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The present study was carried out to estimate genetic and phenotypic parameters for some subjective and objective wool
traits to develop a suitable selection index for wool improvement in Barki sheep. Over 937 fleeces were obtained from three
Barki sheep flocks along the north western coastal belt of Egypt together with full pedigree information for those 937 animals
descended from 74 sires and 896 ewes. After the first shearing, a composite wool sample was collected to represent the entire
fleece of each animal. The greasy wool samples were subjectively assessed for kemp score, KS, greasy colour grade, GCG,
handle grade, HG, lustre grade, LG, bulk grade, BLG and measured for staple length, STL. After scouring, the scoured colour
grade, SCG was also assessed. SAS and MTDFREML statistical programs were used to generate analysis of variance and
estimating genetic and phenotypic parameters as well as constructing selection indexes.

Results indicated that Barki wool had higher than average kemp content (2.45), slightly softer handle (3.20) and lustrous
(3.48) and of average compressibility (2.41) with an average staple length of 10.31cm. Barki wool appeared to be slightly less
than average of whiter greasy colour (2.02) and slight improvement occurred after scouring (2.83). Flock had highly significant
effect on all studied traits while sire within flock showed highly significant effect on KS, HG, LG and STL. Heritabilities were
estimated for KS (0.73), GCG (0.03), HG (0.62), LG (0.47), BLG (0.13), SCG (0.09) and STL (0.58). KS had highly significant
and positive genetic correlations with all studied traits, while phenotypically it was significantly associated with harsher and
lustrous wool. Estimates of genetic and phenotypic parameters were used to construct selection indices using different
combinations of the studied traits for wool improvement. The maximum accuracy of selection (Rt = 1.10) was obtained using the
full index incorporating all studied traits. The present study recommended the utility of selection index included GCG, LG and
STL (Ry, = 0.84 with relative efficiency of 76.4%) since selection based this index would be adequate for wool improvement and
its application would lead to maintain low level of kemp content and reasonable level of harshness, improve greasy and scoured
colour with marked increase in wool luster and staple length which could be contributed to enhance wool quantity produced.
Keywords: Barki sheep, subjective wool traits, genetic and phenotypic parameters, selection indexes

ABSTRACT

INTRODUCTION Gabbas et al., 2009). This information should be
translated into guidelines for producers to determine the
Along the north-western desert of Egypt, importance of various wool traits for wool
Barki sheep is the most important local fat-tailed improvement plan in order to produce the proper wool
breed that produces coarse and white fleeces. While for the industry. Estimates of genetic parameters for
this breed is dual-purpose (meat and wool), they are Barki sheep highlighted the dearth of those for wool
mostly kept for their mutton production. The wool traits in general and for the subjective ones in
fibres not only protect the sheep from environmental particular. Therefore, the objective of the present study
conditions, however, it is also used by human beings was to estimate genetic and phenotypic parameters for
to manufacturing of many woolen products. The some subjective and objective wool traits and develop a
evaluation of a particular wool type requires an suitable selection index for the simultaneous
assessment of its properties as well as its contribution improvement of the underlying wool traits in Barki
in the processing and the performance of the end sheep.
products together with their importance from the
breeding point of views. The wool industry is MATERIALS AND METHODS
concerned with the inspection of wool characters
both subjectively and objectively. For the subjective Source of Data
assessment of wool quality, the expert appraiser Over 937 fleeces were available for appraising
appears to see, feel and compress handful of wool some subjective wool characters in Barki sheep. These
sample and rub the fibres between his fingers. Many fleeces were collected from three flocks representing
breeders frequently using subjectively assessed wool Barki sheep along the north western desert of Egypt at
and conformation traits during the selection of sires Maryout research station of the Desert Research Centre
and dams for both meat and wool production (n=356) and two commercial farms at El-Nahda
(Matebesi et al., 2009). Careful evaluation of wool (n=330) and North Tahrir (n= 251). Full pedigree
traits, through objective measurements, comes later information were also obtained from those 937 animals
to supplement the "educated fingers". descended from 74 sires and 896 ewes. After the first

