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ABSTRACT: The objective of this study was to
compare weight and quality of fleeces of different F1
ewe types produced from breeds with a broad range of
fleece types. Weights of 629 fleeces produced during
1988 through 1991 from F1 ewes that were daughters
of Suffolk and Targhee dams and Finnsheep, Combo-6,
Booroola Merino, St. Croix, and Barbados sires were
recorded. Staple length was measured on the mid-side
of each ewe present in 1991. Fleeces shorn in 1991
were sent to a wool marketing organization, and
staple length, wool grade, and clean fleece yield were
subjectively estimated (n = 220). Mid-side fleece
samples were collected from no more than two
randomly selected ewes from each subclass (breed of
dam-breed of sire-age of ewe) in 1991 (n = 78) and
sent to a wool laboratory where fiber diameter, yield,
and percentage of colored, med, and kemp fibers were
objectively determined. Ewes from Targhee dams
produced fleeces with greater weight, greater fiber
length, smaller fiber diameter, lower yield, and fewer
colored fibers than ewes from Suffolk dams (all
differences significant, P < .01). Booroola Merino-sired
ewes produced heavier ( P < .01) fleeces than did
Finnsheep- and Combo-6-sired ewes (4.13 and 3.09

kg, respectively), and in turn, Finnsheep- and Combo-
6-sired ewes produced heavier ( P < .01) fleeces than
did ewes sired by hair breed rams (3.09 and 1.70 kg,
respectively). Among hair breed-sired ewes, St. Croix-
sired ewes produced heavier ( P < .01) fleeces than did
Barbados-sired ewes (1.88 and 1.52 kg, respectively).
Fleeces produced by Booroola Merino-sired ewes had
smaller ( P < .01) fiber diameter than all sire breed
groups except Combo-6-sired ewes, and fleeces
produced by St. Croix-sired ewes had greater ( P < .01)
fiber diameter than all other sire breed groups. Lab
scoured yield was greater ( P < .01) for fleeces from
ewes from hair breed than for fleeces from ewes from
wool breed sires (74.2 vs 66.1%). Proportions of
undesirable fibers (med, kemp, and colored) were 20
to 600 times greater ( P < .01) in fleeces of ewes from
hair breed sires than in fleeces of ewes from wool
breed sires. In general, F1 ewes from Booroola Merino
sires produced the heaviest, highest quality fleeces,
and ewes from the hair breed sires of St. Croix and
Barbados produced the lightest, lowest quality fleeces.
Ewes from Finnsheep and Combo-6 sires produced
fleeces that were more similar to the fleeces of ewes
from Booroola Merino sires than to the fleeces of ewes
from the hair breed sires.
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Introduction

Previous papers in this series have described lamb
production of Suffolk and Targhee ewes when mated
to Finnsheep, Combo-6, Booroola Merino, St. Croix,
and Barbados rams (Bunge et al., 1993b) and lamb
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Table 1. Number of F1 ewes shorn by year of birth, year of shearing, age, and breed of sire

Year of
birth

Year of
shearing

Age,
yr

Breed of sire

Finnsheep Combo-6 B. Merino St. Croix Barbados Total

1986 1988 2 5 11 12 17 7 52
1989 3 5 9 11 15 7 47
1990 4 4 8 8 11 7 38
1991 5 3 6 8 9 6 32

1987 1989 2 13 18 14 24 23 92
1990 3 11 17 14 23 21 86
1991 4 11 15 11 18 16 71

1988 1990 2 13 21 13 18 14 79
1991 3 12 18 12 15 12 69

1989 1991 2 18 7 10 12 16 63

Total 95 130 113 162 129 629

production of the resulting F1 ewes when mated to
Dorset rams (Bunge et al., 1993a, 1995). These sire
breeds represented the full range of fleece quantity
and quality, from the fine-wooled Booroola Merino to
the coarse, medullated hair sheep of the St. Croix and
Barbados breeds. Wool is an additional source of
income in most sheep operations and can represent 15
to 25% of gross income (Hohenboken 1976; Cedillo et
al., 1977). Therefore, breed effects for traits that
influence fleece value should be a consideration when
selecting breeds for a crossbreeding system. The
objective of this study was to compare weight and
quality of fleeces of different F1 ewe types produced
from breeds with a broad range of fleece types.

