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THE COMPRESSIBILITY OF ~vOL. 

First group. 

The first group considererl was that employed in a genetic experiment 
which had been commenced with 30 stud ewes, all the progeny of one sire. 
The same sire wa8 employed in the experiment, and later one of his progeny. 
No culling had been practised, and the rams and ewes, except for being 
separated in adjacent camps, were given identical treatment. 

Ten fleeces from rams and ten from ewes were selected at random after 
one shearing. On investigation it appeared that the ages of the rams varied 
from two and a half years to three and a half years with an average of two 
and three-q1J_arter years, while those of the ewes varied between the same 
limits with an average of three years. It has been found [see Section 8 (d)] 
that the resistance to compression of fleeces grown by other sheep did not 
change £rom the second to the third years, and the two groups may thus be 
regarded as comparable in respect of age. 

Representative samples were taken from the fleeces after removal of locks 
and bellies, and the resistance to compression, fibre thickness, and number 
of crimps per inch were determined. The results are given in Table 46, in 
the order of decreasing resistance to compress10n. 

TABLE 46. 

The resistance to compression, fib1·e thiclcness, and number of crimps per inch 
of wool from. rams and ev;es . (First grmtp.) · 

RAMS. EWES. 

R esistance Resistance 

Ram Fibre Crimps to Com- Ewe Fibre Crimps to Com-

No. Thickness per pression 
No. 

Thickness per pression 
• (Microns). Inch . (Kg. em.' (Microns). Inch. (Kg. cm. 7 

per 5 gm.). per 5 gm.). 

1 21·5 15·8 10 · 8 X 103 1 22·9 18·8 14·6 X 103 

2 23 · 7 15·6 10·5 X 103 2 22·5 14·7 13·5 X 103 

3 22·2 14·9 10·1 X 103 3 24·1 14·7 10·2 X 103 

4 25·9 11·5 9·7 X 103 4 24·5 13·5 9·3 X 103 

5 21·6 13·6 9·1 X 103 5 22 · 5 11·6 8·9 X 103 

6 22·7 14·4 8·5 X 103 I 6 23·6 12·0 8·8 X 103 

7 23 · 1 14·2 8·4 X 103 7 21·4 13·9 8 ·4 X 103 

8 21·5 13·5 8 2 X 103 8 21·0 12·1 7 ·3 X 103 

9 21·3 13·0 7·4 X 103 9 18·6 14·2 7·0 X 103 

10 19·6 10·0 5·1 X 103 10 19·8 13·9 7 · 0 X 103 

Mean ... . . 22·3 13·7 8·8 X 103 Mean ..... 22·1 13·9 9 · 5 X 103 

The slightly higher value of the ewes' wool did not differ significantly 
from that of the rams' wool (t = 0·72). The effect of fineness and crimping 
was determined by comparing the variance in the resistance to compression 
with that obtained after adjustment, assuming a linear relation and calcu­
lating the partial regression coefficients from the variance within the groups. 
The results are given in Table 47. 
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TABLE 47. 

Analysis of varir.mce of res1:stance to compl'ession, before and after adjustment 
fo1· the effects of fibre thickness and c1·imping (First Group.) 

BEFORE ADJUSTMENT. AFTER ADJUSTMENT. 

Variance. Standard Standard 
Deviation. D.F. Deviation. 
(Kg. Clll. 7 (Kg. C1ll. 7 D.F. 

per 5 gm.). per 5 gm.). 

Between sexes .............. .. ... · . ..... . . 1·Gl0 X 103 1 1·382 X 103 

Within sexes. .. . . ............... . . . . . . . . 18 2·:W7 X 103 16 J ·17() X 103 

1'he difference in the resisbmce to compression between the sexes was 
still insignificant after adjustment for the effects of fibre thickness and 
crimping (z= 0 ·161). The insignificance of the differences between the sexes 
could not therefore be due to a chance distribution of fibre thoclmess and 
crimping between the two groups. 

Second group. 

The second group of fleeces \vas derived from a stud in which the breeder 
lwcl consistently bred for one type of sheep for at least ten years. The fleeces 
of fifty stud ewes considered to be typical of the stud were submitted for 
testing, and it was found that the fleeces '"ere remarkably similar as regards 
mean fibre thickness, for the coefficient of variability of mean fibre thickness 
was only 4 per cent. Moreover, the ewes '"ere all (according to teeth) of the 
same age, Yiz., 4-tooth. 

The breeder also submitted 36 fleece1:; from his top sires, varying in age 
from 2-tooth to 6-tooth. Again a remarkable uniformity in mean fibre thick­
ness was revealed, tl1e coefficient of variability of mean fibre thickness being 
6 per cent. The mean fibre thickness of the ram fleeces was, moreover, found 
to be identical to that of the e\Ye fleeces. · 

The breeder expressly stated that he did not select for " substance ", so 
that it was unlikely that any bias in the matter of resistance to compression 
could be present. The sheep had all been run on Karroo pasture, and no 
difference had been made in the treatment of the rams and of the ewes. 

Ten fleeces were taken at random from each group, and representative 
samples drawn from each fleece as before. The results of the measur.ements 
are given in Table 48, in the order .of decreasing resistance to compression. 

Again there was no cliffeience between the sexes as regards the resistance 
to compression of the wool (t = 0 ·10). An analysis of the variance of the 
resistance to compression is given in Table 49. 

Even after adjustment for fibre thickness and crimping, the whole o£ the 
difference between thfl sexes could be accounted £or by the variation within 
the groups. 
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TAm.E 48 . 

The resistance to compression, fibre thiclcness a.nd number of crimps pe~' inch 
of wool fro7n rams and ewes . (Second group.) 

R.ors. EWES. 

Ram 
No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Mean .... . 

Fibre 
Thickness. 
(Microns). 

22·4 
22·6 
21·8 
22·1 
21 ·5 
21·2 
21·6 
21·7 
21·5 
20·2 

21·7 

Crimps 
per 

Inch. 

10·5 
ll·3 
10·2 
9·9 

12·2 
ll·2 
10·4 
7·5 

ll · 7 
8 · 7 

10·4 

R esistance 
to 

Compression. 
(Kg. cm. 7 

per 5 gm.). 

8 · 3 X 103 

8·2 X 103 

8 · 0 X 1011 

7 · 8 X 103 

7·7 X 103 

6· 9 X 103 

6·9 X 103 

6·8 X 103 

6 · 6 X 103 

4 · 9 X 103 

7·2 X 103 

Ewe 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Mean .. ... 

'l'ABLE 49. 

Fibre 
Thickness. , 
(Microns). 

21·5 
22·2 
21·9 
22 ·3 
22·6 
22·1 
21·2 
21·6 
21·8 
20 ·2 

21·7 

Crimps 
per 

Inch. 

12·0 
12·0 
12·2 
11·7 

/ 11· 2 
12·6 
9 ·8 

12·2 
10·0 
J0 , 6 

ll ·4 

I Resistance 
to 

Compression. 
(Kg. cm. 7 

per 5 gm.). 

8·6 X 103 

8·1 X 103 

7·7 X 103 

7·5 X 103 

7 · 5 X 103 

7·2 X 103 

6·9 X 103 

6.·6 x · Io• 
6·2 X 103 

6·2 X 103 

7·3 X 103 

Analysis of vawiance of resistance to compression, before and after adjustment 
for the effects of fibre thickness and crim.r-ing . (Second group.) . 

I 
BEFORE ADJUSTMENT. AFTER ADJUSTMEN1'. 

Variance. 

I 

Standard 

I I 

Standard 

D.F. Deviation. D.F . Deviation. 
(Kg. cm. 7 (Kg. cm. 7 

per 5 gm.). per 5 gm.). 

Between ·sexes ... ... . ... . .. .. . .. . ... ... .. . l 0·089 X 103 1 0 ·551 X 103 

Within sexes .. . ... . . .. . . . ...... . .. . ..... 18 0·915 X 103 16 0 ·?31 X 103 

In the case of two groups of · sheep, therefore, on the average no 
difference in resistance to compression between the wool from rams and that 
from ewes has be-en found , and the results suggest that where systematic 
differences are encountered, the reason must be sought for in other factors 
than merely those of sex. 

(d) Age of sheep. 

The changes which take place in the fleece characteristics with the age 
of the sheep are of importance to the breeder and wool P:r:oducer. The know­
ledge of such changes enables the sheep breeder to predict the fleece charac­
teristics of the adult sheep from those of the young sheen, a point which i;;; 
often useful in assessing the degree to which Merino sires transmit the desired 
fleece characteristics . 
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Moreover, when Merino fleeces are judged, allowances have sometimes to 
be made for differences in the ages of the sheep concerned. 

Little research work is on record where the influence of age has been 
directly investigated. Bosman and van Wyk (1941) found a reduction with 
age in the percentage difference between the coefficients of friction in the two 
directions of the fibres composing uniformly grown staples. No record of 
measurements of the influence of age on the resistance to compression is 
available. 

In studies of this nature it is essential that the sheep shall have been 
kept under uniform and controlled conditions, especially of feed. Eight 
sheep were accordingly selected from a group which had been kept on an 
optimum ration · for growth and production since the time of weaning, and 
had been reared together in a small, bare paddock. The selection included 
different fleece types. 

Representative samples w~re taken from the fleeces each year, and the 
resistance to compression, fibre thickness and number of crimps per inch 
were determined. 'L'he experiment is still proceeding, but the results of the 
first four years are given in Table 50. 

The extent to which the differences between the years are associated with 
the difterence in fibre thickness and crimping, may be judged from the 
variance and co-variance analysis of Table 51. 

While the variance " between years " differs significantly from the error 
variance at the 5 per cent. probability level before adjustment (z=0·624), 
it equals the error variance after adjustment (z = 0 · 009). It is evident, 
therefore, that the differences between the years may be directly attributed 
to the changes in fibre thickness and crimping with age. 

Taking averages for the group (Table 50), the resistance to compression 
showed an increase with age, the difference between the first and fourth years 
being 1·4 x 103 (Kg. em! per 5 gm.), with a t value of 2·57 which is signi­
ficant at the 5 per cent. probability level. This was accompanied by an 
increase in the fibre thickness, and a small increase in the number of crimps 
per inch. With the regression coefficients of resistance to compression on 
fibre thickness of 730 and on the number of crimps per inch of 1,006, it is 
evident that the contribution of the change in the fibre thickness of 1· 81'- was 
large compared to the contribution of the number of crimps per inch, which 
increased by only 0 · 5. . 

In the case of sheep Nos. 6 and 7, the resistance to compression tended 
to diminish with age, while the fibre thickness did not show the increase 
evident in the other fleeces. In general it may be inferred that on the 
average the resistance to compression increases with age for the first four 
years, but exceptions to this rule occur in cases where the fibre thickness 
does not increase. ' 

It is interesting to note the large reduction in the variance between 
sheep, showing that a large part of the differences between the sheep was due 
to differences in fibre thickness and crimping, although the value of z (0 · 849) 
after adjustment was still highly significant. 

It is evident from the results that the age of the sheep should be taken 
into account when judging the fleece. The case of the two sheep which 
failed to show the increase in resistance to compression illustrates the indi­
vidual variation among sheep with the consequent difficulties encountered in 
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predicting the fleece characteristics o£ the adult sheep from those o£ the 
lamb. In flock improvement, where large numbers are ordinarily dealt with, 
it is convenient to practise selection at as early an age as possible, and excep­
tions to the general rule do not have such serious consequences as in stud 
breeding, where each individual sheep plays an extremely important part. 

TABLE 50. 

