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CHAPTER ONE

INIRODUCZTIION AND SUMMARY
\\ The Importance of increasing the production of frult
crops hardly needs to be emphaslzed especlally in view of the fact
that the per capita production and avallabllity of frults is very
low, It 1s, therefore, necessary to formulate sultable development
programmes for increasing the production of fruit crops. However,

this 1s not possible 1n the absence of comprehensive and reliable

statistlics regarding area, gig}g‘rates and cultivation practices

of frults, The present position 1n regard to statistics of acreage
under lime, like other fruit crops is not very satisfactory, §b far
as yleld statistics are concerned, no reliable information ié
avallable regarding the average yleld per tree, The total p;oduction
is estimsted by the official agency on the basls op normal yield
of 12,000 lbs per acre and 1s entirely based on subjectlfe judgemert
and has hardly any relevence so far as the yleld for a particular
year or tract under varied soll and climatic conditions is concerned,
In order to fill up the lacuna in agricultural statistics and
supply sound basés for the plenning of development in horticulture,
the Indian Council of Agricultural Research lnitiated a serles of
sampling investigatlons on a coordinated basis on ilmportant fruit
crops., The maln objectives of these sampling investigations were

(1) to evolve a suitable sampling technique for

estimating wlth a desired degree of precision,
the average yleld rate and annual production,

(2) to estimate the area under fruit crop with a given
degree of precision,

(3) to collect reliable data on manurisl and cultivation
practices of the crops as practised by the cultivators,

One such investigation was carried out in 1963-64, to
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study yleld rates, production and cultivabion practices of lime
crop in Nellore-district of A.P. Nellore is one of the.most
important centres in Andhra Pradesh growing lime crop in systematic
and well-cared orchards, Out of 13 Talukas in the district, lime
is grown in five southern talukas viz, Venkatagiri, Rapur, Sulurpal,
Kovur and Atmakur., The sampling designh adopted for the lims survey
may be described as stratified two phase three stage random sampling

with talukas formfhg main strata, villages as primary units of
sampling, orchard; as secondary units of sampling and cluster of
trees as ultimate units of sampling, The survey was designed to

collect information concerning:

(a) Extent of lime cultivation as indicated by //

(1) area under the crop /'

(ii) Total number of bearing and young orchards'é

(iii) total number of trees under bearing and non-bearing

]

categories /
(b) Yield per tree both in terms of weight and number
of fruits during the entire harvesting period
{(c) Cultivation practices such as spacing between adjacent
trees, method of planting, frequency of irrigation,
manuring and other cultural operations as followed by
the cultivators, incidence of pests and diseases of
lime crop,
From the point of view of inspection and supervision
of field work, availsbility of sampling frame and administrative
considerations, geographical proximity was adopted as the basis
of stratification, Talukas were, therefore, taken as strata,
Allocation of sémpling units to different strata was made roughly

in proportional to the reported area under lime in the stratum

subject to a minimum of four units per stratum, Table below
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gives the area reported under 1ime, the number of villages reported

under lime and the allocation of the sampled villages to the

"different strata for the purpose of enumeration & yleld study,

[ 1

T 1 T - 1
' Taluka 'Area tNo., of * No, of ' No, of !
! ‘under  ‘'‘villages ' villages ' villages !
! 'lime 'in the ! selected ! selected for '
t *(in ha) 'Taluka ! for the ' the study of !
J ! ! ! study of ! yleld t
r ! r 1 ' extent of ' !
! ' ! t cultivation ! !
t ! t 1 t 1
' 1 1 ! 1 T
* Venka- ' 836 vt 141 ' 33 ! 16 L
t tagiri ! t 1 1 1
1 ! 1 | T )
¢ Rapur ' 438 ! 70 ! 20 ' 10 !
t 1 ! 1 ' 1
! Sulur- * 214 * 26 ! 12 ' 5 !
! pat L t 1 1 J
1 1 t t ] !
! Kovar ! 63 ! 25 1 10 1 7 '
1 t ] t t ¢
! Atma- ! 89 t 42 ' 11 ! 7 )
! kur 1 t 1 ] ]
1 1 t 4 1 L
I 1 ] L] ] t
, Total , 1613 , 304 86 . 46 ,

The five talukas under survey together comprise of 732
villages of which 304 villages were reported to be growing lime,
A sample of 86 villages was selected and the selection of
villages withlin each stratum was made with probabllitiles
gigpgztional to area reported under lime during the year 1961-62,

All the selected vlillages were completely enumerated to obtain
information regarding area, number of orchards and total number

of bearing trees, Oul of the 8 selected villages a sub-sample

of 45 villages was retalned for yield study, Four orchards were
selected at random in each of the selected villages and in each

of these selected orchards a sample of twelve trees was selected
for the purpose of yield study. The selectlon at second and third

Stages was made with equal probabilities and without replacement.
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The main object in this investigation 1s to make a
eritical study of the data collected in the survey on lime erop
with a view to obtain some guidance in the’ planning of surveys
of fruit crops, Some of the moSt important problems requiring
considerable thought and study in the planning of surveys ares

(1) Principle of stratification |

uﬁii) Determining optimum number of strata
vfiii) Datermination of optimum polnts of stratification
A1iv) Allocation of sample size to different strata
(v) Cholce of sampling unit
(vi) Determination of number of stages and cholce
(vii) Brobability scheme of sampling at each stage /
(viil) Double sampling in relation to cost ,

(1x) Best estimation procedures for various characters

under study.

(x) Determination of optimum semple size etc. o

This will naturally involve the best possible use of
all the ancillary information available from past surveys. The
idea is to utilize all this information taking into consideration
the various factors mentioned above in such a manner that it is
possible to estimate the various charscters under study with
‘maximim preclsion,

Chapter II deals with the determination of optimum

points of stratification and four different methods for determining

the strata boundaries have been compared, The problem of determination
of the optimum number of strata has been studied here, Also the |
problem of allocation of sample sizes to the different strata with E
a view to estimate the total production and the number of bearing |
trees with maximum precision is considered in this chepter, In

chapter III the relative efficiency of the two sub-sampling designs,
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one with villeges as the primary unit of sampling, orchards as

the secondary unit of sampling and a cluster of trees as the

-
y

ultimate unit of sampling and the other villages as the primary
unlt of sampling and a cluster of trees as the secondary and
ultimate unit of sampling, has been discussed& Investigation

of the efficiency of adopting varying probability sampling

at the first stage as compared to sampling with equal probability
for astimating simulfaneously several characters such as yield
rate,total production, number of bear¥ng trees etc., has been made
in chapter IV{X In chapter V theory has been developed for a |
generallzed ratio-type estimate of everage yield per-treé.

