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Summary

The variations in the quality of wool within a fleece and between
fleeces of sheeppresent considerable difficulties in getting a representa
tive sample for estimating the mean of any quality character. In this
paper, the results based on the studies made at I.A.S.R.I. on the regional
sampling procedure andthree composite sampling procedures to get an
estimate of a flcece character are discussed. The sample-sizes for
regional sampling and composite sampling procedures with 5 percent
standard error of the mean are given for the two important characters
viz., fibre diameter and crimps/cm.

1. Introduction

ladian wools, ia general, have great variation in quality
characters due to differences among breeds and between regions
within a sheep. These variations present considerable difficulties in
getting a representative sample for estimating the mean of any
quality character. Another difficulty felt in sampling is the major
physical source ofbias, viz., the natural tendency on the part of the
sampler to draw longer or finer fibres more oftener than shorter or
coarser ones. A method:ofsampling which would give an ,unbiased
and efficient estimate is, therefore, to be forged.

An earlier study (1955) conducted at Sheep Breeding and Wool
Research Laboratory, Poona was confined to only 6 pure-bred
Deccani and 6 cross-bred sheep. Even though the above work
yielded sufficient data on sampling from fleeces for assessment of the
quality ofindividual sheep, it did nol provide very dependable infor
mation on the magnitude of variation between sheep andwithin
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region (on the body of sheep). As the quality characters were found
to vary over regions, it was mentioned by Seth and Amble (1958)
that proper weightages need to be given while getting the estimates
of the quality characters for a sheep. The object of this study
undertaken is to standardise the procedure of sampling for assessing
wool quality of a single fleece as well as that of fleeces from a group
of sheep so as to provide a basis for all scientific studies on fleece
quality.

In pursuance of this objective, data collected on various quality
characters of a single fleece viz., fibre-diameter, crimps/cm, fibre-
length, staple-length, medullation percentage and fleece density of
different pure-breds and crosses of sheep have been statistically ana
lysed. The results of this study are discussed in the following
paragraphs.

2. Sampling Plans

In all, four sampling plans were tried for getting a representa
tive sample, one regional and three composite.

(0 As per regional sampling plan twenty four ewes of each
breed or type were selected at random from the available stock of
two or four teeth age groups, in equal numbers for both age groups,
except for Chokla breed where number of ewes for 2 and 4 teeth
age groups were 10 and 12 respectively. The six anatomical regions,
viz., neck, shoulder, side, back, britch and wither were demarcated
on both sides of each selected sheep.

On one side, selected at random, twenty locations each of side
1 cm. were selected in such a way that there were at least two locations
in each region and at the same time the 20 locations were well-spread
over the length and breadth of the half fleece so as to cover the entire
area. The samples from an area of 1 sq. cm. were shorn from each of
the 20 locations. Each of these samples is called a 'cut'. Two samples
of approximately 100 fibres were drawn at random from one randomly
selected cut from each of the regions. Further, one bunch of approxi
mately 100 fibres, was drawn from each of the 14remaining cuts. The
total number of sub-samples per sheep were thus 26.

The number of cuts taken from neck, shoulder, side, back,
britch and wither regions of both age groups were 2, 4, 4, 4, 4 and 2
respectively at Tamil Nadu and 2, 4, 5, 4, 3 and 2 respectively in the
case of cowes at Rajasthan.

In addition to these 26 sub-samples obtained by regional
sampling, two composite samples by each of the following three
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methods were also drawn from the side other, than the one utilised
for obtaining regional samples.

(ii) Method I: A net was put on the animal and locks of wool
were taken out at random from all the regions,; excejpt britch, the
number of locks being proportional to the amount of wool grown in
that region.

(Hi) Method II: After drawing the samples by the above
method, the wool for each region was clipped separately and cleaned
wool yield was spread on the table anda quadrant placed on it.
Bunches of fibres were picked up at random as per method stipulated
by the I.S.I, (raw wool standard).