The resistance to compression, fibre thickness, and nurn.ber of crimps 
per inch for the first four yem·s. 

YEAR OF GROWTH. 
Sheep 

~iean per Sheep. No. I Second. , I Fourth. . First. Third . 

l Resistance to compression .. 7·2 8·5 8·4 9·3 8·4 X 103 

Fibre thickness ........ . : . . 
(Kg. cm. 7 per 5 gm.). 

20·5 22·8 21·9 23·4 22·2fL 
Crimps per inch ........... 11·2 11·2 9·7 12·5 11·2 

2 Resistance to compression .. 8·6 11·7 11·1 10·9 10·6 X 103 

(Kg. cm.7 per 5 gm .. ). 
Fibre thickness ............ 22·4 23·5 22·9 23·4 23 · 1fL 
Crimps per inch ........... 11·9 11·4 i2·8 11·4 11·9 

3 Resistance to compression .. 10 ·3 10·1 10·7 11·6 10·7 X 103 

(Kg. em. 7 per 5 gm.). 
Fibre thickness ... ..... .... 25·9 27·9 25 ·5 26·5 26·5fL 
Crimps per inch ... .. . .. ... 9·8 10·4 10·2 11·9 11 · 9 

4 Resistance to compression .. 10·9 13 ·3 13 · 6 14·6 13·1 X 103 

(Kg. em. 7 per 5 gm.). 
Fibre thickness ............ 21·2 25·6 24·9 25·1 24·2fL 
Crimps per inch ........... 13 · 3 13·4 13·4 13·8 13 ·5 

5 Resistance to compression .. 8·4 9·1 9·6 10·5 9·4 X 103 

(Kg. em. 7 per 5 gm.). 
Fibre thickness ... ... . .. ... 21·5 24·2 25·8 24·5 24 ·0fL 
Crimps per inch . ..... ..... 9·6 9·9 9·4 10·4 9·8 

6 Resistance to compression .. 8·1 7·4 6·8 7·4 7·4 X 103 

(Kg. em. 7 per 5 gm.). 
Fibre thickness., .......... 19·4 18·5 19·1 18·8 19·0fL 
Crimps per inch ........... 12·6 12·2 12·6 12·7 12·5 

7 Resistance to compression .. 9·9 9·6 7·5 8·8 8·9 X 103 

(Kg. cm. 7 per 5 gm.). 
Fibre thickness ............ 24·2 23·5 21·5 24·0 23· 3fL 
Crimps per inch ...... ... .. 11·1 11·1 10·7 10·4 10·8 

8 Resistance to compression .. 9·2 9·8 11·1 11·2 10 · 3 X 103 

(Kg. cm. 7 per 5 gm.). 
Fibre thickness . ........ ... 20·9 22·4 24·3 24·8 23·1fL 
Crimps per inch ........... 11·9 11·7 13·3 12·3 12·3 

Yearly Resistance to compression .. 9·1 9·9 9·8 10·5 X 103 

mean (Kg. cm.7 per 5 gm.). 
Fibre thickness . ... . ...... . 22·0 23·6 23·2 23·8fL 
Crimps per inch .. .. . ... . . . 11·4 11·4 11·5 11 ·9 
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TABLE 51. 
Analysis of 1~a1'1:ance of resistance to compression, before and after 

adjustment for fibre thiclcness and crimping . 
. 

BEFORE ADJUSTMENT. AFTER AD.JUSTMENT. 

Variance. 
I 

Standard 

I I 
:Standard 

I 
D.F. Deviation. D.F. Deviation. z 

I 
(Kg. cm. 7 z (Kg. cm. 7 

per 5 gm.). per 5 gm.). 

Between years ... . ........ . . . .. 3 1· 698 X 103 0 · 624 3 0·431 X 103 0·009 

Between sheep . . .... . .... . .. . .. 7 3·475 X 103 1·340 7 0·998 X 103 0·849 

Error ... . ...... . . . .. ... ... . .... 21 0·910 X 103 - 19 0·427 X 103 -

An interesting feature of the results is the striking reduction in the 
variation between the years as a result of the adjustment for fibre thickness 
and crimping. This result is in contrast to the residual variation among 
di:ffer·ent sheep, and even among the regions of a sheep, and suggests that the 
other factors which influence resistance to compression either remain constant 
or alter with the fibre thickness and crimping in a manner which is constant 
for a sheep. Although the results refer to wool grown under uniform condi­
tions, it is reasonable to conclude that a pre-experimental period in sheep 
experiments will increase the accuracy greatly as far as resistance to com­
pression is concerned. The same 'conclusion has been reached with regard to 
other fleece characteristics, for Malan, van Wyk and Botha (1935), found 
that approximately 60 per cent. of the variation in -fleece attributes during 
one year could be expressed in terms of that of the previous year, and it was 
concluded that fm the same accuracy the number of sheep in an experiment 
had to be approximately five times as great when no pre-experimental results 
were available. 

(e) Feed. 

Wool studies in regard to nutrition have been confined to the charac­
teristics of fibre length, fibre thickness, crimping, tensile strength and the 
total wool production, and marked effects on these characteristics have been 
recorded. 

The only recorded results of compressibility determinations in regard to 
nutrition are those of Swart and van Rensburg (in course of publication). 
These authors examined the phenomenon of straight-fibred wools in the south­
western districts of the Cape, and found that the crimping could be restored 
by the addition of certain supplements to the diet of the sheep. In spite of 
changes in the fibre thickness and crimping, the resistance to compression 
remained constant in some cases, and altered in others. 

In the present study comrressibility measurements were made on the 
wool grown by sheep under controlled feeding conditions. 

After a preliminary period of three months on veld hay, the sheep were 
divided into four gToups, Q.esignated (1), (2), (3) and (4), and fed on the 
following rations:-

First period (9 months): (1) Lucerne, (2) Green :Feed, (3) Maize, 
(4) Oats. 
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Second• Period (3 months): Veld Hay (All Groups). 
Third Period (12 months): (1) Maize, (2) Oats, (3) Lucerne, (4) Green 

Feed. 

The rations fed during the first and third periods were given ad lib . 
During the second period, when the sheep had access to veld hay only, they 
became so emaciated that the period could not be prolonged beyond three 
months. The average body weight dropped fro~ 38 Kg. to 30 Kg. 

At the end of the third period, samples were taken from the shoulder 
region of each sheep, and the staples were cut . into three portions corres­
ponding to the three periods. The divisions were clearly visible and the 
portions were readily separated. 

The wool grown during the undernourished J?eriod was found to have 
lost its staple form to such an extent that it was Impossible to measure the 
crimping, and only fibre thickness measurements were made in conjunction 
with the compressibility tests. 

The results showed no difference between the rations fed during the 
well-fed periods, and for the purpose of the present study, the periods will, 
therefore, be regarded only as well-fed and under-fed periods. The experi­
mental results are given in Table 52. 

The fibre thickness suffered a definite reduction as a result of the under­
feeding, but there was no corresponding change in the resistance to com­
pression. In the absence of data on the crimping, the cause of the failure 
of the plane of nutrition to influence the resistance to compression cannot 
be established with certainty, but it can be assumed that the number of 
crimps per inch of individual fibres had increased, although the crimping 
was not defined in the staple form. The effects of the reduction in fibre 
thickness and the increase in the number of crimps per inch may, therefore, 
have counteracted each other, but an influence on the elastic properties must 
also be considered. 

While the criticiEm may be made that the period of underfeeding was 
too short, it may be pointed out that the condition o£ the animals after three 
months was suc.h that the period could not be extended, and in £act several 
sheep were lost during this period. . 

The results apply only to the conditions of the experiment, and cannot 
be applied to other nutritional conditions, but they illustrate one type of 
effect which may occur, viz., a reduction in fibre thickness with no corres­
ponding alteration in compressibility. 

Beside-s the results obtained by Swart and van Rensb,urg, in which incon­
sistencies occurred as regards the resistance to compression, a few instances 
to illustrate the complexity of the nutritional effect may be mentioned. 

One instance is afforded by a sample submitted by a breeder, who stated 
that on transferring his sheep from one farm to another, the wool lost 
' .'substance ". A though the sample was unsuitable for a determination, 
tactual examination suggested a low resistance to compression, which was 
presumably due to the fact that while the crimping indicated a 60's wool, 
the fibre thickness corresponded to a 70's quality 'number. In this case, there­
fore, the nutritional effect had been greater on the .fineness than on the 
crimping. This is usually the case with " hungerfine " wools, and it is for 
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this reason that Duerden stated that his stand!l.r.ds were not applicable to 
droughty or impoverished wools. Swart (1936) also found indications that 
the quantity of feed had a greater effect on the fineness than on the crimping. 

TABLE 52. 

The resistance to compression and fibre thickness of wool /rom sheep 
kept at different planes of nutrition. 

Sheep 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Mean ... 

Resistance to compression ........ . ... 

Fibre thickness ... . . . ... .. . . ~ ... . . .. 

Resistance to compression . .. ... ... . . 

Fibre thickness ..... . .... . .. . . . . . . . . 

R esistance to compression . .. . ... . .. . 

Fibre thickness . .... . . . .. ..... ... ... 

Resistance to compression ... . . . . . . . . 

Fibre thickness ............ . . . ...... 

Resistance to compression ... .. ...... 

Fibre thickness ....... . .. . ... . . ... . . 

Resistance to compression .... . ... ... 

Fibre thickness ........ . ..... . . . . ... 

Resistance to compression . ... . . ... .. 

Fibre thickness .... . ... . ... .. . . ..... 

Resistance to compression . . . .. . . . ... . 
Fibre thickness .. . .. .. . . .. . .. . .... . . 

Resistance to compression . . . .. ... . . . 

Fibre thickness ..... . . ...... . .. ..... 

Resistance to compression . . ... .. . . . . 

Fibre thickness . ............ . ....... 

I Well-fed. I Under-fed. I 

6·6 X 103 6·6 X 103 

17·0p. 16·6p. 

8·3 X 103 8·8 x 103 

20·3p. 16·5p. 

5·9 X 10" 6·4 X 103 

19·0,. 18 ·1p. 

8·1 X 103 S·7 X 103 

19·0,. 17·6p. 

7·1 X 103 7·4 X 103 

22·0p. 17·6p. 

6·8 X 103 6·6 X 103 

16·6p. 15·2~ 

7·9 X 103 6·8 X {o• 
23 · 3,. 18·1,. 

6·7 X 103 8·0 X 103 

18 · 9,. 15 · 9p. 

8·4 X 103 7 · 1 X 103 

19·7,. 16 · 9,. 

7·3 X 103 7·4 X 103 

19 ·5p. 16 ·9p. 

Well-{ed. 

7 · 0 X 103 

(Kg. em." per 5 gm.). 
18·1p. 

9 ·0 X 10" 
(Kg. em." per 5 gm.). 

17·8p. 

6·7 X 103 

(Kg. em. 7 per _5 gm.). 
21·1p. 

6·9 X 103 

(Kg. em." per 5 gm.). 
23·5,. 

6·5 X 103 

(Kg. em. 7 per 5 gm). 
21·2,. 

7·0 X 103 ' 

(Kg. em. 7 per 5 gm.). 
19·4,. 

7·6 X 103 

(Kg. em. 7 per 5 gm.). 
21· 51' 

7 · 2 X 103 

(Kg. em." per 5 gm.) . 
21·1,. 

7·0 X 103 

(Kg. em. 7 per 5 gm.). 
21· 7p. 

7·2 X 10" 
(Kg. em." per 5 gm.). 

20·6,.. 

