
View All Proceedings Next Conference Join NZSAP

New Zealand Society of Animal Production online archive
This paper is from the New Zealand Society for Animal Production online archive. NZSAP holds a regular

An invitation is extended to all those involved in the field of animal production to apply for membership of
the New Zealand Society of Animal Production at our website  www.nzsap.org.nz
 

 

The New Zealand Society of Animal Production in publishing the conference proceedings is engaged in disseminating

information, not rendering professional advice or services. The views expressed herein do not necessarily represent the views

of the New Zealand Society of Animal Production and the New Zealand Society of Animal Production expressly disclaims any

form of liability with respect to anything done or omitted to be done in reliance upon the contents of these proceedings.

This work is licensed under a  Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

International License.

You are free to:

      Share— copy and redistribute the material in any medium or format

Under the following terms:

     Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made. You may

do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.

     NonCommercial — You may not use the material for commercial purposes.

     NoDerivatives — If you remix, transform, or build upon the material, you may not distribute the modified material.

http://creativecommons.org.nz/licences/licences-explained/

 

http://www.nzsap.org/proceedings/browse
http://www.nzsap.org/conference
http://www.nzsap.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Proceedings of the New Zealand Society ofAnittta1 Production 1993, VolS3 307 

Relationships between loose wool bulk and follicle and fibre characteristics 
in yearling Perendale sheep 

R.M.W. SUMNER, R.H. STOBART’, AND D.L. JOHNSON* 

AgResearch, Whatawhata Research Centre, Private Bag 3089, Hamilton, New Zealand. 

ABSTRACT 

Midside skin and wool samples were taken at hogget shearing in October I99 1 from 58 Perendale ewe hoggets which were the progeny 
of 2 lines of Perendale sheep selected for, or against, loose wool bulk at hogget shearing. 

Wool from the high line was 50% more bulky, with a 17% lighter clean fleece weight (CFW), 29% shorter staple length (SL), 25% 
shorter fibre length (FL), 14% greater within sample variation in fibre diameter (SDFD), 72% higher crimp frequency (CFreq), 6 I % higher 
proportion of paracortex (Para%), 92% higher follicle curvature grade (FolC) and 7% shallower follicle depth (FolD) than the low line. 
Character grade (Char) was 14% lower and sulphur content (S) 3% higher in the high line, each approaching 5% significance, while there 
was no significant difference in live weight (LW) or mean fibre diameter (FD). 

Bulk was most strongly correlated, in decreasing order, with FolC, CFreq, SL, FL, Para%, CFW, SDFD, Char and FolD. In decreasing 
order CFreq, Char, FD, SL, FL, Para% and FolD explained a total of 90% of the variation in bulk. With deletion of the subjectively assessed 
characteristics of FolC and Char, CFreq, SL and FL were the only characteristics selected as being sign&ant, explaining a total of 85% of 
the variation in bulk. The strong association between bulk and both SL and FL can be considered to be a reflection of associations between 
the length parameters and other fibre characteristics which impact on bulk rather than a direct effect of the length of fibre being measured 
for bulk. 

These data indicate the biological basis of differences in loose wool bulk for coarse wool Perendale sheep are, as for the fine wool 
Merino, primarily associated with single fibre crimp. 

Keywords: Loose wool bulk, follicle characteristics, fibre characteristics, Perendale. 

INTRODUCTION 

The compressional characteristics of wool are an impor- 
tant component of wool quality. Different end-uses andprocess- 
ing conditions have different requirements. Compressional 
characteristics have been quantified as either specific volume 
of a defined mass under a defined pressure, referred to as bulk, 
or the load required to compress a sample of known mass to 
a fixed volume, referred to as resistance to compression. Bulk 
tends to be generally applied to Romcross wools and consid- 
ered a desirable characteristic for most end-uses of this wool 
type while resistance to compression is generally applied to 
Merino wools and considered a less desirable characteristic 
for apparel end-uses. Bulk and resistance to compression are 
highly correlated (P. G. Swan, unpublished data). 

