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Hairinessand Weathering in Range Wools

By Alexander Johnston, Wool Specialist, and

Svend-Aage Larsen, Instructor in Wool

THls PROJECT was undertaken to
ascertain and measure natural defects
in range wools produced in Wyoming.

Since curtailed resources prevented
more comprehensive and complete in-
vestigations, the limited results obtained
can be taken only as approximate indices

of conditions existing in crossbred range
wools.

The various tests were performed
so that the results would have practical
application to commercial processes inso-
far as the limitations of the work made
this possible.

SUMMARY AND DEDUCTIONS

For Part 1—Hairiness in Fleeces

Most of the sheep in the outfits
studied were of range crossbred types:
i.e., basically fine-wool blood crossed
with medium and coarse wools to vary-
ing degrees. A few clips were composed
predominantly of Fine fleeces, but even
these clips contained some fleeces that
exhibited the influence of medium or
coarse-wool ancestry, because in charac-
ter they were of half-blood (62s, 60s)
or high three-eighths blood (58s) types,
having open crimp and loose tip forma-
tion.

In 14 of the 22 range clips examined,
hairiness was present in 19.7 percent
of the
fleeces, varying from a low of 3.7 per
cent per clip to a high of 54.2 percent.

side-wool samples from ewe
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Hairy fibers within side samples ran
from 1.7 percent by weight to 10.9
percent with an average of 7.1 percent
by weight of the total fibers in these
side samples.

All 22 clips contained hairy thigh
samples ranging in number from 8.0
percent to 91.3 percent with an average
of 42.6 percent of thigh samples con-
taining hair per clip.

Proportions of hairy fibers within
these hairy thigh samples ran from a
low of 2.4 percent by weight to a high
of 27.1 percent with an average propor-
tion of 11.7 percent by weight.

The incidence of medullation in fibers
in these samples was comparatively
small. Howver, between 10.6 percent

and 12.8 percent of the hairy fibers in



medullated. Thus,
and 90

hairy fibers were in reality wool fibers,

the samples were

between 85 percent of these

for they did not medullary

possess a

structure: consequently they would be
classified as primary wool fibers. Within
the wool portions of the non-hairy and
the hairy side samples, differences in
fiber diameter were small.

Presence of visible hairiness in the

fleece (Fig. 1) means decrease in quali-

The

diameter of the non-hairy side samples

ty of the wool. average fiber

was 24.2 microns and of the hairy side
samples from the same clips was 27.1
microns. because

This is important

visible hairiness means that a difference

in quality exists between fleeces in the

flock (in this case the difference is

between 60s and 56s) with a consequent

lowering of wool values. Stated iIn

another way—hairiness means that lack

of wool fiber uniformity is evident,

and quality is lowered.

Presence of even a small amount of
hair showing on the surface of fleeces
could cause the wool buyer to appraise

Ih(' \‘ti;v as a ln\\('r \.l]n(' knirrin: \\nml

rather than a uniform higher value
worsted type. There is a definite
inverse relationship between grade of

clip and degree of hairiness; in other
words, as the quality number by clip

increases (7.e., the wool becomes finer),

FIG. 1—Types of grease wool illustrating “hariness”

(@) (b)

not hairy slightly hairy

(c) (d) 4
distinctly hairy, breech wool having
“wispy” excessive “hair”



the amount of hairiness decreases. percent weathered wool on tips; this

No significant relationship was found difference is significant at the 0.10
to exist between variability (coefficient level. Thus, medium range wools show
of wvariation) in fiber diameter and slightly more weathering of staple than

degree of hairiness in the various clips. finer range wools.

For Part 2—Weathered Wool are insufficient for comprehensive proof,
In Fleeces there was a tendency for the shorter

Medium and coarser wools exhibited wools within grade to exhibit slightly

Although the data in this experiment

a slightly greater degree of weathering greater weathering than the longer

of staple length than did the finer wools as measured by the proportions
wools in random fleece samples drawn of staple weathered and not weathered.

from 6 clips. The medium fleeces Between range-wool clips there

(50s to 46s) had 22.4 percent of appeared to be considerable variation in

weathered tip on an average, and the degree of weathering (Fig. 2). The

finer fleeces (70s to 56s) had 17.2 3 clips measured specifically for this

o

FIG. 2—Degrees of weathering in crossbread range wools
(percent of staple weathered)

(a) 23% (b) 349% (c) 389% (d) 41%



characteristic averaged 12.2 percent,
16.8 percent, and 22.7 percent; each
of these clips had approximately the
same range in fleece grade.

Wools growing on the various major
body areas of range ewes exhibited
differences in proportion of weathered
staple length. However, wool samples
from the back and rump areas were
significantly more weathered (at the
0.01 level) than samples from the
shoulder, side, chest, and thigh areas.
Weathering of wool on the front part
of the sheep's body was found to average
11.0 percent of staple length, and on
the rear of the body it was found to
be approximately 13.4 percent—a signi-
ficant difference at the 0.05 level.