(I'v) Method III: The wool from the entire fleece was mixed
together and subjectejd to the process of halving, one-half being
discarded at random till a small sub-sample of iabout 1 gm. was
obtained.

Besides these sampling procedures used for estimating averages,
the prevailing procedure of taking one sample per sheep from the
mid-side region alone for estimating the mean was also adopted.
This was done for only Chokla and Polworth XRampur Bushair
crosses.

The method of determination of various attributes were those
stipulated in I.S.T. standards for determination of wool quality.

3. Experimental Data

Aspersampling plan 26 sub-samples perewe were obtained from
each of 12 ewes of 2 teeth and of 4 teeth age groups of Nilgiri
and Nilgiri XRomney Marsh sheep maintained at Sheep Breeding
Research Station, Kamrajsagar, Ootacamund and also from village
flocks of Nilgiri sheep. Similarly from each of 10 ewes of 2 teeth age
group and from 12 ewes'of 4 teeth age group of Chokla breed main
tained at C.S.W.R.I., AvikaNagar, Rajasthan and from 12 ewes from
both age groups separately of PolworthXRampurBushair maintained
at Pashulok, UttarPradesh, 26-sub-samples were obtained through the
technique explained above. Also two composite samples one by each
method were obtained for each of these sheep. The samples for
Nilgiri and Nilgiri XRomney Marsh Crosses were analysed at the
Wool Analysis Laboratory. at Kamrajsagar, Ootacamund and of
Chokla and Polworth XRampur Bushair Crosses at C.S.W.RL,
Avika Nagar for different characters, ipleece density (only for
regional samples) was also calculated for each sheep by the usual
method.
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4. Procedure For Sample Size

It was found from the analysis of variance that, for some
breeds in one or both age groups, region to region variation was
significantly high for some characters. This entailed determination
of sample sizes for each region separately. In the field, however, the
quality of a fleece is being determined for a fleece as a whole and
therefore in the following paragraphs the sample sizes are obtained
by considering overall averages obtained from regional sampling.

The sample sizes were obtained from the formula for the estimate
of average value of each character. Suitable estimates were devised
first to get a consistent estimate. Overall average values of different
characters by regional sampling were obtained separately by—

(/) Without weighting the regional values.

(a) Weighting regional averages by estimated number of fibres
in each region.

(Hi) Weighting with regional wool yield the regional averages.
(iv) Considering each region as a stratum.

As these estimates did not differ much from each other in mean
and coefiBcient of variation, expression (vide ref. 1970, 1973) under
method (iii) was used for estimating sample sizes.

Also as the analysis of variance of composite samples did not
show any significant variation over between methods component, the
sample sizes were estimated by that method for which the coefficient
of variation was least.

(a) Regional sampling The number of sheep to be selected to
estimate the irean with desired degree of accuracy was obtained by
using the formula

,JL"
" ^ iV Zj _Aa V Mi) *

M
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wherein :

iV^number of sheep in the population.
n=number of sheep to be randomly selected.

A/i;=total number of cuts in yth region in /th sheep (estimated by
total wool weights upon mean wool weight per cut).

ffj«j=number of cuts taken in yth region in rth sheep.
value of quality character in ftth cut in ;th region of ?th
sheep.
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M'o=wool yield of theyth region in /th sheep
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The bias in the variance due to the estimated values of M,y is

assumed to be negligible.

The number of sheep,to be sampled were calculated for 5%,
2% and 1% levels of S.E. of mean separately for different flock-sizes
ranging from 20 to 500 with 20 cuts per sheep. Also for observed
flock-sizes these were estimated with 6 and 18 cuts per sheep,

(6) Composite sampling : The number of sheep to be sampled
were obtained for different flock sizes ranging from 20 to 500
with 2 sub-samples per composite sample and also for observed
flock-sizes with 2 and 4 sub-samples per composite sample by the
formula.

n=

(0.05 y,f +X2.I 1
N mN

wherein

M=tolal number of composite samples per sheep (very large),
;M=numbei of composite samples per sheep=2,



4S JOURNAL OF THE INDIAN SOCIETY OF AGRICULTURAL STATISTICS

value of quality character in j\h sample in zth sheep.

