considered, /8/ decreeosed
from 00111 for aingle tree plots to .41x10~8 for 15 tree
plots. The minimum number of trees reguired to achieve
.fiVE'percent errcr wag found for seven tree plots. Filteen
tree plots were found to‘give maximun efficiency. Hodel(}.?)
waz the best fit with 99% RZ and single tree plots as

optimun.

For blocks of gize 15, /8/ decreased from .00096 for



single tree plois to .9x10"2 for 12 tree plots. /S/ vas
found to decrease with inecrease in plot size except Jor
nine tree ploté. The minimum number of %rees required to
get Tive percént error wes for six tree plota. Thirteen
tree plots gave meximum efficiency. Re was highest (99%)

for model(}.i)éiving an optimum plot size of unity.

4.%.2.b Univariate case.

cy wéa determined for yield for different plot
gizes and was éiven in the Teble 4.10. The number of trees
required +to achieve five percent BE along with © the
efficiency for different plot sizes are also provided in
the same Tablg. Four mnodels fitted and the details are
given in the Table 4.20.

Il
CV decreaged from 873 for single tree plots to 181

for 15 tree;plots when no blocking wag adopted. OV wvas
found to ﬂecaeaae.with increase in plot size except for
plota of 7,9,11 and 14 trees. The minimum number of trees

required %o achieve five percent 8SE was found for 15 tree
plots. Singfe tree plots were found +to have maximum
efficiency. MNodel(3.8)was the best £it with 98% k2 and six

tree plots as the optimum plot size.
I; I

Yhen block size was five, CV decreased PTrom 1.022
for single tree plots to .115 for 11 tree plots. CV
decremped with increase in plot size ,but for 6,7,8 =znd 13

tree plots. |, The ninimus number of +trees required <o



achieve five pércent S8 vas for 12 tree plota. Twelve
tree plots were found to give maeximum efficlency. Model(?.B)
was the best fit with 91% R® and single tree plots as

optimun,

When Bioc? gize waz 10, CV decreased <from .803% for
, single tree plots to .174 for 12 tree plotas. ‘The CV was
found to be decreasing with increase in plot size except
for 4,5 and 14Itree plota. The nminisum number of trees
required to acﬂieve five percent 3L was found to bhe for
three tree plotﬁ. éingle tree plots were found to provide
max imun efficieécy. R® was highest (85%) for model (3.8)

providing an optimum plot size of ore.

When block size was 15, CV decreased from .840 for
single tree plo%a to 167 for 15 tree plots. CV was found
to be decreaaipg éith increase 1n plot size except for
4,9,10 and 14 +tree plots. The - minimum number oftrees
required to achieve five percent SE was found o be for 15
tree plots. thgle tree plots were found to give naximum
efficiency. sz was higheat (96%) for model(3.8)providing
an optinum plotésize of one. | '



Table. 4.1.

/$/, Ro.of trees & replications required to attain 5% error and
efficiency for different sizes of plots & blocks using method 1

— " - - ot R

¥Without blocking 5 plot block
Ho.of Ro.of :
Plot /S/x10° Repli- No.of 1/x3//8/ /8/x10T  Repli- No.of 1/2.3//s/
size cation treen cation trees
for 5% for 5% for 5% for 5%

. @LTOT. error .. _ error  error

- ——— —— - -

4T7.477 29 29 12.86 34.760

1 6 6 66.50
2 8.295 17 34 11.51 55.739 T 14 28.32
3 3.110 13 59 10.61 28.781 6 18 2%.64
4 1.768 10 40 9,72 4.180 3 12 33.65
5 1.019 g 45 9.28 11.048 4 20 19.37
6 0.738 8 48 . 8.59 0.633 2 12 41.88
7 0.453 7 49 . B,65 11.444 4 28 13.83
8 0.313% 6 48 8.57 0.282 2 16 41.16
9 0.272 6 54 7.97 0.041 2 18 69.99
10 0.249 5 50 T 46 3 .000 '5 30 14.93
11 0,198 5 55 7.34 0.268 2 22 33 .68
12 0.147 4 48 . T.45 0.176 2 24 32,40
13 0.130 4 52 7.05 0.574 2 26 19.98
14 3,119 4 56 6.92 0.586 2 28 18.45
15 0.082 4 60 7.12 0.216 2 30 24.16

LE



Pable. 4.1 {(contesec.)

/8/, Ho.of treesc & replicatons reguired to attain 5% error and
efficiency for different sises of plots & blocks using methed I

1C plo? bloek 15 plot bhlock
Plot /8/x10° ég;ff_ Ho.of 1/x-3//8/  /8/x105 Egiff- Ho .of 1/23//5/
size cation treos cation {ress :
- _for 5% for 5% = _ - ... - for 5% for 55 .
error error error 2rror
1 4.279 14 14 28.59 4.726 14 14 27.67
2 0.229 5 10 37.93 0.872 8 16 24.29
3 0.544 7 21 18.95  2.508 12 36 11.39
4 0.699 8 32 13.07 1.13% 9 36 11.14
5 0.394 6 30 12.66 0.465 7 35 11.98
6 -  0.152 5 30 14.50 0.351 6 36 10.97
7 0.159 5 35 12,23 0.185 5 35 11.64
8 0.019 2 16 21.74 0.051 3 24 15.74
9 c.014 2 18 21,32 _ 0.034 3 27 15.91
10 0.023 2 20 . 156.32 0.024 3 30 16.09
11 0.013 2 22 . 17.94 0.021 2 22 15.29
12 0.006 2 24 21.28 0.012 2 24 16.89
13 0.037 3 39 10.71 0.064 3 39 8.92
14 0.013% 2 28 14.10 0.016 2 28 13,51 .
15 0.007 2 30 16.17 0.027 3 45 10.31

8¢



Table. 4.2

CY¥, Ho.of trees & replications required to attain 5% SE and

efficlency for different mizes of plots & blocks using method I

Without blocking

o el

5 plot block

Ho.0f
Plot  CV Repli- No.of
size for 5% for 5%
SE BSE
1 0.873 305 305
2 0.688 189 318
3 0.58% 136 408
4 0.533 114 456
5  0.515 106 530
6  0.480 92 552
T  0.474 90 630
8 0.461 BS 680
9  0.441 T8 702
10 0.434 75 750
11 0.427 13 803
12 0.410 67 804
13 0.411 67 a71
14 0.417 68 952
15 0.400 64 960

1/xCV cv Repli- Ho.of  1/x0V

cation trees

. - for 5% -for 5%

SE SE
1.14 G.B822 270 270 t.21
0.72 0.612 150 Z00 0.81
.57 0.446 80 240 0.74
0.46 0.409 67 268 0.61
0.38 0.449 81 405 0.44
O34 0,277 31 186 0.60
0.30 0.371 55 385 0.38
0.27 0.197 16 128 0.63
0.25 Q.247 24 216 0.44
.23 0.201 16 160 0.50
0.2 0.184 14 156 0.49
0.20 0.162 16 120 0.5%
0.18 0.178 1% - 169 0.43
0.17 0.272 30 420 " 0.26
C.16 0.158 A0 150 0.42

6e



Table, 4.2 (cOnbece.s)

CV, Ko.of trees & replications required to attain 5% SE and
e?ficiency for different aizea of plots and blocks uqing method I.