Samples of most weathered and least
weathered wools from 40 fleeces in each
of 3 range clips were
analyzed and found to contain no
significant differences in amounts of
nitrogen, phosphorus, and sulphur. The
weathered portion of the most weathered
samples averaged 65.8 percent of the
staple length; in the least weathered
samples it averaged only 18.1 percent.
Most weathered and least weathered
tag sorts from the same fleeces likewise
exhibited no significant differences in
nitrogen, phosphorus, or sulphur com-
ponents.

chemically

Shoulder wool on the sheep covered
with canvas to exclude the effects of
environmental factors for 360 days did
not differ significantly in amounts of
nitrogen, phosphorus, and sulphur from
opposite shoulder samples from the same
sheep that were not protected from the

weather.

In a test to ascertain processing
performance, two lots of 4 blood and
3% blood graded fleeces were sampled
for most weathered and least weathered
portions; the samples then were process-
ed by scouring, carding, and combing.
It was found that the least weathered
wool (16.1 percent weathered) yielded
79.7 percent of top from scoured wool
while the most weathered sample (35.3
percent weathered) vielded 77.9 percent
top. This appears to substantiate the
belief that the presence of weathered
wool in grease wool is a positive indica-
tor of wastiness in processing although

the above differences in processing
performance were not statistically
significant. (Note also the following
two paragraphs and the work by

McFadden (10) reported on page 8
of the present report.)

In another test involving processing
of 16 grade samples from 3 clips by
scouring, carding, and combing, the
average proportion of total waste was
greater by 17.2 percent in the most
weathered wool than in the least
The greatest amount
of waste fiber from the most weathered
wool appeared to be card waste: this
indicates that fiber-tip breakage due to
weathering has an adverse effect upon
performance of wool in processing.

weathered wool.

In another test, fleeces protected by
coats for a 5%%-month period yielded
4.6 percent more top than uncoated
fleeces of the same quality from sheep
in the same flock.

One other paramount fact has become



evident from results obtained in this
project, namely, that there are substan-
tial differences in the processing per-
formance of clips and grades of wool

from different production areas, as
indicated by variations in amounts of
tops and wastes produced in these
experiments.

PREFACE

Apparel wools grown in this country
and abroad frequently have been
critized for defects of hairiness and
weathered wool.

Fleeces that exhibit hairy staple tips
or the characteristic fuzzy appearance
of scattered, protruding long fibers, are
discriminated against by the wool trade
on the basis of lack of quality. While
it is true that most of these hairy wools
will be efficiently utilized in the
particular fabrics for which they are

PART 1.

Long, coarse fibers protruding from
staple tips of fleeces in many grades
of wool give the fleeces a characteristic
halo-like appearance that is called
“hairy”.

Much work has been done in New
Zealand and Australia on the physical
structure of hairy fleeces, particularly
with regard to Romney Marsh and
cross-bred wools. Barton (1) stated
that hairy fibers usually are produced
by primary follicles but can be produced
by secondary follicles. Also, that hairy
fibers can be medullated or non-medul-
lated; that medullated hairy fibers
will not dye to the same shade as
similar non-medullated fibers; and that
the incidence of hairy fleeces was
comparatively high in Romney Marsh

intended when purchased, yet it is also
true that the degree of hairiness present
narrows their use, and thus demand
for them is limited.

The second defect measured in this
project was the natural weathering of
staple tips in the fleeces. This has
caused alteration of the physical char-
acters of wool staple tips of the growing
fleeces, resulting in price discrimination
by wool buyers.

HAIRINESS IN WOOL FLEECES

and crossbred wools, there being one
hairy fleece in every 13 fleeces in the
medium and coarse grades. Also, he
found that fleeces having hairy staple
tips frequently have cotts and breaks.

Dry (2) found that the number of
halo hairs present in the lamb’s coat
before birth was positively related to
the degree of hairiness of the adult
fleece; and that nearly all halo fibers
are shed in from 2 to 3 months after
birth of the lamb.

Ray (3) found that hairiness in New
Zealand sheep is highly heritable. Goot
(4) found that there is no relationship
between fleece weight and hairiness,
and that both traits must be selected
for and against independently. Selection
against fleece hairiness appears to be



very effective (2). Hairy fibers
increase in number on the hairy sheep
from the anterior to the posterior areas
and from the dorsal area to the ventral
area (6). Environmental influences
upon this hairy condition appear to be
very small (4). From the wool buyer’s
standpoint, an earlier report states that
the buyer looked with disfavor on
excessive quantities of hair mixed with
normal wool fibers in the fleece (5).
In a later report it was stated that the
presence of even a small amount of
hairy fiber in a wool type of quality
normally free of such fibers may have
a very significant effect upon the buyer’s
appraisal of that wool (6). However,
the significance of fleece hairiness in
manufacturing woolen fabrics appears
to be very small unless the hair is
present in excessive amounts. Townend
and McMahon (7) found that the
presence of hairy, medullated fibers up
to 6 percent in Romney Marsh wool
(48/50s quality) did not affect its

processing properties because there were

no marked differences in this cloth
compared with cloth of similar quality
made from wool lacking hairiness.
Peryman et al. (8), in a test involving
2 lots of Corriedale hogget (yearling)
wool containing 2.9 percent and 6.3
percent of hairy fibers, found that,
although the hairier lot had less
desirable spinning properties, the pro-
cessed cloths were identical in appearance
and handle. Lang (9) observed that in
Merino wools, fiber medullation was
negligible, that in Polwarth and Corrie-
dale wool medullation was not of
significance in manufacturing, and that
the hair fibers of Merino fleeces were
simply coarser, long, non-medullated
fibers.

