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Variation in the Shrinkage of Wyoming Wools.

I. Differences Between Duplicate Samples.
BY ROBERT H. BURNS

The wool grower nowadays is constantly reminded that he
must know more about the products which he is growing in order
to produce lambs and wool which will pay his expenses, give him
a fair living, and some interest on the money invested.

The wool grower can judge his lambs with more confidence
than he can his wool clip, because the lambs are easier to judge.
He can see the body conformation and the rate of growth of the
lambs, but with wool he has a much more complex product to
deal with. Nowadays, when wool is receiving increasing and
severe competition from other artificial and natural textile fibers,
the range sheepman is constantly reminded that he must know
and raise a higher quality of product if he is to continue in busi-
ness.

WHAT IS WOOL SHRINKAGE

The fleece as it is clipped from the sheep contains varying
amounts of extraneous material such as dirt, sand, grease, sweat,
burrs, chaff, seeds, greasewood, sagebrush, and cactus. The im-
purities of raw, greasy wool are clearly shown in the following
schematic grouping.

j Accretions, such as kemps, gray
\ fibers, and gare hair

qucretions, such as dung, ma-

Indigenous >
nure dust, and urine

f Secretions, such as yolk or grease
\ and sweat

Wool impurities / Of animal origin, such as ticks
| and bugs
\ Of vegetable origin, such as
J burrs, straw, sagebrush, grease-
Extraneous ® wood, and cactus.

]Of mineral origin, such as sand
I and dirt.

| As applied by man, such as paint,
tar, and dips.
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THE COMMERCIAL VALUE OE A FLEECE

The commercial value of afleece or a clip of wool is de-
termined by the amount of clean wool fiber which it yields. This
weight of clean wool fiber, as expressed by its percentage of the
original weight of greasy wool, is spoken of as the yield, while the
percentage of the original greasy weight removed by scouring
or washing is called the shrinkage. The commercial shrinkage
is based on the billed weight of greasy wool. The commercial
value of wool cannot be determined until the shrinkage and cor-
responding yield, as well as the grade, are known or estimated
by expert wool handlers. It takes considerable training and
practice to be able to estimate the shrinkage of wool with any
degree of accuracy. In fact, it is very difficult for expert wool
handlers to estimate accurately the shrinkage of large lots of
greasy wool, as is shown when these estimates are compared with
the shrinkage found upon subsequent scouring.

Dantzer! superintendent of some French woolen mills and in
charge of wool testing for the French Government during the
World War, reports a scouring test of 14 bales (3,791 pounds)
out of a total of 226 bales (59,477 pounds) of wool as much more
satisfactory than the estimates of shrinkage placed by a group of
experts, who underestimated the shrinkage by almost five per cent
(57.6 against 62.5 per cent). The results obtained when the 14
bales were scoured were later confirmed when the entire lot of 226
bales was scoured. So, in this instance, it was possible to select
one bale out of every 14 bales and obtain an accurate shrinkage
figure for the entire lot.

The United States Bureau of Standards! found that fleeces
of the same grade from Australian and New Zealand wools var-
ied widely in shrinkage.

‘Dantzer, M. Robert. 1922. ""The Experience of France in Testing
Wool for Shrinkage During the War."" 76th Congress, 2d Session, Senate
Document 108: V: 3630-3634. Washington : Government Printing Office.

‘Bureau of Standards. 1915. "Shrinkage of Australian Wool.""
National Wool Grower, 5: 11: 16, 17.
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SAMPLING FOR SHRINKAGE DETERMINATION

The ultimate test of shrinkage is to have the commercial yield
of the entire clip or large lot of blended wool obtained at the
time it is processed at the mills. The usual commercial practice
is to take a five-bag lot out of a large lot of wool and send these
five bags to a custom scourer, who scours the wool and makes a re-
port of yield based on clean wool plus a certain moisture content.
These five-bag lots of wool are not always accurate indicators of
the shrinkage of the large lot, according to the judgment of ex-
pert wool handlers, and sometimes several five-bag lots are sent
to custom scourers. However, the wool houses in the eastern
states have no record of the number of bags of wool sheared from
each band in the clip. So they have no definite information from
the shearing shed upon which to base a plan of drawing samples.
The usual custom of selecting ten per cent of the clip (every tenth
bag) may give an accurate picture of the clip, if enough retests
are made, but it would be much easier to obtain much smaller ac-
curate composite samples of the clip, if the shearing shed infor-
mation were available, showing the number of bags from each
band of sheep. It is well known that the fine-wool sheep hang
back at the shearing shed, while the coarse-wools forge ahead, and
thus some of the bags in a sample of ten per cent might be all
coarse or fine wool. In such cases, if only five bags are selected
from a clip, they may be entirely too fine or too coarse. Quite
often the sheepmen cut out a "run" from their regular bands
which will keep the shearing crew supplied with sheep for a
definite time, usually so as to keep the sheep in the shearing pens
without feed for only one day. These runs also affect the way
the different grades and types of wool go into the sack and make
it imperative to know the way the wool went into the sacks in or-
der to set up a sampling system which will give an accurate cross-
section of the entire clip.
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WHAT HAS BEEN DONE IN WOOL SAMPLING FO R SHRINKAGE

Three methods have been used in taking samples for the
determination of shrinkage:

1. Entire fleeces selected either at random or as representing
a lot.

2. Random samples taken from the main parts of the fleece.

3. Samples from specific parts of the fleece, such as the side,
shoulder, or back.

Jones and Lush of the Texas Agricultural Experiment Station3
give the following directions concerning the selection of entire
fleeces to ship to their commercial scouring plant for shrinkage
determination:

"1. Twenty-five fleeces assure an average shrinkage within
two per cent of the true value, provided the fleeces are
selected by a fair method.

2. One hundred fleeces assure an average shrinkage within
one per cent of the true value provided the fleeces are
selected by a fair method.

3. Each of the four methods of sampling employed seemed
to be reliable.
a) 20 head
b) 10 head
c) Every fifth sheep
d) Every tenth sheep.

4. These four methods were to cut twenty sheep out of the
flock and save their fleeces: secondly to cut ten sheep out
of the flock and save their fleeces; thirdly to take the
fleece of every fifth sheep; and fourthly to take the fleece
of every tenth sheep.”

Dantzer?!, already referred to, also reported a test of shrink-
age in which four 500-gram samples were drawn front a lot of
48,044 pounds of wool. The small samples had a shrinkage of

43.4 per cent, while the figure for the entire lot was 51.4 per cent,
a difference of 8 per cent. The expert wool handlers made an

""Jones, J. M. and Lush, J. L. 1927. "Methods of Selecting Wool
Samples in Shrinkage Studies,” 1935-36 Proceedings of the American
Society of Animal Production, pages 115-117.



February, 1938 Variation in Shrinkage of Wyoming Wools 7

error of 6 per cent in their estimates on this lot of wool. These
samples were very small to represent such a large lot of wool,
2000 grams of grease wool in the sample representing 21,838 kilos
in the entire lot, a ratio of one to ten thousand.

Wilson* reported some tests run with small composite samples
taken in triplicate. These samples varied about three per cent
in shrinkage. He concluded that these samples were too small to
represent accurately the lot of wool from which they were taken.
Three-pound samples were taken, and it is assumed that better
results would have been obtained if seven- to ten-pound samples
had been taken.

Wilson® reports another test in which the same method was
used but larger samples were taken, an attempt being made to
obtain wool from the shoulder, side, thigh, neck, and belly regions
of the fleece with an occasional handful of sweat locks and wool
from the head and shanks. Three samples were taken, and each
of these was divided into three sub-samples. The sub-samples
agreed with each other in yield, indicating a satisfactory method
of scouring, but the three main samples varied by three and one-
half per cent, which was considered too large a difference.