10 plot block 15 plot blocx
No.of Ho.of
Plot CV Repli~ Ho.of 1/xCY cv Repli~ Ho.of 1/xCV
size cation trees cation trees
for 5% for 5% ] for 5% for 5%
SE 88 ge’" ~ 8B
1 0.854 292 292 1.17 0.800 256 256 1.25
2 0.490 96 192 1.02 0.611 149 298 0.81
3 0.494 98 294 0.67 0.415 £9 207 0.80
4 0.421 11 284 0.59 0.445 79 316 0.56
5 0.3%26 43 215 0.61 0.351 49 245 0.56
6 0.284 32 192 0.58 0.321 41 246 0.51
7 0.346 48 336 0.41 0.315 40 280 0.45
8 0.291 34 272 0.42 0.253 26 208 0.49
9.~ 0.242 2% 207  0.45 0.211 18 162 0.52
10~ 0.183 13 130 0.54 0.166 11 110 0.50
i 0.230 21 231 0.39 0.195 15 165 0.46
12 0.156 10 .120 0.53 G.157 10 120 0.53
13 0.193 15 195 0.39 0.255 26 338 .30
14 0.198 16 224 0.39 0.233 22 308 0.30
15 0137 i 120 n_AR n_o81 o8 it n.R6
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Table. 4.3

/8/, Ho.of +trees & replications reguired to attain 5% error and
gfficiency for different slses of plots & blocks using method 1I
after arranging with Trunk girth

——— - —— - Aot Sy Bt o

Yithout blocking

5 plot block

Plot /8/x10° No. of 1/x3/73/ /8/x105  Ho.of 1/x3/Js/
size Repli- No.of Repli~ Ho.of
- for 5% for o for 5% for 5%
error error error grror
1 47.475 29 29 12.86 - 742.687 18 78 5.13
2 13.159 20 40 9.87 10.78% 19 . 38 10.53
3 7.968 17 51 7.76 25.392 25 75 5.27
4 4.785 14 56 6.92 - 3.6TT 13 52 7.57
5 2371 11 55 7.03 2.390 12 60 7.073
6 2.595 12 T2 5.69 4.229 14 a4 4.79
7 1.760 10 70 5.55 1.293 9. 6% 6.23
8 1.346 9§ T2 5.31 2.347 11 88 4.39
9 1.469 4 36 4.61 1.032 9 81 5.10
10 0.808 8 &0 5.00 C.465 7 70 6.01
11 0.803 & &8 4.54 0.262 5 55 6.61
12 0.725 8 96 4 .31 0.912 8 96 3.99
13 0.572 7 91 4.30 0.10% 4 52 7.61
14 0.549 7 98 3.79 0.059 3 42 &.51
0.348 6 90 4.473 0.036 3 45 9.37
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Table. 4.3 (contiecess)

/8/, Ko. of trees & replicetions reguired to attain 5% error and
efficiency for different aizes of plots & blocks using method II
after arrenging with Prunk girth

o —— - — —

10 plot block 15 plot bleck

Ho.of . Fo.of .
Plot /3/x10° Repli- No.of 1/x 3/18/ /8/x10° Repli- Lo.of 1/x.3//s/
gize cation trees cation trees

- . for 5% for 5% _ for 5% for 5%

error error erraor error
1 465.125 67 67 5.99 486 .887 68 68 5.92
2 67.249 35 70 571 50.176 32 64 6.29
3 20.738 24 72 5.69 14.136 21 6% 6.41
4 10.209 19 76 - 5.38 e.304 17 h8 5.73
5 5.438 15 () ’ 5.29 3.286 13 65 5.29
6 2.417 12 72 5.77 1.776 10 60 6.46
7 0.830 8 56 7.05 0.841 8 56 7.02
8 1.019 9 72 5 .80 0.914 8 64 5.98
9 0.772 8 72 5,62 ©0.582 7 63 6.18
10 0.642 7 70 5.38 0.448 7 70 6.10
1 0.134 4 44 8.24 0.189 5 55 7 .47
12 0.482 T 84 4.94 0.454 T B4 5.04
13 0.829 8 104 3.80 0.264 6 78 5.59
14 0.670 8 112 3.78 0.200 5 70 5.66
15 0.420 6 90 4.13 0.157 5 75 5.82

2%



Table.

4.4

CV, Ho.of trees & replications reguired to attain 5% 3F and
efficlency for different sizes of plots & blocks using method II

after arranging with Trunk girth

———— o —w— o ol a

¥Without blocking

Ho.of
Plot cv Repli- Xo.of 1/xCV
size . cation ftrees
for 5% for 5%

- = SE - 8B -

1 0.873 305 305 1.14
2 C.681 186 372 0.73
3 0.627 157 47T 0.53
4 0.568 129 516 0.44
5 0.506 102 510 0.39
6 0.506 102 612 0.32
7 0.519 108 756 0.27
8 0.480 92 736 0.26
9 0.480 92 828 0.23
10 0.454 a2 820 0.22
11 0.456 83 9173 0.19
12 0.450 a1 972 0.18
13 0.445 79 1027 0.17
14 0.444 79 1106 0.16
15 0.413 68 1020 C.16

5 plot block

oY

o e T—— v —— —

Ho.o7T

Repli~ Wo.of 1/xCV
cation iLrees

for 5% for %%

v

1.348
0.639
0.591
0.605
0.658
G.510
0.378
(3.380
0.272
0.274
0.270
0.424
0.317
0.345%
0.412

3B - 38 =
127 T27 0.74
163 326 0.78
140 420 0.56
146 584 g.41

173 865 0.30

104 624 0.32
57 399 0.37
58 464 0.32
30 270 0.41
30 300 0.36
29 319 0.33
72 864 0.19
40 520 0.24
48 672 0.20
63 1020 0.16

e¥



Table. 4.4 (conteeecs)

CV, Ho.of trees

after arrenging with Trunk girth

&

replications

required

to attain 5% SE and
efficiency for different sizes of plots & blocks wsing method II

10 plot block

15 plot'bock

Ho.of Ho.of
Plot CV Repli~ Ho.of 1/xCV oV Repli- Ho.of 1/=xCVY
size cation trees cation ftrees
‘for 5% for 5% for 5% for 5%
5B -8B - SE 98 .
1 1.050 441 441 0.95 1.245 620 620 0.80
2 0.790 250 500 0.63 0.839 282 564 0.59
3 0.629 158 474 0.52 0.582 13% 405 0.57
4 0.691 191 764 0.36 0.668 178 712 0.37
5  0.524 110 550 0.38 C.510 104 520 0.39
6 0.463 86 516 0.35 0.387 60 360 0.43
T 0.396 63 441 0.36 0.370 55 385, 0.38
8 0.371 55 440 0.33 0.378 57 456 0.33
9  0.353 50 450 0.31 G337 45 405 0.52
10 0.351 49 490 0.28 0.326 43 430 0.30
11 0.318 40 440 0.28 0.303 37 407 0.30
12 0.366 54 648 0.22 0.380 58 696 0.21
13 0.268 29 377 0.28 0.342 47 611 0.22
14  0.282 %2 4AB 0.25 0.331 44 616 0.21
15 0.301 36 540 0.22 0.298 36 540 0.22

v



Table. 4.5

¥ithout blocking

Plot /8/x105

gize

et

Ho.of

cotion trees
- for- 5% for 5%.

e i

/8/, lo.of trees & replications required to attein 5% error and
efficiency for different sizes of plots and blocks using method Il
efter arranging with Canopy epread

1/x3/7s] [8/x10°

5 plot boek
o.0f

Repli~ %No.of 1/x3//s/
cation trees

for 5% for 5%

eTror error error error
47.475 29 29 12.86 556.547 1 71 5.64
12.684 20 40 9.97 1.247 9 18 21.83
5.729 15 45 8.65 11.457 19 ST 6.95
3.500 13 52 T.64 33.441 27 108 | 3.61
2.206 11 55 T.13 6.484 16 80 5.00
1.134 9 54 7T.49 0.438 T 42 10.24
1.056 9 63 6.52 0.288 b 42 10.13
0.786 8 64 6.30 0.559 7 56 7.08
0.606 i 63 .11 G.581 7 63 6.18
G.542 7 70 5.46 0.264 6 60 7.27
0.468 7 T 5.84 G.140 . 4 44 8.12
0.293 6 72 5.82 0.061 3 56 .82
0.361 & T8 5.0t 0.229 5 &5 5.91
C.340 6 84 4.75 ¢.042 3 42 9.53
G.238 5 75 5.29 0.004 2 50 19.49
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Pable. 4.5 (conteeese)