McFadden (10) in studying combing
performance of comparable medium
wools (58s and 50s) with and without
gare (hair-like fibers), found that the
non-‘‘gary” top was one grade finer
than the “gary” top, and, consequently,
the “gary” top was appraised at 13
percent lower value.

(1) Occurrence of Hairy Fibers

In order to study hairiness in range
wools, 22 range clips from 6 different
areas in Wyoming were sampled by
taking side and thigh wool samples
from 15 to 30 individual sheep at
random in each flock. These samples

were analyzed by visual classification,
fiber type, fiber structure, fiber fine-
and degree of hairiness; the
relationships between these characters
were derived.

ness,



(2)

a. Hairiness of side samples

An average of 12.5 percent of
all side samples from the 22 clips
were classified as hairy.

Eight of the 22 clips, or approxi-
mately 36 percent, had no hairy
side samples. In the remaining
14 clips, or 64 percent, 19.7 percent
of side samples exhibited hairiness,
varying by clip from a low of 3.7
percent to a high of 54.2 percent.

In the side samples of these 14
clips the proportions of hairy fibers
within samples ran from an average

Visual Classification of Hairiness

by clip of 1.68 percent to 10.93
percent with an average for the
14 clips of 7.14 percent.

b. Hairiness of thigh samples

All 22 clips yielded varying
numbers of hairy thigh samples,
ranging by clip from 8.0 percent
to 91.3 percent with an average
of 42.6 percent.

The proportions of hairy fibers
within these hairy samples ranged
from a low of 2.4 percent to a
high of 27.1 percent with an
average proportion of 11.7 percent.

(3) Staple Length of Samples

The staple lengths of the side and
thigh samples exhibited considerable
variation. All length measurements
were made on unstretched staples.

For all samples the non-hairy side
samples had an average staple length
of 2.56 in. compared with 2.51 in. for
the non-hairy thigh samples. This
difference is not statistically significant.

The average staple length of the
hairy side samples (in the 14 clips)
was 2.89 in. and for the non-hairy
samples in the same clip it was 2.66
in.: a significant difference at the 0.10
level.

The average staple length of the
hairy thigh samples was 2.75 in. and
of the non-hairy thigh samples 2.51
in., a significant difference at the 0.10
level.

The difference in

staple length

between hairy side samples and hairy
thigh samples was only 0.14 in.
(2.89-2.75), which was not significant.
It was difficult to judge the outer
limit of staple length for many of the
hairy samples because the hairy fibers,
beyond a certain limit, became few in
number and did not form a compact
This condition might be describ-
ed as wispy, because seldom was the
amount of hair protruding from the
staple dense enough to become an
extension of the staple length of the
combined wool fibers and hair fibers.

mass.

Also, difficulty was found in meas-
uring these staple lengths owing to the
fact that the protruding hairy fibers,
by their lack of population density, were
often bent over and entangled with the
wool staple ends as a result of pressures
exerted on the growing fleeces by fric-



tion against solid objects in the environ-
ment.

For the above reasons, the distance
of the staple length comprising these
low-density hairy fibers could not be

accurately measured. However, from
observation, the actual length the hairy
fibers protruded above the true staple
tips varied from one-tenth of an inch

to almost 2 inches.

(4) Classification of Fibers by Physical Structures

Specifically, the hair fiber differs
from the wool fiber by having an
additional structure of very large, thin-
walled cells that constitutes the central
axis of the fiber. This structure, the
medulla, may extend over the entire
length of the fiber, or it may exist
only in sections of the fiber length.
The medulla may vary in size from a
chain of single large cells to several
contiguous chains. If the medulla is
present in an ovine fiber not exceeding
approximately 85 percent of the cross-
sectional area of the fiber, then it is
classified a hair fiber.

Hair fibers are usually characterized
further by being comparatively long
and thick, deficient in crimp, and pos-

sessing superior resiliency compared with
the non-medullated wool fibers.

It is true also that a fiber can have
all the characteristics of a hair fiber
and vet not possess a medulla. A fiber of
this type technically would be a wool
fiber. However, from the subjective
standpoint, and as used in this work,
the term “hairy” is applied to coarse
fibers that protrude beyond the block
tip of the greese-wool staple.

To clarify the fiber-classification
method used, the long hairy fibers were
pulled from the tips of the staples when
found in the samples, thus yielding a
de-haired, or non-hairy, part called the
wool portion and a group of hairy fibers
called the hairy portion.

(5) Medullation Related to “Hairiness”

No medullated fibers were found in
the wool portions of side samples in any
of the 22 clips (Tables 1 and 2).

No medullated fibers were found in
wool portions of thigh samples from 21
(95.5 percent) of the 22 clips (Table
1). In the single exception (1 clip)
non-medullated fibers constituted 98.7
percent of the fiber population and the
remaining 1.3 percent of fibers were
medullated (Table 2).