The estimate considered is of Ehe form C
i -

where the numerator represents the estimate of the total production
and the denominator represents the estimate of thé total number

of bearing trees., Ten particular cases of thils generalized ratio-
type estimate have been considered for determining the best
estimation procedure for average yleld per tree among them,

Theory for a Generalized Double Sampling Estimate of total
production has been developed in chapter VI, Efficiency of double
sampling singly and in reletion to cost has also been studied

here, The important problem of finding t#e best walghts for
obbaining an over-all estimate of average yield per tree for a

stratified population has been considered in the last chapter,
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CHAPTER _TRO

o emm mm G e RS G e e e e Sew v Eme

1. DETERMINATION OF OPTIMUM POINTS OF STRATIFICATION

Stratification can be used to lncrease the reliabillity
of sample results, The amount of increase 1ln precision of sample
estimates accomplished by stratification will depend on the
degree of homogeneity that 1s achieved within strata, or, saying
the same thing in another way, on how much of the variability in
the characteristic being estimated 1s reflected 1n the differences
among the strata., This in turn depends on how effeifively the
strata have been definded, ,

The determination of the strata 1s a matter in wh;;h
effective use can be made of prior knowledge, persohal iﬁtuition,
and judgement, as well as of objective statistical information
that may be avallable, Whether objective information is avallable
or not, the final determination of the strata is a subjective
matter, in which the decisions must be Judgements, Statistical
theory does not provide a general serles of procedures or steps
for determining the one best set of strata, It does provide some
gulding principles and gives a method for comparing and choosing
among alternatlives,

The most effective varisble on which to stratify woﬁld
be the characteristic to be measured and since in practice this
is not feasible, stratification on the basis of variable highly
correlated with the one under study 1s expected to result in
substantial reduction of the verlance, Howegver, the cost of
accomplishing the stratlfication must be taken into account, and
this may lead to adoption of simpler stratification %technigues,

On the other hand, stratificatlion might be carried out

on the basis of a casual external inspection of the different
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units 1n the population, Another source of information for
stratification might result from records of one sort or another that
might be avallable on individual units, Examples of more objectlve
approaches to the problem of stratification are the methods for
setting up boundaries of strata desighed by Dalenius, Gurney and
others (1953, 1969, 1959, 1948),

/' Let yo,yl, ¥ be the polnts of stratification,
the strata being numbered 1,2,,...... X and let 4, .o be

the mean and standard deviation of the t- th stratum and Py = §;ﬂ

the proportion of sampling units in the t- th stratum,
With stratified sampling the usual estimat9 of the
population mean is
e = 2 hn S |
where ynt is the sample mean in the
t- th stratum, \
and its variance is given by
V( Fsg) = j Bt( G- B, ) 06 eeenees 2
Dalenium (1951) has shown that under proportional alleocation
when ng is proportional to Py the optimum points of stratification
are obtained by solving the set of simultaneous equations
Yg = (A + A ) see (P=1,2,.0000,k-1) ... 3
As/, and /., are themselves functions of the stratification
points, the optimum points of stratification will have to be found
by some iterative method, such as the one suggested by Sethi (1963).
This method is perfectly general and can be used directly in
actual problems,

SEIHI'S ITERATIVE METHOD

(1) Start with some arbitrary set of points

' t 1
V1 292 * Vi1
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(11) <Calculate the proportions and the means for the
strata defined by this set,
(1i1) Replace the initial set by

yi= ¥ (kg + Ay

(1v) Repeat the steps (ii) and (iil) ti1l two consective
sets are either identical or differ by negligible
quantities.

It has also been shown by Dalenius (1951) that under Neyman
allocation where ny is proportional to ptcri polnts of
" stratification satisfy the equations
% +-(Yt—At )2=°Eﬂ+ (Yt-!uﬂg..“.ﬁ.. 4

T
GZ. Lo

( t=1,2, .., k-1)

These equations cannot usually be solved unless the number of
strata is small. Attempts have therefore been made tp find
approximations which are given below: /

(a) Equalization of Strata Totals

Hansen, Hurwitz and Madow (1953) suggested that under
certain conditions a very simple rule may give optimum points of
stratification. This rule is to meke strata totals equal. The
condition under which it gives optimum points of stratification
1s that within strata coefficients of varistion are egual and
remain sbout the same on adjusting the strata sizes. This rule
cannot be of general validity, sihce the boundaries which it
gives are changed 1f the origin of the scale 1s changed, whereas
the correct solution is invariant under change of origin,

(b) APPROXIMATION SUGGESTED BY DALENIUS & HODGES (1959}

Let f(y) be the density function of the variable under
Study. According to this approach, the values of A/ £(y) are

cumulated, If the cumulated total over the whole range of'the
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variable 1s H, the first approximates to the optimum points of
stretification are given by
tH
k
A proof justlifying this approach and its illustration is glven

g < t& 1,2y eevee k-1
by Dalenius & Hodges (1959).

In practice, we come across discrete distribution
with unequal class-intervals, the intervals becoming wlder
towards the uppear end of the Y scale., When the intervsal changes
from one of length d to one of length ud, the value of .j £(¥)
in the longer interval must be multiplied bzvéz_when forming

cumulative /£ .

/
(c) EKMAN'S RULE !
Ekaman (1959) suggested making /
Py (Yt - Yeq ) = Constant

In this method we equalize the product of the cupulative frequency
within the stratum and width of the stratum. Thils method is a

little troublesome to apply, because the value of

A
LPl Ve = Vg ) 1s not constant, depending both on
kX and on the positions of the boundaries, Hence for given k, 1%

1s not at first clear as %o what figure we should try to equate

Py o yt - yt-l ) in the individual strata., A rough guide suggested
by Ekmsn is to compute the product for k=1, For Xk strata, the

constant value per stratum is approximately ,E§ s where Q=(cum £).
k
(.Vk"'yo).

(d) DURBIN'S RULE

’l
Let F(y) Dbe the cumulative distribution of the varilable
under study., Form a rectangular distribution

F("'JA:)
) = 2

where Y and y are the highest and lowest values of
o

over the same range
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the variate in the population., The stratum boundaries are then

obtained by taking equal intervals on the cumulative of

’

P {r e+t m]

This rule amounts to forming the strata by taking equal areas
under a frequency distribution with density half-way between the
original distribution and a rectangular distribution,

1.2 DETERMINATION OF OPTIUM NUMBER OF STRATA

There 1s a practical limit, often reached very early,
as to the number of strata that can be introduced, since at least
one unit must be included in the sample from each stratum,
Although some (and sometimes wvery small) reduction in vagfiance
may be expected by stratifying deeper and deeper, th% i;rst few
strata, 1f they are well chosen, are likely to be most effective
and further stratification may not yield any signifiéant gains,

From the point of view of sampling theorg, if stratification
is carried out to the point of including in the sample only
one unit from a stratum, then there is no way of oblaining a
consistent estimate of the varance of the sample itself,
However, this may not be megarded disadvantage in any particular
problem as methods are avallable for estimating approximately
the sampling variance,