/8/, Ho.of trees & replications required to attain 5% error and
efficiency for different sises of plos & blosks using method IT
efter arranging with Canopy spread

10 plot block 15 plot bock

Plot /8/x210% Reigigfﬂo.of 1/= 3/78] /512105 Reigigf ne.ot 1/x 318
size cation trees cation treec
-~ - - ... .for-.-5% for 5% . . for 5% for 5%
eérror error error error

1 111.950 41 41 3.65 96.177 39 39 10.13

2 41.315 31 62 6.45 20.010 23 46 8.54

3 12.344 20 60 6.75 10.410 19 57 7.18

4 8.240 17 68 5.75 6.816 16 64 6412

5 3.290 13 65 6.29 2.208 11 55 7413

6 0.4%0 7 42  10.24 0.416 6 36 10.36
7T  0.302 6 42 9.90 0.670 8 56 7.57
8 0.536 7T 56 7.16 0.488 7 56 737
9 0.462 7 63 6.68 0.335 6 54 7.08
10 0.387 6 60 6.40 0.393 6 60 6.33
11 0.129 4 44 8.55 0.237 5 55 6.81
t2  0.208 5 60 6.61 0.204 5 60 6.57
13 0.274 6 78 5.52 0.307 6 78 5.29
14 0.185 5 70 5.87 . 0.242 5 70 5.32
15 0.100 4 5 5 5.81

60 6.67 0.151

9%



Tahle. 4.6

GV, Ho.of trees & replications required to attain 5% SE and
efficiency for different sizes of plots & blocks using method II

after arranging with Canopy spread

Without blocking

5 plot block

Plot CV 'ggégf— Ho.of 1/xCV cv ggéﬁf- Be.of 1/xCV
agize cation trees , cation trees
- - - ggr 5%-§§r 5% ggr 5% -§§r~5%

1 0.873 305 305 1.14 1.022 418 . 418 0.97
2 0.693 192 384 0.72 0.668 178 356 0.74
3 0.611 149 447 0.54 0.662 175 525 0.50
4 0.573 131 524 0.43 0.860 296 1184 0.29
5 0.545 119 595 0.36 0.622 155 775 0.32
6  0.513 105 630 0.32 0.380 58 348 0.43
7 0.511 104 728 0.27 0.353 50 350 0.40
8  0.483 93  T44 0.25 0.424 72 576 - 0.29
§  0.470 g8’ 792 0.23 0.359 52 468 0.30
10 0.468 88  ©80 0,21 0.331 44 440 0.30
11 0.459 84 924 0.19 0.276 30 330 0.32
12 0.455 835 996 0.18 0.324 42 504 0.25
13 0.454 g2 1066  0.16 0.281 32 416 0.27
14 0.465 86 1204 0.15 0.234 22 308 0.30
15 0.443 78 1170 0.15 0.200 16 240 0.33

LY



Table. 4.6 (cont.}...)

CV, Ho.of trees & replicationa required to attain 5% S5E and
eificiency for different sizes of plois & blocks using method II
after arranging with Canopy spread

o gy iy —— — -~ e g vy 2o —— - o

10 plot block 15 plot bloeck
Plot CV ggéff— Jo.of 1/x0CY cv ggﬁgg— Ho.of 1/xCV
o emmome, 0 mg me
SE SE SE SE
1 0.805 258 258  1.24 0.840 282 282 1.19
2  0.838 281 562 - 0.59 0.720 207 414 0.69
3 0.609 . 148 444 0,54 0.608 148 444 0.54
4  0.637 162 648  0.39 0.612 150 600 . 0.40
5  0.555 123 615  0.36 0.477 91 455 0.41
6 0.367 54 324 0.45 0.307 38 228 0.54
7 0.326 4% 301 0.43 0.303 37 259 0.47
8 ' 0.327 43 344  0.38 0.335 45 360 0.37
9 0.287 33 297  0.38 0.290 34 306 0.38
10 0.283 32 320  0.35 0.313 39 390 0.31
11 0.232 22 242 0.39 0.318 40 440 0.29
12 0.277 31 372 0.29 0.346 48 576  0.24
13 0.286 33 429  0.26 0.364 55 689 0.21
14 0.259 27 378 0.27 0.362 52 728 0.20
15 0.244 24 360 0.27 0.340 46 690 0.26
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Tabl

e 4.7

/%), Bo.of trees & replications reguired tc attain S% error and
efficiency for differeni sizes of plots & blocks wasing method I1I

after arranging with Trunk girth

- e Tkt A A A L A S R R i S . S e A T i T8 SN . S S T S A St GRS - -

e v -

25.66
27.89
35.775
46.41
28.93
$2.49

61.05

—— g - ———

Without blocking 5 plet bBlook
Ho.of I . Ho.of
Plot /8/x107 Repli- Ho.of 1/x3//%/ £/x10° Repli- He.of
gize cation trees cation fSrees
for 5% For G# for 5% for 9%
error arror @rrer errar
1 4747.%35% 29 . 29 12.86 7426.875 T8 78
2 5.521 3 6 61.02 18.705 10 20
3 2.810 2 6 56.99 5.046 7 21
4 0.421 2 8 T5.1C 1,008 4 16
S 0.271 2 10 75.68 1.%62 4 20
) G.17 2 12 77.35 0.235 2 12
7 0.069 2 14 76.61 0.223 2 14
3] 0.042 2 16 T8.74 Q.09 2 16
9 0.827 2 18 88.18 0.036 2 18
10 0.024 2 20 79.37 0.019 2 20
1 0.016 2 22 90,90 0.0351 2 22
12 0.013 2 24 83.33 C.004 2 24
13 g.024 2 26 61,05 0.002 4 26
14 0.007 2 25 80.04 ¢.005% 2 28
15 C.007 2 30 75.18 (3.001 2 30




Table. 4.7 (conbeces)

/S/, Bo.ef trees & replications reguired to attain 5% error and
efficiency for different sizes of ploto & blocks using method III
after arranging with Trunk girth

e T L L e it e s B TR Pt S R LA S S L AL L) P ol Sy Al S S S S M TR AGF N T il . Geul W Sy A Ayt S Ty PR S U S TS S L AU ekl S R PUOR A G M S B W A A i Yl S by ML S WS S SO A Sl . s S, S

1Q'plot tlock 15 rlot block
Ho.of . No.of
Tlot /S/:v:io6 Repli- Ho.of 1/x 3 /fs/ /5/%x10% Repli- Re.of 1/x3//3/
gize cation trees aation treea
for 5% for 5% for 5% for 5%
erraor error @rror error
1 4651.252 o7 67 5.99 4468.87R 66 66 6.07
e 308.848 27 54 T.40 154,357 21 42 9.32
3 12.136 G 27 14.5% 21.734 11 33 12.08
4 2.020 5 20 19.84 4.102 G 24 15.61
5 0.356 3 15 28.37 2.328 5 25 15.15
6 D.404 6} 13 22.62 0.729 4 i 18.59
7 0.%19 3 a1 21.10 ¢.388 3 21 19.72
8 0.243 2 16 20.11 0.162 2 16 23.02
g c.108 i 18 23,93 0.(85 2 18 25.27
10 0.080 2 20 23.20 0.058 2 20 25.83
11 0.044 Py 22 25.75 0.058 P 22 25.48
12 0.029 2 24 27.12 Q.031 2 24 26.52
13 0.07. 2 25 29.91 0.030 2 26 24.75%
14 0.G14 2 28 29.63% 0.016 2 28 28.34