Materials and Methods

The sheep were produced and maintained at the
University of Illinois Dixon Springs Agricultural
Center (DSAC) located in southern Illinois (37° 26′ N
latitude and 88° 40′ W longitude). The area has hot,
humid summers with high rainfall and cool winters
with moderate amounts of snow. Temperatures vary
from a high of 35.6°C in the summer to a low of
−21.7°C in the winter. In the autumns of the 4 yr of
1985 through 1988, flocks of Suffolk and Targhee ewes
were exposed to rams of the following five breeds:
Finnsheep, Combo-6 (synthetic composed of Suffolk,
Finnsheep, Dorset, Rambouillet, Targhee and Border
Leicester breeding), Booroola Merino, St. Croix, and
Barbados. Three different rams of each breed were
used each year (12 total rams per breed). Origins of
the rams and ewes were reported by Bunge et al.
(1993b). The F1 ewe lambs from these matings were
retained and lambed annually in the late winter-early
spring through 1991. Ewes were shorn annually in the
winter before lambing. A total of 629 fleece weight
observations were available from 2-, 3-, 4-, and
5-yr-old F1 ewes (Table 1). Fleece weights were

corrected to a 365-d growth period using the current
and previous shearing dates and actual fleece weight.
Daily fleece growth was calculated and multiplied by
365.

The day before shearing in 1991, mid-side staple
length of the fleece was measured on all ewes by
gently parting the fleece on the side of the ewe,
placing a ruler on the skin surface, and recording the
length of fleece. Immediately after recording staple
length, mid-side fleece samples weighing approxi-
mately .5 kg were sheared from not more than two
randomly selected ewes from each of the 40 subclasses
(breed of sire-breed of dam-age of ewe). These 78
samples (two of the 5-yr-old subclasses were
represented by only one ewe) were sent to the Texas
A&M University Wool and Mohair Research Labora-
tory, San Angelo, where objective measures of average
fiber diameter (microns ( mm), Lynch and Michie,
1976), lab scoured yield (percentage, ASTM, 1990a),
and colored, med, and kemp fibers (percentage,
ASTM, 1990b) were determined for each sample.
Subsequent fleece weights of ewes that contributed
mid-side fleece samples were not adjusted for weight
of the sample.

Fleeces (n = 235) from the 1991 shearing were sent
to the North Central Wool Marketing Corp. (Min-
neapolis, MN) where subjective wool grades, staple
lengths, and clean fleece yields were estimated (n =
220). No subjective evaluations were available for 15
fleeces that lost their identification at the wool
warehouse. The subjective wool grades were spinning
counts, which can range from 80 to 36 with larger
values assigned to fleeces with smaller estimated fiber
diameter (ASTM, 1990c). Commercial, subjective
estimates of fleece characteristics are important be-
cause, in the absence of objective measurements, they
determine the market value of fleeces. For fleeces that
contained a substantial amount of hair, commercial
grade was based only on wool fibers present and not
on the hair. Actual and estimated mid-side staple
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lengths were corrected to a 365-d growth period.
The animal model used to analyze fleece weight was

as follows:

Y = age of ewe-year of shearing + breed of
dam ( BOD) + breed of sire ( BOS)
+ BOD × BOS + important ( P < .10)
two-way interactions with age of ewe-year
of shearing + ewea + ewep + error.

Main fixed factors in the model were age of ewe-year
of shearing (2-1988, 2-1989, 3-1989, 2-1990, 3-1990,
4-1990, 2-1991, 3-1991, 4-1991, and 5-1991), BOD
(Suffolk and Targhee), and BOS (Finnsheep, Combo-
6, Booroola Merino, St. Croix, and Barbados). Because
71% of ewes had repeated fleece weight records, the
random factor of ewe was separated into ewea (ewe’s
additive genetic effect distributed N(0,A ) , where Asa

2

= numerator relationship matrix and = variance ofsa
2

additive genetic effects) and ewep (ewe’s permanent
environmental effect). In the analyses of the other
wool traits, data were available only for fleeces
sheared in 1991, so the factors of year of shearing and
ewep were dropped from the model.