It should be pointed out that restriction to smaller
number of strata puts a straln on the methods of determining the
optimum points of stratification for optimum and proportional -
allocations, most of which depend more or less on the assumption
that the number of strata, is reasonably +large so that within a
stratum the freguency function f(y) can be assumed to be

Tectangular, But some of the methods do vary satisfactorily

even with small number of strata. Although the number of strata

used in practice will vary with the conditions of the survey, there
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are practical advantages in keepling thls humber small, Dalenlus (1957)
has showed that with the best boundaries, the rate at which

the variance V( yst) decreases with increasing nugber of strata

K-1
agrees well with the formula Ve = (
Vi K

varlance when the number of strata is (k-1),

)2 s where V

ka1 is the

1.3 ALLOCATION CF SAMPLING UNITS AMONG THE STRATA

It is not true that any stratified random sample gives
a smaller varlance for the estimated mean or total than is given
by a comparable simple random Sample, If the distribution of the
sample among the different strata is far from optimum, stratified
sampling may not prove efficient, Hence proper allocation of
sampling units is very essential,

Tschupre (1223) and Neyman (1934) established an
important result that in stratified rsndom sampling, the variance
of the estimated mean ¥_, 1s minimum for a fixed total size of the
sample, if the number of sampling units ng allocated to the t-th
stratum 1s proportlonal to Proe . This requires knowledge of the
population standard deviations which is rarely available., The non-
avallability of this information forces one to utilize information
on some other auxiliary character closely correlateé with the one
under study or information collected from some previous survey.
Thus instead of optimum allocation one may, in practice, only hope
to get close approximation to it.

In some studies there are several items under considerations
and since the allocation that is best for one item will not in
general be best for another, some compromise must be reached in
a survey with numerous items, If the correlation smong the items
1s high, then optimum allocations may differ relatively little.
1f however this is not the case, it may be desireble to adopt
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proportional allocatlon, Y

1.4 NUMERICAL ILLUSTRATION WITH SPECIAL REFERENCE TO PLANNING
OF SURVEYS ON LTiE CROPS

For the purpose of 1llustration, we shall consider
the problem of stratification in surveys desighed to obtain
reliable estimates of the extent of cultivation, yleld rate, and
total production of lime, The only information available for this
purpose is village-wlse area under lime as reported by the
revenue agency for the year 1961-62 for all the 304 villages in
the tract under survey. Since the area under lime .as reported by
the revenue agency is expected to have high correlation with the
actual area, it 1s desirable to study it with speclal reference
to planning of future surveys.

Using the data oh reported area under lime we shall
first consider the problem of determining thg optimum humber'of
strata under Neyman and proportional allocaﬁions. For this purpose
we shall obtain variances of the estimated mean or total for
different number of strata when the strata boundaries are determined
in an optimum fashion by using the approximations suggested py
Dalenius and Hodges (1959) and Sethi (1963) under Neymah and
proportional allocatlons respectively, The tables below give the
percentage polnts of stratification and the corresponding variances’
for various values of k under Neyman and proportiocnal allocations,

IABLE II. Percentage polnts of stratification and corresponding
varinces under Neyman allocatlion for various wvalues of X,

l_

K| % points of Stratification ¢ AV(Igy)
3t 0-10 10-30 30-100 1 32,4
4% 0- 5 5-15 15- 35 35-100 1 21,0
5t 0- 5 5-10 10-25 25- 45 45-100 t 17,3
6: 0- 5 5-10 10- 15 15- & 30-45 45-100 t 15,1

1
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TABLE III.Percentage points of stratification and corresponding
varlances under proportional allocation for various
values of K,

K : ¢ polnts of Stratification : nv (Yst)
t !

3 ! 0-10 10-40 40-100 t 37,8

4 ! 0-10 10-20 20-50 50-100 | 24.6

§ ! 0-5 5-15 15-30 - 50 50-100 o 1o.4

6 :’0-5 5-10 10-20 20- 30 30~ 50 50-100 ' 16,7

It is clearly seen from the above tables that the variance of

the estimaté decreases with increasing number of strata, The

reduction in variance is considerable as‘K increases from 3 to 4 .

However, the reduction in variance is hardly apygé;iable for

values of K exceedlng 5. Thus 1t does not pay'ﬁo have more than

five strate that one should have for estimating the area under llme.
Next, we shall consider the problem of formation of strata.

Having seen that about four or five is the’ optimum value of the

number of strata, one should have and from other considerations we

shall assume that it has been decided to form only four strata, Using

the data on reported area under lime, the optimum points of stratifi-

catlon as determined by using the various procedures outlined in sectlo

1.1 with Gorresponding variances are given in the table below:

TABLE IV, OPTIMUM POINTS OF STRATIFICATICN,

Type of allocation  Optimum Strata Boundaries ny (¥}
1, Proportional .
allocation 0-104 10-20% 20-50% 50-100% 24,6
2. Neyman Allocation
Hansen-Hurwitz- 0-10% 10-20% 20-35% 35-100% 19,7

Madow approximation
3. Neyman Allocation
Dalenius~Hodges

Approximation O~ 54 '5-154 15-35% 35-~100% 21,0
4. Neyman Allocation 0-10% 10-20% 20-40% 40-100% 17.5
Ekman's approximation

S. Neyman Allocation O0- 5% 5-20% 20-50% 50-100% 2.8
Durbin's approximation :




-3 14 :-

As 1is to be expected, the optimum strata as determined
in the case of Neyman allocation always give a more‘efficiant
estimate than in the case of proportional allocation. Among the
four approximations used for determining the optimum strata under
Neyman allocation, the ohe suggested by Ekman's seems to be the
most efficient one, Since however, the strata have been determined
on the baﬁis of area under lime as reported in 1961-62 and the
distribution of area is likely to change, the question arises
whether the stratification as determined on the basis of
reported area under lime will actually result in substaptial
gains., For-this purpose we will utilize the data collécted In
pllot sample survey on lime carried out in Nellore D;strict,
Andhra Pradesh, during the year 1963-64, In this sﬁrvey, a
sample of 86 villages was selected to determine Fhe extent of
cultivation of lime, Post stratification wascarried out and
estimates of variances are obtained for

(1) Optimum strata determined under proportilonal allocation

(11) Optimum strata determined under Neyman allocation

using Ekman's approximation and
(iii) Strata determined on the basis of geographical proximity,

These results are given belows

(i) Optimum strata determined under n Est V('fst )
proportional allocation: 978,680
(il) Strata determined on the basis of
N geogrphical proximity and proportional
allocation: , 3,337,832
(iii) Optimum strata determined under Neyman
allocation: 506,447

(iv) Strata determined on the basis of geogra-
phical proximity and Neyman Allocation: 2,223,677