The complexity of the nutritional effect is not, however, confined to the 
relation between the fineness . and the crimping, as was shown by a staple 
submitted by another breeder. The number of crimps per inch showed -a 
relatively sudden change from 10 to 16 at about the middle of the staple, 
and the crimping was regular and well-defined throughout both portions. The 
fibre thickness showed a corresponding reduction from 23!-l to 18f-l, hut the 
remarkable feature lay in the variability in fibre thickness, for the standard 
deviation was the same for the two portions, viz., 3·4f-l. The result was an 
increase in the coefficient of variability from 15 per cent. to 19 per cent. 
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This result is in direct contrast to the findings of Malan, van. Wyk and 
Botha (1935), for the coefficient of variability in the -case of 50 sheep 
remained sensibly oonstant in spite of relatively large changes in the mean 
values, and it was concluded that for each sheep there was a proportionate 
relation between the standard deviation and the mean, determined by genetic 
factors only. The same conclusion appears to emerge from the results of 
Swart (1936), for he states: " Quantity of feed, although affecting the fibre 
diameter, has very little influence on its frequency distribution ". 

The influence of feed offers a wide field of investigation, as regards not 
only the plane of nutrition, but also the composition of the ration, the latter 
phase assuming special importance owing to the deficiencies occurring in 
certain areas of the Union. 

9. THE DISTRIBUTION oF CoMPRESSIBILITY. 

The range and the distribution of the properties of Soi1th African Merino 
wool can only be determined on representative samples. A truly r epresenta­
tive selection of the Union's wool clip is difficult to obtain, since it is neces­
sary that each wool growing area and each type of wool in the area should 
be taken into account in its correct proportion. Such factors as pasturage and 
climate vary during a season and from season to season, and· any set of obser­
vations would consequently apply to a particular period only . 

In the present study no systematic attempt was made to procure so 
representative a series of samples. 'rhe samples tested were nevertheless 
obtained from many different sources, and included stud wools from various 
breeders, lots submitted by farmers and brokers for testing, :grize wools from 
shows, and wool from experimental sheep in different areas. It is reasonable 
to assume that a fair representation has been achieved, and the results pro­
vide features of general interest. 

The frequencies and ·percentage frequencies of the resistance to com­
pression, a, as defined in Part I of the study, are given in Table 53. 

TABLE 53. 
The frequencies and per.centage frequencies of the resistance to 

compression of all samples tested. 

R esistance to Compression. 
(Kg. cm: 7 per 5 gm.). 

4-5 X 103 .....•......• . .. . ... .. .. . .. .. .. . ... •. 
5- 6 X 103 ..•. •• •.•••.• • ..••..• • . • • . . . •• • •... • . 

6- 7 X 103 .•• ••• ••• • •••• • • • •..• • .. .• . . • • ••••.•• 

7- 8 X 103 .• •• , , , , , , • , •. • , , .•....• , . • ... • . , ... • 

8- 9 X 103 .•• • .•.•••• • . . .•.. • •. • .....•.•.•. • .. • 

9-10 X 103 • .. . , •..• , .. • •.. •• ....• . . .• .. , •.... • , 

10-11 X 103 • , •• • • ••• , , • • ••• , • •• •••• , ••• • ••••• • , • 

ll- 12 X 103 .•. • . ,,,, . ,, • •••• • .•••.•..•• • .••..••. 

12-13 X 103 •••••• , •• , •• , , ••••••••• • • , • • , ••• , ••• , 

13-14 X 103 .•• , •... , , • : . , . , .• •• .•••• . •. , .••.••.• 

14-15 X 103 .•• , . • ... • • , , • , . ••.. . •• • ••..••. • •••.• 

Frequency. 

3 
16 
37 
65 
55 
54 
47 
17 

8 
5 
3 

310 

P ercentage 
Frequency. 

1 · 0 
5 ·2 

11 '9 
21·0 
17·7 
17·4 
15 ·2 
5 · 5 
2·6 
1·6 
1·0 

100·1 

Mean ..... . . ... ..... . · . . .. . . . . . .......... .. ..... = 8 · 7 x 103 (Kg. cm. 7 per 5 gm.). 
Standard D eviation ...... . ..... .. ....... . .. . .. .. = 1· 92 X 103 (Kg. em. 7 per 5 gm.). 
Coefficient of Variability ......... . ....... . ... .. . = 22 per cent. 
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The distribution is evidently not symmetrical, since it tails off towards 
the higher values. Testing for normality by calculating g 1 and g 2 (Fisher, 
1932) the value of 0·405±0·139* for g 1 is highly significant at the 1 per 
cent. probability level. The distribution must, there·fore be regarded as 
being distinctly skew, suggesting that, of the values in the vicinity of the 
mean, the lower values are more frequent than the higher values, while very 
high values are relatively more frequent than very low values. The quantity 
g 2 , a measure of the" flatness" of the curve, has the value of 0·044±0·276, 
which is insignificant, so that the distribution cannot be regarded as 
departing from normality in this respect. 

On the other ·hand, the logarithms of the values may be taken to be 
normally distributed, for g 1 = - 0 ·148 ± 0 ·139, and g 2 = - 0 · 006 ± 0 · 276, 
both values being insignificant. · 

The values for resistance to compression mnge from 4 · 5 x 103 to 
14·6 x 103 (Kg. rm.7 per 5 gm.). Among South African Merino wools, 
therefore, a range occurs of at least 3:1. The mean value is 8·7 x 103 Kg. 
em. 7 per 5 gm., and the standard deviation 1· 92 x 103 Kg. em. 7 per 5 gm., 
giving a coefficient of variability of 22 per cent. 

The range of values indicates that the manufacturer has at present a 
considerable choice in the matter of resistance to compression, when selecting 
a wool to meet his specific requirements. 

In the following analysis of the differences between groups, use will be 
made of the two regression coefficients of resistance to compression on fibre 
thickness and on number of crimps per inch, as obtained from all the samples 
tested (equation 30). An adjustment to the mean values of fibre thickness 
(21 ·5p.) and the number of crimps per inch (12·5) will therefore be made 
by means of the equation 

a'= a+ 357 (21·5- cl) + 623 (12·5 - n) . ........... (33) 

where a is the resistance to compression as defined, d the fibre thickness m 
microns, and n the number of crimps per inch. 

A study of the effects of environment and pasturage is complicated by 
variations within a small area as a result of breeding and other factors. A 
case in po'int is afforded by the samples employed for determining the 
differences between rains' wool and ewes' wool, as recorded in ·Section 8(c). 
The two groups were bred in adjacent districts, and were run on the same 
type of pasture (Karroo), so that a difference between them must be attributed 
almost entirely to breeding. 

The means ~f the groups are recorded in Table 54, and the adjusted 
values are given in the last column. 

There is a significant differ·ence between the two groups as regards 
resistance to compression (t=3·6), which, however, disappears as a result of 
the adjustment. There is little difference in the mean fibre thickness, so that 
the major part of the difference between the groups is due to the difference 
in the number of crimps per inch. 

* 'rhe standard error is employed throughout. 
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TABLE 54. 

The mean fibre thickness, number of cr£mps per inch, and resistance to 
compression of the wool from two groups of sheep in adjoining districts , 
and the resistance to compression adjusted to the mean value of fibre 
thickness and crimping. 

Resistance to Adjusted 
Fibre Crimps Compression. Resistance to 

Group. Thickness. per (Kg. cm. 7 Compression. 
(Microns). Inch. per 5. gm.). (Kg. cm. 7 

per 5 gm.). 

First ........................... 22 ·2 13·8 9·1 X 103 8 ·2 X 103 

Second ........... . ............. 21·7 10·9 7·2 X 103 8·3 X 103 

In the first group the sheep had been employed in a breeding experiment, 
and no culling had taken place. I£ this group were to be replaced by a stud 
where, as is often the case, sheep are among other characteristics selected for 
the " substance " of their wool, the difference between the groups would 
probably be gr.eater, since the breeder of the second group expressly stated 
that he did not breed for " substance ". 

Karroo and Grassveld wool. 

In the marketing of South African wool, brokers and buyers discriminate 
betw,een Karroo and Grassveld wools, and regard them as two distinct types, 
each with its own peculiar properties. While the variation within each type 
is large, an attempt was made to compare the two types by examining samples 

. from a wool show. The wools on show were all prize wools and 
were authentic representatives of the two types. They consisted of an equal 
number of each type. 

The results of the measurements are given in Table 55, where the means 
have also been adjusted to correspond to the mean values of fibre thickness 
and crimping. 

The two groups do not differ significantly as regards resistance to com~ 
pression (t=0 ·39). As a result of the adjustment, the Grassveld wool has 
a lower resistance to compression than the Karroo wool, although with the 
small number of observations the difference cannot be regarded as significant 
(t=l·60). 

Hence, on the same basis of fibre thickness and crimping, Grassveld · 
wool shows a tendency towards a lower resistance to compression than 
Rarroo wool, but on the average no difference may exist owing to a possibly 
greater number of crimps per inch of the Grassveld wools. 

Various wool growing areas. · 

A summary o£ the mean values obtained for various wool growing ar·eas 
is given in Table 56, in increasing order of resistance to compression. 
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TABLE 55. 

The fibre thickness, nu1nbe1· of crimps per inch and resistance to compression 
of samples f1·om the Karroo and Grassveld areas, obtained at wool show. 

KARROO. GRASSVELD. 

I Resistance Resistance 
Fibre Crimps to Fibre Crimps to i 

Sample. Thickness. per Compression. Sample. Thickness. per Compression. 
(Microns). Inch. (Kg. cm. 7 (Microns). Inch. (Kg. cm. 7 

per 5 gm.). per 5 gm:). 

1 18·8 14·4 7·6 X 103 1 19·8 14·4 6·9 >< 103
/ 

2 21·3 12·8 7·8 X 103 2 20 · 0 15·0 8 · 2 X 10"-
3 21·3 14·2 8·8 X 103 3 19·0 16·5 8·4 X 103 

4 22 ·8 12·5 9·1 X 103 4 20·6 16·7 8·8 X 103 

5 22 · 1 12 ·4 9·3 X 103 5 19·6 15·1 9·1 X 103 

6 22·5 15·1 9·3 X 103 6 19·6 15·3 9·4 X- 10~ 
7 20·9 16 · 3 9·6 X 103 7 22·9 14·0 9·7 X 103 

8 17·9 17 · 2 9·7 X 103 8 19·4 15·6 9·8 X 10,3 

9 21 · 0 12·2 9·8 X 103 9 21·6 14·8 10·1 X 103 

10 19·0 16·4 10·9 X 103 10 20·3 17 ·6 10·2 X 103 

ll 21·9 

I 
14·7 11 · 6 X 103 ll 18·9 18·3 10·8 X 10a, 

Mean ..... 20·9 14·4 9·4 X 103 Mean ..... 20 · 2 15·8 9·2 X 103 

Adjusted ....................... 8·5 X 103 Adjusted ....................... 7·7 X. 103 

I 
> I 

TABLE 56. 

The resistance to com12ression of w·ool from various wool growing areas. 

Fibre RESISTANCE TO COMPRESSION. 

No. of Thick· Crimps (Kg. cm. 7 per 5 gm.). 
Area. Samples. per ness. Inch. 

I I 
(Microns) Range. Mean. Adjusted. 