Australian work has shown crimp to be the most impor- 
tant characteristic affecting resistance to compression in Me- 
rino wool, as reviewed by Stobart and Sumner (1991). There 
has been little work to describe the underlying biological 
mechanisms responsible for within and between breed differ- 
ences in bulk for Romcross wools. 

The aim of this investigation was to study the relation- 
ships between fibre and follicle characteristics for a group of 
Perendale hoggets exhibiting a wide range in loose wool bulk 

and to identify the key characteristics linked with the expres- 
sion of bulk in this type of Romcross wool. 

MATERIALS AND METHODS 

SZ3lllpliIlg 

Wool and skin samples were taken from 58 Perendale 
ewe hoggets as all the surviving ewe hoggets born in 1989 
within the lines of Perendale ewes established at Whatawhata 
Research Centre in 1987 and selected for and against loose 
wool bulk at hogget shearing (Sumner et al., 1991). 

The hoggets were live weighed and a mid-side wool 
sample taken prior to hogget shearing in mid-October 1990, 
Individual greasy fleece weights were recorded at shearing 
and fleece free live weight (LW) calculated. Skin samples 
were taken by snip biopsy in late November 1990 and pre- 
served in 10% buffered formalin. 

Measurements 

Staple length (SL), total number of crimps along the 
staple and washing yield were measured in the greasy mid- 
side sample. Crimp frequency (CFreq) and clean fleece weight 
(CFW) were calculated. Clarity of staple crimp within the 
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greasy staple was assessed as a character grade (Char) on a 
scale of 1 = Very bad to 7 = Excellent. 

Scoured sub-samples of the mid-side sample were meas- 
ured for loose wool bulk (Bulk) (Bigham et al., 1984), mean 
(FD) and variation (SDFD) in fibre diameter (Lynch and 
Michie, 1976), mean fibre length (FL), mean proportion of 
cross-section of fibre cortex in the butt region of the staple 
occupied by the combined meso- and paracortex (Para%) and 
sulphur content of the butt region of the staple (S) (Lee, 
1983). FL was obtained from 60 lightly stretched fibres, 
drawn at random from a single staple, by an image analysis 
procedure applying the algorithm :- 

fibre length = (perimeterY2) - (2*area/perimeter) 

Para% was obtained using a digitising board to measure 
60 individual fibre cross-section images from within a single 
staple, following modifications Eo the sectioning and staining 
technique for bundles of fibres developed by Orwin et al., 
(1984). 

The skin samples were both vertically and transversely 
sectioned, and stained with Polychrome Methylene Blue 
(Maddocks and Jackson, 1988). Mean follicle depth (FolD) 
was derived from 3 measurements, by a micrometer eyepiece 
(Nay and Jackson, 1973), on 3 consecutive vertical sections 
per sample. Mean follicle curvature (FolC) was derived from 
15 assessments on a graded scale of 1 = straight to 7 = very 
curved (Nay and Jackson, 1973) by 3 operators each inde- 
pendently scoring the same set of 5 consecutive vertical 
sections per sample. 

statistical 

Multivariate techniques were used to evaluate the rela- 
tionship between bulk and the measured follicle and fibre 
characteristics. 

RESULTS AND DISCUSSION 

Basic statistics for live weight and follicle and fibre 
characteristics for the 2 bulk selection lines at ewe hogget 
shearing in 1990 are given in Table 1. The high line had a 17% 

Sumner et al - BULK, FOLLICLE AND FIBRE CHARACTERISTICS. 

lighter CFW, 29% shorter SL, 25% shorter FL, 14% greater 
SDFD, 72% higher CFreq, 61% higher Para%, 92% higher 
FolC and 7% shallower FolD than the low line. There was 
also a trend, approaching 5% significance, for the high line to 
have 14% lower Char (P=O.O65) and 3% higher S (P=O.O54) 
than the low line. LW and FD were not significantly different 
between the 2 lines. Similar trends were Imported for some of 
these characteristics measured at the 1989 ewe hogget shear- 
ing of the same flock (Sumner et al.. 1991). There was 
however, a2-fold increase in the difference between the high 
and low lines for both Bulk and CFW between the 1989 and 
1990 hogget shearings (Sumner et aL, 199 1) associated with 
between year variation in the expression of phenotypic differ- 
ences between selection lines. 