Spencer, Hardy, and Brandon® completed a shrinkage test of
different parts of the fleece as compared with the entire fleece,
and found that in a lot of fifty fleeces, the shrinkage of the en-
tire fleece agreed with that of the side samples and varied con-
siderably from the other body areas, being less than the belly,
breech, and back regions and more than the neck, shoulder, and
rump regions. They also state that there was a considerable im-
provement in the agreement between the averages of the samples
and the averages of the whole fleeces as the number of fleeces
sampled was increased from 10 to 50.

‘Wilson, J. F. 1929. ""The Determination of Shrinkage by Sample
Scouring,” National Wool Grower, XIX: 7: 33-34.

‘Wilson, J. F. 1931. "The Determination of Wool Shrinkage by
Scouring Small Samples,” National Wool Grower, XXI: 7: 16.

‘Spencer, D. A., Hardy, J. I., and Brandon, Mary J. 1928. "‘Factors
that Influence Wool Production with Range Rambouillet Sheep.” U.S.

D.A. Technical Bulletin No. 85. Washington: Government Printing
Office.
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Hardy” used the conclusion reported above and recommended
shearing a strip of wool from the side of the body to obtain a
sample to represent the shrinkage of a fleece.

The writer® reported that small samples made up by taking
representative handfuls, from several parts of the fleece at ran-
dom, from one hundred fleeces, furnish satisfactory means of ob-
taining shrinkages, in so far as the correspondence of duplicate
samples is concerned. These samples were taken in duplicate;
that is, the handfuls from fifty fleeces make up one sample weigh-
ing from ten to twenty pounds, while those from another fifty
fleeces make up the duplicate or check sample of about the same
weight. These duplicate samples varied from each other by less
than two per cent, and the larger differences in shrinkage were
associated with the difference in grading between the duplicate
samples.

Hardy" found that there was a significant relation between
the volume of raw wool under pressure and the clean wool con-
tent but was unable to predict the yield of raw wool within five
per cent by this method.

Johnston?® and the writer found that the prediction of yield
by means of the volume of raw wool under pressure was most
successful when the raw wool samples were carefully graded
(sorted) and dusted before compressing. When sorted and
dusted wool samples were subjected to a force of 45.5 pounds per
square inch, the prediction based on the volume of raw wool un-
der pressure was within 1.72 per cent of the actual yield in the
majority of cases. When entire fleeces were used and split into
duplicate halves, the prediction was not so accurate, and was then
within 2.85 per cent of the actual yield in the majority of cases. It

‘Hardy, J. 1. 1933. "A Simple Method for Determining the Clean
Wool Yield and Density of Fleeces.” 1932 Proceedings of American So-
ciety of Animal Production, pp. 234-238.

"Burns, R. H. 1931. ""Wool Shrinkage Determination by Means of
Small Samples.”” 1930 Proceedings of American Society of Animal Pro-
duction, pp. 196-203.

"Hardy, J. 1. 1926. ""Wool Shrinkage Tests Important to Sheep
Raisers.” U.S.D.A. Yearbook of Agriculture, pp. 782-784.

""Burns, R. H., and Johnston, Alexander. 1937. ™"Predicting the
Yield of Raw Wool from its Density under Pressure.”” 1936 Proceedings
of American Society of Animal Production, pp. 148-155.
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was found that the actual pressures used in commercial baling of
wool in Wyoming ranged from 4,500 to 13,000 pounds with an
average of 7,600 pounds, which gave an average figure of 4.75
pounds per square inch.

A number of commercial companies, in correspondence to
the writer, have expressed their opinions concerning sampling
for shrinkage determination. One company reports a series
of shrinkage tests made on the types which it used. Entire lots
were compared with small samples in two separate tests in which
different methods of sampling were used. In the first test 8 to 10
fleeces representing each of the larger lots of wool were laid out,
and representative samples were drawn from each fleece. These
samples were scoured in four 12-quart pails. The results obtained
showed an averaged difference between small samples and large
lots (“ix lots tested) of 4.9 per cent, a rather large difference in
such light-shrinking wools (35 to 50 per cent). However, the
samples were comparatively small, representing only 1 to 429 by
weight. In the second test a series (ten per cent by number) of
bales were selected, taking them in rotation as counted out. The
odd numbered bales made up one lot, and the even numbered bales
made up the other lot. The difference in shrinkage between the
two lot- was one per cent in five lots of light-shrinking wools (14
to 40 per cent).

A commercial scourer, in correspondence with the writer, re-
ports that small samples (one, five, or ten bags) out of a large
lot of wool give valuable results, provided the samples are care-
fully selected and are not drawn at random. Each different grade
in the lot must be represented proportionately in the sample.

Another commercial scourer states that about ten per cent of
a large lot by weight is sufficient to obtain an accurate shrinkage
test of the lot, but says that a five- or ten-pound sample is not
large enough to represent a large lot of wool accurately.

Another wool manufacturer reports that small samples are
useless for shrinkage determination and that even when graded
lots of wool were laid out horizontally and split vertically, and
the two halves scoured, differences in yield as high as one per cent
were obtained. He suggested that not less than ten thousand
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pounds and preferably twenty thousand pounds of wool should be
scoured to obtain an accurate shrinkage of lots of wool weighing
from one hundred to two hundred thousand pounds.

The writer'! reported a new method of sampling a clip in the
field which might be designated as the “composite-sample-bag”
method. Ten per cent of the clip (every tenth bag) is laid aside
as a sample bag, and these sample bags are graded into piles.
Each grade pile is sampled by taking handfuls of wool from the
major parts of each fleece (shoulder, side, and back regions). One
hundred fleeces were sampled from each grade pile making up
duplicate samples from each fifty fleeces. If there were less than
one hundred fleeces in any grade, the sample from each fleece was
increased in size so as to have a sample weighing at least ten
pounds. Composite samples were made up selecting light, me-
dium, and heavy shrinking fleeces from each grade pile in the
same proportion as in the entire lot, that is, if there was ten per
cent of fine fleeces in the entire lot, there would be ten per cent of
fine fleeces in the composite sample. This method is particularly
adaptable and can be used any time after the wool is sacked, at the
shearing pen, warehouse, or mill.

Kazkowski'* made a study of the yield of Polish wools. He
made a comparison of factory and laboratory washing and found
that factory methods of washing should be improved, as the fat
content in the factory-washed wools was always higher than in
the laboratory samples. He made fat determinations of grease
wools of different breeds and different grades. He reviewed the
different methods of calculating the yield of wool. The French-
German method is based on the percentage of clean dry wool as
compared to the weight of raw unconditioned wool. The English
method is the same except the dried raw wool is first conditioned.
The two systems agree when the wool has a moisture content of
15.5 per cent, but when the humidity rises there is a higher yield
with the second method and vice versa. The writer favors the
English system.

“Burns, R. H. 1938. “Wool Shrinkage and its Importance to the
Range Sheepman.” 1937 Proceedings of American Society of Animal
Production, pp. 164-171.

®Kazkowski, B. J. 1937. “Determining the Yield of Polish Wools.”
Translated title from German. Melliand Textilberichte, 18: 6-10.
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PROBLEMS IN SAMPLING FOR SHRINKAGE DETERMINATION

The ideal way to test a sampling method would be to compare
the shrinkage of small samples, groups of fleeces or hags, against
that of the entire clip or lot. However, the shrinkage of an entire
clip of wool is very difficult to obtain for the clips lose their
identity in the eastern warehouses. So it is almost useless to hope
to follow through individual clips from the West to the mills
where they are processed. The only approach to this problem
which offers some hope of success is to go direct to the mills
which will cooperate and sample certain lots of wool upon which
they will furnish yield figures.

The question of sampling for shrinkage determination has a
great many angles, and the problem can be attacked from the
following angles:

Correspondence of: (1) duplicate samples, (2) duplicate
samples and single bags, (3) selected fleeces, (4) selected fleeces
and single bags, (5) sample bags, (6) sample bags and entire
clips or lots, (7) composite samples, (8) composite samples and
entire clips or lots.