-t 15 3~

It is observed that the use of Information on reported
area under lime in forming strata has proved efficient, The
optimum stratification as determined on the basis of reported
area under lime has resulted in substantial gains over the
stratification based on geographical proximity for both Neyman
and propo}tional allocations, The gains are of the order of more
than three hundred percent. The percentage efficiency of optimum
stratification over strafification based on geographical proximity
is 373 under Neyman allocation and 341 under proportiocnal *
allocatlon, Therefore, it follows that if practical chnsiderations
permit, it is worthwhile to stratify the populationsof villages
on the basis of the reported area ﬁhder lime for obéaining more
reliable estimates of the extent of cultivation of lime,

Next we consider the gain due to stratification based
on geographical proximity for estimating the average lime yield
and the total lime production. The relevant formulae for
estimating the gain due to stratification for estimating the average
yleld and the total production are given in the last chapter,
It is found that the percentage gain in efficlency due to stra-
tification for estimating theaverage yield 1s 33,45 while the
percentage gain in efficiency due to stratification for estimating
the total production 1s 47.03. This shows that the device
of stratification has proved efficlent. The gains are more if
th% basis for stratification 1s the information on some correlated
character instead of geographical proxi&ity. The gain due %o
Stratification is more for estimating the total production as
compared to the gain due to stratification for estimating the

average yield, The present survey covered only a district where

We cannot expect much variation in soil and climatic conditions



even than the gain due to stratification 1s appreciable and we
can expect still higher gain due to stratification for large
scale surveys,

Having determined the optimum number of strata and the best
way of determining strata boundaries, we shall consider the problem
of allocation of sample sized to the different strata with a view
to estimate the total production and the number of bearing trees with
maximum precision. For the purpose of this study, we shall consider
the following allocationss

(1) allocation as adopted in the survey. In the sfirvey

the allocation of sampling units to diffefrent strata
was made roughly im proportlonal to the reported area
under lime in the different strata subject to a minimum
of four units per stratum, /
/
(i1) Proportional allocations ngN, where N, 1s the total
t7L .
no, of villages 1is the
t-th stratum.
(iii) Proportional allocations np~Ap Ay being the area
under lime in
the t-th stratum
(iv) Neyman allocation : ng~Nof Y% being the
standard deviation
of the t-th stratum,

In each of thesemses, the actual allocation was
determined by using the data on the auxiliary variable, reported
area under lime, instead of the actual variable under study,

Table (V) below gives the allocation of sample size n among the ,

different strata for different types of allocation: T A B L )

— e e E—

Stratum Allocation as Proportional Proportional Neyman
adopted in the allocation allocation allocation

1. 16 21 22 20
20 M 10 lo 11 10
3. S 4 6 8
4. 7 4 1 1
5. 7 6 S 6

Total 45 45 45 45
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For estimating the total production we shall consider
the ratio type estimate, using the number of bearing frees as
the auxiliary variable, Goswami (1961}, while.for the number of
bearing trees we shall taKe the simple unblased estimate for
the study of allocat;on of sample sizes to the different strata.
The estimates of the variances of the estimated total production
and the number of bearing trees say v () and \ (Bn) respectively
are obtained from the lime survey data, for the year 1963-64
for various allocation%.procedures.
Table VI below gives estimates of variances of the
estimates of the total production and the number of bearing

trees under various allocations and their percentage,efficlencies
!

/

over actual allocation, /
I A BL E VI V
”~ 1 A ! '

Allocation! V(T) o . % Efficiency  V (B,) . 4% Efficiency

: in 10 . over actual )

. . allocation -

! ) . /
Actual :2,090,122: 100 ' 434,198,683 100
Proportional : j 3
to Ny '1,753,135 : 119 | 366,435,200 119
Proportional : X .
to Ag 1,652,523 . 127 343,739,218 ! 126
Neyman 11,782,190 ° 117 ' 370,395,137 ! 117

! ! R

It is seen from the above table that the Neyman sllocation

determined by using the data on the auxiliary variable reported -«
under lime, instead of the actual variable under study has not
proved efficient over proportional allocation for the estimation
of the total production and the number of bearing trees, The per=-
centage efficiency of Neyman allocation determined by ntn-NtGi
over actual allocationh is only 117 for both the cases, On the
other hand percentage efficiency of proportional allocation is

slightly higher, Allocation determined by ng~ 4, seems
L
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to be the most efficient in both the cases and its efficiency
over actual allocation is about 127,

Next we shall consider the Neyman allocation based on the
estimates of strata standard deviations available from the previous
survey. It was found that the Neyman allocation for the study of
yileld hsrdly differed from that for the number of bearing trees,

It follows that in surveys to estimate the number of bearing trees and
the total production, it will suffice to adopt the Neyman allocation
based on the number of bearing trees since this allocation will

also be optimum for estimating the total production, More-over

the st involved in estimating additlonal villages tosdetermine

the number of bearing trees is much less as compar?d to the cost
required for determining the total production. Thus more

efficient estimates of strata standard deviations for the character!®
the number of bearing trees! can be obtained by taking a larger
sample for complete enumeration of wviliages aﬁé thereby obtailning

a more efficient allocation for the yield study.

Finally we shall find the percentasge efficiency of
#hese allocations over the actual one both for the study of

yield and the number of bearing trees. These are given below:

Character under study % Bfficiency
(1) Total Production, 139 )
(ii) Total number of bearing tress, 136

It will be seen that the use of estimated standard deviationé for
the number of bearing trees available from the previous survey
in determining the allocation of the sample size to the different
strata has resulted in further gain in precision in the case of

both the characters, the gain in precision being about 10 to 12%.
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CHAPTER I1T

METHOD OF SAMPLING

P e . — e e m e s

3.1 INTRODUCT ION+

In fruit surveys, the units which suggeét themselves
are a village, an orchard or a cluster of trees, Direct selection
of trees may not be pdssible due to lack of a sampling frame
giving the list of all the sampling units with proper identification
particulars, A list of all the bearing trees in the population
under study may not be available, whereas a list of orchards
or villages may be easily available. Direct selection of
orchards may be scattered all over the region increasing
considerably the expenditure on travel. Bsecause offhncreased
travel 1t may not be possible for the field assistants to
record the yield of all the selected orchards., Also it may not
be the most efficient procedure to select orchards or téees
directly, especially when data concerning thelcharacter under
study or some related characters is available at the village
level, This is especially the case in Andhra Pradesh where
data concerni%g reported area under fruits is available at the
village level from the revenue records, A list of wvillages
growing fruits is also readily available for each %taluka or
district, The villages as the primary unit of sampling,therefore,
appears to be the best solution and also convenient from the
practical point of view.

Since village as the primary unit of sampling seems
to be most suitable from various considerations and it is
neither practicable nor worthwhile to record the yield of the
entire village from the view point of cost considerations, It is

thus essential to adopt a multistage sampling desigp.