Transvaal Grassveld .............. 12 20·4 12·5 5·4-10·3 7·4 7·9 X 103 

South Western Cape Districts ...... 27 20·3 12·5 4·5-10·5 7·8 8·3 .x 103 

Eastern Province Grassveld . .. . .... ll 20·2 15·8 6·9-10·8 9·2 7 · 7 X 103 

Karroo .......................... 78 21·2 12·9 5·1-14·6 9·2 9·2 X 103 

Basutoland ...................... . 22 20·2 14·4 7·7-13·9 9·9 9·3 X 103 

While the small number of observations in each group does not permit 
of general conclusions, 'certain features of the results may be mentioned. 

Transvaal Grassveld. 

The lowest average was given by a series of .samples grown in 'the Trans..: 
vaal Grassveld and obtained at a wool show. · The mean was increased by the 
adjustment for fibre thickness and crimping, b]lt it must be concluded that 
wool from this area has a lower resistance to compression than Merino, wool& 
generally, even taking into account the fibre thickness and' crimping. · . · ' 
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South-western Districts of the Cape. 

Part of the samples tested was obtained from a broker who had specially 
selected different types, and though the types may have been representative 
they may not have been present in their correct proportions. Part was 
derived from a supplementary feeding experiment and the inclusion of these 
samples was considered to be justified by the lack of a definite difference 
between the trented and untreated groups, but on the other hand, the samples 
were grown in one area. The selection of ~Samples cannot, therefore, be 
regarded as truly representative of the south-western districts, but their low 
average can hardly be due to chance. The adjustment for fibre thickness and 
crimping increased the resistance to compression to 8 · 3 x 103 Kg. em.' per 5 
gm., which is :>till below the average of 8 · 7 x 103 Kg. em. 7 per 5 gm. The 
results ·confirm the conclusion of Swart and van Rensburg, who stated that 
Western Province wools had a low resistance to compression. The low 
average may to some extent be attributed to the fineness of fibre, since the 
number of crimps equals the average. In addition it is to be noted that 
several of the samples were of the so-called " straight " type, whose fibres 
were on examination found to have a shallow type of crimping. 

Eastern Provin.ce Gmssveld. 
This series of samples was obtained frDm a wool sho"·, and the results 

have been consider-ed in a comparison with Karroo wool (Table 55). It was 
inferred that there was a tendency for Grassveld wools to have a lower 
resistance to compression than Karroo wools on the same basis of fibre thick­
ness and crimping, but that a possibly greater numbel' of crimps per inch 
might in practice increase the resistance to compression of the Grassveld 
wools to equal that of the Karroo wools. 

Karroo. 
The high average of Karroo wools remained unaltered by the adjust­

ment. It may he concluded that as far as the Union is concerned, Karroo 
wools offer the g-reatest resistance to compression. 

Basutoland. 
The Basutoland samples were the result of a definite attempt, for two years 

in succession, to obtain as representative a series as possible from the various 
wool growing areas. The average resistance to compression is exceptionally 
high, but after adjustment for fibre thickness and crimping, it equals that of 
Karroo wool. Since the mean fibre thickness is lower than that of Karroo 
wool, the inordinately high resistance to compression must for the greater 
part be attributed to the number of crimps per inch. 

DISCUSSION (PART II). 

vVool is the most important pastoral produ.ct of the Union, so that the 
future of wool is a maJor issue to the country. Until quite recently wool has · 
always been acknowledged as the suprem.e clothing material by virtue of its 
unique properties, but this superiority is no"· being seriously threatened by 
competition from artificial fibres. 

While world wool production has increased by some 30 per cent. during 
the last twenty years, that of artificial fibres has increased about fifty-fold. 
Admittedly a porti0n of these textiles are not intended to supplant wool. 
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and are not suitable for this purpose, but a considerable portion consists of 
a number of types of staple fibre, which if not supplanting wool entirely at 
present, at least are used in mixtures with wool fibres. It is sta,ted that 
during the past four years, the production of staple fibre has increased six­
fold in two countries alone. Within a short space of time, therefore, ~he 
production and consumption of staple fibre have increased enormously. 

Although no fibres have yet been produced which possess simultaneously 
all the desirable properties of wool as clothing material, this fact is hardly 
a cause for consolation. Recent improvements in all types of artificial fibre, 
including casein fibre, the production of twist and crimp in the cellulose 
staple fibre, and the introduction of the truly synthetic fibres such as Nylon, 
whose properties can be readily varied, show the large measure of success 
which has already crowned the efforts of the manufacturer of artificial fibres 
in this direction. 

In many respects the producer of artificial fibres has a considerable 
advantage over the wool grower. Once research has shown a method of 
improving the artificial product or of reducing production costs, the manu­
facturer can avail himself of the result almost immediately. The wool pro­
ducer, on the other hand, can alter his product only by breeding, the results 
of which become established only after many years. The same applies to the 
matter of r·esearch which the manufacturer conducts in the laboratory under 
strictly controlled conditions which he can imitate in his manufacturing 
plant, while the breeder has to conduct his research over periods of many 
years under variable conditions on an extremely variable animal product. 
In the matter of production costs, the manufacturer of artificial fibres is not 
faced with such factors as droughts and sheep diseases, which are co!)tly to 
combat and place the farmer at a serious disadvantage. 

If the artificial J?roduct can advance to the stage where it possesses all 
the desirable properties of wool, this fact alone should not be sufficient to 
affect the demand for wool. It will then depend on which fibre is most 
economically produced and converted into fabric. Even if wool remains the 
superior product, it could not hold its own if its costs of production are high 
compar.e_d to those of other fibres. It may safely be argued, therefore, that 
the future of wool will depend on the extent to which it is possible to reduce 
production costs. This applies not only to the cost of producing the raw 
product, which is only a fraction of the cost of the finished material, but 
also to manufacturing costs. 

The wool manufacturer's problems are being investigated in his domain 
but the producer has to bear a great responsibility, since he hands the raw 
material with its inherent properties ov!)r to the manufacturer, and the 
finished cloth depends to a great extent on the virtues of the raw product. 

The results o£ the present study apply mainly to breeding, which is one 
of the major factors in wool production, and the discussion which follows 
will, therefore, be devoted mainly to some aspects of breeding. 

For the producer to be able to hold his own in the future, it is essential 
that he shall know his product, and the means whereby its characteristics are 
altered. The present investigation comprises a study of the compressibility 
of wool, but the results obtained are not confined to this attribute alone, for 
fleece and fibre characteristics are inter-related, and in practice must be 
considered together. 
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To the breeder the importance of correlations is two-fold. In the first 
place, when his breeding policy is directed towards enhancing one charac­
teristic, the values of other characteristics may be altered, a phase of 

· breedinO' which assumes a special importance in view of the reliance placed 
by breeders on subjective ·estimation of wool attributes. In the second place, 
correlations enable the breeder to assess the relative importance of different 
:a.eece attributes and to decide to what extent the value of each of such attri­
butes should be changed in order to enhance the quantity and quality of the 
fleece most profitably. 

. On a broad basis the correlations mentioned may be divided into two 
classes, those exiflting within individual fleeces, and those existing between 
different fleeces. An extremely complicating factor is, however, that of 
selection, for the breeder is able by selective breeding to reduce or enhance 
an existing correlation or to introduce a new one. As a result, correlations 
found within one stud may not apply to another stud, and generalisations 
based on selected groups often have value only for those groups. In the 
present study an attempt has been made to include wool from as many 
sources as possible, and the ·result • may, therefore, in some respects be 
regarded as providing a general background for the intensive study of indi­
vidual studs and flocks. 

In applying the results obtained to breeding, a complication is intro­
duced by the fact that breeders employ terms to denote characteristics not 
expressible arithmetically. The properties of " harshness " and " softness " 
have been considered. These terms are self-explanatory, and it only remains 
to analyse the factors which determine them. Other terms, such as " sub­
stance ", are less well-defined, and are consequently more difficult to analyse. 

Some of the relations found in the present study may be regarded as of 
purely mechanical origin, and it is proposed to discuss these relations first. 

A factor whose effect may be regarded as purely mechanical, is adsorbed 
water; Speakman (1930) has shown that, whereas the rigidity of wool is 
reduced in the ratio 15: 1 from dryness to saturation, the corresponding 
change in Young's modulus (by stretching) is only 2 · 6: 1. In the case of 
cotton, Clayton and Pierce (1929) found that " the effect of humidity is 
rather less marked on the flexural than on the torsional rigidity ". If the 
'compression of the fibre mass is regard-ed in the light of simple bending of the 
fibres, the elastic constant involved should be Young's modulus, but in view 
of the structure of the wool fibre, the value obtained is not likely to be the 
same as that obtained by stretching the fibre. Even when values obtained 
with different amounts of adsorbed water are compared on the basis of equal 
total lengths of fibre, the relative change in compressibility with adsorbed 
water has been shown to be almost twice that for Young's modulus obtained 
by stretching. When the values are compared on the basis of equal masses 
including adsorbed water, the change in compressibility corresponds to that 
.of rigidity. It must be concludl:)d, therefore, that the resistance of the fibre 
to bending is affected by the reduction, as a result of water adsorption, in 
the attraction between adjacent miceUes, whose long axes are orientated in 
the direction of the fibre axis. In addition, some torsion of the fibre during 
bending must be considered as a possibility owing to the twist already present 
in the fibre and the reversals corresponding to the .crests and tr-oughs of the 
.crimp .waves (Rossouw, 1931; Woods, 1935). . 

The considerable· difference in · ·the ·effects of adsorbed water on the 
rigidity of Young's modulus has been associated by Speakman (1930) with 
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the large difference between the lateral swelling of the fiore and the increase 
in length. In this connection he states: " Lateral cohesion between micelles 
will be reduced to a striking degree by water adsorption and the rigidity of 
the fibre will suffer a corresponding diminution. Since the micelles are long 
in comparison with their diameter, the number of breaks between them will 
be much less frequent along the length of a fibre than along the diameter. 
The changes in length and strength caused by water adsorption will, there­
fore, be far. smaller than the corresponding changes in cross-sectional area 
and rigidity ". 

A possible effect of adsorbed water is also suggested by an observation 
made by vVoods (1935), that the radius of curvature of fibre elements pre­
viously immersed in water increases by about 30 per cent. from dryness to 
saturation. A parallel may be drawn between this phenomenon and the 
crimping of the fibre. 'l'he r·esistance to compression has been found to 
diminish when the number of crimps diminishes, and hence with an increase 
in the radius of curvature of the fibre elements, so that the increase in radius 
of curvature with adsorption of water may be taken as a contributory cause 
to the reduction in the resistance to compression of the fibre mass. 

The results stress the necessity of performing compressibility measure­
ments under controlled conditions, in view of the fact that an increase of 5 
per cent. in the relative humidity, corresponding to an increase of about 1 
per cent. in the moisture content of wool, causes a r·eduction of 12 per cent. 
in the resistance to compr·ession. 'rhis precaution has not been taken by some 
previous investigators who employed the balloon method. The influence of 
humidity may also be expected to play an important part in the practical 
estimation of compressibility by hand, so that while it is possible to compar·e 
samples under the same conditions, the comparison of different samples on 
different days, especially during changeable weather, will be unreliable. 

As regards the effect of length, the rt)sistance to compression of the fibre 
mass evidently depends on the total length of fibre present, and not on the 
length of individual fibres. Such a conclusion is in agreement with the view 
expressed in Part I of the study, viz., that during compression the units 
which bend are not the complete fibres but the elements between adjacent 
contacts. The possible reduction in the resistance to compression for staple 
lengths below one inch may be attributed to the increasing number of free 
ends produced by the separation of elements connected in longer fibres. 
Attempts to employ still shorter lengths proved unsuccessful owing to the 
rapidity with which short fibres tend on washing and teasing to develop 
small lumps, the complete removal of which is practically impossible. 