1 n m \ ^

; = 1

_ 1

(/"-D

1_2

[n-D L Vi -ny
1-1=1

5. Comparison Of Sampling Procedures

It is found from earlier studies (1968) that coefficienfof correl
ation between medullation percentage and fibre diameter was very high

and fibre diameter and crimps per cm. are the important characters
which determine the quality of a fleece. In the following paragraph,
therefore, the sample sizes for only these tv/o characters are
discussed.

• Tables 1 and 2 give the averages of fibre-diameter and crimps
per cm. obtained by each of the sampling procedures, for ewes of
both age groups of each breed. The tables show that there is no
uniformly efficient sampling procedure for all the breeds and age
classes, as judged by the estimated values of C.V. The reduction in
C.V. of fibre diameter was considerable due to regional sampling in
four teeth farm flocks of Nilgiri, NilgiriX Romney Marsh and Chokla
breeds. In the case of crimps/cm. such a reduction was large in both
age groups of Nilgiri farm flocks, in two teeth age group of Nilgiri X
Romney Marsh and in four teeth age group of Nilgiri village flock.
For both these characters the estimates built on using regions as
strata at the second stage of selection of cuts were of the same order
as other overall averages and did not show any significant reduction
in C.V. (vide ref. 1973).

Out of 20 cases, in 11 cases C.V. by regional sampling was less
than that due to composite sampling. The difference was less than
1% in 7 cases, between 1 to 2 per cent in 3 cases and between 2 to 3
per cent in one case. This indicates that gain due to regional sampling
was not of a very high order, if region to region variation is to be
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TABLE1

Averagevaluesoffibrediameter(inmicrons)withtheirstandarderrors

SourceBreedAgeOverall.
CompositeMethodFrommid-

side,region
cut-

groupregional
I11III

Farm
flocksNilgiri2-teethAv.24.3624.2624.9125.66

S.E.0.8200.8820.8480.811

C.V.3.37.3.6.33.403.16

4-teethAv.25.4525.0626.7426.04

S.E.0.4170.5180.8240.749

C.V.1.642.073.082,88

FarmNilgirix2-feethAv.25.0925.0626.0326.15

flocksRomneyS.E.0.4540.5540.4860.500

MarshC.V.1.812.211.871.91

4-teethAv.25.2825.1225.8526.52

S.E.0.2160.3320.3610.334

C.V.0.851.321.401.26

Village2-teethAv.25.7324.3424.9225.22

flocksNilgiriS.E.0.5160.4850.4760.496

C,V.2.001.991.911.97

4-teethAv.28.4729.54.29.6029.56

S.E.0.7950.2830.3600.183

C.V.2.790.961.220.62

2-teethAv.31.5030.3832.4532.1429.73

FarmChoklaS.E.0.7640.6230.7800.8730.788

flocksC.V.2.422.052.402.722.65

4-teethAv.30.5529.0432.2330.8628.73

S.E.0.5380.6901.0340.7540.511

C.V.1.762.383.212.441.78

FarmPolworth2-teethAv.19.7118.5720.5620.8219.81

flocksXRampurS.E.0.3090.3360.4620.4380.384

BushairC.V.1.571.812.252.101.94

4-teethAv.24.0621.43.23.1621.3123.71

S.E,0.7310.6250.7000.5160.859

C.V.3.042.923.022.423.62
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TABLE 2