— L O (T B e e b e Pt P et T} e Ty e b M . i e T e LS. S i . P A WY Pt A S e By S S A S o A et P e oy B S S L, iy Bl S s e W7 T b i Sl e U ke ekl e e
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Teble., 4.8

CV, Ne.of %rees & replications reguired to sachieve 5% SE  and
efficiency for different sizes of plots and bloecks using method III
after arranging with Trunk girth

Without blocking 5 plot block

Ko.of Ko.of
Plot C¥ Repli- Ho.of 1/xCV s Repli- lio.of 1/xC¥
size cation trees cation treeaz

for 5% for 5% for 5% for 5%

S8 55 : S% 8B
1 .87 - 305 305 1.14 1.348 127 27 0.74
2 0.568 130 260 0.88 0.502 101 202 0.99
3 0.449 a1 243 Q.74 0.75% 228 684 0.44
4 0.396 63 252 0.63 0.842 284. 1136 0.29
5 0.356 51 255 0.56 C.797 254 1270 0.25
6  0.202 36 216 0.55 0.713 203 1218 0.23
1 0.513 39 . 273 G.45 0.452 g 574 G.31
8 0.277 320 240 0.45 0.372 55 440 0.33
9  0.2869 29 261 0.41 0.275 30 270 0.40
10 0.263 28 280 0.38 0.257 35 350 0.33
11 0.246 24 264 0.36 0.187 14 154 0.48
12 0.226 20 240 0.36 0.140 & 56 0.59
13 0.230 21 273 0.33 0.183 14 182 0.42
14 G.233 22 303 0.30 0.174 13 182 C.41
15 0.227 21 315 0.29 0.149 9 135 0.44

18



Table.z.g(cont....)

Cv, fio.of +trees & replications requi‘red to achieve 5% SE and
efficiency for different sizes of plots and blocks using method 11X
after arranging with Trunk girth

— - - g —

10 plot block— 15 plot boeck

Ho.of lo.of
Plot CV Repli- No.of 1/xCV cv Repli- No.of 1/xCV
size cation trees cation trees

for 5% for 5% for 5% for 5%

SE SE SE 8E '
1 1.050 441 481  0.95 1.240 615 615 0.80
2 1.140 520 1040  0.43 0.848 288 576 0.58
%3 0.645 166 498  0.51 0.620 154 462 0.53
4  0.528 112 448  0.47 C.426 73 292 0.58
5  0.340 46 230  0.58 0.438 77 385 0.45
6  0.356 51 306  0.46 0.357 51 306 0.46
7 0.320 41 287  0.44 0.324 43 301 0.44
8  0.302 37 296 0.41 0.314 40 320 0.39
9  0.217 19 . 171 0.51 0.255 26 234 0.43
10 . 0.242 23 230 0.41 0.240 23 230 0.41
11 0.245 24 264 0.37 0.248 25 275 0.36
12 0.232 22 264 0.35 0.250 26 312 0.33
13 0.233 22 286  0.33 0.256 26 338 0.30
14  0.222 22 286 0.32 0.227 21 294 0.31
15 0.247 24 360  0.26 0.230 21 315 0.28

¢S



Table. 4.9

/S/, Ho.of trees & replications required to attain 5% error and
efficienej for different sizes of plots and blocka using method III
afTter arranging with Canopy spread

Without blocking 5 plot block
Plot /8/x107 gg;ﬁf;.ﬁo of 1/x3/Js/ /s/xrol gg;ff— Ho.of 1/x3//5/
siae Tor 5% for 5% For 5% Tor 55
error error error error
1 4747.535 29 29 12.86 55654.743 70 70 5.64
2 20.438 5 10 39.68 196.948 11 22 18.54
3 11.935 4 12 32.29 166.452 10 30 13.06
4 1.785 2 8§  53.86 47.264 7 28 14.92
5 1.221 2 10 43.08 4.650 3 15 25.90
6 0.159 2 12 77.35 2.019 2 12 28.49
7 0.421 2 14 41.77 1.803 2 14 25 .30
8 0.081 2 16 36.55 1.275 2 16 25.34
9 0.077 2 18 58.08 0.340 2 18 34.29
10 0.044 2 20  62.99 0.144 2 20 41.49
1 0.039 2 22 63.0% 0.048 2 22 57.26
12 0.026 2 24  66.14 0.007 2 24 90.90
13 0.032 2 26 53.33 0.018 2 26 76.92
14 0.022 2 28  56.69 0.014 2 28 171.42
15 0.009 2 30 69.44 0.014 2 30 66 .66

€5




Table. 4.9 {(cont.e....)

/8/, No.of trees & replications

required to attain 5% error and

efficiency for different sizes of plots & blocks using method III

after arranging with Canopy spread

——————— . T — — - o—— —

10 plot block

No.of

15 plot
No.of

block

No.of 1/x\2/7g7ﬁ

Plot /S/x106 Repli- No.of 1/x.3 /s/ /S/x10® Repli-
For 5% for 5% Sor 5% - for 5%
error error’ error error
1 1119.507 42 42 9.63 961.715 39 39 10.13
2 100.913 19 38 10.77 25.145 12 24 17.09
3 %.857 6 18 21.36 2.860 6 18 23.64
4 2.556 5 .20 18.42 0.751 4 16 27.51
5 1.644 - 5 25 17.09 0.395 3 15 27.37
6 0.592 3 18 19.87 0.182 2 12 29.51
7 0.114 2 14 29.81 0.105 2 14 30.77
8 0.098 2 16 27.11 0.034 2 16 38.58
9 0.047 2 18 30.78 0.035 2 18 33.96
10 0.029 2 20 32.54 0.026 2 20 33.75
11 0.02% 2 22 32.95 0.016 2 22 36.07
12 0.010 2 24 38.67 0.009 2 24 40.06
13~ -0.010 2 26 35.70 0.006 2 26 42.33
14 0.010 2 28 33.15 0.006 2 28 39.30
15 0.004 2 30 41.99 0.005 2 30 38.98

78




fabie, 4.10

CV, HNo.of trees & replicationz required to achieve 5% 8E and
efficiency for different sizes of plots & blocks using method III
after arranging with Canopy spread

——— il —— —— -

Without blocking 5 plot block
¥o.of Ko.of
Pilot CV Repli~ Ho.of 1/xCV cv Repli~ Ho.of 1/xCV
size cation trees cation trees
for 5% for 5% for 58 for 5%
SB SB 8E SE
1 0.873 305 305 1.14 1.022 418 418 0.98
2 0.56% 127 254 0.88 0.468 88 176 1.06
3 0.458 84 252 0.72 . 0.385 59 177 0.86
4 0.381 58 232 0.65 0.348 48 192 0.71
5 0.319 41 - 205 0.62 0.274 30 150 0.72
6 0.309 38 234 0.53 0.287 53 198 0.58
7 0.316 40 280 0.45 0.344 47 329 0.41
g 0.252 25 200 0.49_ 0.349 49 392 0.35
g 0.272 30 270 G.40 0.270 29 261 0.41
10 0.245 24 240 0.40 0.250 25 250 0.40
11 0.271 29 319 0.353 0.115 6 66 Q.79
12 0.224 20 240 0.37 0.065 2 24 1.28
13 0.204 17 221 0.37 0.206 17 221 0.37
14 0.243 24 336 0.29 0.191 15 210 0.37

15 0.181 13 195 0.56 0.180 13 195 0.37




Table. 4.10 {(conteecee)

€V, HNo.of trees & replications required to attsin 5% SE and
efficiency for different sizes of plots & blocks using methed 1III
after arranging with Canopy spread