It is recommended that, where possible, sheep experiments involving 
wool compressibility determinations should be extended over a period sufficient 
to ensure an adequate length of staple. A length of at least two inches or 
five em. is suggested. 

Assuming the effects of fibre thickness and crimping to be real, the 
failure to account for the whole of the differences in the resistance to com­
pression of various wools by means of fibre thickness and crimping, ml.lst, in 
part at least, be due to differences in the elastic properties of the fibres. 
While admittedly both the mean fibre thickness and the mean number of 
crimps per inch _are subject to sampling errors, these are not sufficiently large 
to account for the residual variation. As no experimental data are available 
on the variation in the elastic moduli among Merino wools, the degree to 
which this factor can account for the residual variation in compressibility 
cannot be estimated. · 
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There are, however, other important factors which have not been taken 
into account. One of these is the shape of the crimp wave, for a large number 
of wave forms occur among fibres, and even along the length of a single fibre 
(N athusius, 1866; Barker and Norris, 1930). Another factor is the ellipticity 
of the fibre cross-section, and the twist present in the fibres, which suggests 
that during compression the fibres are twisted as well as bent. In this 
connection it is significant that Barker (1931) states: " Where the trade 
opinion of the fleeces noted a particularly soft handle, it was subsequently 
found that the wool of that particular fleece ... more nearly approached the 
circular. Although the contour or degree of ellipticity is not the only factor 
concerned in the production of good ' handle ', yet it probably has a decided 
influence ". 

In the case of fibre thickness, it was concluded that the :fibre thickness 
has a positive influence on the resistance to compression, but that in general 
its effect is masked by the crimping. This view seems to be supported by the 
results of Henning (1934), which showed an increase in resistance to com­
pression with an increase in fibre thickn!)ss in the case of wools whose 
crimping had been reduced by the " Lisseuse " process. That the crimping 
could not have been completely removed is shown by the further observation 
that the resistance to compression fell on passing over to the long coarse 
wools. 

In view, however, of the fact that theoretically the fibre thickness has 
no influence on the resistance to compression, the effect found after removal 

·of the effect of crimping may only be apparent, in the sense that it is caused 
by other factors correlated with the fibre thickness. For example, factors 
mentioned above as possible causes of the residual variation may be corre­
lated with fibre thickness, although no data on this point are available. 

On the other hand, it is to be noted that if the crimping has an influence 
on the element length, a point to be considered later, a relation between 
r esistance to compression and fibre thickness may thereby be introduced, for 
no account was taken of the crimping in the theoretical considerations. 

In connection with the effect of fibre thickness, Burns and J olmston 
(1936) state that " Larose and Winson have both found that an increase in 
volume under pressure is definitely associated with an increase in fibre thick­
ness ". Now the yarns tested by Larose ( 1934) differed by hal£ a micron in 
a fibre thickness of 30 microns. In Figure 5 of Winson's (1932) paper are 
given the pressure-volume curves of two Shropshire samples, according to 

which the wether sample had a slightly larger ratio of~ , and it is stated that 
. Vo 

the wool of the wether was very slightly coarser, no measurements being 
being given. On the other hand, accordingto Figure 7 of the same paper, the 
comparison of " the Veld wool 70's " and the " fine Cape kid mohair " 
suggests the very opposite effect, for the 70's wool must have had a consider­
ably finer fibre than the mohair, and yet it had a much greater 

value of ~ at any pressure. The author can therefore not agree with the 
Vo 

statement quoted. The present study has suggested that no correlation exists 
owing to the complicating effect of the crimping. If the effect of the 
crimping could be removed, the results o£ the present study would agree with 
those o£ Burns and Johnston. Since these authors found, in their own tests, 
that the coarser wool occupied a greater volume, it is suggested that the 
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crimping of the wools examined by them was of such a nature that its effect 
was insignificant, or that the extremely high pressur.es employed overcame 
the effe~t of the crimping, and the fibre thickness alone was operative. 

Before considering the effect of the crimping, it must be remarked that 
the number of crimps was measured on the greasy staple, while the com­
pressional measurements were made subsequent to cleansing in water. The 
fibres must thereby have lost their original fMm, but according to Woods 
(1935), the periodicity in the new forms corresponds to that of the original 
crimping, though the new forms as observed by Woods would probably not 
have been completely attained owing to inter-fibre action in the mass. 

While it has been stated that the effect o£ :fibre thickness may be only 
apparent, the same argument is applicable to the crimping. Thus, Barker 
and Norris (1930) have suggested a mathematical relationship between fibre 
thickness, number of crimps per inch, and Young's modulus. 'fhe possibility 
must, therefore, be seriously considered that fibre thickness and crimping 
have no direct eftect on the resistance to comp_ression at all, but that they 
merely indicate the magnitude of other properties which determine the 
resistance to compression. In the case of the elastic properties, however, if 
a relationship as exact as that suggested by Barker and Norris exists, the 
fibre thickness and crimping may be expected to account for a greater, if not 
the greatest, portion of the variation between samples. 

The crimping may also be regarded as an indication of the degree of 
twist in the :fibre, so that the apparent effect of the crimping may be a result 
of the effect o£ the twist already present, · and possibly also of the ellipticity 
of the fibre cross-section. 

In addition, Jhe crimping may have a real mechanical effect on the 
·resistance to compression. In the first place, the crimping increases the 
flexur1tl rigidity o£ the fibre. The finer and more numerous the crimps, the 
smalle-r will be the radius o£ curvature of the fibre elements, and the greater 
will be the pressure nec-essary to bend them still further. In this connection 
an apparent inconsistency must be considered. In Part I of the study, it was 
deduced, by analogy with a solenoid, that the total volume is proportional to 
the mean radius of curvature of the fibre elements, suggesting that the 
coarsely crimped wools should occupy a greater volume than the finely 
crimped wools, while the present study has shown that in general the opposite 
is the case. The explanation of the apparent inconsistency lies in the fact 
that the proportionality between the volume and the mean radius of curva­
ture was deduced on the basis of a constant length of fibre being compressed 
to different volumes, while the results of the present study are based on the 
comparison of equal masses of different wools being compressed to the same 
volume. 

In the second place, it is highly probable that the length of a :fibre 
element which bends as a complete unit -during compression will be influenced 
by the crimp wave-length, i.e., that the points of contact between fibres will 
tend to concentrate at the crests and troughs o£ the crimp waves. In such an 
event, the fibre elements will be the shorter, the greater the number of crimps 
per unit length, and the resistance to compression of the mass will be corres­
pondingly greater. Support is given to this ·view of the effect of the crimp­
ing by the finding that the resistance to compression is not associated with 
the surface friction of the fibres, for fibre slippage may be prevented by the 
crimps rather than by the surface friction of the scales. 
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I£ the main effect of the crimping is to influence the length of fibre 
elements which bend as complete units, the question arises in how far the 
mean element length may be regarded as proportional to the crimp wave­
length for a given density of packing. In the ideal case, the lengths of the 
elements will be fractions or multiples of the crimp wave-length. 'l'hese 
lengths will follow some law of distribution, and there will be a value of 
greatest frequency, to which the mean value will be related. The question 
then arises as to what factors will determine the most probable and mean 
values. 

In Part I of the study, it was suggested, by analogy with a pile of rods. 
(equation 24) that the mean element length would be proportional to the fibre 
thickness for a given density of packing. For the mean element length to be 
proportional to both the fibre thickness and the crimp wave-length, the 
product of the fibre thickness and the number of crimps per inch must be 
constant. It follows, therefore, that the mean element length will be the 
same 'multiple (or fraction) of the crimp wave-length for all wools which have 
the same product of fibre thickness and number of crimps per inch. 

For other wools, the position will be somewhat different. In the case of 
a fine-fibred wool with a few crimps to the inch, i.e., a large wave~length, the 
element length will be smaller, since the fibre thickness is small and the­
length of fibre iarge, and the mean element length will be a smaller multiple 
of the crimp wave-length. In the same way, the mean element length will 
be a greater multiple of the crimp wave-length when the fibres are coarse and 
at the same time have many crimps to the inch. 

The relation between the crimp wave-length and the estimated element 
length may be judged from Table 57, where wools following Duerden's 
standards are considered. In this case twice the element length is likely to be 
the relevant quantity, representing as it does the distance between two con· 
tacts on the same side of the fibre where the forces act in the same direction. 

TABLE 57. 

Twice the element length as calculated from equaflion (24) compared with the 
crimp wave-length of wools which agree with Duerden's standa;rds. 

DuERDEN's STANDARDS. TWICE ELEMENT LENGTH (em.)-

Mean Fibre Mean Crimp 

I 
Quality No. Thickness. Crimps "\Vavelength. 20 c.c. / gm. 10 c.c. j gm. 

(Microns). per Inch. (em.). 

80's ..... ... . . . .. 17·5 18·5 0·137 0·036 0·018 
70's .. . . ...... ... 18·4 16·5 0 · 154 0·038 0·019 
66's ............. 19·5 14·5 0·175 Q·040 0·020 
64's .. . ........ . . 20·7 12·5 0·203 0·042 0·021 
60's ............. 22·2 10·5 0·242 0·045 0·023 
58's ............. 24·3 8·5 0·299 0·050 0·025 

It is seen that for wools whose fineness-crimping · relation follows . 
Duerden's standards, twice the mean element length is appro'Ximately· 1

/ 5 of 
the crimp-wavelength at 20 c.c. f gm. and 1

/ 10 of the crimp-wavelength at 1().. 
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c.c. f gm. The influence of the crimping on the element length is, therefore, 
likely to be confined to the l<mger elements, and in the case of a fine-fibred 
wu:>l with a · few crimps to the inch, the effect is probably smaller than with 
a coarse-fibred wool with many crimps to the inch. 

Such consiJerations suggest yet another reason for the residual variation 
:in the resistance to compression after the effects of fibre thickness and crimp­
jng have been eliminated. 

The lack of a relationship between the resistance to compression and the 
surface friction of the fibres at 65 per cent. relative humidity may be due to 
ihe fact that the minimum surface friction of the samples examined is suffi­
cient to control fibre slippage, but the cause already suggested, viz., that the 
crimping is the main factor which controls the slippage, appears more 
probable. Partial confirmation of this view is given by a comparison of the 
resistance to cm•lpression and the milling shrinkage of a blend. In the case 
of milling shrinkage, where the surface scale structure is the determining 
factor, the shrinkage of the blend bears no proportionate relationship to the 
amounts of the respective constituents (Speakman and Stott, 1931). The 
resistance to compression of a blend·, on the other hand, has been shown to be 
th~ weighted mean of the values of the constituents. 'rhe comparison 
suggests that the surface friction is a factor of small moment in determining 
the resistance to compression. · . 

In either case, the pressure-volume relation of a mass of wool fibres may 
be expected to differ from that of other fibres which lack the surfac.e scale 
structure and the crimped form, and in consequence have a greater tendency 
towards fibre slippage. .A.t the same time the hysteresis between the com­
pression and release curves should be smaller in the case of wool. Pidgeon 
and van Winsen (1934) were able to explain the reduced resistance to com­
pression of a mass of asbestos fibres with increasing relative humidity by the 
greater ease of slippage of the fibres over one another, while the present study 
has shown that in the case of wool, the reduction in resistance to compression 
may be attributed to an alteration in the elastic moduli of the fibres. 