Average values of crimps per cm. with their standard errors

Source Breed
Age Overall

Composite Methods From mid-
side region

cut
group regional

1 II HI

Farm Nilgiri 2-teeth Av. 2.08 h88 1.92 1.92

flocks S.E. 0.077 0.109 0.103 0.103

c.v. 3.70 5.80 5.36 5.36

4-teeth Av. 2.10 2.07 2.01 2.03

S.E. 0.121 0.165 0.167 0.169

C.V. 5.76 7.97 6.31 8.32

Farm Nilgiri X 2-teeth Av. 1.61 1.47 1.50 1.40

flocks Romney S.E. 0.040 0.059 0.060 0.049

Marsh C.V. 2.48 4.01 4.00 3.50

4-teeth Av. 1.54 1.42 1.42 1.43

S.E. 0.035 0.044 0.041 0.037

C.V. 2.27 3.10 2.89 2.59

Village Nilgiri 2- teeth Av. 1.75 1.86 1.70 1.66

flocks S.E. 0.056 0.061 0.055 0.047

C.V. 3.20 3.28 3.23 2.83

4-teeth Av. 1.98 1.94 1.94 1.82

S.E. 0.084 0.117 0.118 0.102

C.V. 4.24 6.03 6.08 5.60

Farm Chokla 2-teeth Av. 2.19 2.06 1.81 1.71 2.17

flocks S.E. 0.130 0.105 0.065 0.070 0.146

C.V. 5.94 5.10 3.59 4.09 6.73

4-teeth Av. 1.45 1.77 1.61 1.55 1.50

S.E. 0.050 0.084 0.069 0.056 0.065

C.V. 3.45 4.74 4.28 3.61 4.33

Farm Polworth 2-teeth Av. 3.79 3.33 3.12 3.11 3.85

flocks X Rampur S.E. 0.169 0.150 0.135 0.122 0.273

Bushair C.V. 4.46 4.50 4.33 3.92 7.09

4-teeth Av. 2.99 2.95 2.68 2.63 3 07

S.E. 0.144 0.144 0.129 0.123 0.140

C.V. 4.82 4.88 4.81 4.68 4.56
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igaored while considering the quality. The fleece is generally taken
as a whole in manufacturing process. The composite sampling
procedure is, therefore, preferred for objective reasons in sampling
from a fleece. From the estimates based on mid-side region cuts for
Chokla and PolworthxRampur Bushair, it was observed that C.V.
by this method was small and comparable with that due to other
methods and the diS"erence exceeded 3 per cent only in the case of
crimps/cm. for sheep of 2 teeth age group of Polworth XRampur
Bushair. The method of composite sampling which is based on well
mixing of the material to make it homogeneous is more representa
tive, sound and economic than regional sampling. From the
physiological angle mid-side region cut may not be representative. It
may also be noted that C.V, for fibre-diameter was smallerthan those
for crimps/cm. in all cases and consequently thesample sizes required
for crimps/cm. were larger than those required for fibre-diameter.

6. Number of Sheep to be Selected

In the following paragraphs sample sizes for 5% standard
error of the mean alone are discussed. Since fibre-diameter and
crimps per centimeter are important quality characters, the discussion
is confined to only these two characters;

(A) Regional Sampling : (i) Nilgiri and NilgiriX Romney Marsh.

As the number of sheep to be selected did not differ over the
flock size, the estimated sizes are given for each breed only in
Table 3.

TABLE 3

Number of Nilgiri and Nilgiri x Romney Marsh Sheep
(for all flock sizes)

Nilgiri Nilgiri x Romney Marsh Nilgiri (Village)

Fibre
diameter

Crimpsj
cm.

Fibre
diameter

Crimps/cm Fibre
diameter

Crimpsj
cm.

2-teeth

4-teeth

7

2

8

18

6

10
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The number of sheep required are less for fibre-diameter than
for crimps/cm. and that required for Nilgiri are more than those
required for Nilgirix Romney Marsh.

For observed flock strength, the number of sheep required to
estimate mean fibre-diameter by taking 6 and 18 cuts per sheep were
same for each age group viz., -6 and 2 for Nilgiri, 3and 1for
Nilgiri XRomney Marsh farm flocks and 2and 3 for Nilgiri village
flock. In the case of crimps/cm. these were as in Table 4.