In order to define those wool traits of significant ~ shearing, each fleece was spread over a sorting table and
processing performance to be included in the breeding  a handful wool samples were collected at random from
program, two processing trials were conducted and  various parts of the fleece to form a composite sample
indicated that wool manufacturers could attain  representing the entire fleece. These greasy samples
considerable processing and economic advantages by  were kept in a plastic bag for further analysis. On the
using high bulk and harsher wools in order to attain  greasy state, wool samples were subjectively assessed
good quality wool satisfying the requirements of the  for kemp score, KS, greasy colour grade, GCG, handle
wool industry (Abdelaziz and El-Gabbas, 1999; El-  grade, HG, lustre grade, LG, bulk grade, BLG and
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measured for staple length, STL. Then each sample was
scoured and oven-dried at 105°C, the scoured and dried
sample was graded for scoured colour grade, SCG. The
assessment of KS was done according to Dry (1935)
while appraising GCG, HG, LG, BLG and SCG were
based on the grading system of El-Gabbas (1994). One
experienced grader assessed all these traits. Such
grading was repeated after a fortnight and the average of
both grades was recorded for each sample. KS was
assessed on a four-score system in which score one has
no kemp fibres while score 4 has dense kemp fibres.
The other five subjective traits of GCG, SCG, HG, LG
and BLG were appraised using a five-score system in
which score one represent yellow and the harshest wool
with the least luster and compressibility, whereas score
five being the perfect white, the softest with the
extremely lustrous and compressibility. Ten staples
were randomly subsampled for measurement of staple
length, STL. Average length of ten staples taken
randomly from each sample to be measured against a
millimeter ruler without stretching. Some descriptive
statistics of the considered traits are presented in table
(1).
Statistical Analysis

Descriptive statistics, phenotypic correlations as
well as analysis of variance were carried out for the
current data using the general linear model (GLM)
procedure of SAS (2004). Preliminary analyses with
two fixed effects (flock and sex) were conducted and
identified flock as being the important fixed effect (with
three levels), so it is included in this analysis regarding
the animal, sire within flock and dam as random effects.
The following model was used:

Y=XB+Z,at+e
Where:

Y =is a vector of observations for the studied traits,

X=is the incidence matrix for the flock fixed

effect,

B = is the vector including the overall mean and the

same fixed effect,

Z, = is the incidence matrix for random effects,

a = is the vector of additive genetic effect of

animal, and

e = is a vector of random residuals normally and

independently distributed with zero mean and
variance I cze.

Multiple traits animal model (MTDFREML)
proposed by Boldman et al. (1995) was used to estimate
the heritability and genetic correlations for the studied
traits. Heritabilities were estimated using a series of
univariate analyses for each studied trait whereas
genetic correlation coefficients between each couple of

34

studied traits were obtained using a series of bivariate
analyses.

The present data proved to have reasonable count
in each of the classes considered for the studied
subjective traits. Moreover, many authors used animal
model to analyze the subjectively assessed traits
(Matebesi et al., 2009; Hatcher et al., 2010; McGregor
and Butler, 2014).

Selection index is an objective method of
selection for a linear function of several traits (aggregate
breeding wvalues). A selection index combines
information  from an individual's  phenotypic
performance for multiple traits into an overall score.
The following selection index equation was defined by
Cunningham and Mahou (1977) as:

I=bp
Where:

b:is a (n*1) vector of weighing factors for the n

traits included in | and

p:is a (n*1) vector of phenotypic observations for

the n traits included in I.

Since no data were available for the impact of
each studied traits on wool price, a kin of the relative
economic weights were assigned as the reciprocals of
the phenotype standard deviations for each studied traits
according to Falconer (1981).

RESULTS AND DISCUSSION

Table (1) showed that Barki wool has higher than
average kemp content (2.45), slightly softer handle
(3.20) and lustrous (3.48) and of average
compressibility (2.41) with an average staple length of
10.31cm. Barki wool appeared to be slightly less than
average of whiter greasy colour (2.02) and slight
improvement occurred after scouring (2.83). These
estimates might be comparable to that obtained by El-
Gabbas (1993) who found that KS, GCG, LG, HG, BLG
had a range of 1.84 to 2.09, 1.81 to 2.12, 1.66 to 2.99,
2.42 10 2.89, 2.76 to 2.33 while SCG was 2.98. In Barki,
Farafra, Ossimi, Saidi and Rahmani sheep, respectively,
KS were 2.09, 1.45, 2.23, 1.97 and 1.31, GCG were
2.12, 2.50, 2.68 and 2.80 and 2.66, LG were 2.99, 2.86,
3.01, 2.63 and 2.31, HG were 2.89, 2.89, 2.93, 2.84 and
2.38, and BLG were 2.79, 2.79, 2.77, 2.71 and 2.34,
respectively (El-Gabbas, 1999 a). In the Barki sheep
flock of Desert Research Centre, Azzam (1999)
estimated average KS, GCG, HG, LG, BLG and SCG as
2.06, 2.14, 2.77, 2.63, 2.72 and 3.01 respectively. As
indicated from coefficients of variation, all studied traits
seemed to be fluctuated from 26.4% to 38.6%). It is also
evident from range values appeared in table (1) that all
classes were represented for the considered studied
subjective traits.
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Table 1. Least square means + standard errors (SE), range, coefficient of variation (CV%o) for kemp score
(KS), greasy colour grade (GCG), handle grade (HG), lustre grade (LG), bulk grade (BLG),
scoured colour grade (SCG) and staple length (STL) in Barki sheep.