Best linear unbiased estimates ( BLUE) of the
means of levels of each fixed factor, averaged over
levels of other fixed factors, for each trait were
obtained using the PEST software program
(Groeneveld and Kovac, 1990a,b). Differences of
interest were those among years of production, among
2-, 3-, 4-, and 5-yr-old ewes, between ewes with Suffolk
or Targhee dams, among ewes sired by the five breeds
of sire, between ewes sired by hair breed vs wool breed
sires, and among breed of sire-breed of dam combina-
tions. The null hypotheses that the differences were
equal to zero were tested by the general linear
hypothesis procedures in PEST. Single-trait estimates
of variance components were estimated using the
DFREML program (Meyer, 1989) for use in PEST.
Because the variances were not known but estimated,
the estimates of the various fixed effects were not
strictly BLUE. However, throughout this paper the
term BLUE is used for these estimates instead of the
more correct but more cumbersome term of “approxi-
mate BLUE.”

Partial correlation coefficients between measured
and estimated staple length, measured fiber diameter
and estimated wool grade, and measured and esti-
mated yield were determined using the MANOVA
option of the GLM procedure (SAS, 1985), fitting age
of ewe, BOS, BOD, and the BOS × BOD interaction.

Results and Discussion

Correlations Between Measured and Estimated
Values. Partial correlation coefficients were estimated

between staple length measured at the mid-side on
the sheep before shearing at DSAC and visually
estimated from the whole fleece at North Central Wool
Marketing Corp., between fiber diameter measured
from mid-side samples at the Texas A&M University
Wool and Mohair Research Laboratory and wool
grades visually estimated from the whole fleece at the
North Central Wool Marketing Corp., and between lab
scoured yields from mid-side samples at the Texas
A&M University Wool and Mohair Research Labora-
tory and yields visually estimated from the whole
fleece at the North Central Wool Marketing Corp.
Correlations were based on data from fleeces of the 78
ewes randomly selected for mid-side sampling. These
correlations were of interest because they provide
information on how laboratory values for fleece
samples compare with commercial visual estimates on
the whole fleece. Fleece value for many U.S. producers
is determined by a visual evaluation of the fleece.

The partial correlation coefficients were very low to
moderate in size. Correlations between measured and
estimated staple length (.42) and between measured
fiber diameter and fleece grade ( −.29) were different
from zero ( P < .01 and P < .05, respectively); however,
the correlation between calculated and estimated yield
was very low (.01) and not different from zero.
Because differences between fibers in length and
diameter can be visually discerned to a certain extent,
but fleece yield cannot be directly visualized, the
relative size of the absolute values of these partial
correlation coefficients is not too surprising. Lack of
large correlations between any of the measured and
estimated values suggests that visual assessment of
fleeces for length, grade, and yield is not accurate and
that objective measures of these traits should be used.
Throughout the remainder of this paper, only the
measured values will be reported.

Age of Ewe-Year of Shearing. For the trait of fleece
weight, age of ewe and year of shearing are partially
confounded, and age of ewe-year of shearing subclass
was fit to the model used to analyze fleece weight to
account for the joint effects of these two factors.
However, the main effect of age of ewe on fleece
weight is of more interest than the joint effect of age of
ewe and year of shearing, so the BLUE for age of ewe
(averaged over year of shearing) was calculated
(Table 2). Age of ewe had a significant effect on fleece
weight ( P < .05). Fleece weights increased with age,
peaked at 3 yr of age (3.02 kg), and then decreased.
Fahmy (1987) working with purebred and crossbred
Finnsheep ewes and Atkins (1990) working with
Australian Merino ewes also found that fleece weight
peaked at 3 yr of age. Actual staple length decreased
as age increased to 4 yr of age and then increased in
5-yr-old ewes. Vesely et al. (1965) also observed that
younger ewes produced longer stapled fleeces than
older ewes.