No medullated fibers were found in
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the wool portions of hairy side samples
from 21 (95.5 percent) of the 22 clips
(Table 1). But medullated fibers were
found in such wool portion in the re-
maining clip, in the amount of 0.1 per-
cent of the fiber population, 99.9 per-
cent of fibers being non-medullated
(‘Table 2).

The wool portions of hairy thigh
samples from 8 clips (36.4 percent)
contained no medullated fibers (Table
1), but the remaining 14 clips (63.6



TABLE 1—Numbers and Proportions of Clips Containing Non-medullated and

Medullated Fibers in 22 Clips

Clips containing
non-medullated fibers

Clips containing
medullated fibers

in samples in samples
Wool portions of non-hairy side
T [ s ik S DA SRS 8 Soa 22 clips "(100.0% ) | % el JR xRy
Wool portions of non-hairy thigh
T 1 TR SO S MR R R ) 21 clips ( 95.5%) Iclip ( 45%)

Wool portions of hairy side samples..21 clips ( 95.5%)
Wool portions of hairy thigh samples 8 clips ( 36.4%)
Hairy portions of hairy side samples..10 clips ( 45.5%)

lclip ( 4.5%)
14 clips (63.6%)
4 clips (18.2%)

Hairy portions of hairy thigh samples 1 clip (

4.5%) 21 clips (95.5%)

percent) had medullated fibers in the
amount of 2.8 percent in the wool por-
tions of their hairy thigh samples.

Eight clips (36.4 percent) contained
no hairy side samples. The hair por-
tions of hairy side samples in 10 clips
(45.5 percent) contained no medul-
lated fibers (Table 1), but the remain-
ing 4 clips (19.2 percent) had medul-

lated fibers in the amount of 10.6 per-
cent in the hair portions of their hairy
side samples.

In 21 clips (95.5 percent) there were
medullated fibers in the hair portions
of the hairy thigh samples, and in 1
clip (4.5 percent) no medullated fibers
were found in such portions. There was
an average of 12.8 percent of medul-

TABLE 2—Proportions of Non-Medullated Fibers and Medullated Fibers Within
Samples in a Total of 22 Clips

Non-medullated fibers Medullated fibers
(percent) (percent)

Wool portion of non-hairy side

samples (22 clips) -........cccccoccece 100.0 0
Wool portion of non-hairy thigh

sanles (1 chib) s 98.7 1.3
Wool portion of hairy side samples

{0 T R R Rk 99.9 0.1
Wool portion of hairy thigh samples

EEicline ) o s 97.2 2.8
Hair portions of hairy side samples

6 5Ty N SRR L) 89.4 10.6
Hair portion of hairy thigh samples

(21 clips) : 87.2 12.8




lated fibers in the hair portions of the
clips containing hairy thigh samples.

It is evident that many of the so-
called hair fibers are non-medullated
and therefore are simply thick, long
wool fibers. These probably originate
in the primary follicles. For some un-
known reason their growth is acceler-
ated in many crossbred sheep—and
"hairy" wool is the result.

It was found that:

a. Four of the 22 clips had side sam-

ples containing medullated fibers

(6) Fiber-Diar

The following comparisons were
made of fiber diameter between non-
hairy samples and hairy samples and
between the wool portions and the hair
portions of samples to ascertain the
meaning of hairiness as an index of
quality. Data for these comparisons
will be found in Table 3.

Average fiber diameter of all
hairy side samples was 24.2 microns,
and in the hairy side samples from the
same clips the fiber diameter average
was 27.1 microns (difference signifi-
cant at the 0.05 level).

non-

Average fiber diameter of all non-
hairv thigh samples was 24,8 microns,
compared with the average fiber di-
ameter of 29.7 microns for the hairy
thigh samples in these clips (difference
significant at the 0.01 level).

The wool portions of hairy side sam-
ples had an average fiber diameter of
25.9 microns contrasted to an average

fiber diameter of 28.2 microns for the
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varying from 1.0 percent to 20.5
percent of total fiber per clip with
an average of approximately 14.1
cent.

b. In the thigh samples of 21 of the
22 clips, medullated fibers were
present in amounts ranging from
0.67 percent to 53.20 percent with
an average of approximately 14.8
percent.

c. In one clip out of 22, no medul-
lated fibers were present in either
side or thigh samples.

iter Variability

hairy portions of these same samples
(difference significant at the 0.01 level).

The wool portions of hairy thigh sam-
ples had an average fiber diameter of
27.5 microns and the hairy fibers aver-
aged 32.1 microns (difference signifi-
cant at the 0.01 level).

The variabilities, as measured by the
coefficient of variation, range from 17.8
percent to 19.9 percent, but the differ-
ences were not sufficiently large to be
significant.

The conclusions that can be drawn
from this analysis follow:
when evident on the
indication of coarse-

a. Hairiness,
fleece, is an
ness of fiber greater than in non-
hairy wools in the same clip. For
this reason, if hairy fleeces were
removed from the clip it would
become not only finer in grade but
also more uniform.

b. Hairy fibers within samples

diameter

in-
crease significantly in



(become coarser) between side and
thigh areas.

c. The hair fibers are significantly

coarser than the wool portions of
the same samples in both side and
thigh samples.