The facilities for scouring bags of wool are not available at
the Wyoming Agricultural Experiment Station. Hence, the scour-
ing of small samples, as nearly representative of the band and clip
as possible, offered the best solution of the wool shrinkage prob-
lem in the state.

The solution of the problem of testing for shrinkage in Wyo-
ming depended upon some method of taking small samples which
would give an accurate indication of the shrinkage of a band or
clip. It was not possible to follow clips through to the mills and
obtain a shrinkage or yield of the entire clip. So the only basis
available upon which to judge the accuracy of the sampling was
the correspondence of the shrinkage of duplicate samples and the
correspondence of the shrinkage of small samples and the shrink-
age of single bags of standard size.

When the sampling method has been tested sufficiently, then
comparisons can be made of the shrinkages of the same grade of
wool from the same region during different years to determine the
variation of shrinkage due to environmental conditions.
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The trade practice of throwing together all of the clips of
similar grade coming from the same region may possibly be unfair
to individual growers, because large differences in shrinkage may
be present in two neighboring clips of similar grade. An increase
in the weight of the unscoured fleeces from one year to another
may not be due solely to an increase in shrinkage (dirt and sand)
but also to an actual increase in the amount of pure wool fiber.
The facts depend upon an accurate determination each year of
the clips being studied, which in turn depends on a accurate
method of sampling.

Supplemental data on fleece weights were recorded at the time
the samples were taken, and correlation studies will be available
on the following relationships: Dirt content to total shrinkage;
volume of greasy wool under pressure to total shrinkage; greasy
fleece weight per grade to total shrinkage.

The present bulletin deals with the results obtained with small
samples taken from the clips of the years 1927-1930, inclusive,
and 1932-1936, inclusive. Only the correspondence of duplicate
samples with each other and with a few single bags of standard
size will be reported in this bulletin. Other relationships, such as
variation of shrinkage according to grade, region, and year, will
be treated in a later bulletin.

THE QUESTION OF SAMPLING

It is a difficult but not an impossible task to work out a sys-
tem for sampling a larger lot of wool in order to obtain an accur-
ate shrinkage for that lot. A different problem is involved in
sampling an individual fleece than in sampling a group of fleeces,
because in the latter case there is more of a balancing factor than
in the former. It was believed that, if the duplicate samples
showed shrinkages within two per cent of each other, the sampl-
ing was sufficiently accurate.

Sampling Procedure. With this requirement in mind, an at-
tempt was made to take from each fleece after it was tied repre-
sentative portions of the shoulder, side, and back wool, which make
up the major portions of the fleece, regulating the size of the
sample from each fleece according to the weight and bulk of the
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Figure 1. The Shearing Floor of a Wyoming Shearing Shed.

fleece, as nearly as could be judged by the writer who drew the
samples. The ideal procedure would have been to select these
samples on a fleece tying table or on the shearing floor, but in the
large sheds this was impractical, and it wao necessary to take the
samples from the tied fleece.

Fifty fleeces were weighed and sampled, and samples from
these 50 fleeces made up one of the duplicate samples. After an
interval of time, depending on conditions at the shed and the
sampling schedule for that particular day, fifty fleeces more were
weighed and sampled, and the samples from them made up the
second sample of the duplicates. The small sacks containing the
samples were weighed, so that all subsequent weights could be
corrected back to the shearing shed weights. The ratio of the
weight of the duplicate samples and the total weight of the 100
fleeces which they represented out of each band was in the pro-
portion of 1 to 50 for the clips sampled during six shearing sea-
sons of 1928-1930 and 1932-1934. These duplicate samples were
weighed again at the laboratory both in and out of the sack and
then were graded.
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All of the grading was done by J. A. Hill, who has had con-
siderable experience and training in grading in shearing sheds and
warehouses. The grading was controlled by a set of standard
samples of spinning counts. Each grade was weighed, and if it
contained 1000 grams (2.2 pounds) or more it was split in two
equal portions by weight. Half of it was dusted and scoured, and
the remaining half was held in reserve for a check scouring test
after all the first halves had been scoured. If the wool in the
grade weighed less than 1000 grams it was all scoured at once.

Scouring Procedure. The scouring solutions were prepared
by dissolving 12 ounces of textile soda and 8 ounces of textile
soap flakes in water and making up a total solution of 10 gallons
by adding more water.

A method developed at the Wyoming wool laboratory and de-
scribed by Johnston!'! was used in scouring these small samples.
Three square tubs (size 41) full of scouring solution were used.
The first of these contained a "cutting" solution consisting of the
rinsing solution to which 12 ounces of textile soda had been added.
The second and third tubs contained the soap and soda solution
already mentioned. The last three square tubs contained a rinsing
solution, which consisted of 1 pound of textile soda dissolved in
30 gallons of water. These square tubs hold 10 gallons. Smaller
square tubs (size 4A) with perforated bottoms and sides (one-
eighth inch holes) fitted inside the larger tubs, and these smaller
tubs held the wool. Not more than 300 grams (about two-thirds
of a pound) of greasy wool was placed in any single tub.

Thus the small tub could be lifted out of the solution in the
larger tubs and suspended by means of the hook on the end of
an overhead rod, which in turn is permanently fastened to an
overhead pipe by a loop in its upper end. The sample was run
through a wringer between each two tubs, and each sample went
through the entire series of larger tubs in the same small per-
forated tub. Care was taken that the wool was not agitated in any
way after it was in the solution or twisted when it was removed
from the tub and put through the wringer. The type of wool

"*Johnston, Alexander. 1934. "A Quick Method of Scouring Small
Samples of Wool."* The Sheepman, 5:2: 10.
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Figure 2. Equipment Used for Scouring Small Wool Samples.
Square Tubs Have Been Substituted for Round Tubs Since This Photograph Was Taken.

scouring equipment used is shown in Figure 2. This illustration
shows the types of vessels used and the method of suspending the
perforated tubs inside the larger tubs. Since this photograph was
taken, the round tubs have been replaced with square ones. The
overhead pipe is not shown, but runs parallel to the line of tubs
on the table. The amounts of soap and soda shown are used in
making up one tub-full of scouring solution. The pile of raw
wool in the right foreground (about 300 grams or y$ pound) is the
proper amount to place in each perforated tub.

About 300 grams (?/z of a pound) of wool, which had been
run through a dusting machine, was placed in one of the small
perforated tubs and immersed in the first large tub, which con-
tains a "cutting"” soda solution. The dusting machine was con-
structed by the writer from plans obtained from Wilson.* It is
shown in Figure 3.

The scouring and cutting solutions were kept at a temperature
of between 120 and 125 degrees Fahrenheit, while the rinsing so-

""Wilson, J. F. 1928. "A Method of Determining the Clean Weights
of Individual Fleeces of Wool."* Cal. Agr. Exp. Sta. Bui. No. 447.
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Figure 3. Wool Dusting Machine.

lutions were slightly cooler (between no and 120 degrees). A
steam hose made it easy to heat the solution in any tub.

After the sample had remained in the first cutting solution for
about five minutes, the perforated tub containing the sample was
raised out of the solution, and the wooden crosspiece placed in
the hook of the rod hanging from the overhead pipe. Thus the
small perforated tub containing the sample was held suspended
over the large tub, and the solution drained out into the large tub.
The wool sample was gently pressed to remove excess solution, and
then was gently picked up and passed through the wringer, which
removed a large part of the dirty liquid, and then the sample was
replaced in its perforated tub, immersed in the next large tub, and
so on through the entire series of six tubs.

When the sample came out of the sixth tub, which contained
a rinsing solution, and had been passed through the wringer, it
was placed on a drying rack shown in Figure 4.
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Figure 4. Wool Drying Rack with Removable Trays.