Trait Mean+ SE Range CV%
KS 2.45+0.03 1-4 38.6
GCG 2.02£0.02 1-5 30.9
HG 3.20+0.03 1-5 27.8
LG 3.48 +0.04 1-5 37.9
BLG 2.41+£0.03 1-5 31.9
SCG 2.83+0.02 1-5 26.4
STL, cm. 10.31 £ 0.09 4.2-16.3 26.5
Number of records for all studied traits= 937
Analysis of variance results (Table 2) indicated flocks while reflecting the impact of several

that flock had highly significant effect on all studied
traits while sire within flock showed highly significant
effect on KS, HG, LG and STL. Differences between

environmental factors, it also reveals differences in the
genetic makeup as a result of having different sires in
each flock.

Table 2. Analysis of variance for kemp score (KS), greasy colour grade (GCG), handle grade (HG), lustre
grade (LG), bulk grade (BLG), scoured colour grade (SCG) and staple length (STL) in Barki

sheep.
Trait Mean squares
Flock (DF=2) Sire/ flock (DF=71) Residual (DF=863)

KS 35.18** 3.08** 0.63
GCG 28.61** 0.35 0.32
HG 40.10** 2.21** 0.57
LG 340.76** 3.97** 0.69
BLG 107.98** 0.38 0.35
SCG 24.85** 0.68 0.49
STL 1267.12** 17.74** 3.47

DF= degrees of freedom, ** Significant at P < 0.01.

Table (3) showed that KS (0.73), HG (0.62), LG
(0.47) and STL (0.58) had high heritability while GCG
and SCG (0.03 — 0.09) had lower ones while BLG had
an estimate of 0.13 which clarify the level of relative
importance for genetic factors in controlling these traits.
Using Harvey computer program in Barki sheep of the
Desert Research Centre, Azzam (1999) estimated the

heritability for KS (0.62), GCG (0.01), HG (0.06), LG
(0.00), BLG (0.12), SCG (0.17) and STL (0.32). Despite
some similarities between the present estimates and
Azzam ones, it is worthwhile mentioned that the current
estimates were obtained from two other Barki flocks in
addition to the that of Desert Research Centre flock
using animal model (MTDFREML) computer program.

Table 3. Heritability (on the diagonal), genetic (above diagonal) and phenotypic correlations (below diagonal)
for kemp score (KS), greasy colour grade (GCG), handle grade (HG), lustre grade (LG), bulk grade
(BLG), scoured colour grade (SCG) and staple length (STL) in Barki sheep.

Trait KS GCG HG LG BLG SCG STL
s 0.73 0.36 0.41 0.42 0.46 0.61 0.43

©011) | (09 | (0.08) (0.06) (0.07) (0.09) (0.05)
eCe 0.07 (828?) ((?(?12) (8282) (gigs?a) (8232) (8023)
HG 0.38 -0.20 (gigg) (gigg) (8392) (81?(1)) (8182)
LG 053 028 068 (8:%) (801% (8232) ((?015)
BLG 0.08 0.25 0.01 0.04 (8%2) (8138) (gg’g)
scG 10.00 0.65 0.02 0.11 0.24 (8:82) (ggf)
STL 0.02 0.06 0.19 0.16 0.34 0.09 (8:5132)

Standard errors are in between brackets; Significance of correlation coefficient at 0.05=0.19; Significance at 0.01=0.25
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KS had highly significant and positive genetic
correlations with all studied traits, while phenotypically
it was significantly associated (P<0.01) with harsher and
lustrous wool. HG showed positive and significantly
(P<0.01) genetic correlations with LG, SCG and STL
and negative one with BLG. There are negative and
highly significant genetic correlations for BLG with
SCG and STL. GCG was positive and significant
genetically correlated with SCG and bulkier wool and
negatively with STL whereas SCG was genetically
correlated positively and significantly with HG and LG
and negatively with STL. Phenotypically, harsher wool
was found to be significantly and positively correlated
with lustrous wool (P<0.01) and longer staples (P<0.05)
whereas bulky wool was positively and significantly
associated with SCG (P<0.05) and longer staples
(P<0.01). The present estimates of genetic and
phenotypic associations between the studied traits are in
the range reviewed for Barki (Azzam, 1999) and Libyan
Barbary sheep (Ahtash, 1998).