TABLE 3—Fiber-diameter Measurements and Variabilities of Two Classes of
Fiber in Samples

IVool portions of the various samples

Average fiber diameter of non-hairy side samples 24.2 microns

Variability (C.V.) of diameter

Average fiber diameter in hairy side samples

Variability (C.V.) of diameter

17.8 percent
25.9 microns
19.3 percent

Average fiber diameter of non-hairy thigh samples 24.8 microns

Variability (C.V.) of diameter

Average fiber diameter of hairy thigh samples

Variability (C.V.) of diameter

All fibers of hairy samples

Average fiber diameter of side sample
Variability (C.V.) of diameter

Average fiber diameter of thigh samples

Variability (C.V.) of diameter

Hairy fibers of hairy samples

Average fiber diameter of side sampl
Variability (C.V.) of diameter

Average fiber diameter of thigh samples

Variability (C.V.) of diameter

S

es

18.8 percent
27.5 microns
19.9 percent

27.1 microns
19.1 percent
29.7 microns
19.5 percent

28.2 microns
18.8 percent
32.1 microns
19.0 percent

(7) Occurrence of Hair Fibers and Heterotypes in

Hairy Samples

In hairy side samples from 4 clips and
in hairy thigh samples from 21 clips,
analysis of the structures of the hair
fibers gave the data in Table 4. The
data form the basis for the following
conclusions:

a. Approximately 88 percent of hairy
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b.

fibers from the side and thigh
areas are actually wool fibers and
not hair fibers,

Approximately 6 percent of hair
fibers are true hair, and 6 percent
are heterotypical fibers.



TABLE 4—Classification of Hairy Fibers by Structures*

True wool

(non-medullated)
percent of total
number present

Hairy fibers:
From side samples 89.4
From thigh samples 87.2

*See page 10, "Classification of Fibers
sive definitions.

(8)

Degree of Hairiness in
Variability in
Wool quality and degree of hairiness

The proportion of hairy samples by
clip was found to have a low and in-
significant positive relationship (r =
0.28) with the average fiber diameter of
the wool in the samples.

However, definite positive relation-
ship between these characteristics was
found when the samples were grouped
by clip into quality-number classes, as
shown in Table 5.

Becauseof the wide variations in the
degrees of hairiness within each quality-

Hair Heterotype
(medullated) (partly medullated)
percent of percent of total
total number number present

present
5.3 5.3
6.8 6.0

by Physical Structures", for comprehen-

Clips Related to Quality and
Fiber Diameter

number class, and owing to the low re-
lationship found above (r = 0.28), on-
ly a general deduction would be justified,

namely, that the amount of hairiness
seems to increase as fleeces become
coarser.

Fiber-diameter variability and degree
of hairiness

No significant relationship was found
to exist between the variability (coef-
ficient of wvariation) in fiber diameter
and the degree of hairiness in the various
clips.

TABLE 5—Hairiness and Corresponding Average Diameter of Fibers by Clips

Grouped

Percentage of hairiness by clip

14.0
22.0
37.5
37.6

into Quality-Number Classes

Average quality of al
samples by clip

64s to 62s
60s
58s

56s to 54s

14



The range of variability in fiber
diameter by clip ran from a low of 17.4
percent to a high of 19.24 percent. The
range in the degree of hairiness was
4.0 to 65.2 percent.

Because the ranges of these distribu-
tions were so dissimilar, there could be

little if any relationship between them.
One reason for this lies in the fact that
the hairy fibers in the samples, because
they were in comparatively small
tions, exerted little
average fiber diameter of the wool as a
whole.

por-
influence on the

@

>
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PART 2.

forces
upon the wool fiber have been subjects
for considerable research over the years.
Wind, rain, sunlight, snow, and frost
all adversely affect wool fibers to vary-
ing degrees and in several ways. Their
combined

The effects of environmental

influence results in weather-
ing of the fibers whereby they become
brittle and weak, harsh and dry to the
touch, frequently exhibiting a brownish-
yellow tinge on their extremities (tips),
and they swell to a certain extent with
corresponding changes in physical struc-
ture (1, 3,4, 9, 10).

Both the ultraviolet and infrared
rays of the sun have detrimental effects
upon the wool fiber. In the weathered
area of the staple there is a decrease in
cystine content. A portion of the sul-
phur is converted to hydrogen sulphide,
some of which is lost, and another por-
tion is oxidized to sulphuric acid, which
reacts chemically with components of
the fiber structure, and there is an in-
crease in free nitrogen (1, 5, 1, 8, 11,
12).

Alkalies in the
form of alkaline dust particles blown
into the fleece, have adverse chemical
effects upon the strength of the fibers

in the environment,

(1)

A total of 57 hand-drawn, random

fleece samples from 6 clips were taken

and subsequently analyzed for extent

of weathering, staple length, and fiber
fineness.

indi-

Extent of weathering in each

WEATHERED WOOL
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IN FLEECES
(2).

Because ultraviolet rays increase
wool's affinity for dyes, the dyeability
of the weathered portion of the fiber is
affected, and this causes complications
in uniform coloring of finished fabrics
(3,7, 8, 13).