Varicus possibilities suggest themselves. One possibllity is
to select a certain number of orchards on each of the selected
villages and ohserve them for the purpose of yield study. This
is however hardly a practical proposition considering the size
of the orchard and the resources available by way of field
staff torecord the yield of thecrop. It therefore seems
absolutely necessary to resort to sub-sampling even at the
orchard level, The design that suggests itself naturally is
therefore a three stage design with village as the primary
unit of sampling, orchard as the secondary unit of sampling

and a cluster of trees as the ultimate unit of Samplingﬂ
Alternatively, we can select clusters of trees directly’from
each of the selected villages, thus resulting in a tﬁo stage
design with village as the primary unit of sampling and a
cluster of trees as the ultimate unit of sampling., We sha%l
therefore consider two sub-sampling designs one #ith villages
as the primary unit of sampling, orchards as the secondary unit
of sampling and a cluster of trees as the ultimate unit of sampling
and the other "with villages as the primary unit of sampling
and a cluster of trees as the secondary and ultimate unit of
sampling, The former 1s desireable on account of operational
convenience, It is alsolikely to be more efficlent than the
latter from considerations of cost although may not be efficient

from the point of view of precision 1f cost 1s not taken into

\consideration.
In order to discuss the relative efficiency of the two

designs, we shall once again consider the data collscted in the

lime survey conducted in Nellore district, Andhra Pradesh and

estimate the sampling variances of the estimated Yleld rate and



the total production of lime., As already mentioned before,

the design adopted for the lime survey was stratified-multistage
random sampling, We shéll consider the data collected in one
stratum only, namely Venkatagiri, 1In this stratum, the villages
were selected with probabilities proportional to reported area
under lime in a previous year whilé the orchards and clusters of
trees were selected with equal probability and without replacement,

3.2 TWO STAGE SUB-SAMPLING AGAINST THREE_STAGE SUB-SAMPLING

Assume that a sanple of n villages 1s selected out
of N with replacement and with probabilities py for.the‘purpose
of observing the characters under study while an addifional
sample of ( ALn ) villages is selected with the S%Pe/scheme for
the purpose of complete enumberation of trees, Frém each of the
n selected villages a sample of m;orchards is selected at
random while from each of the selected orchard% a sample .of bij
trees is selected at random for the purpose of yleld study,

Let
N = total number of villages in the stratum

1

My total number of orchards in the i=th village

{ 1=1,2, seeewey N)

Bij = total number of bearing trees in the j-th orchard
of the i-th village (Jj-1,2.., M; ; i=1, 2...,N)

; 'B l Ly N
B = B.: 3 ., =
1- d:l i J 1. Mi d-‘l‘

py = the probability of selecting i1-th primary uﬁit at

~
eaCh dI‘a’W (i=l,2,oon¢c,N-; Zp{:l)
L=y

13 = B1y / By, |

yijkz the value of the character under study for the

k-th tree of the j-th orchard in the i-th village
( k:l, 2..., Bij)
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i(M )= yi. /M
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¥i(ly)= 2y
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1j ij bij ~ Y1k ? i J 13 y

Estimation of Total Production,

It can now be shown that an unbiased estimate of total

production is given by

1 7 Mi 1 e -—
Z B 2 L] [ BN BN BN BN BN Y ] -
Ly 2 Pag Tag gy ) eeeeeneend

u=

while its variance 1s givEE

1. .
V()= ——%+ f‘”"”) iy ¥ Hmi 1 4 ey By) 5 a] %
where a— = Zépi (75— -y ...)2 .-?
12 _ _l_ i’” — - 2 N
S iy-. Mi...l dﬂ(uij yij "y..&o-) ‘.l ce =
o 1 B‘ - .2

S35y~ Byj.1 kv (yi,]k V3. )

Defining %r n-l ( % 2: 33, gacﬁa) - u_)

it can be shown that an unbased estimate of the
Varlance 1is given by

s2y

ESt V(U) = ~=F eeveeererersonenroccsens 4
If the sample 1s selected in two stages then we shall assume
for the sake of comparison that an equivalent number of trees,
Namely by = osubij , is selected at random from the i-th selected

vVillage, Clearly an unbiased estimate of the total production
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1s given by

t 7 Be.
u LZ‘ _ﬁc‘-dzydk tuol.c.o.S

while its sampling veriance is given by

2z
1 2 B3, 1 1. a2
V(d) =T+ 25, (B BD Siy eeveecens 6
i i ~i
me By
'2 l : y L) el —4 2
Where Syy = o= 2 2 Wage T Vil D eeeerend?
ir1 J
Defining 1 - N
l2 — e e : - 7 — o
iy M-l ff agg Fij (Prg )y = 44 Zuyy Faglbyg )]~ oo 8
b |
a 1 - 2 :
Sijy = bij-l < ( yijk - yij (bij )-; SERE 9
. 2 _ 2. .
50 that E Sijy e Siay /’.' L3 S N ) 10
1 2 12 1 Z' 2 1 1 2
& B osyy = Spy v W 4 %y (g Ty ) Sy eeeer
Obviously o o ’ ‘
'2 e 2 1 2
WSy ey W B Cuy e
An unbiased estimate of 037 is given by
2 2 - 77 ::. 1L _ L i_‘_
Bst Oy = - [t b o)ty + o 25 Uy~ By) 953
t
To estimate the 2nd component of V(u ), we first
observe that - /
112 ‘ 2 _ 2
(B4 -1) Siy = d{ (Byj "':Dsijy + Z Bi;} (yi.]. i.. )
Lot 2 e —2 —2
= Z (Bije1 ) Sijy * }-.Bij V5. = By, ¥1,...15
And — "2 b : - ) 2 16
n = . . . L - S, . et rv et
1 e 2 12
-2 o
Est yy = = Bst g —-ﬁ-j-_i %} uyy Y5 - (M1 ) Syy 3 i
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and the a~verage yield per tree, with special reference to the
data collected in Venkatagiri Taluka alone. Venkatagiri Taluka
accounts for a fairly large portion of the population under study.
A sample Oﬂ—lé_!iliggff was selected for the study of yleld

purposes while a sample of 33 villages was selected for the

complete enumeration of villages to record the data on the number
of bearing trees, The relative efficiencies bf the two sub-
sampling designs for estimating the total production and yield
per tree are obtained, The results are presented in the Table
VII below, which gives the percentage relative efficiencies of

various estimates of two stage sampling over three stage sampling.