Genetic and phenotypic parameters estimated in
table (3) were used to construct 82 selection indices
using different combinations of the studied traits to
predict the aggregate genotype for wool improvement in
Barki sheep. Some of these indices were presented in
table (4) to indicate the b-values representing the partial
or simple regressions of genetic value for net merit on
phenotype for each trait, standard deviation, accuracy of

selection (R ) representing the multiple or simple
correlation of selection index with genetic value for net

merit and relative efficiency for each index (RE%). The
maximum accuracy of selection was obtained when
using the full index I, (Rt;1=1.10 with RE%=100).

1, =276 KS +2.07 GCG + 1.10 HG + 0.66 LG +

(-0.09) BLG + (-0.91) SCG + 0.47 STL

When the selection index included only one
studied trait (I,-1g), it appeared that the index included
KS alone had higher accuracy (Rt=0.91) and relative
efficiency (RE%= 82.7) followed by LG (R+=0.69 and
RE%= 62.7) and HG (Rr=0.66 and RE%=60.0).
Accordingly, all indices containing KS showed higher
accuracy (ranged from 0.91 to 1.08) and relative
efficiencies (ranged from 82.7% to 98.2%) and when
responded to selection tended to appreciably increase
KS by 0.69 up to 0.80 compared with other indices
(Table 5). For carpet wool specification, it is
recommended that addition of medullation to the carpet
wool is desired as it gives the crispy handle and natural
look to the carpet while excessive medullation and
kemp fibres are objectionable from the carpet industry
since they have adverse effect on fibre strength and
dyeing properties. A yarn containing kemp and highly
medullated fibres appear to dye to a paler color than one
with non-medullated wools although it absorbs as much
dyestuff, causing irregular dyeing which is a serious
defect in wool (Story, 1978). Thus, in order to maintain
kemp fibres to a low level, adequate index has to ignore
those indices containing KS.

Table 4. Weighing factors (b-values), standard deviation (o)), efficiencies of selection in absolute (Ry;) and
relative efficiency (RE) values in various indexes used for wool improvement in Barki sheep.

b-values
No. KS | GCG | HG | LG | BLG | scG [stL| @ | Rm | RE%
1| Al traits 2.76 | 2.07 | 1.10 | 0.66 | -0.09 | -0.91 | 0.47 | 11.71 | .10 | 100
2 | KS 35 709 | 091 | 827
I3 | GCG 157 004 | 031 | 282
4| HG 2.45 424 | 0.66 | 60.0
15 | LG 221 262 | 069 | 62.7
6 | BLG 0.18 001 | 003 | 27
17| SCG 0.69 024 | 016 | 14.6
I8 | STL 055 | 140 | 038 | 346
19 | KS-GCGHGSTL | 201 | 1.49 | 1.45 046 | 11.22 | 1.08 | 98.2
10 | KS-HG-LG-STL | 2.81 0.02 | 0.64 049 | 1059 | 1.05 | 955
11 | KS-GCG-HG-BLG | 2.88 | 150 | 1.58 018 1026 | 1.03 | 93.6
12 | KS-GCG-LG 281 | 147 122 984 | 1.01 | 9L8
13 | KS-BLG-SCG 3.48 0.04 | 0.22 801 | 001 | 827
14 | GCG-HG-LG-STL 172 | 1.36 | 1.45 045 758 | 0.88 | 80.0
115 | GCG-HG-LG-SCG 2.25 | 1.56 | 1.44 20.70 6.83 | 084 | 764
16 | GCG-LG-STL 161 2.19 049 | 680 | 084 | 764
17 | GCG-HG-LG 180 | 1.51 | 1.42 6.66 | 083 | 755
118 | HG-LG-STL 142 | 1.49 047 | 646 | 082 | 746
19 | LG-BLG-STL 216 | 012 051 | 582 | 0.77 | 70.0
120 | HG-LG-SCG 138 | 1.43 0.40 551 | 0.75 | 682
121 | HG-BLG 2.45 0.13 424 | 0.66 | 60.0
122 | GCG-SCG-STL 1.59 015 | 053 | 2.26 | 048 | 436
123 | BLG-SCG 0.08 | 0.68 024 | 016 | 14.6

KS= kemp score, GCG= greasy colour grade, HG= handle grade, LG= lustre grade, BLG= bulk grade, SCG=scoured colour grade and

STL-=staple length, RE% = (1«/ ;) X 100.
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After excluding those indices containing KS, it
appeared that 134 to l;5 had the highest Ry, ranged from
0.82 to 0.88 with RE% ranged from of 74.6 to 80.0
(Table 4). However, the index I, Seems appropriate and
simple with only three candidates, GCG, LG and STL as
follow:

l=1.61 GCG+2.19 LG+ 0.49 STL
(R+1=0.84 with RE%o of 76.4)