Phenotypic correlations for the wh.ole population, be- 
tween the measured follicle and fibre characteristics are 
given in Table 2. Correlations between I3ulk, CFW, SL and 
FD, are within the range of previously published estimates 
(Sumner and Bigham, 1993), with the possible exception of 
Bulk x CFW and Bulk x SL. In these cases the present 
estimates are more strongly negative, -0.61 and -0.83 versus 
-0.2 and -0.5 respectively, than the 1 previously published 
estimate, derived from Romney sheep which inherently pro- 
duce alow bulk type wool (Bigham etal., 1983). The stronger 
relationships in this data set may be a reflection of the greater 
range of variation in the present study. Bulk was most 
strongly correlated, in decreasing order, with FolC, CFreq, 
SL, FL, Para%, CFW, SDFD, Char and FolD, with the first 
5 listed characteristics individually explaining in excess of 
40% on the variation in bulk, namely FolC (71%). CFreq 
(70%), SL (69%), FL (51%) and Para% [42%). As many of 
the measured characteristics were themselves interrelated 
their combined effect on bulk was assessed by multiple 
regression analyses. A summary of results indicating the 
proportion of variation in bulk explained by the stepwise 
inclusion, or exclusion, of follicle or fibre characteristics, 
based on the change in residual mean square, is given inTable 
3. Critical F-statistics for variable selection were set at a 5% 
significance level (F = 4). FolC and CFreq, the 2 variates with 

TABLE 1: Least square means of each selection line, standard error of difference between lines, and overall standard deviation and coefficient of 
variation, for live weight and follicle and fibre characteristics. 

Characteristic 

Number of hoggets 

Loose wool bulk (cmUg) 

Live weight (kg) 

Clean fleece weight (kg) 

Staple length (mm) 

Fibre length (mm) 

Fibre diameter (mean) (pm) 

Fibre diameter (SD) (pm) 

Character grade (I-7) 
Crimp frequency (crimp/cm) 
Proportion paracortex (46) 

Sulphur content (mg/g) 

Follicle curvature grade (I -7) 
Follicle depth (mm) 

Abbreviation 

Bulk 

LW 

CFW 

SL 

FL 

FD 

SDFD 

Char 

CFreq 
Para% 

S 

FolC 
FolD 

Selection line 

High bulk Low bulk 

30 28 

31.3 20.8 

40.2 41.2 

I .89 2.29 

98 139 

II5 I54 

34.2 33.3 

8.2 7.2 

4.5 5.2 

2.4 I.4 
33.6 20.8 

31.7 30.9 

4.0 2.1 
2.04 2.18 

SED 

0.7 

1.2 

0.09 

4 

5 

0.6 

0.2 

0.4 

0.1 
2.2 

0.4 

0.2 
0.06 

Overall 

SD 0% 

5.8 22.8 

4.3 10.6 

0.40 18.8 

25 20.9 

27 19.7 

2.3 7.0 

1.0 13.3 

1.4 29.0 

0.7 35.1 
10.0 37.3 

1.6 5.2 

I.1 37.6 
0.21 10.2 
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TABLE 2: Total phenotypic correlation coefficients between measured follicle and fibre characteristics (n = 58). Abbreviations for traits given in text 

and Table 1. 

Bulk 

LW 

CFW 

SL 

FL 

FD 

SDFD 

Char 

CFreq 

Para% 

S 

FolC 

LW CFW 

-0.10 -0.61** 

0.44** 

SL FL FD SDFD Char CFreq Para% s FolC FolD 

-0.83** -0.71** 0.23 0.54** -0.41** 0.84** 0.64** 0.25* 0.84** -0.38** 

0.1 1 0.07 0.14 -0.12 0.15 -0.01 -0.12 -0.03 -0.14 0.09 
0.63** 0.60 0.13 -0.43** 0.43** -0.52** -oso** -0.28* -0.62** 0.27* 