IABLE Vil
Estimate Three-stage Two-~stage
Sampling sampling
gstimated estimated
variance Variagce

1,Total produc~
tion simple
unbiased
estimate

6 6
1,544,695 x 10

1,035,680 x 10 149

2.Total produc-
tion ratio
estimate

[ T I T ™
o s em "% s pm wm ma] e re = = o

6 6
822,113 x 10 398,661 x 10 206

3.Yield per
tree ratio

estimate 21,605

14,775 146

- W rE se T4 R au oh mp ws PR ey s ] W s S ea e

- R v e e
N L ]

It is seen from the above table that the sampling variances
of all the estimates considered here are considerably smaller in
the c 2se¢ of two stage sub-sampling design as compared to those
for a three stage sub-sampling design. The percentage relative
efficiency of the former is 146 for the purpose of yield study
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and is still higher for the estimates of the total production,
For ratio-type estimate of the total production the gain 1in
efficiency is 106%. As 1s %o be expected, the two stage
sampling design turns out to bs efficient cover the three stage
dasign for the estimation of characteristics such as yield rate
and the total production, Thus it seesms that it will pay
substéntially from thg point of view of precision 1f we adopt
the éwo stage sampling design in preference to the three stage
sampling design provided it 15 operationally convenient and
does not substantially increase the cost of the survey,

The three-stage sampling design is 1ikel$;to be more
convenient from the operational point of view especially when
yield data is to be collected, Alsoc the cost fgctor is not
likely to be substantially different in the two cases, Unless,
therefore, thers 1is apprecisble gain in prscision, it may be desireabl
to adopt a three-stage sampling, If however the gain{in ‘
precision is very considerable as is the case here, 1t seems
desirable to adopt a two-stage sampling design even though it

may not be very convenient from operational point of view,
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PROBABILITY SCHEME OF SAMPLING

4,1 The probability scheme. of sampling is an important aspect
in the planning of surveys and has to be decided after taking
into account all the avallable information, This information
can-be-eﬂfeétively used in sample surveys in several ways, 1t
can be made use of in selection of units or in estimation or in both,
Since a large unit conéributes more to the population total or
mean, it is natural to expect that a scheme of selection which
gives more weight to larger units than to smaller uniﬁé would
provide more efficient estimates than simple randomﬂéampling.
Sampling with probability proportional to size assigns a larger
probability to the larger units of being included in the sample.
This technique suggested by Hansen and Hurwitz (1943) has found
its principabk use in surveys which employ _sub-sampling., For
instance, in agricultural surveys, the sizes of the units differ
markedly and the selection of sampling units in proportion to the
size of unit has generally proved efficient, 1In the absence of
knowledge of the actual siges of the units, the value of a highly
correlated varisble are used as measures of the sizes of the units,
In case when information on a highly correlated variable is,
available even the simple estimators of total are improved by the
use of the information on the highly correlated variable,

Here we shall investigate the efficiency of adopting varying
—_— s Ve

4

probability sampling at the first stege as compared to sampling with

kg e m e

equal probability for estimating simultansously several characters

such as yield rate, total production, number of bearing trees etc,
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4.2 EFFICIELCY OF VARYING PRO3ABILITY SALPLING OVER
SINPLE RANDCL SALPLING

Assume that a sample of n villages is selected out
N with replacement and with probabilities p; for the purpose of
observing the characters under study while an additional sample
of ( H—n ) villages 1s selected with the same scheme for the
purpose of complete enumeration of villages to ecord dats on
the number of bearing trees and the area under 1i.e., From each
of the n selected villages a Sample of m; orchards is selected
at random while from each of the lected orchards a sample of
bij trees is selected at random for the purpose of yield study,

Bol T ATICH OF ~ULBER OF -5ARTWG TRBEES:

It can now be shown that an unbiased édstimate of the

total number of bearing trees is given by

4

,, 1 an Bi.
B=_'r' . —— L R R R R R l
n “ P1 '

while its sampling variange is given by
OB

V(%) = ——r AR RS 2
where o = % Bi. 2
mere gg = L P (4= -B)
L =f i

Defining ,
P 1 7 Bi ~ 2

= ———— — -B s s e g ey 3

~ vl Z ¢ o )

it can be shown that an unblased estimate of the variance

*1is given by ”2
~ B

ESt V(B) = -1 LR I I T I N R B R R 4
n

If the sample is selected with equal probability and without
Teplacement then we assume for the sake of comparison that an

equivalent number of units are selected at random. The corresponding

€5limzte takes the form
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while its sampling variance is given by

2 2 1 1 2
V(BG) = N (T-MN")SB [ 2K BN BB S NN I R RO N B R ) 6
5 1 ol 2
where SB = =1 £ (Bi.- BN}

Now Sg i1s to be estimated from an equivalent sample drawn with

varyidg probability, For this we proceed as

2 ~ 2 o
(F-1) Sy = ¢§Bi. -5 ‘
N i/
2 ~ B2 o I,/
and Te = 22— - B
<Py ,
2 ~ 1 2 c:‘—JL
- 2 -t B
Yo (-1 sy= Z3 - - Z oy T T
Clearly its unbiased estimate 1s given by
2 co2 57
>} 1 7 BY 1 n By, B o
Est (N-1) S_ = - 7 - — X - ves
B n [ pi n [ Np;: N
From 6 and 7 it follows that , »
~ z )I’ B[,. / 7 3:—_‘, /,’4
&iv(ﬁe)=/\f(;—;,-/é)/i/[)—;,§—ﬁ~ g m] g
Hence an estimate of the relative gain in precision is given by
A 7 W, & LN b z
5 7 (R N(=-72) [ ¢ i‘.:"L 27 Be. 25 4
V (By) - V (B) e [»'LZ = »'?7}* Zo |- .
{i (TS) 2 B N

It is clear that the estimate %e of the number of
bearing trees is not likely to be effigient since no use has béen
made of the available information on the area under lime,
Naturally it 1s expected that area under lime will be correlated
with the number of bearing trees and the use of this information

1s likely to result in increasing the precision of the estimate.
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An esti ue2 of th> relstive gain in prucisio of varying
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awobsbiit, -3 plin over equisl provakility sa . 11 _ 13 ziven by
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Est ¥ (y)

Batination of tot . mrodnstion i-

'e shall estiiate the total production by usin, rutio
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4,3 _NWUMCRICAL ILLUSTRATICT,

For the purpose of illustration, we shell coasider the
probleu o probelility schem of sauplin. in surveys desioned to
obtain rliable es*i stes of the evient of cultivitiow, yield
rate nd tot 1 production of lime. The oaly .rniliary informetion
~raileble is ville: ¢—irise aros unler lin» as renorted by the

,
revenu- _.uney for tie year 1961-62 Tor 11 the 141 vil™ . es il;
Ve ot 2ri Tgluka umder stud,. These wrea fi_ures were
con.ider 3 &3 mersurcs of siz 3 or the Wiits and with u view to
obtuin 0: 2 rolichle estiwtes, the vit azea were g2l ctad with
probubility proportior -1 to arra under li.e a3 reported by the
revenue &_ancy “or the jea 1251-62, The t:ble below ¢iv-s the
percentase relative e "iciencies for various esti-ates in case

of varying probability se plii over correopo. 'ii_ esti ates ir

case of giple randy sar.pline,

uo--400'
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PE—

o 1

Bati. ate st verince  Is* Vari nce % Rel
Varying Prob Foual | ob Dfficiency

? aituout |
replace~ b !
' ]
j. Total number of i \

bearins trees | 958,507,016 350
(i) Simple wmbinged !
estim te 265,744,263 | |
;.