The abrasive action of blown sand
particles and the adsorption and ultimate
loss of the protective wool-grease coating
on the fibers by mineral and organic
dust in the fleece, are detrimental to the
fiber structure (1).

Cumulatively, the results of the in-
fluence of these factors, called weather-
ing, in the carding and
combing processes through causing an
increase in the amount of

first appear

low-value
waste fibers extracted from the main
stock. Consequently, weathered wool is
considered to be defective for manufac-
ture on both the woolen and worsted
systems.

As with other defects in white wool,
the extent or amount of contamination,
in this case the amount of weathered
wool present in any lot, determines the
magnitude of its adverse influence upon
the processing performance of the wool.

Extent of Weathering of Range Wools

vidual fleece sample was measured on
15 to 20 staples drawn by grid pat-
tern. The length of each staple was
first measured in inches, then the length
of the weathered portion was measured.
The results were calculated on the



basis of percentage length of staple that
was weathered.

The results of this analysis will be
found in Table 6. The following con-
clusions can be drawn:

a. The extent of weathering is slight-
ly greater for the medium wools
(22.4+ percent) compared with
the finer wools (17.08 percent and
(17.27 percent). (Table 9 also

TABLE 6—Degrees of Weathering by Quality and Staple-Length Classes

contains data substantiating this
deduction.)

Although weathering propor-
tionately greater within grade in
the short wools (20.49 percent)
compared with the longer wools
(17.21 percent and 18.38 per-
cent), this difference is not sig-
nificant at the 0.10 level.

b. is

in

Range Wools

Staple length Weathered area Differences

(a) By qualities — 70s to 62s

60s to 56s

50s to 46s

(b) By staple length — Staple

French Combing

Clothing

*Not significant at 0.10 level
eeSignificant at 0.10 level

(2)

From each of three clips of mixed-
grade range fleeces, random hand sam-
ples were plucked from 20 fleeces taken
randomly from the general run of
fleeces as shorn. These were analyzed

(inches) (percentage of  (percent)
staple length)
2.9 17.08]
0.19*
34 17.27
5.17*
3.9 22.44)
17.21
1.17*
18.38
2.11*
20.49J
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Extent of Weathering Within Range Clips

for quality, staple length, and weather-
ing. A summary is presented in Table

7. It is evident that—
a. There are significant differences
in degree of weathering between



TABLE 7—Quality, Staple Length, and Weathering Data for 20-Fleece Samples
from 3 Range Clips

Average staple length Weathering
Clip Qualities (inches) (percentage of staple length)
1 70s to 56s 2.93 12.18*
2 64s to 54s 2.95 16.82*
3 64s to 58s 3.30 22.71*

*Differences between percentages significant at the 0.10 level.

clips varying from 12.18 percent in Clip 1, with 12.18 percent, to
in Clip 1 to 22.71 percent in Clip 3. the staple length of 3.30 in. in

b. The longer the wool, the greater Clip 3, with 22.71 percent of wea-
the extent of weathering, varying thering.

from the staple length of 2.93 in.

(3) Weathering on Body-Area Wool Samples of Range Wools

From three range clips a total of 11 ing for these samples are contained in
fleeces were sampled by body areas, Table 8. The points of interest fol-
namely, (a) the front part of the body, low :

shoulder, side, chest, and (b) the rear a. Average differences in weatheri
half of the body represented by the back, of shoulder, side, chest, and thigh
rump, and thigh. The data of weather- samples between body areas and

TABLE 8—Weathering of Wool on Body Areas in 3 Clips: Proportion of Staple
Length that is Weathered (percentage)

Front of body Rear of body
Shoulder Side Chest Thigh Back Rump

Fine 10.7 11.8 11.4 12.2 14.6 14.0
Y2 blood 10.2 10.8 11.2 11.4 13.7 11.9
Yx blood 10.9 11.7 10.3 10.8 16.1 15.9
Average (weighted)

of all samples 10.6 11.4 11.0 11.5 14.8 13.9

Average (weighted) of
front-of-body samples = 11.0 percent
Average (weighted) of
rear-of-body samples = 13.4 percent

18



clips are very small and are not
significant,

b. Back and rump samples show de-
grees of weathering that, on the
average,
than
and

are significantly greater
in the shoulder, side, chest,
thigh samples at the 0.01

(4)

Test

Chemical Analyses of Wea

No. 1. Approximately 40 fleeces
from each of 3 range clips were
used in this portion of the work.

Each fleece was taken from the
shearing floor before it was tied, and
spread out on a table. Approximately
200 grams of the most weathered wool
from the back and high side areas and
200 grams of the least weathered wool
from the midside area were taken and ac-
cumulated in composite samples by clip.
Each composite sample was measured
for the proportion of weathering (wea-
thered portion of staple divided by un-
stretched staple length). Then it
was scoured, and representative samples
were chemically analyzed. Composite
samples of weathered and unweathered
tags also were assembled from the 3
clips.