Trays measure 24 x 30 inches and have a burr and label compartment 4x4 inches in the:
two diagonal corners. Three-fourth inch iron washers are used as weights to
hold the labels from blowing out of the compartments.
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Laramie has a high and dry climate (altitude, 7200 feet,
average annual rainfall, 11.1 inches), and constant weights within
one gram were easily obtained on successive days. A constant
weight was often obtained on the second day of weighing. The
wool was turned over on the drying rack the second day after
washing, and remained on the drying rack for two days before
the first weight was taken. After a constant weight was obtained,
the sample was run through the dusting machine to remove the
white sand and any material precipitated from the scouring baths.
Certain samples lost considerable weight during the dusting process,
depending upon the locality in which the wools were grown. The
average loss in weight of 957 samples in the experiment from the
1927-1934 clips was 2 per cent. The weight after dusting was
taken as the final weight, and the shrinkages were calculated from
these weights corrected back to the shearing shed weights.

Occasional samples of the scoured wool were tested for grease
content, using the Soxhlet apparatus, and the results obtained
gave a test of the efficiency of the scouring. The grease content
of the scoured wool should not exceed one per cent based on the
weight of the wool after drying at no degrees Centigrade (230
degrees Fahrenheit). The ash content of the scoured wool must
not exceed 3 per cent. These requirements have been set up by
the American Society of Testing Materials.'®

THE CORRESPONDENCE OF DUPLICATE SAMPLES

When the experiment was started, a difference of two per
cent between duplicate samples was set up as a standard.

The difference in shrinkage between duplicate samples is
shown in Table I. For original data on shrinkages, see Appendix
Table I.

The figures for 1930 are not reliable, and those for 1932 are
from only one district, and from wools which are always very
"spotted" in shrinkage.

*American Society for Testing Materials. 1935. ''Standards for
Textile Materials: Tentative Method for Estimating the Hard Scoured
Wool in the Grease." Philadelphia: American Society for Testing
Materials, pp. 70-72.
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TABLE 1

Difference in Shrinkage Between Duplicate Samples

Number of Average
Year . .

clips difference
1927 25 1.508
1928 62 1.379
1929 81 1.523
1930 27 2.470
1932 4 2.400
1933 19 1.032
1934 17 1.824
193S 38 1.503
1936 49 1.396
Nine years 322 1.550
Seven years* 291 1.453

*Excluding 1930 and 1932.

The average difference in shrinkage between duplicate sam-
ples is very close to if/2 per cent, a figure which gives much en-
couragement in setting up further sampling work to obtain ac-
curate shrinkages of entire clips of wool. The uniformity of the
differences in shrinkages between duplicate samples throughout
the seven years shows that the method used must have been con-
sistently the same, for even with the natural variation which oc-
curs in practically every band of sheep, the averages of the sam-
ples were consistently within two per cent of each other.

Table 1l shows how the differences in shrinkage between
duplicate samples are distributed in the different years. It shows
at a glance the grouping according to differences and also shows
that each year there were a few samples with wide differences.
The percentage of cases falling under two per cent, over two per
cent, and under one per cent is shown in Table I11.

The results to date show that about three-fourths of the dupli-
cate samples differed less than two per cent. The remainder of
the samples showed more than a two per cent difference. This
result compares very favorably with a normal statistical curve,
where approximately two-thirds of the cases should fall within a
space located by a width of two standard deviations from the
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TABLE 11

Difference in Shrinkage between Duplicate Samples.
Frequency Distribution of Differences.

3 Nine Seven*
Difference 1927 1928 1929 1930 1932 1933 1934 1935 1933 years years

0.0 2 1 2 1 7 7
0.1 1 5 1 1 1 2 11 11
0.2 2 2 2 2 10 8
0.3 1 1 1 3 2 9 8
0.4 2 3 i 2 2 10 9
0.5 6 2 3 i 3 4 21 19
0.6 1 3 3 1 2 11 10
0.7 2 3 2 i 3 2 13 13
0.8 3 4 5 1 3 16 16
0.9 2 2 4 9 9
1.0 5 7 i 2 15 15
1.1 2 3 1 i 2 | 3 13 12
1.2 1 2 6 I 1 2 16 15
1.3 3 2 1 1 2 1 11 9
1.4 1 5 2 3 12 12
1.5 i 2 i 2 i 2 10 9
1.6 4 2 2 | I 1 2 13 12
1.7 1 1 1 3 6 6
1.8 i 2 4 1 3 11 11
1.9 1 3 1 5 5
2.0 1 2 i i 3 1 10 9
21 3 5 | 11 9
2.2 1 3 6 6
2.3 i 1 i 4 3
24 | 5 | 7 6
25 2 | 5 5
2.6 i i 2 1
2.7 i 1 1
2.8 1 i 3 3
2.9 i i 3 3
3.0 i 2 2
3.1 i i 4 3
3.2 1 i 4 3
3.3 1 1
34 i i i 3 2
3.5 1 1 1
3.6 i 4 2
3.7 1 i 2 1
3.8 | 1 1
3.9

4.0 i 3 3
4.1 i 1 0
4.2

4.3 1 1
4.4 i "i 2 1
4.6 1 1 2 1
4.7 1 2 2
4.9 i 2 2
5.5 i 1 1
5.9 1 0
6.0 i i 2 1
6.1 i 1 0
6.5 i 1 0
Totals 25 62 81 27 4 19 17 38 49 322 291

*Excluding the 1930 and 1932 clips.
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TABLE 111

Difference in Shrinkages Between Duplicate Samples
Per cent of total number of cases (clips).

Under two Over two Under one
Year
per cent per cent per cent
1927 72 28 36
1928 74 26 39
1929 73 27 33
1930 41 59 22
1932 50 50 25
1933 84 16 a7
1934 65 35 24
1935 71 29 37
1936 80 20 45
Nine years 71 29 36
Seven years* 74 26 38

*Excluding- 1930 and 1932 clips.

mean. An error of two per cent in shrinkage in high shrinking
wools would show a rather large total error in the yield of the
wool, so it will be necessary to refine the sampling method further
before technically accurate results can be obtained. However, the
grouping of three-fourths of the cases within a two per cent dif-
ference of shrinkage shows that there is a strong possibility of re-
ducing the difference between duplicate samples to within one per
cent with further refinements in the sampling method. Such re-
finements will be undertaken with the 1938 clip in cooperation
with the United States Department of Agriculture, when samples
will be taken by grade from sample bags.

The similarity of the duplicate samples is also shown by the
percentages of each grade in each of the duplicate samples. This
information is shown in Table IV.

There is a close similarity in the amount of the grade in
each of the duplicate samples (Sample 1 vs. Sample 2). This in-
dicates that similar amounts of each grade were drawn when the
samples were taken.
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TABLE VI
Similarity of Grades in Duplicate Samples, 1927 to 1934 Clips.
Percentage of Grade by Weight.

Number of

Grade samples Sample 1 Sample 2
Fine 92 30.7 30.6
One-half blood 100 42.9 45.0
Three-eighths blood 97 23.7 21.6
One-fourth blood 57 8.9 8.3
Low one-fourth blood | 9 3.6 55

Another factor which shows the similarity of the duplicate
samples is their weights when taken at the shearing shed. This
information is shown in Table V.

TABLE V
Similarity of Weights of Duplicate Samples at Shearing Shed.
1928 to 1934 Clips.
Weights in Pounds.

No. Samples Sample 1 Sample 2

176 8.69 8.78

There is a close similarity in the weights of the duplicate
samples.

SHRINKAGES OF SMALL SAMPL ES COMPARED WITH SINGLE BAGS

The second part of the experiment was to compare the shrink-
ages of jmall samples taken from the fleeces in a single bag with
the final shrinkage of the entire bag. The bags scoured were the
standard wool sacks as used in Wyoming shearing sheds and
ranged in weight from 250 to 350 pounds. Only a small number
of bags have been scoured up to the present time, and the infor-
mation now available is only preliminary. The large samples
were all scoured by the Texas Agricultural Experiment Station.