(i1} Rewo eti ate . 244,608,674 / 92

i 6 6

2. Total production 822,112 ¢ 10 (1,576,584 x 10 ! 192
|

3. Avercze Yield. 21,605 : 35.156 | 160
—1 |

It is szen {ro. t' ¢ amove t ™lec that for the purpose of cstimation of the
/
characterictice sud’ &I yield rate, and total prednction in surveys

which e ploy cub-z .~lin_ desi-ns, use of vavring probability at the
first stare proves te pe erricient over the use of 2gqual probability
and without repl.ce ent. Tho raiw ir ef“iciency are substanti. 11,
high anu rate frov 80® in cuse of “yerage yield to 925% in the case

o total production. For esti ating the wrdber of be vin, trez , 1%
is gean that ‘her ci.ple unbiased estirates are use! “or both the
systansz of sa.pling, %ue percentige relative elficiency of varyi .
probability sannlin, over egual prcbabilit, sarplin: is 360.

The twé s5,8tems a?e howaver alrost equelly efficient if the
rotio 2sti ate is wsed. Alse it is azeen that ia rmout of tle
¢ .5cs che Lains in precigion are very cnngidarable,

It gseemas trot vhen infomration on some velated varia™le

PN
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iz readily oveoil.ble in cdveice nd is -10™ %o be i 11y correl-ted
it tle chermcter w .o~ stud;, & ir t2 prasent c. se vhore the
correlstion coed ™ cient betweor 1t e repo ted arva wixder lime and
the ni-ber of beariy trees was found to he 0.63, it .y te desi uble
to scleet he prirery unite mth probability wup »ti »1 to l.orir
gl~~e r thar ¥ an seleeting tlem ith equal puoboebility and without
replace unt, Further it sur .ests that it 12y net be advisable to
ase equ 1 prob:milil, ss plins when the charact~ un’er crudy ig either
the 1-17 v 4 2 totsl ~ro™c*ion zines,as - .n in this section the
ooinu in jricision wre v.r cooiderable  or suca ¢ érocter.. If the
primn..  ohject of Fe wmy L. to estt te Fie wmler ¢ benrin trees
onl , it oy af%ce if th  ri vy dts sre selext.d dAfh e 1 proh Milit
w3 dteut - e ot e apeit o Ler fmoop e on tho rel ted
ctar cher s wle vso o” at t * estinetion st o2 instead of at the sel etin
stiTa.

Norall, howev-r, t"e dbj ot of suck survers is not nerely to
obt~in r~lisbl~ A ta on lhe evtent of cultivotion but alzo rolisble
informatior 01 ~r wagteristics cuch as yield rate and tot-l srodvntion.
Jince *reze characteristics ¢ he egti~ated mere ¢"ficiently by usin: the
ancill. vy ir "er ation on the correlated character ot te selzetion st e
rathor than ot the estl tloa atere 2t re Is hordl- any leoss ef
precision cven in ro=p ot o7 exie t ¢ f cultivition, it se:z = desir ble
to sel ot vil.o o 40 prob hilit. pro..rtic -1 fo #zir size ouct &S
reported ares vt 11 e Tor + s rrevivie year 1. thic 117er 2t on is
avallable.

|c-p42.¢
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SOTIH OTCY OF VoG8 YIJLD,

5.1 T.T00I P,

3o frx we discuasca the various igortrt as,.cts
wkic" remir ¥ oottt en” cur zideration in the plwardi  of
ATTe, ey @3 eirlly da e field of : piculture. It was scen
trat a sub-sa pli+  daul ;: in shdch the first sture units were
gelectrl A Mh rrobubilitie. proporti-n-l to so 2z mez~uve of
gize of tne uaits, had boe frmd to brir ™ improven nt in
precisior cu . sl it suh-s-lin_ s, st 3 wsi | e,ucl
Lroh ilities.

Tavt d atde? o Vo vories azsucts for the plyuda
of a riculturzl survays, it 1is aeceszary to evolve
relizhle e=ti aivic | roc:-durrs for the e~ti .tion of the
parareter li¥e populatio. o w £ ot .l of ¥ e chor cter aricr
study. If Y %o the ciar.cter under study wnd Y... , thre
popil i m can for ¥V %o be sstirated we 313ll coasifer 2 7 ore
st es lia, design sthere nri .v, und':s are selectsd with

N
varyin> probahili ties P‘_ ( Z P, = 1) % dti »erlsnes nt. Tie
L=z}

estirates of Y... "ic" 4 Ta ny ddevad Sa e nregont wrk

c:2 ratio - e ¢ ti tos. AlL Hmme cmtl Lter are foun to he

.

~wrficulam @aser nf on ceralized r tilo-trpe e~tirste of zveraze
yield --r tre2 whose theorv has bcen developed in this chapt=r.

The eati nte or gfdare” is oL the fory
2 Y
Y B

ceeed3eg



wher +5g na v tor e resorbe the eotl te of the totol
Frod-.-%i, o~ 1sidered by Rovindra Sinch (1962) r1 tr.

de omin=lor re_ raserts the esti fe cf ¥7 . 1.1 7 1w of b iy
tr-cz,

DMTLINC LD S PLT G SO O,

Let

it

tot-1 nuer of villages in the po™ tion

total number o7 orctards in e i~th vil' o
(i=1,2 «.. ) .
Bij =-totel aumk-r o trzes i . j=th oreta 4 cf i+on
vil a_c.

(j=1:2: ---I‘-_;; i=1, 2 ven B

Vo, = the value of vericble urder stody o Yo k-th

D
l_l
1
=
—
b
-
&
T
-

ir. of e j-th orchard in *+-e
( k = 1, :‘, Y q, )

2, .= the viu~ 0o® sudliar, varis 1z for the k-t> tre-

ijn

o t.e j-thorec 1”7 ir the i-t1 villape

p. = tva probubilit, o th: sulicted i-te villare at

i . ~
e drow, | Z p, = 1 )
d:l l

A sample of n vill me- i> gelect @ vt o P Ath v ryin,

rrebebilitios Py (i=1,2, ... ¥) ca’ #ick reylece t. Then we
1

select n, orctasds ont o° I.; y 1 tre i-th selected villszsge, rith

— -

ecusl prob.bilities amd withowt re:l ce o, for tie puriuse of
chaervin, the rvbr ¢f be dn_ trze. nd retda . e
i