— o —— — -

10 plot block 15 plot block
Ro.of Ho.of

Plot CV Repli~ Bo.of 1/xCV oV Repli- Ho.of 1/xCV
size cation trees cation trees

: : for 5% for 5% ) _ for.5% for 5%

SE an SE 5B

1 0.803 258 258 1.24 " 0.840 282 . 282 1.19
2 0.751 226 452 0.66 0.551 121 242 0.90
3 0.304 37 111 1.09 0.399 64 192 0.83
4 0.438 77 308 0.57 0.408 67 %68 0.61
5  0.454 &2 410  0.44 0.404 66 330 0.49
6 0.424 72 432 0.39 0.338 46 276 0.49
7  0.370 55 %85 0.38 0.243 24 168 0.58
8  0.357 51 408 0.35 0.235 22 176 0.53
9 0.263 28 252 0.42 0.267 29 261 O.41
10 0.225 20 200 0.44 0,302 36 360 0.33
11 0.203% 16 176 Q.44 0.242 23 253 0.37
12 0.174 12 144 0.47 0.228 21 252 0.36
13 0.174 12 156 C.44 0.192 15 195 0.40
14 0.202 16 224 0.35 0.199 16 224 0.55

15 0.201 16 240 0.33 0.1867 1 165 0.329

96§




Table. 4.11

57

Different models fitted to /S/ along with the R2 values for Hethod I

e S A — i W S -l S (s S Sher e duw e At Sl VP P S B0 S S i i S S S v S el e L S g

e o i S G il e Yl S S Su e e 8

*# Significant at 1%

* Gignificant at 5%

a b c R2
Without blocking
. -«
Y = ax~® 410x10-6 -226x10~2 99
* &
Y = a/x+bNx+c  127x10-5 -99x10~5  186x1070 98
LIE
¥-1= a+blogx  -320x107 862x107 65
k-
v=1= ax+blx+e 204x10? 6572107 515%107 96
S plot block
& %
Y = ax~0 119x10~7 ~229%10™2 64
. "
Y = a/x+b/(X+c ~812x10° 165x10 -423%107 73
Y~ =a+blogx -134x10° 560x10°7 10
y-Y=axs+b/yTFe  -122x10° 823%10°7 ~325%107 11
JO plot block
. +* 3%
Y = ax-b 48x10~6 -225x102 82
¥
Y = a/x+b/{X+c 10x10-5 ~75x10-6 142x10-7 92
&
Y-1=z+blogx -365x104 981x104 47
%
Y-1=px+b{x+c 181x104 -495x104 312x104 63
15 plot block
' =%
Y = ax-b 10x10~5 —2%1x10-2 84
- & W
Y = a/zx+b/ X+c 5x10~5 ~11x$0-7 =36x10~1 86
. %
Y‘1=a+n105x —194x104 522x104 48
. _ =5
v-!=ax+b{Tre T18x107 -142x104% 373x107 61
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Table. 4.12
Different modele fitted to CV along with the RZ values for'Method I

a b c ‘ R®
Without blocking
B
Y = ax~P -0.821 ~0.276 98
) %
Y = a/x+b/yX+c  0.110 0.501 0.265 99*
N
1-1= a+blogx 1.140 1.150 98
v~ 1= ax+biX+c ~0.114 1.009 0.268 99
5 plot block
- * &
¥ = ax-b 0.904 -0.607 86*
. i -l‘
Y = a/x+b/fX+c -0.268 1.224 ~0.131 g3
=8
Y-1=g+blogx 0.342 4.301 75
< %
Y-1=ax+b{x+c 0.048 1.466 -0.526 79
1Q.plot block
: 4
Y = ax-b 0.B85 ~0.608 91
. *+%
Y = a/x+b/Nx+c  -0.009 0.905 -0.061 96
#* %
Y~tza+blogx 0.265 4.485 77
k&1
Y- 1zax+bJx+e 0.389 - ~0.135 1.138 88
15 plot bloeck
L L
Y = ax~b 0.817 -0.541 84
%%
¥ = a/x+b/iTic -0.049 0.904 -0,0453 94
* =
Y-1=a+blogx 0.726 %.636 68
. i X 3
Y~-1=ax+b{x+c -0.375 3.279 -2.181 71

*% Sigpnificant at 1%

* Significant at 5¢%



Table. 4.13

Different models fitted to /8/ along with the R2 velues for HMethod II
after arranging with Trunk girth

99

a b ¢ Re
Without blocking
. n * %
Y = ax~?P 480x10™2 -172x10™¢ 98
Y = a/z+b/yZ+c  980x10~6 ~62x10~5  106x10~8 9 .
y-1= a+blogx -652::102 192x103 66**
Y1z ax+b(F+c  428x10° ~133x103 107x10° 93
5 plot bdlock
¥ %
Y = ax-b 432x10-5 ~30%x10~2 89
- %+ %
= af/x+b/Jx+e 23x10-3 ~-20x10-3 4x10-3 95
Y-1=a+blogx ~-596x103 127x104 29
. &+
Y-1=ax+bJ{x+c 621x103 -254x104 231x104 T2
10 plot block
R %%
Y = ax~b T6x10~4 ~334%10™2 96
%%
Y = a/x+b/Ix+c 13x10™° -10x10-3 221079 98
Y~ 1=at+blogx 578107 126x10%4 36
x #
-1 ax+b JX+o 543x103 -216x10% 192x3 04 79
15 plot block
- . ¥
Y = gx~b 39x10-4 —294x10'2 99
*=x
Y = a/sx+b/Jx+c  143x10-4¢ ~119x10-2 23x10~4 97
& %
Y-1=a+blogx -188x103 479x102 58
x ¥
Y-1=ax+bJx+c 115x103 ~373x103 285x103 87
¥# Significant at 1% ) T
* at 5%

Significant
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Table. 4.14

Different models fitted to CV along with the R® velues for Method II
after arranging with Trunk girth

a b I R2
Without hlocking
* %
Y = ax~? 0.823% ~0.250 97
. * 4
Y = a/x+b/Vx+c  0.078 0.497 0.297 98
. %
Y-1= a+blogx 1.157 1.002 - 97
%
5 plot block .
! 4%
Y = ax~? 1.110 -0.488 76
o x
Y = a/x+b/Vx+e  1.073 -0.033 0.272 8%
+% %
y-1=a+blogx 0.707 2.117 64
* &
v~ 1=ax+biX+e¢ . -~0.323 2.416 -1.519 67
10 plot block
* %
Y = ax~? 1.130 ~0.509 95
L% 3
Y = a/x+b/VX+c  0.274 0.038 0.111% 97
EX 3
Y~l=a+blogx 0.522 2,379 89
i %
Y-1=ax+bix+c 0.023% 0.826 0.029 94
15 plot block
. b
- X
Y = a/x+b/Vx+e  0.46G5 0.704 0.083 97
+* %
Y-1=a+blogx 0.625 2.220 a0
‘ £
Y-t=ax+biX+e ~-0.205 1.875 "<1.001 91

— — - - — o —— - ———

*#% Significant at 1%

* gignificant at 5%



Table. 4.15

Different models fitted to /S/ elong with the

after arranging with Canopy spread

61

R® values for Method II

** Sienificant at 1%

* Slgnificent at 5%

a b c R2
Without bloecking
R *%
Y = ax-b 470x10-6 -195x10~2 98
< %
Y = a/x+bNx+te  108x10~9 -74x10~5 131x10-6 99
% 3
Y-1= a+blogx  -112x103 529x103 71
*%
v~'= ax+blZic 596x10° 161x107 111x107 95
5 plot block
E 5.
Y = ax~ P 306x102 ~325x10™2 77
%
Y = a/x+b/Jx+c  170x10~% ~147x10~2 292x10™2 94
1~ =a+blogx -314x10% 636x10% 13
v =ax+b{R+e 379x10% ~160%10° 149x10° 40
10 plot block
F 2
Y = ax-b 181x10-5 -275x10~2 93
%
Y = a/x+b/Jx+c 23x10-4 ~135x10-5 196x10-6 99
5 %
Y~1=a+blogx -238x103 660x103 56
<%
Y-1=ax+b{xX+c 124103 ~344%103 2%2x103 76
15 plot block
' * %
Y = gx-P 2B80x10™5 ~125x10—2 95
L-X
Y = a/x+b/JT+e  25x10-4 ~174%10=5 %12x10-6 99
¥
Y~1=a+blogx -169x107 497%103 70
- 3]
Y~-1=ax+bJX+e 7359x102 -164x103 833x102 a8
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Teble. 4.16
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Different models fitted to CV along with the RZ values for Hethod I1
after arranging with Canopy spread