TABLE 4

Number ofNilgiri and Nilgiri x Romney Marsh sheep for crimps/cm.
(observed flock size)

Nilgiri
Nilgirix Romney

Marsh
Nilgiri

^Village)

Age group\ No.ofcuts/
>region

2-teeth

4-teeth

1 3

8 7

15 15

1 3

6 4

5 4

1 3.

6 5

10 9

ixiuugu lUC uumu/wi. V* -

order for 1 cut and 3 cuts per region, those required for Nilgiri breed
were more than those required for Nilgiri x Romney Marsh.

(ii) Chokla and Polworth XRampur Bushair.
As in the case of Nilgiri sheep, the number of sheep required to

beselected for fibre-diameter remained constant over flock size. These
were 5 and 4 for Chokla breed and 2 and 8 for Polworth x Rampur
Bushair for the two age groups respectively. In the case ofcrimps/
cm., however, the number to be selected did vary with flock size and
are given in table 5.

TABLE 5

Number of Choklaand Polworth x Rampur Bushair sheep for crimps/em,
(for different flocii sizes)

Breed Age group

No. of sheep per flock

20 40 60 80 100 200 300 400 500

Chokla ' 2-teeth 12 18 21 23 24 •V 29 29 30

4-teeth 8 10 11 12 13 13 13 13 13

Polworth X 2-teeth 10 13 14 15 16 17 17 18 18

Rampur Bushair 4-teeth 10 14 16 17 18 19 20 20 20

\
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Though the number of sheep for flocfc size of 20 differ widely
from those required for flock size of 500> the sample size remains
almost constant for larger flock sizes.

For observed flock-strength of Chokla sheep the number
required were 9 and 7 for 6 cuts per sheep for the two age groups
respectively and were 4 and 3for 18 cuts per sheep. In the case of
PolworthxRarapur Bushair the required number of sheep were
3 and 7 with 6 cuts while it was 2 and 7 when 18 cuts per sheep were
taken.

(B) Composite Sampling: (/) Nilgiri andNilgirixRomney Marsh.

It was found that in the case of fibre-diameter, C.V. was least
under III composite sampling method in 2 teeth sheep of Nilgiri
farm flocks, 4 teeth sheep of NilgirixRomney Marsh farm flocks
and Nilgiri village flocks. Whereas C.V. was least by I method in
4 teeth Nilgiri farm flocks and by II method in 2 teeth age group of
Nilgiri XRomney Marsh farm flocks and in Nilgiri village flocks. In
the case of crimps/cm., Ill method gave least C.V. in all cases except
in 4 teeth Nilgiri farm flocks, wherein I method was the best.

The number of sheep required for fibre-diameter did not differ
over flock size and are given in table 6 for the two age groups.

TABLE 6

Number of sheep of Nilgiri aad Nilgiri x Romney Marsh sheep for
fibre diameter (for all flock sizes)

Age group

Farm flocks Village flocks

Nilgiri Nilgiri x Romney Marsh Nilgiri

2-teeth 6 3
\

2

4-teeth 2 1
\

1

In the case of crimps/cm. the sample sizes varied over the flock
strength and are given in Table 7,
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TABLE 7

STATISTICS

Number ofsheep ofNilgiri and Nilgiri and Nilgiri xRomney
Marsh sheepfor crimps/cm.

(for different flock sizes)

No. ofsheep per flock

^ge group

20 40 60 80 100 200 300 400 500

Nilgiri 2-feeth 10 13 14 15 16 17 17 18 18

Farm flock

4-teeth 13 19 23 26 28 32 34 35 35

Nilgiri 2-teeth 6 8 8 9 9 9 9 9 9

X 4-teeth

Romney
Marsh

5 6 6 6 6 6 6 6 6

Village Nilgiri 2-teeth 4 4 4 4 4 4 4 4 4

flock 4-teeth 9 12 14 15 15 16 17 17 17

The number of sheep to be sampled may differ with number of
sub-samples taken. These numbers, in the case when two or four
sub-samples are taken, were estimated for the observed flock strength
in the case of each breed, and are given in table 8,