Two-year-old ewes produced fleeces with a smaller
( P < .05) fiber diameter than ewes of the other ages.
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Table 2. Best linear unbiased estimates ± SE of age of ewe for wool traits of F1 ewes

a,b,cWithin a row, values lacking a common superscript letter differ ( P < .01).
d,e,fWithin a row, values lacking a common superscript letter differ ( P < .05).

Age, yr

Trait 2 3 4 5

Fleece weight, kg 2.58 ± .05f 3.02 ± .06d 2.70 ± .07e 2.59 ± .12ef

Actual staple length, cm 12.78 ± .34a 10.81 ± .32b 8.35 ± .30c 10.88 ± .47b

Fiber diameter, mm 26.14 ± .49f 28.23 ± .49de 27.12 ± .49e 28.79 ± .56d

Lab scoured yield, % 67.63 ± 1.5ef 70.57 ± 1.5de 66.15 ± 1.5f 72.92 ± 1.6d

Colored fibers, % .16 ± .16 .25 ± .16 .18 ± .16 .42 ± .18
Med fibers, % 1.37 ± 1.2e .94 ± 1.2e 1.02 ± 1.2e 5.8 ± 1.4d

Kemp fibers, % .51 ± .24 .20 ± .24 .34 ± .24 .67 ± .25

Table 3. Best linear unbiased estimates ± SE of breed
of dam for wool traits of F1 ewes

a,bWithin a row, values lacking a common superscript letter
differ ( P < .01).

Breed of dam

Trait Suffolk Targhee

Fleece weight, kg 2.32 ± .06b 3.16 ± .06a

Actual staple length, cm 10.24 ± .27b 11.17 ± .22a

Fiber diameter, mm 29.54 ± .36a 25.60 ± .36b

Lab scoured yield, % 72.42 ± 1.1a 66.21 ± 1.1b

Colored fibers, % .49 ± .12a .02 ± .11b

Med fibers, % 2.49 ± .86 2.07 ± .86
Kemp fibers, % .57 ± .16 .28 ± .16

Atkins (1990) also found that 2-yr-old ewes had a
smaller fiber diameter than older ewes, but Vesely et
al. (1965) reported that age of ewe had no significant
effect on fiber diameter or wool grade. Age of ewe had
a significant ( P < .05) effect on lab scoured yield, but
no particular pattern was evident as ewe age in-
creased. Though Fahmy (1987) found no significant
effect of age of ewe on clean fleece yield, Vesely et al.
(1965) reported a significant decrease in yield as age
of ewe increased.

Age of ewe had no significant effect on proportion of
colored or kemp fibers. However, fleeces of 5-yr-old
ewes had approximately four to six times ( P < .05) as
many med fibers as fleeces of 2-, 3-, or 4-yr-old ewes. It
is difficult to believe that such a large change in med
fibers in one year is a true age effect. Because each
age group was produced by a different group of sires, it
is possible that the sires used to produce the
5-yr-old ewes had high breeding values for proportion
of med fibers.

Breed of Dam. The BLUE of breed of dam for wool
traits of F1 ewes are presented in Table 3. Fleeces of
F1 ewes from Targhee dams were .84 kg heavier ( P <
.01) than fleeces from ewes having Suffolk dams. In
studies with purebred ewes, Sidwell et al. (1971)
found that Targhee yearling ewes produced fleeces
that were 2 kg heavier than those from Suffolk

yearlings, and Dickerson (1977) reported .8 kg
heavier clean fleece weights from Targhee ewes than
from Suffolk ewes. Ewes from Targhee dams produced
fleeces of greater ( P < .01) actual staple length. In the
study by Sidwell et al. (1971), Targhee ewes had
fleece staple length of 12.4 cm, whereas Suffolk ewes
had fleece staple length of 9.8 cm. Fleeces of ewes from
Targhee dams had a smaller ( P < .01) fiber diameter
than fleeces of ewes from Suffolk dams. These results
agree with those of Sidwell et al. (1971), who reported
a 7-mm difference in fiber diameter between purebred
Targhee and Suffolk ewes.