Average difference of the samples from the single bags (11
bags) 1.82. (See Table VI.)

Although the number of cases is small, there seems to be an
indication that the small samples show considerable similarity in
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TABLE VI
A Comparison of the Shrinkages of Small Samples and Single Bags.

Shrinkages

. . Small Differeice of

Clip No. Single bag samples samples from bag
Over Under

3005 66.3 - 64.8 15

3017 60.8 61.0 0.2

3204 57.4 56.9 0.5

3303 69.2 66.4 2.8

3306 69.9 69.8 0.1

3309 58.2 53.5 4.7

3401 75.1 71.9 3.2

3509 68.7 68.2 0.5

3521 68.2 62.4 5.8

3613 67.0 67.4 i 0.4

3624 73.1 734 0.3

shrinkage to the single bags from which the samples were drawn.
The average difference in shrinkage between the single bags and
the small samples is very similar to the differences obtained be-
tween duplicate samples (1.82 as against 1.55). Larger numbers
of single bags must be sampled and scoured before any definite
conclusion can be drawn.

SUMMARY AND CONCLUSIONS

Nine years of tests of a method of sampling at the shearing
sheds to determine the shrinkage of large lots of wool are de-
scribed and the results reported.

One or more sets of duplicate samples of about eight pounds
per sample were taken from each of the clips studied. The test
of accuracy was the difference of shrinkage between the samples
in a pair. This was the only test available for a large number of
the clips sampled. It was evident that if there was a wide differ-
ence between the shrinkages of the two samples from the same
band of sheep both of them could not be right.

Eleven large bags of wool from as many different clips, rang-
ing in weight from 250 to 350 pounds, were scoured and the
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shrinkage of the wool in the bags compared with that of the pair
of small samples taken from the same clip.

The results of the comparisons of samples by pairs showed
that the average difference between the samples in the same pair
was 1.55 per cent. It was less than 2 per cent in three-fourths of
the cases. These results constitute the basis for the conclusion
that small samples can, in a large percentage of the cases, be
counted upon as being reliable indicators of the true shrinkage
of the clips sampled. However, there jvere scattered pairs in
which the difference in shrinkage ranged from 4 to (A/i per cent,
showing that those particular samples were of no value as a basis
of estimating shrinkage.

The shrinkage of the small samples differed from that of the
large bags by as much as 5.8 per cent, but in only 3 of the 11
cases was the difference more than 3 per cent, and in each of these
cases the difference in the pair of small samples was so great that
their lack of reliability was evident on the basis of those differ-
ences alone. In six cases out of 11 the shrinkage of the small
samples differed from that of the bags by less than 1 per cent,
showing also a considerable degree of reliability for the shrinkage
of small samples.

In only 3 out of 11 cases were the shrinkages of the small
samples greater than the shrinkage of the corresponding large
ones, and in these cases the largest difference was less than one-
half of one per cent, showing the tendency of the small samples to
indicate lower shrinkages than large ones.
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1927

1928
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Shrinkages of Duplicate Samples.

Shrinkage
Sample 1 Sample 2
64.1 64.1
63.7 62.1
62.5 62.5
57.0 54.3
57.4 60.2
60.9 60.2
73.8 75.6
59.8 55.8
65.9 65.0
66.4 64.8
60.5 57.4
64.8 66.4
60.9 62.9
57.8 56.3
57.1 58.2
59.4 60.0
63.3 64.1
60.2 61.3
63.3 64.5
60.9 63.3
66.0 68.3
56.3 54.7
65.6 64.8
60.2 60.9
55.5 56.3
65.6 64.2
58.2 59.0
60.6 59.5
64.2 66.7
65.3 65.8
60.4 60.9
62.5 60.1
65.1 65.6
64.7 65.7
69.3 67.0
64.0 64.8
64.0 64.8
64.2 63.7
63.8 65.6
63.0 63.2
65.9 64.3
62.0 61.1
60.2 61.3
67.1 62.2
67.5 69.6
64.4 63.9

APPENDIX TABLE I

Location

Rawlins

It
It

Laramie

Cheyenne

Chugwater
Laramie
it

Cheyenne
Laramie
Cody
Greybull

Rawlins
It
it

Baggs
Ra\ﬁlins
u
Rock ﬁprings
I
it
tt
Cokeville
Rock ﬁprings
if
it
it

1927 to 1936 Clips.

Grade description

Bulk / and H blood.

Bulk Yt and Vi, sprinkling Yt-
Bulk Yyi and Yt blood.

Bulk H and Yi, sprinkling Yt-
Bulk Yi and Yt blood.

Bulk yi and Y blood.

Bulk fine, some Yt blood.
Bulk H and V2b lood.

Bulk Yt with some i blood.
Bulk Y2, sprinkling i blood.

Bulk Ytand Yt blood.

25

Chiefly Vi, sprinkling Y and lower.

Bulk Y and Yt blood.

Bulk Y2, sprinkling Vi blood.
Bulk Y2 and Vi blood.

Bulk Y2'b lood.

Bulk Y2and Yi blood.
Bulk Y2 and sprinkling Yi blood.
Bulk Yyi and some Y2 blood.
Bulk Vi and Y2 blood.

Bulk fine, sprinkling Yt blood.
Bulk Vi and some Y2 blood.
Bulk yi and Y2 blood.

Bulk Y2a nd Vi.

Bulk Yi and Y2, sp rinkling Yt-

Bulk fine and Y2b lood.

Bulk Y2and Vi with some Yt-
Bulk Y2a nd Vi blood.

Bulk Y2 and fine, sprinkling yi-
Bulk Yi and Yt, some Yt-

Bulk Vi and Y2 blood.

Bulk Vi and Y2, c onsiderable Yt-
Bulk H and Yt, considerable Yt-
Bulk Y2 and Vi blood.

Bulk Y2, some Vi, some fine.

Bulk fine and Y2, some H blood.
Bulk fine and Y2, some Vi blood.
Bulk Y2 and Vi, some Yt

Bulk Yi, little Yi and fine.

Bulk Yyi and Yt, considerable fine
Bulk fine and Yt-

Bulk fine and Yt-

Bulk Yi and half, some Y-

Bulk Y2and H, some Yt-

and Yt-

Bulk Yt, considerable fine and Yi.

Bulk yi andY, some fine and Yt-
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APPENDIX TABLE |I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.

Shrinkage
\{ear Location Grade description
Sample 1  Sample 2

62.6 61.3 Cokeville Bulk 46, considerable YZand va- some fine.

60.4 60.4 Bulk 46 and Yz, some fine, considerable YA,
some low quarter, common, and braid.

54.4 53.4 - Bulk Yz and 46, some fine and vA-

66.2 65.5 Kemﬂ]erer Bulk fine.

68.8 70.4 Bulk vz and 46, some fine.

64.4 63.1 Rawlins Bulk fine and Yz, some 46-

64.2 66.1 « Bulk Yz and fine, considerable 46-

66.8 65.6 - Bulk Yz and fine, some 46-

68.1 68.7 - Bulk Yzand fine, some 46-

69.4 68.4 - Bulk fine and Yz blood.

67.3 65.8 Hanna Bulk fine and Yz, some 46 blood.

68.1 68.8 Ra\1\{|ins Bulk Yz a nd fine, some 46-

69.0 65.5 Bulk YZ and fine, some 46-

64.9 65.9 Saratoga Bulk YZ and 46, some fine and YA-

69.7 69.1 Rawlins Bulk Yzand 46. some fine and vi-

65.4 64.4 " Bulk Yz, considerable fine.

62.7 65.1 - Bulk Yz and fine, some 46 and YA-

63.7 67.1 Walcott Bulk fine, some YZ and 46-

60.4 61.2 Rawlins Bulk YZand 46, considerable fine and va-

69.8 65.8 o Bulk Yz and fine, considerable 46.