Recently, .A.. F. Barker (1942) advocated the production of straight 
fibres, since these should give " a better combing result and a finer count and 
a stronger yarn, other things being equal ". He further regarded crimp " as 
being simply eviilence of variable length of fibre growth ". In the present 
study an attempt was made to :procure straight-fibred samples for a study of 
the effect of fibre thickness in the absence of crimps. No such wools were 
found, for the so-called straight-fibred wools were found on examination to 
consist of crimped fibres, and the apparent straightness was due to the fact 
that the fibres did not combine to form a crimped staple. It was also observed 
that the crimping of the individual fibres was rather shallow. 

Assuming, however, that the production of straight-fibred wools of the 
Merino qualities is possible, this may be expected to have a pronounced effect 
on present manufacturing methods, for the crimp serves to some extent as a 
protection for the fibre when it is stretched during the various manufacturing 
processes. In thi;: connection Smith (1938) states: " Recent experiments in 
artificial fibres seem to show that up to a certain point a better spinning result 
can be obtained (that is to say a finer count and a more even yarn can be 
reached) by the introduction of a ce~tain amount of crimp ". Examination 
of artificial fibres shows that· some types are made permanently crimped and 
twisted in order to resemble wool. , . 
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In view of the existing correlations, straightness .of fibre will possibly 
be accompanied by an increase in uniformity in fibre length, an increase in 
the circularity of the fibre cross-section, and an absence of twist. It will, 
however, remove some of the most suitable properties of wool as clothing 
material, for the crimpy structure produces a large number of inter-fibre 
interstices which are not only partly responsible for the heat insulating pro­
perties of wool fabric, but also impart to the fabric a certain sponginess and 
softness .lacking in the more compact structures made up of strai~ht fibres. 

From the point of view of the present study, the possible production of 
straight fibres assumes special importance. The attainment of straightness 
will presumably be the result of breeding, either for fewer crimps to the 
inch until they are absent altogether, or for shallower crimps to the limit of 
straightness. In view of the pronounced effect of the crimping on the 
resistance to compression, both methods of breeding will tend towards wool 
with an abnormally low resistance to compression. A possible way of 
counteracting thi;; tendency would be to increase the fibre thickness, and 
hence to eliminate the main characteristic which distinguishes Merino wool 
from other wool. At the same time the harshness will be increased, for the 
fibre thickness has a greater effect on harshness than the resistance to com­
pression has on this property. I£ 'fineness of fibre is maintained, the resulting 
low resistance to compression will have to be compensated for by a more 
greasy fleece in order to prevent the fleece from opening up on the sheep and 
exposing the fibre8 to the · detrimental influences of climate and atmosphere, 
for it is unlikely tJiat a sufficient fleece density can be attained to prevent 
this condition. Unless definitely bred for, the amount of grease will prob­
ably diminish, since the present study. has shown a negative correlation 
between percentage yield and both resistance to compression and number of 
crimps per inch. 

Another possible effect of the absence of crimp is a reduction in the 
" springiness " or " loftiness ", resulting from a larger hysteresis loop, for 
with the lack of control of fibre slippage by the crimps, a greater degree of 
irreversible inter··penetraion of the fibres may be expected. 

The author is, however, of the opinion that breeding for straight fibres 
may result in the production of crimped fibres without a crimped staple, 
unless individual fibres are examined. 

In the case of 130 samples from various sources, no relationship has been 
found between tbe resistance to compression and the tensile strength. This 
does not necessarily mean that no correlation exists, for there is evidence to 
show that certain factors may affect one attribute and not the other. Thus, 
unde~feeding ~ad no effec~ on the resistance to compression in the experiment 
descnbed, while the tensile strength of the same samples showed a definite 
reduction (publication by Bosman and co-workers pending). Further the 
average resistance to compression of belly samples equalled the mean fo~ the 
six regions, while the tensile strength of the belly samples was consistently 
lower than that of the other regions (van Wyk, 1941). In view of these 
results, it will he a difficult matter ·to ascertain whether a real correlation 
exists between the two attributes. 

It ~s probable th.at ~he ~elations hip betwee.n resistance to . compression, 
fibre thwk~ess and cnmp~ng 1s o~e of the most Important factors in existing 
wool practwe, and hence m breedmg, as the followmg examples will show. 

212 

" 



C. M. VAN WYK. 

In- his random sele.ction of 1,000 samples, Bosman (1937: 1) fo~nd that 
72 per cent. of the samples showed a divergence from the average relation 
between the fibre thickness and the number of crimps per inch, and conse­
quently concluded that the estimation of fineness by means of the crimps 
alone would be in error in 72 per cent. a·£ cases. In practice the crimping 
does form the main basis of fineness estimation, but wool is usually handled 
in order to estimate its " quality ". Thus Rose (1933) states that all harsh 
handling wools mnst be classed down. Whether the resistance to compression 
or the harshness, or both, are involved in the handling, a high value of either 
property will, on t.he basis of the relations found in the present study, indicate 
too coarse a fibre for the crimping, while a low value of either property will 
indicate too fine a fibre for the crimping. It is thus seen that the handling 
of wool in classification serves to correct for the errors in the visual estima­
tion of fineness caused by variations in the fineness-crimping relation . 

.Another possible result of the effect of the fineness and crimping on the 
resistance to compression is its bearing on a property known as " substance " . 
.According to Mellet (1923), " substance is the power of resistance of the wool, 
by which it is enabled to stand at right a:p.gles to the skin, keeping the fleece 
closed ", while Rose (1930) states that " substance is indicated by fullness of 
handle, non-compressibility ". In view of the above definitions, it is reason­
able to regard " substance " as being determined by the factors (1) resistance 
to compression, (2) quantity and quality of yolk (i.e., grease and suint) aml 
(3) size and density of the staple. 

In breeding for " substance ", if the breeder is influenced by the resist­
ance to compression, he will tend to breed a coarser fibre than the cri:rnps 
indicate, although he may not be consci9us of the fact, unless he employs 
means other than the crimping to estimate the fineness of the wool. It will 
be the policy o£ the breeder to cull rams lacking this attribute, and the rams 
retained will bear fleeces which on the average have a higher resistance to 
compression than those of the ewes and wethers. The results of the present 
study £~led to reveal a djfference in this respect between the fleeees from rams 
and ewes in flock~ where no selection for " substance " had been practised. 
The impression that fleeces from rams have more " substance " than those of 
ewes may thus simply be due to the fact that in practice most rams have been 
selected partly for this attribute. In this connection it may be pointed out 
that there is also a belief which has not been experimentally demonstrated 
that such _rams are also good breeders for wool production. 

Furthermore, if the rams retained by the breeder have fleeces with a 
higher average resistance to compression than those of ewes and wethers, the 
correlations found suggest that their fleeces will also have a coarser fibre 
than the crimps indicate, compared to unselected material. Such a condition 
would be a pos;;ible reason why Bosman and Botha (1933) found that wool 
from stud rams was approximately two classes coarser than was indicated by 
the crimping, while Bosman (1937: 1) found an average agreement in his 
random selection of samples. 

With regard to the s~cond factor assumed to determine " substance ". 
· viz., the quantity and quality of the yolk, it is also true that selection may 

give to stud rams a higher averag'e " substance " than that of other animals, 
but there is the possibility that the fleeces grown by rams and ewes may differ 
in respect of the yolk, a point not investigated in the present study. How­
ever, if in breeding for " substance "> the breecler is influenced by the yolk, 
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of which the grease is the predominating constituent, he may obtain a mis­
leading impression of the resistance to compression and of the density of the 
:fleece. A high correlation exists between the greasy :fleece weight and the 
scoured :fleece weight within a stu(i (Bosman, 1937, 1941), so that breeding 
for greasy :fleece weight will result in an increase in the scoured :fleece weight. 
When the breeder, however, in aiming at " substance " and " density ", is 
misled by the grease and other impurities, he may reduce the yield of the 
fleeces and so to some extent nullify his attempts at a higher prq.duction per 
sheep. 

The negative correlation coefficient found between the clean yield of the 
:fleece and the resistance to compression of the wool suggests that when the 
breeder, in aiming at " substance ' ·' in the :fleece is to some extent influenced 
by the non~wool impurities, he nevertheless tends to produce wool with a high 
resistance to compression. Alternatively, the correlation found may be the 
direct result of breeding for " substance " where both the amount of the non~ 
wool portion of the :fleece and the resistance to compression of the wool have 
been enhanced. 

No correlation has been found between the yield o£ the :fleece and the 
fibFe thickness, a result in contrast to the findings of Volkmann (1927) and 

· Baumgart (1929). A highly significant negative correlation has, however, 
been found between the yield and the number of crimps per inch, a result 
which may be expressed by the statement that the apparently fine wools have 
a lower yield than the apparently coarse wools . Since the practical estima­
tion of fineness depends to a large extent on ·the crimping, the question arises 
as. to whether the correlation found has been introduced by breeding. For, 
in aiming at " substance ", the breeder may tend to produce, firstly, wools 
with a high resistance to compression, i.e., wools having a coarser fibre than 
the crimps indicate, and secondly, low yielding wools. He consequently 
introduces a negative correlation between yield and resistance to compression, 
and a negative correlation between yield and number of crimps per inch, and 
removes a possible correlation between yield and fibre thickness. At the same 
time he regards the crimping as an indication that he is maintaining a 
reasonable finenec;s of fibre, which may not be the case. 

Now softness of handle, which Rose (1933) associates with " quality ", 
is a desirable property, and it has been shown to be associated with a fine 
fibre or a low resistance to compression. The attribute of " substance ", on 
the other hand, has in the present study been associated partly ·with the 
resistance to compression, which requires either a coarse fibre or a fine 
crimping. The question arises as to how these two apparently conflicting 
attributes are to be combined in a single :fleece.· 

It has been shown that for wools whose fineness-crimping relation follows 
Duerd~'n's standards, the resistance to compression increases with the quality 
number. Since the harshness is determined largely by the fibre thickness, 
the increase in r·esistance to compression with quality number is not accom­
panied by an increase in the harshness. In the finer wools, therefore, 
" substance " may be attained by a high resistance to compression without 
harshness, but with the coarser wools the effect of the fibre thickness in 
enhancing the harshness must be compensated for by a low resistance to com­
pression, and the " substance " must be attained by other means. Ordinarily 
this is ·not produced by an increase · in the grease content as shown by the 
negative correlation between yield and resistance to compression, although it · 
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is a possible method. The third factor . suggested as being partly involved in 
" substance" is probably employed, viz., the size and density of the staple, 
for Rose (1930) states that " substance is indicated by fullness of handle ". 

'rhe possible·· implications of breeding for " substance ", viz., a coarser 
fibre than the crimps indicate, with the consequent difficulty of estimating 
the fineness, the tendency towards " harshness ", and an excessive amount of 
grease can hardly be considered desirable. Breeding for " substance " may, 
therefore, be regarded as of rather doubtful value. For a sheep of a certain 
size, the density of the fleece will be reflected in the wool production per unit 
length of staple, and pr<JYided the latter is satisfactory, and the fleeces do not 
open up on the sheep, breeding for the attribute of " substance " would seem 
to be superfluous, and in some respects even undesirable. 

The effect of the relationship between fineness and crimping on the 
resistance to compression, and, therefore, on characteristics estimated by 
touch, seems to justify a closer examination of the relationship between the 
two quantities, especially in regard to the standards compiled by Duerden 
(1929). Measurements on two groups of sheep were compared with the 
standards by Swart (1937). His method of comparison consisted in relating 
the difference between the classes as given by the fibre thickness and by the 
crimping with fibre thickness. The author cannot, however, regard the 
method employed by Swart as adequate for testing the agreement between a 
set of observations and the standards, for the following reason. 