The amount of nitrogen was de-
termined by the Kjeldahl method,
which involves distillation and titration
of the ammonia; sulphur contents were
determined gravimetrically by precipi-
tation and weighing of barium sulphate;
phosphorus was measured colorimetrical-
Ilv by formation of molybdenum blue
and determination of its absorbence in
the spectrophotometer. In all tests the

level.

c. Average weathering on staples
from the front of the body (11.0
percent) is significantly less than
the average for the rear of the
body (13.4 percent) at the 0.05
level.

tered and Unweathered Wools

chemical analyses were made on the en-
tire staple length in both the most
weathered and the least weathered por-
tion, and not on the weathered portions
of the staples alone.

The following points may be noted

in the data comprising Table 9:

a. The average degree of weathering
for the most weathered wool
65.8 percent and for the least
weathered was 18.1 percent of
their respective staple lengths.

b. Nitrogen, phosphorus, and sulphur
contents of the most weathered
wools (A, B, C) were, on aver-
ages, 15.51 percent,

was

128 p.p.m.,
and 3.43 percent respectively, and
the averages of the corresponding
least weathered samples (AIl, Bl,
Cl) were 15.46 percent, 130
p.p.m., and 3.46 percent respec-
tively. The differences between
these quantities were not signifi-
cant.

c. Differences between chemiccal con-
tents of most weathered and least
weathered tags were
for

respectively
nitrogen 15.30 percent and
15.32 percent, for phosphorus 135
p.p-m. and 145 p.p.m., and for



TABLE 9—Staple

Lengths

in

Grease,

Nitrogen,

Phosphorus,

Contents of Scoured Wool from 3 Clips

Quality
Class number
Most weathered — A 64s - 70s
B 60s - 62s
C 48s - 58s
Average
Least weathered — A1l 64s - 70s
Bl 60s - 62s
Cl 48s - 58s
Average
Tags:
Most weathered Common
Least weathered Common

TABLE 10—Staple Length and Weathering Data for

Staple
length
weathered
(percent)

62.3
64.0
71.0

65.8

16.5
17.2
20.7

18.1

59.1
30.0

and Sulphur

Nitrogen Phosphorus Sulphur

(percent) (P.P.M))
15.62 125
15.47 139
15.43 120
15.51 128
15.51 132
15.63 130
15.23 128
15.46 130
15.30 135
15.32 145

(percent)

3.47
3.37
3.44

3.43
3.47
3.42
3.49

3.46

3.39
3.36

Unweathered (Covered)

and Weathered (Uncovered) Wool Samples from Five White-Faced Ewes

Sheep
number

30

198

308

403

2900

Weathered
or
Unweathered

Weathered
Unweathered
Weathered
Unweathered
Weathered
Unweathered
Weathered
Unweathered
Weathered
Unweathered

Averages weathered
Averages unweathered 3.32

Staple
length
(inches)

2.96
2.97
2.86
3.02
4.75
4.20
3.77
3.48
3.17
2.93
3.50

Proportion
of staple

weathered
(percent)

14.8

19.0

14.3

16.3

15.6

16.0

Quality
number

62s
62s
60s
60s
58s
58s
64s
64s
64s
64s
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Ash

Scoured wool (bone-dry)
Sulphur

Nitrogen

(percent) (percent)

0.24 16.36
0.25 16.48
0.33 16.30
0.37 16.24
0.38 16.48
0.37 16.42
0.36 16.37
0.32 16.55
0.34 16.45
0.32 16.41
0.330 16.39
0.326 16.42

(percent)

3.59
3.65
3.50
3.40
3.64
3.68
3.68
3.74
3.60
3.67
3.60
3.63

Phosphorus
(P.P.M.)

137
147
132
143
166
149
145
152
160
137
148
146



sulphur 3.39 percent and 3.63 per-

cent.
Test No. 2. Within one hour after
shearing, five crossbred, white-

faced ewes were each fitted with

a body harness that held in place

a square of black-painted, water-
proof canvas approximately 8 in. square,
covering most of the left shoulder-area
wool; the right shoulder was not cov-
ered. After 360 days these canvas
covers were removed and samples were
taken from the covered areas and from
the uncovered right shoulder areas.

The derived data for these samples
will be found in the following array,
Table 10. Important points in these
data follow:

a. In staple length the difference of
0.18 in., or the reduction in length,
between the weathered wool (3.50
in.) and the unweathered (3.32
in.) resulted because the shoulder
covers were slightly tight fitting,
which flattened and compacted the

the staple tips.

b. Average of weathered portions of
staples for the weathered samples
was 16.0 percent of the total sta-
ple length. The

exhibited

staple tips,

unweathered
slightly gray
which could not be

classified as weathered wool.

c. No significant differences
residues or elemental components
were apparent from analyses of
the scoured wools.

The roll of the component, sulphur,
has importance far in excess of other
elements in the wool fiber, because it
forms the cross linkages between cystine
molecules. If this sulphur is eliminated
by environmental forces, then the wool
fiber is weakened correspondingly. For
this differences in
sulphur components between weathered
and unweathered wools may be of con-
sequence in their respective performances
in processing.

samples

in ash

reason, even small

(5) Processing of Weathered and Unweathered Wools

Test No. 1. A preliminary test to as-
certain the performance in pro-
cessing of least weathered and
most weathered wools from one
range band of sheep was under-
taken. Handfuls of least weathered
and most weathered wools (excluding
hairy wools) were taken from random
fleeces of /> blood and fj? blood grades
as shearing progressed.