67.5 65.5 " Bulk Yz and 46, some fine and YA

64.9 66.6 Laramie Bulk fine.

56.1 57.2 o Bulk YZand 46.

60.5 58.0 o Bulk Yz b lood.

58.7 60.8 Cheyenne Bulk Yz and fine, sprinkling 46 and YA.

55.6 53.8 Bulk Yz and fine, some 46 and YA-

62.3 61.8 Casper Bulk Yz and fine.

65.1 62.7 - Bulk Yz, some 46 and fine.

68.8 69.2 Waltman Bulk Yz, considerable 46, some fine.

67.7 64.7 Casper Bulk fine, some YZ.

66.7 65.4 i Practically straight fine.

69.3 69.7 Bulk 46 and Yz.

60.0 59.2 Cheyenne Bulk Yz and fine.

53.6 56.0 Bulk YZand 46-

60.2 62.6 Laramie Bulk Yz and 46, some fine and YA

57.1 58.0 u Bulk YZand 46-

62.0 60.8 Bulk fine and half, some 46-

57.3 56.7 Chugwater Bulk Yz and 46, sprinkling fine.

63.7 65.8 Larﬁlmie Bulk 46 and Yz. some fine and quarter.

59.2 59.3 Bulk 46 and Yz, considerable va-

57.9 57.7 Greybull Bulk 46, some J6 and YA-

61.6 61.3 Cody Bulk Yz and fine, some 46-
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APPENDIX TABLE I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.

Shrinkage
Samplel ' Sample 2
63.3 64.5
61.2 63.1
60.8 59.0
59.0 57.6
62.4 66.0
57.0 56.6
53.5 54.7
62.5 60.6
54.2 56.8
62.7 61.5
57.5 57.0
53.9 58.5
61.4 59.2
57.4 57.8
65.4 66.4
55.6 52.4
59.6 60.6
55.2 53.0
64.0 62.8
64.5 65.5
54.6 54.0
54.4 532
55.4 53.3
64.3 63.0
62.0 61.9
57.9 57.1
49.8 50.4
62.5 64.1
54.8 56.1
50.9 47.8
52.2 49.0
53.6 52.7
53.8 53.8
59.8 56.9
50.1 50.9
59.4 60.2
50.8 526
50.0 48.0
54.6 53.6
60.2 59.3
53.4 53.5
58.2 58.3
52.7 51.3
58.7 57.1
66.3 67.3
623 60.9

Location

RaV\{Iins
H
Rock Springs
It

Kemmerer
Rawlins
Walcott
Ra\i\!lins

Wamsutter
Hanna
Rawlins

It

Hanna
Rawlins
i
Il
Il
tl
*

It
Il

Hanna
RaleIins

Elk Mountain
Rawlins

Walllcott

Laramie

L(:ﬁ/ell

Grade description

Bulk 56, some fine and 46-

Bulk 46 and 46, some fine and 46-
Bulk y> and fine, some 46 and 44.
Bulk ¥/, and 46, some fine and 46-

Bulk /2, some fine and 46-
Bulk y2 and 46, some fine and 44-
Bulk 46 and 46, some fine.

Bulk y» and 46. some fine and 54-
Bulk y. and fine, some 46-
Bulk 46, some fine and 46.

Bulk '/, and fine, some 46-

Bulk fine and 46, some 46 and 54-

Bulk fine and 46, some 46-

Bulk 46, some 46 and fine, sprinkling 46-
Bulk fine 46, some 46-

Bulk 46 and fine, some 46-

Bulk 46, some fine and 46-

Bulk fine and 46, some 46-

Bulk 46 and 46, sprinkling 54-

Bulk fine and 46. some 46-

Bulk fine and 46, some 46-

Bulk fine, some 46 blood.

Bulk 46, some 46 and fine.

Bulk 46 and fine, some 46 and 46-

Bulk fine and 46, sprinkling 46-

Bulk fine and 46, some 46-

Bulk fine, some 46, springling 46-

Bulk 46, some fine and 46-

Bulk fine and 46.

Bulk fine, some 46, sprinkling 46-

Bulk 46 and fine, sprinkling 46.

Bulk 46, some fine and 46-

Bulk '/, some 46 and fine, sprinkling 54-
Bulk 46 and 46, some fine and 54-

Bulk 46, some 46 and 46, sprinkling fine.
Bulk fine and 46, some 46-

Bulk 46 and fine, some 46-

Bulk 46, some fine and 46-

Bulk 46 and 46, some fine and 54, sprinkling
low 46-

Bulk fine and 46, sprinkling 46.

Bulk 46 and 46, some fine, sprinkling 46-

Bulk 46, some fine and 46, sprinkling 46-

Bulk fine and 44, sprinkling 46.

Bulk 46, some fine and 46, sprinkling 44-

Bulk fine and 46, some 46, sprinkling 44-
Bulk fine, some 46 and 46, sprinkling 44-
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APPENDIX TABLE |I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.

28
Shrinkage
Sample 1l ' Sample 2
68.2 68.7
70.3 69.9
75.0 68.9
57.8 60.1
71.1 67.7
59.2 61.0
59.6 58.1
58.7 57.2
61.7 59.6
56.4 55.6
63.1 61.7
64.7 65.7
64.8 64.9
63.0 61.6
60.8 62.9
60.6 62.7
70.3 70.3
682 66.2
66.9 66.2
64.5 63.5
58.1 59.2
57.9 56.1
55.4 55.7
57.1 57.0
54.6 55.2
57.3 57.5
59.2 55.2
55.5 53.4
67.8 67.6
628 63.6
64.5 65.2
59.8 61.7
63.9 62.7
64.0 68.7
63.1 58.7

Location

Emblem
Powell

Meeteetse
Cody
Ten Sleep
Big Trails
Ten Sleep

Lander
a

Riverton
Lari)[der

U
it
Casper
Powder River

BuEfan
ft

ft

Y
if
Casper
Che}{enne

Laramie
tt

Grade description

Bulk fine and Yz, some A-

Bulk fine, some Yz.

Bulk fine, some Yz.

Bulk fine, some 'A, sprinkling A-

Bulk fine, some Yz.

Bulk fine and Yz, sprinkling A-

Bulk A and Yz, some fine, sprinkling A-

Bulk Yz, some fine and A, sprinkling A-
Bulk YZand A, some fine and A-

Bulk Yzand A. some fine and A-
Bulk fine and Yz, some A-
Bulk Yz, some fine and A, sprinkling A-

Bulk fine and Yz, some A-

Bulk Yz and fine, some A-

Bulk A and Yz, some fine and 'A, sprinkling
low A.

Bulk A and Yz, some fine and A, sprink-
ling low A.

Bulk fine, some YZand A, srinkling A-

Bulk fine, some YZand A-

Bulk fine and Yz, some A, sprinkling A-

Bulk A and va, some Yz, sprinkling of fine
and low A-

Bulk A, some YZand A, sprinkling low A-

Bulk A and Yz,some A, sprinkling fine.

Bulk A and A, same fine and Yz, sprinkling
low A-

Bulk A and A, some Yz and fine,
sprinkling of low A, canmon, and braid.

Bulk A and A, some Yz, sprinkling low A-

Bulk A and A, same A, sprinkling fine and
low quarter.

Bulk Yz, some fine, sprinkling

Bulk YZand A, some fine and A-

Bulk Yz and fine, some A, sprinkling A-

Bulk./, some fine and A, sprinkling A-

Bulk Yz, some fine and sprinkling YA-

Bulk Yz, some A and fine.

Bulk Yz and fine, some A-

Bulk Yzand some fine, sprinkling A-

Bulk fine and Yz, some fine, sprinkling vA-
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1930

1932

1933
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APPENDIX TABLE I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.