Table (5) indicated that selection based 1,5 would
lead to optimize selection for the given aggregate
genotypes (2.61), however it is slightly decrease
bulkiness by -0.02. Such decrease in wool bulk could be
dealt with in the industry by addition of higher bulky

wool to the blend components. On the other hand,
selection based on index 1,5 would be adequate for wool
improvement and its application would lead to maintain
low level of kemp content (by 0.47 score) and
reasonable level of harshness (by 0.53 score), improve
wool colour in greasy (by 0.16 score) and scoured states
(by 0.08 score) with appreciable increase in wool luster
(by 0.82 score) and staple length (by 0.81 cm.). Longer
staples would have an impact on increasing wool
quantity produced since staple length is regarded as one
of the major components for wool production per unit
area and hence for fleece weight (EI-Gabbas, 1999 b).

Table 5. Expected genetic changes (per generation) in kemp score (KS), greasy colour grade (GCG), handle
grade (HG), lustre grade (LG), bulk grade (BLG), scoured colour grade (SCG) and staple length
(STL) when using selection indexes for wool improvement in Barki sheep (intensity of selection

=1.0).
Expected genetic gain

No. In the In related traits

aggregate

genotype KS GCG HG LG BLG | SCG STL
I-1 All traits 3.42 0.77 0.22 0.63 0.67 0.04 0.12 1.07
I-2 KS 2.83 0.68 0.13 0.53 0.43 0.08 0.14 0.77
I-3 GCG 0.79 0.16 0.35 0.01 0.05 0.02 0.00 0.00
I-4 HG 2.06 0.51 0.01 0.58 0.72 -0.03 0.06 0.12
I-5 LG 2.15 0.36 0.03 0.62 0.94 -0.02 0.10 0.15
1-6 BLG 0.11 0.11 0.02 -0.05 | -0.03 0.03 -0.01 | -0.13
I-7 SCG 0.49 0.16 0.00 0.07 0.13 -0.01 0.05 -0.03
1-8 STL 1.18 0.29 0.00 0.05 0.07 -0.04 | -0.01 1.70
1-9 KS-GCG-HG-STL 3.35 0.80 0.19 0.60 0.60 0.04 0.12 1.09
I-10 KS-HG-LG-STL 3.25 0.76 0.10 0.65 0.68 0.03 0.13 1.14
I-11 KS-GCG-HG-BLG 3.20 0.76 0.20 0.63 0.63 0.05 0.13 0.61
1-12 KS-GCG-LG 3.14 0.68 0.20 0.62 0.69 0.06 0.14 0.61
I-13 KS-BLG-SCG 2.83 0.69 0.13 0.53 0.44 0.08 0.15 0.76
I-14 GCG-HG-LG-STL 2.75 0.56 0.15 0.58 0.83 -0.03 0.07 0.73
I-15 GCG-HG-LG-SCG 2.61 0.51 0.20 0.62 0.87 -0.01 0.07 0.15
1-16 GCG-LG-STL 2.61 0.47 0.16 0.53 0.82 -0.02 0.08 0.81
I-17 GCG-HG-LG 2.58 0.52 0.17 0.62 0.88 -0.02 0.08 0.14
1-18 HG-LG-STL 2.54 0.53 0.02 0.61 0.86 -0.04 0.07 0.82
1-19 LG-BLG-STL 2.41 0.45 0.03 0.56 0.85 -0.03 0.08 0.90
1-20 HG-LG-SCG 2.35 0.49 0.02 0.66 0.93 -0.03 0.09 0.15
I-21 HG-BLG 2.06 0.52 0.01 0.58 0.72 -0.03 0.06 0.12
1-22 GCG-SCG-STL 1.50 0.32 0.23 0.04 0.08 -0.01 | -0.01 1.30
1-23 BLG-SCG 0.49 0.17 0.01 0.06 0.13 -0.01 0.05 -0.04

CONCLUSION and reliable to achieve the target. That could be a scope

To improve the profitability of the animal,
selection of sheep in general and Egyptian sheep in
particular seems complex since profitability depends on
a number of productive traits such as fertility, growth,
meat and wool in addition to milk and each of these
attributes has many criteria to select for. The present
study reveal that there are prospects for improving wool
through selection and there should be a place for
improving wool in the Egyptian sheep in general and in
Barki sheep in particular together with other productive
traits. The subjective wool traits could be used to
achieve this target since they are simple with low costs
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of further studies.
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