1.
i

o 3erviag o'l tke creracter w der st d, a7 the auwriviary
varizble., At the Brird 2ti_e, ot oF D,, trees cortirnmel inov &
1)

i-t' select.” ¢ cua 3 of ¢ ¢ i~th selected vi® -, we sslec. - 4.
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b, , trecy wiv~ cgael .0F tilitiec -ud without repl cz nt.
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D-pwdir - upon tv: availability of ancilary infor :tion,
a -
grveral w tio-typr estirates of t o aver.,c sie'd per tree¢ c2n be

Wilt up. 0 shel rortl; gme $at all these e3tinactzs ore

articaler ecraer of a _sne»rlized rriio-type orti e fhich Ly e
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7.6 WUMERICnL ILLUSTRATIQON

For the purpose of illustratin_ the results developed
in this chapter we will consider the data ol lime survey
conducted in the year 1963%-64 in andhra Pradesh. A total
nunber of 36 villages was selected from five talukas with
replacement with probabilities proportional to reported area,
out of which 45 wvilla.es were retained for yield study. A4ll
the orchards in ewch of these 86 villares were completely
enumerated for arca ard number of he.rinz trees. In each
seleected village ret.ined for yield study & m=ximuw. number of
4 orchards and in ewca of tluese orcrards 12 trees were

selevted for observing the yield.

The tablelbelow rives taluka-wise estimates of averase
yield per tree, total number of bearing tries and total

prodaction along with tneir percentaege standard errars.

Ty Thv yield per 3 No. of bear-iTotal production
Taluka ( tree ) ! ing trees g in K3s.
¥ Nin kgs.) &N
Venkatagiri 6?.2%) G eeve seae 21%%92§ 13,59%é2§§
7 - . 6 L]
Rapur %4.38) ceiee sen ?§i82§ 3,6%0,80?
16.73 . 15.1
Sulurpet 52,70 vuure oee. 34,169 1,802,321
(11.9) (15.8) (10.5)
Kovur 30,02 ..... e 3,813 114,470
(38.8) (26.3) (37.0)
Atmalkur 49,41 e rese asne 4,904 242,302
(20.2) ..... vees {20.6) (25.6)
District 61.69 514,708 19,414,182

(4.4) (8.3) (6.3)

e et St S b .k il Al e ek e S M o B B SR S o o e o W e e oy e S e py e oy e ) S S RS e ks S o it ek G ke S
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As regards the overall estimates there is no difféculty
as far as tne charcoters ‘total nuaber of bearing trees! & ‘total
production' are concerned. These are obtained by pooling to-
gether the resalts in the different talukas and are given in the

last-raw of the table.

The problem of obtalining an overall estimete of average
yield per tree is however not 50 simple. We shall consider the
various weirhted estimates enumerated in section and then discss
tneir efficiency. These alonzwith their relative bisses and per-

centage standard errors arc 5iven in the tablelbelowv.

CTTTTTETETTTT T GGE?Eii"ééfiﬁafE-g _____________ Relative ~~
of averase yicld . sfficiency
Estimate per tree % Rgizglve v.2.%.
_-,n________________;______,________-__j“,___________l___fg ________
.
71 61.64 ~0.458L 70.51
¥y 61.69 ~0.2197 100.00
N
Vs 60.81 0.3715 52.05
§4 51.69 ~0.3128 4%.06
Vs 60.10 0.7549 47.83

S B ——— vt S A AT . — T ! N St el el el A T TEE S T Sl S Wil gy S T et B . o e o e M . T gy B o — A g T — Yo, W P

As is to be expected the estimate §2 is seen to be the

2 A
most efficient followed by Yy The estimates y4 & y5 are
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no doubt less efficient but may be desirable at times from
the point of view of computational convenisnce amd simplicity.
The low preccision of the estimate ?5 explains the fact that
the strata averages differ markedly ad to obtain efiicient
over-all estimate of the average yield it is neccssary to
nave reliable weiphts while the low precision of the estimate
;; explains that the area under lime and the number of
bearing trees do not have high corrclation. It is also seen from
the table that the percentzge bias is alwost negligidble in all
the cases Using the estimeate ;2, which has been found to be
most efficient both from thecorfticzl point of view as also
sarvey data, thve overall estim te of averwie yleld per trce

was found to be 61.569 kgs. with 4.4% standard error.

Since ?2 has been found to be the o5t efficient estimate
of average yield and T1, the most efficient estimm te of total
production. Ve shall consider these two estimates for the
pursose of determining the sample sizes regquired to estimate
these characters with specificd precision. Assuwsing proportions
ablocation, it can be seen that n, the nuzaber of villages re-
guire. to estimm te the total number of bearing trees with 6%
and 7% standard errors are 158 & 116 respectively, TFor
these values of n' and different values of m(no of orchards)
the table below ,ives ny the number of villages required to
estimate te avera-e yield per tree for _iven perccntage

st ndard ervors. The allocation is assamed to be proportional.
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Table: &

—— i ———r

Bstimeted viuesof n uader prouportioneal

allocation for estimsfin, avera.e yield per

tree fo. different velu
degrue of precision,

i S 8 e g S S et e T e S S e P By

1

1

!

: S.E [S.E
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: : L.

1 J : 1wl ; 06

1 !

t ] L]

L4t w5 55
1 t

t 1 1

P2 T4 b 48

1 1

H 4 t

E 5 1 6T E %3
]

t 1 !

Y S 52 i 40

. :

1 t T
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The next w.ble 1ves c.ae auwb
to estimve the tot.l prouwsction “or
and ziven dzgree of precisiva. 1as

aS3suued tu be propurtioval tahls:

es 0f -;m and glven

el I vil L2s required
Elfst o Volues of  w

aloc.aticn 3 agwin
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Table: JZ

Table showving estimated values of n for
differcnt values of m and different per-
centaze standard errors. allocation being

proportional.
i n' = 158 3 nt = 116
_____________________ U —
n 1% s.Eg 5% S.E | 4% S.E § 575 5.8
________ I S I S
5 83 1 46 T 109 50
4 39 38 52 % 41
5§ 50 ; E572¢ 3
6 i 5 30 55 33
7 ; 1Y) 23 i 60 30
Table 2Z & B reflect th.t for a _iven purc:miage standerd

error the number of villages reyaired to estimte the averacze
yield per tree is consideraoly loss then t at reguired to esti-
mate the total nuuwber of bearing trezs. also from table N it
is observed tiat that is consiaer.ble variation between villages
in regard to thwe numbar of ftress. «s the contribution to the
standard ervor of the estimates of averuse yield per tree ariss
from three differ.nt sources:

'(13 Variation between villages
(ii) Variation between orchards within villzges

& (iii) Variation between trees within orchrrds.
of thesc the v.riztior betveen villages is the most important
one a8 it has been reflected in table wiich gives for varying
number of orchirds the number of villages required to be selec-

ted estimate the average yield per tree with given percentage

standard error.
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