Each sample (weighing approximate-
ly 50 Ibs.) was measured for staple
length and proportion of weathered

staple of total staple length, and then
each sample was scoured, carded, and
combed. The results are listed in Table
11. The following points are evident:
a. Staple length of the
thered wool

least wea-

was 0.3 in. or ap-
proximately 10 percent longer than
that of the most weathered wool,

h. The most weathered wool had
over twice as much weathered sta-
ple length as the least weathered
wool (34.2 16.1).

c. The least weathered wool yielded



TABLE 11 Staple Length, Grade, and Processing Data for Most Weathered and
Least Weathered y» blood and *} blood Wools from One Range Clip

Staple
Class length
(inches)
Most weathered 3.1
Least weathered 3.4

1.77 percent more top (79.70-
77.93) than the most weathered
wool. The significance of this
difference cannot be measured.
Test No. 2. To find the differences in
processing performance between
grades of weathered wool and between
wool clips, samples were obtained from
three range clips of grease wool.
Fleeces were taken at random from
each grade as they passed from shearing
floor to sacking stand. Each fleece was
untied and a hand sample was taken of
the most weathered wool and another
hand sample of the least weathered wool.
These samples were accumulated by
grade and weathered condition. Each
sample was processed by
carding, and combing,
the amounts of card waste and noil are

composite
scouring, and
summarized in Table 12. Certain facts
are apparent:
a. The total processing waste,
is, the card waste and noil
the
were

that
por-
most
greater
than total waste in the least wea-

tions, derived from

weathered wools

thered samples in 6 of the 8 com-
parisons by grade. Average of

22

Proportion of Yield of top
staple weathered from scoured woll
(percent) (percent)
35.3 77 93
16.1 79.70

waste portions for all grades in
the 3 clips were for most wea-
thered, 16.24 percent, and for
least weathered, 13.86 percent;
this difference is significant at the
0.10 level. The difference be-
tween the noil contents averaging
10.90 percent for the most wea-
thered and 10.30 percent for the
least weathered was not significant.
By individual clips the average dif-
ferences in amounts of processing
wastes and noil on top-and-noil
were small and not significant.

E'pon the limited data obtained in
the above tests there appears to be justi-
fication but not conclusive statistical
proof for tentative deductions as fol-
low:

a. Weathered wool, because of its
higher processing waste content, is
less efficient and consequently
more expensive to process than
similar wool exhibiting minimum
weathering.

Most of this defect is evident in
the increase in card waste rather
than in noil content.

c. There are distinct differences in



between
in different

processing performance
like grades of wool
clips.
Test No. 3.
wooled

In one flock of medium-
range ewes, canvas coats
were fitted on 151 ewes for a 5}4-
month period extending from Novem-
ber 24, 1956, to May 7, 1957. At shear-
ing time, 44 fleeces from the coated

TABLE 12—Amounts of Noil

and Waste

ewes and 49 fleeces from uncoated ewes
were drawn at random to test the ef-
fects of coating on the physical condition
of the ewes and their respective wools.
These two lots of wool were scoured,
carded, and combed into top and noil.
Results of processing are given
Table 13.
wool

in
It is evident that the coated
yielded 3.66 percent more top

Derived from Processing Least

Weathered and Most Weathered Wools by Grade from 3 Range Clips

Grade and weathered Total waste (card waste -|- "oiD Noil on top
class from scoured wool and noil
(percentage) (percentage)

Clip No. 1
Fine, most weathered 17.87 11.53
Fine, least weathered 14.92 11.51

blood, most weathered 17.66 11.57
y2 blood, lesst weathered 11.47 7.90
y& bl ood, most weathered 20.86 12.51
Y blood, least weathered 13.86 10.15
Average, most weathered 18.80 11.87
Average, least weathered 13.42 9.85
Clip No. 2
Fine, most weathered 12.51 9.50
Fine, least weathered - 13.56 10.58

blood, most weathered 14.09 8.34
>4 blood, least weathered 11.80 7.81
Y§ blood, most weathered 11.01 6.90
Y blood, least weathered 9.49 6.10
Average, most weathered 12.54 8.25
Average, least weathered 11.62 8.16
Clip No. 3
Fine, most weathered 17.64 12.92
Fine, most weathered 20.16 15.34
J4 blood, most weathered 18.28 13.93
J4 blood, least weathered 15.61 13.06
Average, most weathered 17.96 13.43
Average, least weathered 17.89 14.20
Averages for the 3 clips
All grades, most weathered 16.24 10.90
All grades, least weathered 13.86 10.30
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TABLE 13—Top and Noil

Yields from Coated and Uncoated Scoured Wools

Yield of top Yield of noil Top noil ratio
(percent) (percent)
Uncoated fleeces 80.36 19.64 4.1:1
Coated fleeces 84.02 15.98 5.3:1

(84.02-80.36) and 3.66 percent less
noil (19.64—15.98) than the fleeces that
were left uncoated for the entire 12-
month growth period.

This test, although differences were

found in processing performance, can-
not be considered as indicative of coated
and uncoated wools because the period
of coating was only part of the year, and

only sheep in one flock were involved.
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