0.94** -0.12 -0.62** 0.35** -0.71** -0.56** -0.20 -0.81”” 0.42** 

0.01 -0.52** 0.3 1** -0.66** -0.48** -0.22 -0.73** 0.42** 

0.34** 0.05 0.02 0.08 -0.05 0.25* 0.20 

-0.43** 0.32** 0.35** 0.03 o-66**- 0.20 

-0.17 -0.13 -0.14 -0.30* 0.21 

0..58** 0.29* 0.74** -0.52** 

0.55** 0.62** -o&I** 

0.30* -0.29* 

-0.41** 

the highest correlation with bulk, were selected first and 
together explained 80% of the variation in bulk. Char, FD and 
SL explained an additional 7% of the variation, at which stage 
there was no significant loss of accuracy of fit through 
deletion of FolC. A further 1.5% of variation was explained 
through the inclusion of FL and an additional 0.7% each for 
Para% and FolD giving a total of 90% of the variation in bulk 
explained by the 7 variables. 

TABLE 3: Summary of multiple regression analyses of bulk on follicle 

and fibre characteristics. 

Characteristic 

Explained 

variation 

(%) 

+ FolC 70.0 

+ CFreq 80.3 

+ Char 83.9 

+FD 85.7 

+SL 87.6 

- FolC 87. I 
+FL 88.6 

+ Para% 89.3 

+ FolD 90.1 

There was still a small effect of selection line, account- 
ing for an additional 2% of the variation. Additional tests, 
including graphical inspection of the data, indicated that there 
were no significant non-linear terms or interactions between 
explanatory variables. Thus the interaction between FD and 
CFreq, as demonstrated by Whiteley et al., (1978) in relation 
to resistance to compression, is not supported by these data 
for Perendale wool. 

Within the individual selection lines, CFreq and Char 
consistently accounted for the greatest proportion of the 
variation in bulk explaining 40% and 53% of the variation for 
the low and high lines respectively and together with FolD, 
62% of the variation in the high line. The lower values for the 
proportion of variation explained by these characteristics 
within the individual lines, relative to the total population, are 
possibly a reflection of the reduced discriminating ability 
among a smaller range of characteristic values within lines. 

The magnitude of the individual relationships of FolC 
and CFreq with Bulk in the Perendale are similar to those 
reported for resistance to compression in the Merino (Whiteley 
et al., 1978). Although hypotheses on the biological basis of 
the origin of crimp suggest a close association between CFreq 
and FolC (Nay and Johnson, 1967), Whiteley et al., (1978) 
showed, as did this data, that CFreq was more important than 
FolC in explaining the variation associated with compres- 
sional properties when the additional characteristics of SL 
and FD were also included in the model. These results thus 
confirm Australian Merino studies, reviewed by Stobart and 
Sumner (1991), where despite marked between breed differ- 
ences in spatial configuration of follicles and fleece structure 
the compressional properties of Perendale wool are also 
principahy dependent on single fibre crimp. 

The negative correlation between staple crimp clarity, 
described by the traditional woolclassing term of character, 
and Bulk (-0.41) reflects the importance of crimp form, as 
well as CFreq, in explaining the variation in bulk. Fibres from 
high Char grade wools tend to have a planar crimp form 
whereas wools with a low Char grade tend to have a helical 
crimp form (Chaudri and Whiteley, 1968). There was also a 
negative correlation between Char and SDFD (-0.43) indicat- 
ing a possible effect of variability in fibre diameter, and an 
associated variation in individual fibre CFreq, on the ability 
of the fibres to pack together within the staple. While Char 
was assessed in staple form it is of interest that it also explains 
a significant proportion of the variation in bulk when the 
latter is measured as a carded batt in which the staple form has 
been destroyed. 

Although Char, and also FolC, are important character- 
istics inexplaining a significant proportion of the variation in 
bulk, they are subjective assessments with no objective basis. 
There is therefore the potential for between operator variation 
to influence any derived relationships. To check the impact of 
these 2 characteristics in explaining the variation in bulk, the 
analyses were rerun deleting both Char and FolC. CFreq 
alone then explained 70% of the variation in bulk. SL ex- 
plained an additional 11% and FL explained a further 4%, 
giving a total of 85% of the variation in bulk explained by 3 

objectively measured variables. These results suggest the 
need for further investigation to determine the critical aspects 