Suppose the quality number class accor~ing to the crimping to be plotted 
as ordinate, y, against the quality number according to the fibre thickness as 
abscissa, x. Then the standards will be represented by a line y = x. A set 
of observations which agree with the standards will be symmetrically dis­
tributed about this line, and will roughly form the surface of an ellipse whose 
major axis lies on the line y = x. For a given value of x which is smaller 
than the mean of x,the mean value of y will be above the line, while for a 
given value of x which is greater than the mean of ,?J, the mean value of y 
will lie below the line, and the means of y will lie approximately on the 
regression line of y on .x. This is practically similar to the procedure adopted 
by Swart, except that in his case the mean value of (x- y) was determined for 
various values of x. The author is of the opinion that such a procedure will 
giv:e the effect found by Swart, viz., a negative difference between the classes 
for low values of the fibre thickness and a positive difference for greater values 
of ·the fibre thickness, for observations which agree with the standards. 

It is suggested that a better test would be to relate the perpendicular 
distance from any observation to the line Y=X with the point where the per­
))~ndic\lh:r C\lts th~ lin~. lithe -val-u~s are distrib\lted s-ymm~trically abo\lt the 
line, the sum of the perpendicular distances to any given element of the line 
should be zero. Since the perpendicular distance from any point (x', y 1) to 

the line Y = X is given by (x~{), and the ordinate and abscissa of the point 

where the perpendicular cuts the line y = z , ·'·is !(x' + y 1), the procedure 
suggested is equivalent to relating the differences between the classes with 
their me~n (neglecting the•factor v~). 

For 'this purpose it is convenient to assign an index number to each class, 
as illustrated in Table. 58. 

The 'mean difference between the classes for each value of the mean of 
the two classes has been calculated for the data of Bosman (1937), Bosman 
and Botha (1933), Swart (1937), and those obtained in the present study, as 
shown ·in' Table 59. 
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TABLE 58. 

Quality Number. Assigned Index Number. 

150's.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
120's............... . ....................................... . .... 2 
100's ....... ... .. . ... : . .. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
90's ........... .... ...... . . ..... ...... . ....... ." ................. 4 
80's..................... . ................ .......... .. ..... ..... 5 
70's .................................. ... ....................... 6 
66's.............................. . ................ ....... .. .... 7 
64's........ . ................ .. . . .... . ............ .. .. ........ .. 8 
60's.............. . ...... . .... ... ............................... 9 
58's.. . . ...... .................. . ............................ .... 10 
56's . ...... ... ... .. . ..... ................. .. ... .. ....... ....... . 11 
54's................ ... ........... . .............................. 12 

'rABLE 59. 
The mean difference between the classes as given by jib1·e thiclcness and 

number of crimps per inch calcula.ted for each value of the mean of the 
classes. 

DIFFERENCE BETWEEN CLASSES. 

Bosman (1937) Bosman and Swart (1937) Swart (1937) Present Study 
Mean of (Random Botha ( 1,933) (Experimental (Veld Grazed (Various 

Class Samples). (Stud Rams). Sheep). Sheep). Sources). 
Values. 

Fre-1 quency. Mean. Fre- 1 Mean. quency. Fre- I Mean. quency. Fre-1 M quency. ean. Fre-1 M quency. ean. 

1·5 .......... 3 + 1·0 - - - - - - - -
2 . .. .. .. .. , 3 0 - - - - - - - -
2·5 .. . ... .. . . - - - - - - - - - -
3 . ........ . 24 0 - - 2 -2· 0 1 0 - -
3 · 5 .......... 21 +0·4 - - 1 - 3·0 - - l - 1·0 
4 .......... 33 0 1 0 4 -0·5 l -6·0 - -
4·5 .......... 51 -0 ·9 - - 5 - 1·8 2 -2·0 1 +3 ·0 
5 .. . .. .. ... 81 -0·4 - - 5 -0·4 2 -3·0 - -
5·5 ....... ... 60 +0·4 1 + 1·0 5 - 1 ·0 3 + 1·7 5 +1·0 
6 ... ..... . . 87 +0·2 - - 12 +0·2 10 +1·0 6 -0·3 
6·5 . ... . .. ... 66 +0·2 8 + 0·3 15 + 1 · 1 11 +0·8 25 +0·3 
7 .... ..... . 117 -0·4 5 + 0·8 13 + 1·5 7 +2·3 32 +0·6 
7·5 . ....... . . 66 +0·3 17 + 0·8 24 +2·8 ll + 1·5 35 +0·6 
8 . ....... . ·. 90 +0·4 12 + 1·3 14 +2·8 7 +1·7 46 +0·9 
8·5 ....... ... 84 - 0·5 25 + 2·3 14 + 3·0 l - 1 ·0 58 +1·1 
9 . ......... 51 - 0·2 31 + 1·6 3 +3·3 2 + 1·0 44 +0·7 
9·5 .......... 57 -0·2 12 + 1·3 - - 2 0 31 +1·1 

lO .......... 51 +0·7 8 +0·5 - - 1 0 19 +1·6 
0·5 .......... 30 0 2 + 1·0 - - - - 6 + 1·0 
1 ....... ... 18 0 1 0 - - - - - -
1·5 .... ...... 9 +1·0 - - - - - - 1 +1·0 

------- --------·------ ---------
1,oo2 I -o·o3 123 + 1·3 117 +1·5 61 +0·9 310 +0·8 

------ ------
R egresslion ..... 0·0256 0·1405 ld105 0·4754 0·2148 
......... .... 0·89 1·27 15·12 1 ·91 2 · 92 
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Since the means are based on different frequencies and consequently are 
not ·of equal weight, the regression coefficient of the difference between the 
classes on the mean of the two class values has been calculated for each group, 
and it is giv~m at the foot of each column. Agreement with the standards 
will give a zero value for the regression coefficient, and the significance of its 
departure from zero has been determined by· calculating t (Fisher, 1932). 

In the case of 1,002 random samples (Bosman; 1937), it is evident that 
there is no departure from the standards as regards the mean deyiation 
(- 0·03) or the slope of the regression line (0·0256). In the case of the stud 
rams (Bosman and Botha, 1933), ther·e is a mean difference of + 1·3 from the 
standards, but the slope of the regression line (0 ·1405) does not differ signi­
ficantly from zero, suggesting a general shift of the fineness-crimping relation 
from that of the standards. The samples from the experimental sheep (Swart, 
1937) show a mean differ.ence of + 1· 5 and a marked departure of the regres­
sion coefficient from zero (1 ·1105), confirming Swart's conclusion for these 
samples, viz., that for high values of fibre thickness the class according to the 
fibre thickness i'l coarser than the class according to the crimping, while for 
the finer wools the thickness is smaller than the crimps indicate according to 
Duerden's standards. The author cannot, however, agree with Swart that 
Bosman and Botha's data for stud rams correspond to his own or agree with 
the conclusion reached in regard to his own results. The samples from the 
sheep grazed on the veld also show a departure from zero in the regression 
coefficient (0·4754) but the number of observations is insufficient to render 
this significant. The results of the present study show a mean shift of + 0 ·8 
from the standards, and a small but significant difference between the 
regression coefficient of 0 · 2148 and zero. 

'l'he lack of agreement between his observations and standards led Swart 
(1937) to question the validity of the standards. .A part from the fact that 
results obtained on seleeted groups can hardly be regarded as a fair test of 
the validity of the standards, the author regarcls the estimation of fineness by 
means of the crimps as of extremely doubtful value, and consequently agrees 
with Swart that the standards in question, or any other standards giving a 
relation between fineness and crimping, should not be employed in stud 
breeding practice for estimating the fineness from the crimping. 

The standards can, however, serve a useful purpose. Crimping has surh 
a pronounced effect on the compressibility that it must play a considerable 
part in subsequent proce8sing. Assuming that the experienced sorter may 
be able to estimate fibre thickness without being misled by the crimping, he 
has to choose between uniformity in fibre thickness with a variation in the 
crimping and uniformity in the crimping with a variation in fibre thickness, 
or he must make a compromise between the two. In any rase, Yariations in 
the relation bet'ween £.bre thickness and crimping will result in a lack of 

· uniformity in thE' sorted lot. To base breeding policy on fibre thickness alone 
will not be sufficient, and the author is in favour of Swart's suggestion that 
breeding should he directed towards certain combinations of fibre thickness 
and crimping. The standards compiled by Duerden are a definite step in this 
direction, being at present the only link betwe.er.l producer and manufacturer, 
although they may need revision as the knowledge of the part played by each 
attribute in manufacture increases. 

In breeding· for a certain combination of fibre thickness and crimping, 
certain difficulties will be encountered. In the first place, it is highly probable 
that fixing certain combinations of fineness and crimping will fix other attri­
butes. For example, as suggested by Table 27, it is possible that fine wools 
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will then always have. a high resistance to compresswn, and coarse wools 
always a low resistance to c01npression. Since all wools at present are in 
demand, each type being employed for a specific purpose, thereduction in the 
number of types may meet with some opposition from the manufacturers. 
With the introduction o£ such a breeding policy, therefore,. the collaboration 
of the manufacturer is essential. Provisionally the standards can serve as a 
basis, but the linal combinations should be decided upon after the producer 
has submitted a number of combinations to various branches of the manufac­
turing industry, and has received the opinions based on actual tests . Should 
various branches favour different combinations, these could probably be 
arranged to correspond to the climate and pasturage of the different wool­
growing areas, but a difficulty which may be expected when breeding for 
certain combinations of fibre thickness ~md crimping is the disturbance likely 
to be caused by a drought which may upset all the combinations. 

The author is, however, of the opinion that the first step of the producer 
in improving his product is to breed for uniformity, since the 1llanu£acturer's 
methods will thereby be simplified and his production costs reduced. The 
need for uniformity has been stressed so often that it will not be considered in 
detail, but it must be borne in mind that at present 'the artificial product is 
superior to wool in this respect. 

Three types of uniformity may be distinguished, viz., within the staple, 
within the fleece , and within the flock (Frolich, Spottel and 'Danzer, 1929; 
Bosman, 1937: 2). It is essential that a thorough study should be made to 
determine whether the fibre uniformity within a staple is correlated with the 
uniformity among the different staples composing a fleece. Should a correla­
tion exist, the breeder's efforts to produce a uniform fleece as judged by hand 
and eye methods will tend to produce uniformity among the fibres composing 
a staple, while the lack of a correlation will necessi.tate microscopic measure­
ment for determining the uniformity within a staple. Frolich, Spottel and 
Tanzer (1929) consider that no relation exists while Duerden and Bell (1931) 
state that " a high degree of uniformity in quality over the sheep would 
doubtless be accompanied by less variability in the individual fibres of a 
staple ". None of the authors, hqwever, quote experimental evidence in 
support of their opinions. 

The high correlation betwe_en fibre thickness and fibre length found by 
Duerden and Bosman (1931) and Roberts (1931) suggests that a reduction in 
the variation in the fineness of the fibres composing a staple will be accom­
panied by a reduction in the variation in the length of the fibres. According 
to the pr·esent study, however, an alteration in the variability will be accom­
panied by but little change in the compressibility. 

In the case of the fleece, on the other hand, a marked reduction in the 
variation in resistance to compression between the various regions of" the -
sheep takes place when allowance is made for the variation in fibre thickness 
and crimping, so that breeding for uniformity in fibre thickness and crimping 
over the fleeces will tend to reduce the variation in resistance to compression 
over the fleece. 