T gy . - -

a b C Réﬁ—
Without blocking s
Y = ax~P 0.819 . ~0.239 97 .
Y = a/x+b/Vz+c  0Q.117 0.4735 0.323 99*;
y-1= atblogx 1.175 0.939 98
Y=1= ax+byx+e -0.119 0.946 0.330 991*
5 plot block
#* %
Y = ax” 0 1.206 -0.571 85
Y = a/x+b/Jx+c -1.081 2.373 ~(.309 85*%
Y~ 1=a+blogx 0.244 2.9856 75**
v~ 1 zax+ by e 0.358 ~0.5T1 1.333 91**
10 plot block
*#
Y = ax-b 1.042 -0.539 89
Y = a/x+b/Jx+c -1.384 2.590 -0.378 93**
Y~1=p+blogx 0.488 2.913 85**
Y~1=ax+b(x+c -0.003 1171 -0.297 90**
15 plot block
&R
Y = ax~b 1.105 ~03541 80
Y = a/x+b/Vz+ec ~0.291 1.146 0.011 86**
v~ ! =a+blogx 1.056 1.875 69i*
Y-1=ax+blz+c ~0.427 2.829 -1.645 78ﬁ*
T Significant at 1% T
* Bignificant at 5%




Table. 4.17

Different nodels fitted to /8/ along with the
after arranging with Trunk girth

a
Without blocking
Y = ax"b 48x10'5
Y = a/x+b/Sx+e  154x%1077
Y-1= atblogx ~397x106
Y-1= ax+bix+c 284x106
5 plot block
Y = ax=b 25x10-4
Y = a/x+b/Yx+c  240x10-4
Y-1=za+blogx -173x1006
Y-1=ax+b/X+e 173x106
10 plot block
Y = ax~P 30x10~4
Y = a/x+b/{x+c  145x1074
Y‘1=a+blogx -246x105
Y~1zax+b/R4c 211x10°
15 plot block
Y = ax~b 388x10-5
Y = a/x+b/Jx+c  154x10-4
Y-1=a+blogx -204x105%
Y-1=ax+b{x+c 168%105

A e Pl St T e wprer e e . gl

** Significant at 1%

* Significant at 5%

A S i  — 2o S o S o b Sl - S

R veluwes for Method IIT

b c

-431%10~°

~136x10~2 ©  273x1078
958x109

1012107 827x106

-514x10-2

~212x10-4 427x10-5
362x106

-704x106 635%106

~471%10~2

-125x%10~% 247x10~2
551x10°

-814x107 707107
-471%10-2

~135%10~4 269x10-5
ABOX10%

-641x105 55Gx105
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98
97
46
92

%

3

* "

* %
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Table. 4.18

Different models fitted to CV along with the R® values for Method III
after: arranging with Trunk girth .

——— —— - - = — -

a b ¢ R2
Without blocking
) ' %
Y = ax~P 0.804 ~0.493 98
. &%
Y = a/x+b/Jx+c  '0.564 0.421 0.089 99
. * %
y~1= a+blogx  ~ 0.901 2.973 g7
%%
v-1= ax+b(F+c ~0.153 1.913 . =0.641 98
5 piot block . . -
- ‘ - *%
Y = ax~P 1.694 -0.809 75
. . **
Y = a/x+b/Ix+c  -1.078 2.769 ~-0.466 77
, . b L 4
y~1=a+blogx ~0.807" 5.131 64
. ) * 3
Y-1=ax+b{X+c 1.048 ~3.088 - 5,283 es
10 plot block ‘
_ : : * &
Y = ax-b : 1.260 -0,.680 92
o
Y = a/x+b/{x+c -0.822 2.350 ~0.404 89
% ¥
Y-1=a+blogx 0.246 3.602 g0
# . £
v~ 1zax+b(X+e ~0,2%5 2,577 -1.914 91
15 plot block
‘ =
Y = ax~P 1.214 ~0.652 97
. : ¥
Y = a/x+b/JX+c  0.473 ' 0.8%6 ~0.042 99
L. X3
y-1=za+blogx 0.316. e 3,405 g5
. . LX)
v-l-gx+b fx+o -0.150 2.074 ~-1.335 97

#* Significant at 1%

* Significant at 5%



Table. 4.1G

Different models fitted to /8/ along with the RE values for Method III
after arranging with Canopy spreed

Without glocking

Y = ax~P

a/x+b/[x+c
Y": a+blogx
Y-1= ax+b{Fre
'2 plot block

Y

Y = ax—b

Y = a/x+b/[X+e

Y-1=a+blogx

Y-1=ax+bJE¥c
10 plot block
..... 5

¥'= ax
Y = a/x+b/{x+c
Y‘1=a+blogx
Y-1=ax+b{X3c
15 plot block

T = ax-b

Y = a/x+b/{x+c
Y~1=a+blogx
Y-1=ax+b{x+c

Wi S o S TP e — S .

Ay s e wtmnt

150x10~6

1541077
-237x10°

196106

48x10-4

180x10-4
-298x105
228x106

14x10™4

344x10-5
~5402105
464x105

522x10-6
307x10-~5
~598x105

- 468x105

b 4]

~439x10~2

~136x10™> 271x10~8
546x108

~744x106 641x10°

~561%10™2

-158x10~4 38%10~4
659x106

-853%106 711x106

—463x10-2

-29%x10-5 5753106
1202106

-180x106 156x%106

-438x10—2

-269x10-5 5%6x10~6
137x106 '

-174x106 1477106

Pt e e e sy e

———— T o f—— . A 3

% °ignificant at 1%

* Siganicant at 5%

'
4

——

*%

96

*%

95
41

=¥

8



Table. 4.20
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Different models fitted to CV along with the RZ values for Method III
after arranging with Canopy spread

— v A,y G S P G S Wy S " T S S v der Sl S S

8, b C R2
Without blocxing
# %
Y = ax~P 0.815 -0.517 96**
Y = a/x+b/\[X+ec  0.351 0.452 0.070 98
oy . +* %
Y~-'= a+blogx 0.796 3,274 90
W
v-1= ax+b{x+e 0.027 1.410 ~0.167 92
95 plot block
=
Y = ax—? 0.898 , -0.656 67
*®
Y = a/x+b/\x+c  0.962 -0.127 0.159 . 91
Y-t=p+blogx ~-0.086 5.775 32
Y-1=ax+bJx+c 0.260 1.017 ~0.248 35
10 plot block
% 5
Y = ax-b 0.916 -0.572 a2
&%
Y = a/x+b/[x+c -0.527 1.514 -0.174 &5
¥ %
Y-1=a+blogx 0.420 3 826 75
¥ %
Y-1=ax+bVx+c 0.33%5 -0.128 1.17 83
15 plot block
' E X
Y = ax~b 0.822 -0.535 92
X
Y = a/x+b/{ x+c  0.149 0.665 0.017 96 .
, <% 3
Y-t=a+blogx 0.659 3.595 83
kL 3
Y-1=ax+bx+c C.160" 0.629 0.584 90
** gjpnifieent at 1% B Tt

* Significant

at 5%
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DISCUBSIOR

Determingnt of the scatter matrix hed been used as a

measure of varietion in oDultivariate cass Dby various
workers. This meagure of variation depends on the units of
measﬁrement and magnitudes of the obzervations. Ilence it
T is not‘suitable for cbmparison of variation of plots of
-different sizes. Therefora the matrix of relative
dispersion wes defined. Fach element of this matrix is
unit }fée and hence the determinant. Thus /8/ facilitates
comparison of plots of different sizes in the multivariate
case just as coefficient of varlation in the univariate
case. Hence it was used as a measure of variation iﬁ the

present investigation.