Shrinkage
Samplel Sample 2
64.0 63.4
61.6 65.2
68.2 71.9
67.8 67.3
64.5 66.1
66.1 69.7
59.6 62.2
64.8 64.6
49.0 52.4
69.7 67.6
602 614
56.2 59.3
61.6 60.5
75.0 74.8
63.1 65.5
61.4 61.8
59.7 55.3
73.4 711
62.6 63.1
71.1 69.1
60.1 64.2
61.7 66.3
56.6 55.1
63.4 69.9
64.6 61.4
68.6 626
64.6 65.9
59.8 60.1
59.1 61.2
62.3 68.2
56.3 57.6
672 68.3
57.5 57.8
66.2 66.7
66.6 67.9
67.9 69.4
70.3 69.1
66.9 65.5
66.1 68.3
52.6 54.7
63.1 62.0
65.1 64.9

Location

Rawlins
Sar%toga

Rawlins

«

Buffalo
Byron
Dickey
Thermopolis
Laramie
Sheridan
Winchester
Cheyenne
Laramie
Cody
Laramie
Cody
Buffalo

4
Kaycee
Buffalo

Laramie

"

)

Ra\%Iins

4

Walcott
Alcova
Caﬁper

Buffalo
Kaycee
Buffalo

I

Grade description

Bulk 44, some line and 4s-

Bulk 54, some fine and 46.

Bulk fine, some 44 and 46-

Bulk 54, some fine and 46, sprinkling 54-
Bulk 54, some fine and 46, sprinkling 54-
Bulk 54, some fine and 46. sprinkling 54'
Bulk 54, some fine and 46.

Bulk y, and fine, some 46.

Bulk Y, and 46, some fine and 54-

Bulk fine, some y-.

Bulk fine, some Y.

Bulk fine, some 54 and 46-

Bulk Yi and 46, some fine.

Bulk quarter, some 46 and low 54-
Bulk fine, some 54.

Bulk Yi, some fine and 46-

Bulk 46 and fine, some half and 54-
Bulk fine, some 54.

Bulk 46 and Yi, some fine and 54-

Bulk fine, some }4.

Bulk Yi, some fine and 46-

Bulk Yi and fine.

Bulk 46 and Yi, some 54-

Bulk Yi, some fine and 46.
Bulk Yi, some fine and 46-

Bulk fine, some 54.
Bulk Yi and fine, some 46-

Bulk Yi and 46, some fine and 54-
Bulk Yi and 46, some fine and 54-
Bulk fine and Yi, some 46 and 46.
Bulk Yi and 46, some fine and 54-

Bulk Yi and fine, some 46 and 54-

Bulk Y_I, some fine and 46, sprinkling 54-

Bulk Yi, some fine and 46, sprinkling 44 and
low 54-

Bulk Yi and fine, some 46, sprinkling 54-

Bulk Yi and fine, some 46-

Bulk fine, some 44 blood.

Bulk fine, some 44 and 46, sprinkling %.

Bulk fine and Yi, some 46.

Bulk fine and 44, some 46, sprinkling 44-

Bulk fine, some 44, sprinkling 46 and 44-

Bulk 44, some fine, sprinkling 46-
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1934

1935
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APPENDIX TABLE I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.
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Shrinkage
Sample 1  Sample 2
66.2 66.7
66.4 69.5
56.4 54.9
61.4 61.9
61.7 61.3
66.7 66.9
65.5 65.1
60.0 59.9
70.8 73.3
68.9 68.9
67.9 68.0
67.6 68.8
67.8 69.8
71.9 68.2
65.2 64.5
67.3 66.2
66.9 67.4
66.8 68.4
71.9 73.4
72.6 75.5
67.4 68.4
61.4 65.2
57.1 62.6
60.9 62.0
61.2 62.9
66.7 63.9
67.9 66.4
71.6 721
68.2 68.5
62.4 63.8
67.3 66.5
68.9 68.6
62.1 65.7
66.3 69.6
71.3 69.9
67.0 65.2
68.1 68.6
67.4 69.1
56.6 57.3

Location

Casper

Chugwater
Cheyenne
Laramie
Chugwater
Rawlins
_((
it
Walcott
Rawlins

Baggs
Rawlins

«

Laratnie

Chugwater
Cheyenne

Walcott
Rawlins

Rock Springs

i
it
it

Rawlins

Baggs

Grade description

Bulk fine, some 'A, sprinkling 46-

Bulk fine and A, some 46-

Bulk A and fine, some 46 and 34-
Bulk A and 46, some fine and quarter.
Bulk J6 and "A, some fine and 34-
Bulk fine and 36, some 46-

Bulk fine and 34, some 46 and 34-

Bulk A, some fine and 46-

Bulk fine, some V2 bl ood.
Bulk 'A, some fine and 46, sprinkling 34-
Bulk 36 and fine, some 46, 34. and low 34-

Bulk 36 and 46, some fine, sprinkling 34-

Bulk 36, some fine and 46. sprinkling 34-

Bulk fine and 36, some 46, sprinkling 34 and
low 34-

Bulk fine and 36, some 46, sprinkling 34
and low 34-

Bulk 36, some fine and 46-

Bulk 36 and fine, some 46-
BuTk 36 and 46, some fine.
Bulk 36 and fine, some 46.

Bulk fine, some 36.

Bulk 36, some 46 and fine.
Bulk 46, some 36 and 34-
Bulk 34. some 46 and 36.

Bulk 36 and fine, some 46 and 34-
Bulk 36 and fine, some 46 and 34-

Bulk fine and 36, some 46, sprinkling 34-

Bulk 36 and fine, some 46, sprinkling 34-

Bulk fine, some 36, sprinkling 46 and 34-

Bulk 36, some fine and 46, sprinkling 34-

Bulk fine and 36, some 46 and quarter,
sprinkling low 34-

Bulk fine and 36, some 46 and 34-

Bulk 36 and fine, some 46, sprinkling 34-

Bulk 36 and 46, some fine and 34. some low
34-

Bulk 36 and 46, some fine and 34-

Bulk fine and 36, some 46-

Bulk 46 and 36, some fine and 34-

Bulk 36 and 46. some fine and 34.

Bulk fine and 36, some 46, 34, and low 34-

Bulk 36 and 46, some fine, 34, and low 34-
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1936

February, 1938
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APPENDIX TABLE |I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.

Shrinkage
Sample 1  Sample 2
67.2 69.5
70.8 72.8
70.7 69.2
72.0 70.8
64.4 66.0
711 71.8
62.9 61.9
68.1 67.1
69.7 70.1
68.3 67.7
70.4 69.1
67.0 67.7
68.9 70.9
68.7 67.4
70.4 71.6
61.5 61.6
68.1 68.4
75.5 73.0
69.9 67.9
55.8 58.7
60.3 60.7
58.0 62.7
55.0 59.3
61.9 61.4
656 662
64.4 64.5
69.9 68.1
69.3 68.6
68.1 67.2
65.4 66.8
63.1 66.3
58.4 56.8
59.8 60.7
61.2 59.6
50.6 50.4
68.3 66.5

Location

Rawlins
it
M

Hanna
Arm ino
Lar)der

Powder River
Arminto
Casper

Powder River
Casper

Alcova
Casper
Laramie

Cheyenne
Laramie
Chugwater

Hanna
Rawlins

Rock Springs

Cokeville

Kemmerer

Rock Springs

Grade description

Bulk 44, some fine and 46, sprinkling %.
Bulk fine and 44, some 46-

Bulk J2a ndfine, some 46, sprinkling 46-
Bulk 44 and fine, some 46, sprinkling 46-
Bulk J2and 46, some fine and 44-

Bulk 44, some fine and 46, sprinkling 46-
Bulk 46 and 44. some fine and 46-

Bulk ]2an d 46, some fine and 46-

Bulk Z2a nd 46, some fine and 44-

Bulk Y2, some fine and 46.

Bulk fine, some J/2,s prinkling 46.