TABLE 8

Number ofNilgiri and Nilgiri xRomney Marsh sheep for crimps/cm.
(observed flock sizes)

Nilgiri flock Nilgiri x Romney
Marsh

Nilgiri (Village)

Fibre
diameter

Crimpsj
cm

Fibre
diameter

Crimpsj
cm

Fibre
diameter

Crimpsj
cm

Sub-Samples •2 4 2 4 2 4 2 4 2 4 2 4

2-teeth 5 3 14 82 1742 142

4-teeth 2 I 23 14 1 1 5 3 1 1 14 8
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The table shows that, for estimating fibre diameter, a single
sheep was sufficient with two or four sub-samples in 4-teeth age
group of NilgirixRomney Marsh farm flock and Nilgiri'village flock
and with four sub-samples in the case of Nilgiri farm flock. Only in
the case of 2-teeth sheep of Nilgiri farm flock, 5 and 3 sheep were
required with 2 and 4 sub-samples per sheep respectively. In all the
remaining cases 2 sheep were enough. The number of sheep to be
selected for estimating fibre diameter was thus always les's than 5.
However, it can be seen from the table that the number of sheep
required for crimps/cm. ranged from 3 in four teeth age group with
4 sub-samples of Nilgiri XRomneyMarsh to 23 with 2 sub-samples in
the same age group of Nilgiri farm flock.

(/;) Chokia and PolworthXRampur Bushair
In the case of fibre diameter, the first composite sampling

method in both age groups of Chokia and in 2-teeth age group of
Polworth XRampur Bushair gave least C.V. and the III method in
4-teeth age group of Polworth XRampur Bushair. In the case of
crimps/cm. the III method gave least C.V. in both the age groups of
PolworthX Rampur Bushair and 4-teeth age group of Chokia breed.
The II method gave the least C.V. in the case of 2-teeth age group of
Chokia.

The estimated number of sheep to be selected for fibre-diameter
did not vary over the flock size. These were 5 and 4 for the two age
groups of Chokia breed and 2 and 8 respectively of Polworth X
Rampur Bushair. In the case of crimps/cm. however, the sample
sizes did not remain constant in all cases. These sample sizes are
given in table 9.

TABLE 9

Number of sheep of Chokia and Polworthx Rampur Bushair sheep
(for different flock sizes)

Age group

No. ofsheep per flock

20 40 60 80 100 200 300 400

1

500

Chokia 2-teeth 12 18 21 23 24 27 29 29 30

4-teeth 8 10 11 12 12 13 13 13 13

Polworth XRampur- 2-teeth 10 13 14 15 16 17 17 18 18

Bushair 4-teeth 10 14 14 17 18 19 20 20 20
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It is seen that in 4 teeth age group, as the flock size increases
the sample size gradually reaches a constant value.

It is found that the number of sheep required by regional
sampling were more than those required by composite sampling in all
the cases. For observed flock size the number of sheep required to
be selected with 2 and 4 sub-samples are as in table 10.

TABLE 10

Number of Chokla and Pohvorth x Rampur Biishair sheep
(observed flock sizes)

Chokla Polworth X Rampur Bushair

Sub-samples Fibre diameter Crimpsjcm Fibre diameter Crimpsjcm

2 • 4 2 4 2 4 2 4

2-teeth

4-teeth

.2

4

9

11

As in earlier cases, the number of sheep required to be selected
for crimps/cm. is considerable more than that for fibre diameter. It
can be seen that, except in the case of sheep of 4 teeth age group of
Polwprthx Rampur Bushair for crimps/cm., the total number of
samples to be analysed by increasing the number of sub-samples to
four is always greater than or atmost equal to those when two sub-
samples are taken. This indicates that increasing the number of
sub-samples is not economical.
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