Three different methods of plot formation were
considered in the present investigation; The third method
was a slight wmodification of the second method propozmed
by Shrikande (1958). This modification waa suggested in
order to make maximum heterogeneity within plots so that
pmaximus homogeneity 1g attained smong plots. The obﬁimum
plot sigzes arrived at Tfor dirferent Dblock sizen by
different mnmetheods gnd the coapariscon betveen the three

mathods of plot formation are discussed below.
Hethod I

Hultivariate cass

In the case of without blocking, =ingle tree plois

-1



vere found to be optimur on all the three conaiderations.

For blocks of size five,single tree plote were found
to require minimum number of treez to achieve five percent
error where &8s nine tree plots gave maximum efficiency and
three tree plots were optimum by the method of paximun

)
curvature. !

Though nine tree plots had maximum efficiency(65.99),
it’;equired at least 18 trecs to achieve five percent orror
wvhile single tree plots needed only six treesz to achieve
five percent error and had efficiehcy (66.5) very nearer
to that for nine %tree plots. Similarly thré; tree ﬁlots
had very low efficiency and‘required 18 trees to achieve
five percent orror. Hence asingle +tree plots can be
recomnmended fo; experiments with blocks of gsize five.

For blocks of size 10, two tree plots were found to
require nminimum nunber of trees to achieve five percent
error and geve maximum efficiency. Optimum was found to be
18 using model II while single tree ploté vere found %to be
cpbtimur using Smith's wmodel by the method of maximum
curvature. Two tree plots can be recommended on

aconecric considerations.

Foer blocks of gize 15, single tree plots were found to

be optimnm on 2ll the three conusiderations.

Univoariate case

In the case of without blocking, single iree plots
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were found to require minimum nunber of trees to achieve five
percent SE a2nd had maximum efficiency where as two tree
plots were found to be optimum by the method of meximum

curvature.

In the case of two tree plots 378 trees were reguired
to achieve five psrcent standard eorror. BPut for =ingle
tree plots, 305 trees were ne¢eded to achieve Tive percent
gtandard errér. .Hence single tree plots mey be used for

experiments when no blocking ic adopted.

When blocking was edopted, 12 tree plots were found to
requires minimum number of trees for blocks of slaze five,
12 tree plots for blocka of size ten and 10 tree plots for
blocks of 15 plots. DBut single tree plots had rmaxioum
eifficiency as well ac optimum by the method of meximum

curvature for all the three sizes of bloeks.

Blocking was found to be effective in this method.
single tree plots were found to be optimum in wmultivariate
cense while 10 "tree plots were found to be optimum in
univariate case with respect to the ninimum experimental

materiel for specified precision
fiethod II

Multivariate case

In the case of without blocking, single tree plots

were found to require minious number of ftrees to achieve



fivé percent error and had mnaxipum efficiency when the
trees were arranged by trunk girth or by canopy spread.
Three tree plots were optimum by the method of mexisum
curvature under both arrangements. Sinqe single tree plots
required far less number of trees compared to three tree
plots, single tree plots can be used for experimenis when

this method is adopted.

For blocka of size five, two tree plots were founé %o
require ninimum number of trees to achieve five percent
error and they had maxinue efficiency wunder both
arrangements. By the method of maximum curvature, single
troe plota were cptimum vhen arrangement was by girth while
13 tree plots were optinun vhen arrangement was by spread.
Adoption of two tree plots in experiments will drastically
reduce the number of trees-compared to single tree plota or
13 tree plots and hence the cost. Therefore two tree plots

can be recompended in this case.

FPor blocks of size ten, the ninimum number of tress
required to =achieve five percent error was for 11 trece
plots when arrangement was by girth and for single tree
plots when the arranéement wvas by gpread. Eleven tree
rlots were found to give nmaximum efficiency when
arrangement was by girth whereas six tree plots gave

maximum efficiency when arrangement was by spread.

Since the optimum plot wsises arrived at by different

methods were not in agreement in either arrangements, a

-
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general recommendation could net bhe pade here.

In the cage of blocks of size 15, eleven tree plots
required minimun number of trees %o achieve five percent
error and gave maximum efficiency whereas single tree plots
were optimum by the method of maximum curvature when the
arrangement vas by girth. EFleven tree plots can be used in
thia case because of drestic reduction in total number of

trees and hence in cost,

*

When the arrangement wvas by spread, six tree plots
were found to reguire the miniﬁum nunber of trees to
achieve five percent error and gave ameximum efficiency
where ae four tree plois gave optisun by'the method of
maximum curvature. O8ix tree plois may used for experiments
with blocks of size fifteen in this case as consideration

of reduced cosat.

Univariste caso

-

In the case of wifhout blocking, =ingle tres plots
were optimum on all the three considerations under both

arrangements.

For Dblocks of sizes five 2and ten =a genersl
recommendations could not be mads beczuse the optimum plot
gsizes arrived ait by different methods were not in agreement

with either arrangenments.

In the case of blecks of sime 15, @ix tree plots were

found %o require minimur nunber of trees to sehieve Tive
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percent error under w»oth arrangements. But single =xree
plots were optimum by the method of maximum curvature and
gave maximum efficiency. 8Six tree plois ray bte used for

experiments because of the reduction in the cost.

Blocking was found to be effectve in this nmethod. Two
tree plota were found to be optimum in multivariete case
while @ix tree plotes were found tc be optimum in univariate
cage with respect to the minimum experimental material Tor

gspecified precision.

Method I1I

Multivariate case

J8/ valneé for different plodt siszes were very low when
blocking wes not adopted compared to those of blocks of
different pizes. In other words blocking was ineffective
under bhoth arrangements. Arrangenent with girth resulted
in smaller /3/ values for all sizes of ploté and blocks
compared to that with spread. Therefore cpntimunr plot sizes

for no blocking only is discussed hers.

finimum nusber of +trees - required tc achieve five
percent error was for two tree ploizs (total six trees) when
the arrangement was by girth and for four. tree plots (total
aight trees) when the arrangement was by apread. Optimum
plot siges arrived at with respect to maxinum efficliency as
well ae by the method of maximum curvature was for larger

plot siges when arrangement was by girth and for smeller
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plot sizes when the arrangement was by spread. Adoption of
larger plot sizes, although will achieve more precision,
two tree plots will be quite sufficient for all practical

purposes because of the minimum cost.

Univarliate -capse

In the case of without blocking six trée plots were
found to require minimun number of irees to achleve five
percent standard cerror where as single tree plots were
optimum by the method of maxipum curveture and had maximum
efficiency, whén the arrangement was by girth. 8ix tree
plots requiring least cost . can Dbe rocommended for

experiments in this cese.

When the arrangement was by spread, 15 tree plots
were found to require minimum number of trees 10 achieve
five percent error vwhere as single tree plots were found to
have maximum efficiency. But 8ix tree plots were optipum
by the method of maximum curvature. Fiftean tree plots

nay be used ‘for experiments in this casc.

Por blocks of asize five, 12 %tree plo%s werc found to
require nminimum number oi trees *o sachieve five percent
error vhere as two tree plots gave naximum efficiency when
the arrangement was by girth. DBut when the arrangement was
by spread, twelve +tree plots wvere found opiimum with
respect to the number of trees reguired to achieve five

percent error and also gave maximum efficiency. But single
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tree plois were optimum by the method of method of maxipun
curvature. Twelve tree plots can be used os optinum under

both arrangements because of the drastic reduction in cost.

In the case of blocke of sizes 10 and 15, n gencral
recommendation was diffiecult because of the differences of

the optimum plot sizes arrived at by different approaches.