Ewes from Targhee dams produced fleeces with
approximately 6 percentage units lower ( P < .01)
actual yield of clean fleece than ewes from Suffolk
dams. Fleeces of ewes from Suffolk dams had a higher
( P < .01) percentage of colored fibers than did fleeces
of ewes from Targhee dams, which is a result of the
Suffolk being a “black-faced” breed, whereas the
Targhee is an unpigmented “white-faced” breed. Breed
of ewe had no significant effect on the percentage of
med or kemp fibers.

Breed of Sire. The BLUE of breed of sire for wool
traits are presented in Table 4. The effect of breed of
sire was significant ( P < .01) for all traits analyzed.
The F1 ewes from Booroola Merino sires produced
fleeces weighing 4.13 kg, which was approximately 1
kg heavier ( P < .01) than fleeces produced by F1 ewes
from Finnsheep and Combo-6 sires and more than 2
kg heavier ( P < .01) than fleeces produced by F1 ewes
from St. Croix and Barbados sires. The hair vs wool
breed contrast indicated that fleeces from hair breed-
sired ewes were 1.73 kg lighter than fleeces from wool
breed sired-ewes. Young and Dickerson (1987) also
reported heavier fleece weights for Booroola Merino-
cross ewes compared with Finnsheep-cross ewes (3.9
and 3.2 kg, respectively). In a study involving crosses
between DLS (a Dorset, Leicester, Suffolk synthetic)
ewes and Finnsheep and Booroola Merino rams,
Fahmy (1990) reported heavier grease fleece weights
for Booroola Merino than for Finnsheep crossbred
ewes (3.7 and 3.2 kg, respectively).

With a measured staple length of nearly 11 cm,
fleeces from F1 ewes sired by Finnsheep rams had a
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Table 4. Best linear unbiased estimates ± SE of breed of sire for wool traits of F1 ewes

a,b,c,dWithin a row, values lacking a common superscript letter differ ( P < .01).
e( P < .01).

Breed of sire

Booroola St. Contrast of:
Trait Finnsheep Combo-6 Merino Croix Barbados Hair − Wool

Fleece weight, kg 3.07 ± .12b 3.11 ± .10b 4.13 ± .10a 1.88 ± .09c 1.52 ± .11d −1.73 ± .11e

Actual staple length, cm 10.96 ± .33a 9.18 ± .30b 9.05 ± .27b 9.64 ± .25b 8.94 ± .27b −.58 ± .36e

Fiber diameter, mm 27.57 ± .60b 27.04 ± .57bc 24.94 ± .55c 30.45 ± .57a 27.86 ± .55b 2.64 ± .11e

Lab scoured yield, % 72.32 ± 1.8a 64.39 ± 1.7b 61.50 ± 1.6b 73.68 ± 1.7a 74.69 ± 1.6a 8.12 ± 1.5e

Colored fibers, % .02 ± .19b .02 ± .18b .00 ± .18b .44 ± .18ab .79 ± .18a .60 ± .17e

Med fibers, % .07 ± 1.5b .02 ± 1.4b .01 ± 1.3b 5.97 ± 1.4a 5.36 ± 1.3a 5.06 ± 1.3e

Kemp fibers, % .04 ± .29b .05 ± .27b .03 ± .27b .88 ± .27ab 1.16 ± .27a .98 ± .25e

Table 5. Best linear unbiased estimates ± SE of breed
of sire and breed of dam combination for percentage

of colored fibers in fleeces of F1 ewes

a,bValues lacking a common superscript letter differ ( P < .01).