Bulk V2, some fine and 46.

Bulk fine and 44, some 46-

Bulk J2and 46. some fine and 44-
Bulk 1/2,some fine and 46-

Bulk J». and 46. some fine and 46-
Bulk 46 and fine, some 46 and 44-
Bulk fine, some J6, sprinkling 46-
Bulk 46, some fine and 46-

Bulk 46 and 46, some fine and 44-
Bulk 46 and 46. some fine and 44-

Bulk 46. some 46, sprinkling 44.
Bulk 46, some low 46, sprinkling 46-

Bulk 46 and 46, some fine, sprinkling 46-

Bulk fine, some 46 and 46, sprinkling 46-

Bulk 46 and 46. some 46 and low 46, sprink-
ling of fine and common and braid.

Bulk J4 and fine, some 46, sprinkling 44-

Bulk fine, some 44 and 46-

Bulk fine, some 44 and 46-

Bulk 46 and 46, some 44 and low 46, sprink-
ling fine.

Bulk 46 and 46, some fine, half and low 46-

Bulk 46 and 46. some fine, 44 low 46. com-
mon and braid.

Bulk 46 and 46. some fine and 44, sprinkling
of low 46, common and braid.

Bulk fine and 44, some 46 and 46, sprinkling
of low 46, common and braid.

Bulk fine and 44, some 46 and 46. sprinkling
low 46-

Bulk fine and J4, some 46 and 46 and low
46, sprinkling common and braid.



Year

Wyoming Agricultural Experiment Station Bui. 225

APPENDIX TABLE I—(Continued)
Shrinkages of Duplicate Samples. 1927 to 1936 Clips.
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Shrinkage
Sample 1l  Sample 2
69.5 725
68.5 68.4
64.6 63.8
72.6 67.7
68.7 70.9
67.3 68.4
60.6 60.0
68.7 69.0
71.5 70.4
68.1 67.0
74.1 72.7
68.0 68.7
67.3 69.5
67.5 67.5
69.1 71.9
59.5 61.4
65.0 65.8
61.3 626
59.2 60.4
61.1 625
70.8 71.3
58.1 56.3
63.7 628
62.7 60.5
66.0 63.5
65.3 65.6
66.8 72.8
61.1 60.3
63.7 62.0
60.9 60.4
54.7 54.9
52.7 54.4
68.3 68.8
63.4 65.4
69.1 68.6
59.7 58.8
63.2 64.9

Location

Rawlins
«

Medicine Bow
Emblem
C%dy
Lander

Powder River
Casper

Alcova
Casper
«

M
Cheyenne
Laramie

Cheyenne
Chugwater
Arminto
Weston

Gillette

Wyarno
Sheridan

Wyarno
Sheridan

Midwest

Chugwater

Grade description

Bulk A and'A, some fine, A, and low A-
Bulk fine, some'!/; and A-

Bulk fine and A, some A-

Bulk fine, some A-

Bulk fine, some A and A-

Bulk fine, some A, Aand A.

Bulk A and At, some fine, A, and low A-
Bulk fine, some 'A and A, sprinkling A-
Bulk fine and A, some A-

Bulk fine and A, some A, sprinkling A-
Bulk fine, some Y2 and A, sprinkling A-
Bulk fine, some Y» and A. sprinkling A-
Bulk fine, some Y> and A, sprinkling A-
Bulk fine, some A and A, sprinkling A-
Bulk fine and 54, some A, and A-

Bulk 54 and A, some fine, 54, and low A-
Bulk 54, some fine and A-

Bulk A, some 54 and A-

Bulk 54 and A, some fine and 54.

Bulk 54, some fine and A, sprinkling 54-
Bulk 54, some fine and fg-

Bulk 54, some fine and A and sprinkling 54.

Bulk fine and 54, some A-

Bulk }4 and fine, some A and J4>s prinkling
low 54, common, and braid.

Bulk fine and 54, some A and J4.

Bulk fine, some 54 and sprinkling A-

Bulk fine, some 54, sprinkling 54 and 54.

Bulk fine and 54, some 54, sprinkling 54.
low 54. common and braid.

Bulk 54 and 54. some fine, sprinkling 54-

Bulk 54 and 54, some fine and 54, sprinkling
low 54-

Bulk 54 and 54, some 54 and low 54.

Bulk 54 and 54, some 54 and low 54, sprink-
ling common and braid.

Bulk 54, some 54 and 54, sprinkling fine.

Bulk 54 and 54, some fine, 54 and low 54.

Bulk 54 and 54, some fine and 54-

Bulk 54 and 54, some fine and 54-

Bulk 54 and 54, some fine and 54-
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The following publications of the Wyoming Experiment Station may
be had upon request: (Revised list January, 1937.)

ANNUAL REPORTS—
19th to 47th, inclusive (1908-9 to 1936-37, inclusive.)

INDEX BULLETINS—
E, G, and H.

No. STATE FARMS BULLETINS—
Spring Wheat Production in Eastern Wyoming.
Winter Wheat Production in Eastern Wyoming.

4. Some Results from Agricultural Stations over the State from 1923
Report.

7. The Service of the State Experiment Farms.

No. CIRCULARS—

16. The Effect of Alkali on Portland Cement.
17. Feeding Yearling Steers.

18. Abortion Disease in Wyoming.

No. BULLETINS—

112. The Poisonous Properties of the Two-Grooved Milk Vetch (Astra-
galus bisulcatus.)

113. The Effect of Alkali upon Portland Cement.

115. Barley in Wyoming.

116. Winter Grains.

163. Results with Tree Planting at the Sheridan Field Station.

16S. Dietary Studies of Farm Families in Albany and Lincoln Counties,
Wyoming.

180. Vegetable Cookery at High Altitudes.

181. Oat Varieties for Northeastern Wyoming.

185. Barley Tests at the Sheridan Field Station.

191. Fattening Lambs in Sugar Beet Districts.

192. Growing Trees in Northeastern Wyoming.

193. Arrow Grass—Chemical and Physiological Considerations.
194. Three Species of Zygadenus (Death Camas).

198. Influence of Storage upon the Bread Making Qualities of Wyoming
Hard Wheat Flours.

201. Infectious Abortion.

202. Grain vs. No Grain for Dairy Cows.

204. The Micrometer Caliper for Measuring the Thickness of Wool Fibers.
205. Economic Studies of Irrigated Farms in Big Horn County.

206. Selenium and Other Toxic Minerals in Soils and Vegetation.

207. A Five-Year Study of Hampshire Show Sheep.

209. Forty Years of Weather Records.

210. Crossbreeding with Western Ewes.

212. Steer Feeding in Southeastern Wyoming.
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213.
214.
216.
218.

219.
220.

221.

222.

223.

224.
225.

226.
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Effect of Storage upon Vitamin C Content of Wyoming Potatoes.
Field Studies on the Bacterial Wilt of Alfalfa.
Sugar Beet By-Products for Fattening Lambs.

Cultural Methods for Winter Wheat on Non-Irrigated Lands in
Northeastern Wyoming.

Progress Report of the State Experiment Farms.

A Study of Psyllid Yellows in Wyoming.

The Occurrence of Selenium and Seleniferous Vegetation in Wyo-
ming.

Potato Seed-Treatment Studies in Wyoming.

Corn Production on the Campbell County Experiment Farm.

Spring Wheat Production and Varieties for Wyoming.

Variation in the Shrinkage of Wyoming Wools. |. Differences Be-
tween Duplicate Samples.

Field Experiment on Bunt of Wheat.

U. S. D. A. 13. Soil Survey of the Wheatland Area, Wyoming.
U. S. D. A. 27. Soil Survey of the Basin Area, Wyoming.
U. S. D. A. 38. Soil Survey of the Shoshone Area, Wyoming.

Address requests: Bulletin Department, Experiment Station,
Laramie, Wyoming.
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