Blocking was found to be tneffective in this method.
Two tree plots were found to be optintum in multiveriate
case while 15 +tree plots wvwere found to optimum in
univarizte case with reapect to the minimum experimental

material feor a specified preciaicn,

Comparigson of diffcrent methode

/s8/ in rnultivariate case and coefficient of
variation in uhivariate cagse were fcund to be low for all
plot sizes wvhen no 1Ublocking was adopted 1in nethod
IIT compared to those in methods I and 1I. In other words,
method III is a more efficient nmethod of plot formation
then metheds I and II. Blocking was found to be effective
in I end II methods of plot formation as the coefficient of
variation or /8/ decrcased for salmost sll the plot sizes

vhen blocking was adopted.

When blocking was sdopted in methed ITI, there was no
subatantial reduction in the value of /S/. Hence DYlocking
wae ineffective in this method. In univeriate caee, for

certain plot sicges, the ccefficient of variation decreased
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and for many of the plct sizes, it increased. Therefore,
one can not say on the effectiveness of blocking in

general.,

When the experinent is t0 Dbe plenned in an
established garden, the third method can be adopted. The
main aim of this methed of plot formation is to increease
variability within plots and thus achieve homogenity among
plots . Experiments, forwhich fresh planting is to be

done, methodI with blocking can be recommended.

As regards the different methods of determination of
optinum sizes of plots, that requiring minimum number of
trees for a specified precision is to be prefed over the

others on economic consideration.

In the present investigation, blocking was done just
to make the totel number of trees in every block to be the
sane. If blocking is done Jjudiciousiy, i.e., by proper
stratification of the trees, blocking iz likely to becowme
more efficient. Pre-treatment yield would be 8 good
covariate for experiment with Cocoa rather than .the trunk
girth or canopy spreed since they had only very feable
relationship with yield.
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‘SUMMARY

Determination of optimum size of experimental unit
based on simultaneous congideration of wnore than one
charzcter vas attempted for the first time. The mnatrix of

relative dispersion of'p' charzcters, X;, i=l.......p was

1!

defined as S=(Sij) where
55 =B (X; 0K NX.Z:) / HE,Xs 1,3 = 1,2
13 1%%_'ik jie — kg Zi%5 1.3 = 1,2,....p,
<=1

Xy 1s the observation on ith character of the gth unit,

Xy is the mesn per unit of the ith character and

N is the total number of units.

/8/, the deterninant of relative dispersion matrix was
proposed as e measure of variation Tor conparison of plots

of different sizes in the multivariate cage.

The material consisted of 738 Forestero variety of
cocoa trees grown in the Kerala Agricultural Development
Project(XADP) farm, Vellanikkara of the Kerala Agricultural
Univergity. The following three methodn of plot formation

were used in the present investigation
Hethod I

The whole set of +trees were divided into compact
blocks of different sizes and plotz cf cne to fifteen trees

vere formed by combining adjacent trees in the field.
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Hethod II

All treses wvere arranged 1in descending order of
_magnitude of trunk girth- and of the canopy spread
separately and were divided into blocks of required size.
Plots of one to fifteen trees were formed by combining
ad Jacent trees in the 1list 1in each block for each

arrangement.

Method III

The trees were first_arrgnged as decribed in Hethod
‘II. Plota of different sizes were formed by the Tollowing
procedure. Let there be nk trees in o block. Divide the
nk trees inte 'n' groups of 'k' trees bearing continuous
serial numbers each. When 'n' is even, the i*M plot was
formed by combining i®! tree from each of the firat 'n/2!
groups and(k—i#ﬂSt tree frem each of the remaining 'n/2!
groups. In other vwords the treeshaving serial number i,
14k, i+2K,eeees..14{{(n/2)-1)k, ((n/z)n Yk~141,4 0000 nk-1+1

form ith plot in oeach ©block, were 1=1,2,%,¢ce+4n.

When 'n' ic odd, iR plet was formed by combining the
ith tree from each of the first((n+1/2) groups and (k-i+1°%
tree from each of the remaining ((n-1)/2) groups, where
i=1,2,..2s.n. In other words the trees having serial number
1, i+k, Ceesseasei{{n=1)/2)x, ((Cnt1)/2)41 Jk=141,
(({(n+1)/2)+2)k~i+1,.....nk-i+1 form ith plbt in each bleck,

where i=1,2,3,......0.



0f the threec wmethods of plot formation, HMethod III,
proposed in this investigation was found to be superior to
Hethods I and II for expariménts in established gerdens.
Blocking was found to be ineffective  in this method.

Blocking was found to be effective in I and II.

Optimum sizes of plots were determined by following
three different conpiderations TfTor different block sizes

under each of the three methods of plot formation.

(1) Optimus fplot size is that which requires wminurum
experipental materiel for a specified precision. For the
purpose, the number of replications to achieve P% error in

multiveriate case wvas proposed as
r = /s/ 1/p/(»/100)2

(2) - Bfficiency mper—trse for plot of x trees was taken as
1/%CV where CV is the coefficient of variation for plots of
X trees in univariate case and 1/x,@ /8/ in multivariate
case. That s9ize which has maximum efficiency was

considered as optinmum.

(3) Oprtimum plot size 2lso was obtained %y the calculus
method of maximum curvature, using best of four emperical

models;

0f +the three approaches, the first approach was
reconmended on economic considerations. The third method

of plet formation without bYlocking was recommended for



experiments in established gardens with two tree plots and
the first method for those with fresh planting with single

tree plots in small blocks.
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AB3TRACT

A procedure to determine coptimum size of experimental
units in the multivariate case was proposed. For the
purpose, the matrix of relative dispersion was defined and
ite determinant was used as the measure of variation for
comparison of plots of different sizes. This procedure was
ililustrated with the help of observations on three
characters of 738 trees of 'Forastero’ variety of cocoea
raised in +the KADP farm of the Kerala Agricultural
University, Vellenikkara. ODptimum plot size ealso was

obtained in the univariete case.

The following +hree different methods of plot

formation were used in this investigation.
Method I

The whole get of trees were divided into compact
blocks of different sizes and plots of one to fifteen trees

were formed by combining adjacent trees in the field.

Method II

All trees were arranged in descending order of
magnitude of trunk girth and of the canopy spread
scparately and were divided into blocks: of required sisze.
Plots of one to fifteen 4trees were forred by combining
ad jacent +trees in the list in each block for each

arrangenent.,



iethod III

The +%rees were firet arranged in descending order of
magnitude of each character and they were divided into
blocks of required size. Plots of different sizes were
formed with—in each block by the following procedure. Let
there be '‘nk' trees in a dlock. The nk trees vere divided
into 'n* groups of 'k' trees each bearing continuous
sariel numbers . When 'n' is even, the jth plot was formed
by combining ith tree from esch of the first 'n/2' groups
and (g—ifyst tree irom each of the remazining 'n/2' groups,
vhere i=1,2,....n. Vhen 'n' ig odd, ith plot was formed by
combining the ith tree from each of the first ((n+1Y2)
groups and (k~i+1®% tree from each of the remaining {{n-1)/2)

groups, vhere i=1,2,.....0.

0f +the three mnethods of plot formation Hethod III,
which was proposed in this study was found to be superior
to Methods I and II for experiments in established gardens
and Method I Tor experiments for which fresh planting is

required

Optimun size of plote were algo determipad by three
different methods viz.,
{(a) that which requires mininmup experimental naterial
for & specified precision
(b) that which has meximum efficiency and
(¢) . that for which the best fitting model has maximum

curvature.



0f these three methods, the fi}st one was found to be

superior to the other two on cconomic ccnsiderations.

Two +tree plots were found %o be the optimum in
multivariate case and 15 +tree plots in univariate case
when plots were formed by mwethod III, without blocking,

after arranging with trunk girth.