Breed of sire-breed of dam
Colored

fibers, %

Finnsheep-Suffolk .02 ± .27b

Combo-6-Suffolk .05 ± .27b

Booroola Merino-Suffolk .01 ± .25b

St. Croix-Suffolk .88 ± .25ab

Barbados-Suffolk 1.53 ± .25a

Finnsheep-Targhee .02 ± .26b

Combo-6-Targhee .00 ± .25b

Booroola Merino-Targhee .00 ± .25b

St. Croix-Targhee .01 ± .26b

Barbados-Targhee .06 ± .25b

longer ( P < .01) staple length than fleeces from F1
ewes sired by the other breeds of sire. Cedillo et al.
(1977) reported that 1/2 Finnsheep (and 1/2 Colum-
bia or 1/2 Suffolk) ewes produced fleeces with longer
staple length than other crossbred types in the study
(1/2 Romney, 1/2 North Country Cheviot, or 1/2
Dorset and 1/2 Columbia or 1/2 Suffolk). Fahmy
(1987) reported that fleeces from Finnsheep-sired
ewes had a staple length of 13.7 cm, which was longer
than that of purebred DLS ewes. The hair vs wool
breed contrast is of little meaning because the longer
( P < .01) staple length of the fleeces from wool breed-
sired ewes is a result of the longer staple length of
fleeces from Finnsheep-sired ewes alone. The other
two wool breed-sired groups actually had fleeces with
shorter average staple length than the average of the
two hair breed-sired groups.

Fleeces of F1 ewes with St. Croix sires had greater
( P < .01) fiber diameter than fleeces from ewes from
the other sire breeds. Booroola Merino crossbred ewes
produced fleeces with the smallest fiber diameter, but
they were not significantly different for this trait from
Combo-6-sired ewes. Mason (1980) reported 32.4 mm
as the mean fiber diameter for fleeces from Barbados
Blackbelly ewes, which is slightly more than the value
determined in this study for Barbados-sired ewes. This
seems reasonable, because the Barbados-sired ewes in
this study were of 50% wool breeding. On average,
fleeces of ewes with hair breed sires had 2.6 mm
greater ( P < .01) fiber diameter than fleeces of ewes
with wool breed sires.

Fleeces produced by F1 ewes sired by hair breed
rams had 8.1 percentage units greater ( P < .01)
actual yield than fleeces of ewes sired by wool breed
rams. Among the ewes with wool breed sires, Finn-
sheep-sired ewes had the greatest ( P < .01) yielding
fleeces. This result is somewhat supported by the
results of Cedillo et al. (1977), who reported a 71%
yield for fleeces of Finnsheep crossbred ewes, which
was greater than for any other crossbred group in
their study.

On the average, fleeces of ewes with hair breed
sires had a greater ( P < .01) percentage of colored,

med, and kemp fibers than fleeces of ewes with wool
breed sires. Because white wool is normally dis-
counted for the presence of colored and medullated
fibers, it is obvious that hair sheep crossbreeding will
produce wool that is less valuable than that produced
by Finnsheep, Combo-6, or Booroola Merino crosses.

Breed of Sire × Breed of Dam Interactions. A
significant breed of sire × breed of dam interaction was
found for the percentage of colored fibers. The BLUE
for breed of sire-breed of dam combinations for this
trait are presented in Table 5. Ewes with Targhee
dams produced fleeces with few colored fibers, even
when they had hair breed sires. Ewes with Suffolk
dams and wool breed sires had fleeces with small
amounts of colored fibers, similar to fleeces from ewes
with Targhee dams. However, 1/2 Suffolk ewes with
hair breed sires produced fleeces with a large amount
of colored fibers. It seems that in order to reduce the
incidence of colored fibers in the fleeces of hair breed-
wool breed crosses, white-faced instead of black-faced
wool breeds should be used.
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Implications

Fleeces from F1 ewes from the three wool breeds of
Finnsheep, Combo-6, and Booroola Merino and the
two hair breeds of St. Croix and Barbados were
evaluated. Among the wool breeds, Booroola Merino-
sired ewes would be expected to have greater wool
production of superior value than either Combo-
6- or Finnsheep-sired ewes. The use of hair breed-wool
breed crossbred ewes will result in a significant
decrease in wool production and commercial value.
There is currently little or no demand for fleeces
produced by hair breed-cross sheep. For hair breed-
cross ewes to be used effectively in commercial
production systems, they must produce more weight of
lamb than wool breed ewes in order to compensate for
the lower value of their fleece.
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