It is often found that fleeces from one flock are extremely dissimilar"' an 
occurrence which must be ascribed to the lack of a definite breeding policy. 
Thus it is found that some farmers class their clip into a large number of 
lines, and while. the thorough. classing is commendable, the variation in the 
clip which ' necessitates such intensive classing must be regarded ' as highly 
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undesirable. It is reasonable to assume that for any area there must be a type 
<lf sheep and its fleece which is best suited. to that area, and every farmer 
sh<luld ascertain which type is most profitable to him, and by careful breeding 
and selection confine his production to that type _only. In this way he will" 
produce his wool most econ<lmically, reduce his classing to a minimum, and 
offer to the manufacturer a uniform t_ype of wool. 

While the farmer then should aim at uniformity in his clip and confine 
himself to the type which gives him the highest financial return per sheep, 
it is the stud breeder who must bear the responsibility <lf producing the suit­
able rams. 

A plea for recording in stud breeding has been made by Bartel, Swart 
and van Rensbnrg (1936) and by Bosman (1936, 1937:1, 1943), and the 
breeders themselves appear to be considering the possibility (S.A. Merino 
Breeders J our:nal, 1943). While support must be given to such a scheme, 
too much emphasis cannot be laid on the need £or exact meth<lds of deter­
mining fleece characteristics. Hand and eye methods have met with a high 
degree of success in the past, and are responsible £or the present standard o£ 
South African Merino stud animals, but it is becoming increasingly evident 
that their effectiveness is rapidly diminishing. Results obtained during the 
course of the present study, and in other branches o£ fleece testing in the 
laboratory, suggest that the main causes o£ erroneous estimation are the 
variation in the relation between fineness and crimping, and the presence o£ 
the non-wool fleece constituents . 

The seriousness o£ the extent and magnitude o£ the errors involved 
cannot be too strongly emphasised, and these errors can be definitely harmful 
to the,interests c£ the South African producer. For instance, some manufac­
turers state that an insufficient quantity <lf " strong " wool (i.e., wool of the 
.coarser qualities) is available £or the production o£ certain classes of goods 
which they desire to manu':facture in the Union. Now the climatic and 
pastoral conditions of certain areas do not favour the production of " strong " 
wool, but it can Rafely be assumed that in a large proportion of cases wools 
which according to fibre thickness should be classed as " strong " are classed 
as " medium " or even " fine ", owing to the crimping. Such a conclusion 
is supported by analyses o£ fleeces exhibited at wool shows and a good instance 
is afforded by the samples used in the study of harshness, as rec<lrded in 
Table 33. 

Exact measurement in recording will not only be of immense value to 
the stud breeder himself, but will also aid the farmer in purchasing rams. 
The stress laid by breeders on " substance " and " bulk ", as evidenced by 
-such sayings as " substance fills the bales ", is definitelv misleading to the 
purchaser of rams, £or too often the " substance " referred to is merely an 
-excessive amount of grease, for which the farmer receives no compensation, 
-and for the production of which the sheep have to be fed. 

When .a system of fleece recording for rams has been instituted, it is 
<Jbvious £rom the work of McMahon (1940) that this alone will not be suffi­
-cient. McMahon found that in the case o£ the Romney sheep, the use <lf 
progeny tested bires resulted in an average increase of nearly one pound of 
wool per sheep jn one generation, while the use o£ sires selected by the usual 
-system required nine generations to produce the same result. Culling 50 per 
-cent. o£ the ewei' each year had little influence, for it was estimated that this 
method would require 24 generations to raise the average fleece weight by one 
pound. 
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Now breeders are well aware that the breeding performance of a ram 
cannot ne«:<essarily be judged by its own fleece, but McMahon's conclusion 
that only seven ewes are required for the progeny test, suggests that a system, 
requiring that rams offered for sale to farmers should have been subjected to 
a progeny test, iR feasible. The immense value of such tests to the studmaster 
himself is obvious. 

It is essential that the system of fleece analysis now in operation be 
extended, and two methods suggest themselves for achieving this purpose. 
In the first place, the Department shoul d carry out breeding experiments. on 
a much larger »rale than hitherto, employing exact methods of measurement 
for the analyses of the fleeces and for the records of the progeny tests, in order 
to demonstrate dearly and conclusively the advantages of such a system. In 
the second place. breeders and farmers should by all poss·ible means be urged 
to institute such a system in their own flocks and studs. 

The general application of a system of fleece analysis may need a more 
extensive organ:isatior. than exists at. present, but this cannot be considered 
an obstacle. While the service has hitherto been available to the farmer free 
of charge, even a small financial outlay, should this become necessary, would 
be more than compensated for by the improvement in the flock. In addition, 
it should be borne in mind that research is partly directed towards the simpli­
fication of metl10ds of fleece analysis, and considerable success has been 
achieved in evolving methods suitable for routine testing. 

A system uf fleece recording and a definite breeding policy, including 
breeding for a certain combination of fineness and crimps,. will aid in the 
wider problem of the standardisation of wool. The properties of artificial 
fibres, such as the fineness and length, are exactly specified as a result of 
measurement. \Vool, on the other hand, is specified by human estimation, 
and only in the case o£ the finished, or partly vrocessed, product, is the speci­
cation, based on measurement. Consequently the manufacturer who buys the 
artificial product knows exactly what he is receiving, and can select from a 
large number of types, within each of which the inter-fibre variability is low. 
The wool manufacturer, on the other hand, having acquired a "lot " 
nominally classt>d as one line, has to go to considerable expense in sorting, 
and then has to blend different types to ensure that his finished product will 
be reproducible. 

The unsatisfactory nature of the present position is being realised, and 
testing houses have been established in Australia and the U .S.A. While the 
testing is at vresent confined mainly to the determination of clean yield, it 
will no doubt in time to come be extended to other fleece attributes. It is 
essential that similar steps should he taken in South Africa,. if the future of 
wool production in South Africa is to he assure'd. 

SUMMARY AND CONCLUSIONS. 

1. A study has been made of the resistance offered by wool samples to 
compression at fi5 per cent. relative humidity and 70° F. (21·1 °C.) tempera­
ture. The study has been based mainly on results obtained with the 
" Pendultex " 1nstrument, designed by Henning (1934), but some additional 
determinations were made by means of a static cylinder and piston method. 

2. A relation has been derived whereby the work done in compressing 
a wool sample in the " Pendultex " apparatus may be calculated from the 
number of swings during which the amplitude is reduced. from one fixed 
value to another. 
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3. During the final constant cycle of compression by the static method, 
the pressure bears to the inverse cube of the volume a linear relation, which 
has been written · 

.: 1 1 .. 
p =A.(- -- ) ... .. ...................... . .. . ..... (5) 

va vao .. 

With the dynamic method, the law l.s obeyed by the first compression, and 
the results follow the relation 

W = al - a2 ......................... . . . . ........ . .... (7) 
v2 . 

where Till. is the work done in eompressing a sample to a volunie v. The coeffi­

cient a 1 in equation (7) is an approximation to the coefficient :'! of equation 
. 2 

(5), and in the study is taken as the coefficient of resistance to compression. 

4. The pressure-volume relation is discuss.ed from a theoretical point of 
view, and it shown that the inverse cube law may be derived on the basis of 
certain· assumptions. An approximate value of Young's modulus by bending 
can be calculat~d. 

5. An empirieal exponential relation between pres13ure and volume .is 
considered. 

6. It is concluded that since the density gf packing is not uniform at low 
degrees of compression, results obtained at low pressures should not be consi· 
dered together with those obtained at higher pressures, where the density of 
packing is more unifmm and the pressure-volume relation follows the inverse 
cube law. 

7. The method of expressing compressibility and resilience by means of 
the work done during compression and release is discussed. It is concluded 
that in the comparison o£ different wools the work done should be evaluated 

between volume limits given by equal values o£ ~ for the different wools. 
Vo 

8. A marked reduction in resistance to compression with the adsorption 
of water has bePn found. 

9. Fibre length has no influence on the resistance to compression do"'n 
to staple lengths of approximately one inch. 

io. No correlatio~ has been found between resistance to compression and 
fibre thickness. Although this result agrees with theoretical expectation, a 
highly significant partial correlation coefficient of +0·4330 is obtained when 
the effect of cri111ping is allowed for. It has been concluded, either that the 
fibre thickness has a positive influence which is masked by the crimping, or 
that fibre thickness is correlated with other factors, besides the crimping, 
which influence resistance tD compression. 

11. A high]y significant positive correlation coefficient has been found 
between the reRistancP to compression and the number of crimps per inch. 
Possible ways in which the crimping can influence the resistance to com­
pression are discussed. 

12. For wo')ls whose fineness and crimping agree with Duerden's 
standards, the resistance to compression increases with the quality number. 
Wools which are coarser than the crimps indicate have a higher resistance to 
compression than wools which are finer than the crimps indicate. 
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. · 13 .. A significant partial correlation between resistance to compression 
and variability in ;fibre thickness has been found, but the ooefficient is prob .. 
ably too small to be an important factor in breeding. 

14. No correlation exists between the resistance to compression of a 
sample lmd the surface friction of its component fibres. It is concluded that 
the crimping is a more important factor in controlling fibre slippage during 
compression. · · 

15. No correlation has been found between the resistance to compression 
of a sample and the tensile strength of the fibres. There are, however, factors 
which may influence one of these attributes and not the other, thus masking 
a possible correlation. 

16. Samples preEUmed to have been selected for specific gravity by a 
sheep and wool expert were found to have been selected for resistance to com­
pression. It is recommended that the term specific gravity should not be 
employed in wool practice. 

17. Fibre thickness was the main factor to determine the harshness of 
two sets of samples as subjectively estimated. Resistance to compression and 
the non-wool fleece constituents w~re less important, though definite, factors. 
Harshness is, therefore, determined by the resistance to bending of individual 
fibres, rather than by the resistance to compression of the mass as a whole. 
An increase in tl1e surface friction of the fibres is responsible for the increased 
harshness of alkali treated wool. 

18. Dipping wool in a lime-sulphur dip has no effect on the resistance 
to compression. 

19. The variation in resistance to compression over the fleece has been 
studied and the major part of the variation found to be associated with the 
variation in fibre thickness and crimping. The results are discussed in rela­
tion to sampling in experimental work. 

20. There is a highly siguifical}t negative correlation between the resist­
ance to compression and the percentage clean yield of the fleece, and a highly 
significant negative correlation between percentage yield and number of 
crimps per inch, and no correlation between percentage yield and · fibre 

• thickness. 

21. No difference in the average resistance to compression of fleeceE of 
rams and ewes could be found. It is concluded that differences observed in 
practice are duo to selection of stud rams for the '' substance '' of their wool. 

· 22. On the average, the resistance to compression of the wool increases 
with the age of tlie sheep for the first four years, and the increase can be 
associated almost entirely with the increase in fibre thickness. 

23. In a feeaing experiment, the plane of nutrition had no effect on the 
resistance to compression of the wool in spite of a marked effect on the fibre 
thickness. 

24. The diatribuHon of resistance to compression is considered, and it is 
shown that South African Merino wool covers a range of at least 3: 1 in this 
attribute. 

25. The beaTing of the correlations found on wool practice, with special 
reference to broe<ling, is discussed. . 
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26. Possible results of breeding for " substance " are considered, and the 
desirability of breeding for this attribute is regarded with some doubt. 

27. The importance of breeding for uniformity is stressed. 

28. Support is given to a scheme o£ fleece recording in stud breeding, and 
emphasis is laid on the necessity of employing exact methods of measuring 
wool characteristics. 

29. The establishment of a wool testing house in South ·Africa is recom­
mended. 
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