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ABSTRACT

Ethiopia has huge livestock resource, but poor in their productivity. It stated national small
ruminant breeding policy and strategy focused on genetic improvement. This is intended to design
appropriate breeding programs based on the indigenous breeds status. Study of phenotypic variation
is among the prerequisite activities of genetic improvement that is limited in this study area. The
objective of this study was to describe morphological characteristics and variations of goat populations
in the Central zone of Tigray. Qualitative and quantitative data of 403 young to matured goats (326
lactating does and 77 bucks) were used to analyze by frequency procedure, GLM procedure, Pearson
correlation, and multivariate analysis of SAS version 9.4. The study revealed that goats in Adwa district
were distinct in coat colors and pattern, horn shape, ear orientation, head profile and ruff, significantly
heavier (p<0.01) and larger (p<0.001) in height at withers and in height at pelvic than those in Tanqua
Abergele (TA) and Kola Tembien (KT) districts. Goats found in Adwa district were morphologically
distinct from those found in TA and KT districts with the higher discriminating values in female goats.

Keywords: body weight; goat; linear measurements; morphology

INTRODUCTION

Livestock production is mainstay agricultural sec-
tor in Ethiopia (CSA, 2017). It sustains the livelihood
of smallholder rural people (Leta & Mesele, 2014) and
contributes an estimated 35%-49% of national agricul-
tural GDP (Endalew & Ayalew, 2016) Large population
and diversity are the main resource of this sector due
to geographical proximity to the gateway of many live-
stock populations from Asia and have diverse agroeco-
logical zones. Although it needs comprehensive work to
identify the diversity, phenotypically 34 cattle, 12 goats,
and 12 sheep breeds or populations are registered in
DAGRIS (2018).

Goats are an important species for the livelihood
of rural people in providing predominantly meat, milk,
and cash income (Kosgey et al., 2006). Goat is preferred
for resource-poor farmers, since easier to acquire, easier
to maintain, prolific, early mature and adaptable to the
harsh environment (Kumar et al.,, 2010; Sousa et al.,
2011). Goat population is accounted for 29.70 million in
Ethiopia (CSA, 2017). A larger population with higher
flock size of goats is found in the arid and semi-arid
lowland areas of the country where crop production is
low or unreliable by providing 3.4 and 1.6 times higher
gross margin than sheep and cattle, respectively (Woldu
et al., 2016).

Despite huge resource of goats in the country,
their productivity is below the expectation. This below

expectation production is due to feed shortage, disease,
inferior genotype, and market access (Mekuriaw ef al.,
2016). Recently, the country’s Minister of Agriculture
stated national small ruminant breeding policy and
strategy to improve productivity through breeding
programs. Knowing morphological character and
their variations among and within goat populations
is an alternative option and important input to design
effective breeding programs (FAO, 2012; Hosseini et al.,
2016; Lestari at al., 2018).

As a result, phenotypic characterization of goats
has been conducted in different parts of the country af-
ter FARM-Africa was physically identified in 1994. Some
parts of this study area were delineated as the habitat
of Abergelle and Central Highland goat populations
by FARM-Africa. However, recent information on mor-
phological or phenotypic traits performance and their
variations among and within the populations towards
genetic improvement is very limited in this study area.
Therefore, this study aimed to describe the morphologi-
cal characteristics of the goat populations in the central
zone of Tigray.

MATERIALS AND METHODS
Description of the Study Areas

The study was conducted in Tanqua Abergele
(TA), Kola Tembien (KT) and Adwa districts located
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in the Central zone of Tigray, Ethiopia at 13° 47" 6"
(13.78507°) N latitude and 38° 49" 14" (38.82054°) E
longitude (Figure 1). Tanqua Abergele (TA) district
is found 120 km far from the Mekelle city of Tigray
National Regional State. It has an area coverage of
240,788 hectares (CSA, 2007). Around 87.36% of the
area is cultivation land in cereals, pulses, and oilseeds
and the remained percentage is pasture, fallow, and the
others with 1.63 hectares average land per household
(CSA, 2001). The main feeding system and feeds are
browsing natural pastures and stubble grazing with a
little supplementation of crop residues and hay (Tajebe
& Kebede, 2011; Gebremariam & Belay, 2016). Kola
Tembien (KT) district is adjacent to TA district and 103
km far from Mekelle city. It has an area coverage of
253,839 hectares (CSA 2007). Around 85.28% of the area
is cultivation land in cereals, pulses, and oilseeds and
the remined percentage is for pasture, fallow, wood-
land, and the others with an average land per household
of 0.81 hectares (CSA, 2001). TA and KT districts are
categorized as a hot to warm sub-moist lowland (SM1-4)
sub-agroecology zone due to their climatic conditions
(Table 1) (MoA, 1998). Whereas Adwa district is found
225 km far from Mekelle city. The district has an area
coverage of 188,860 hectares (CSA, 2007), 89.75% of the
area is cultivation land in cereals, pulses, and oilseeds
and the remained percentage is pasture, fallow, and
woodland (CSA, 2001). It was categorized as midland
agroecology conditions (Table 1) (MoA, 1998). Crop
residues (>50%), grazing land (<25%), and hay (<25%)

are the main feed sources of Adwa district with feeding
management of browsing and supplementation of crop
residues and hay (Tesfay et al., 2016).

Data Types and Collection Methods

Morphological quantitative and qualitative data
were collected from 403 (326 lactating does and 77
bucks) randomly selected by measuring and observa-
tion, respectively during pick kidding months (October
to December 2017) on farm gate in the morning. The age
of sampled goats was categorized as yearling (1-2 years
old), young adult (2-3 years old), adult (3-4 years old),
and matured (4-5 years old) estimated by dentation as 1,
2,3 and 4 pair of permanent incisors (PPI), respectively
using FAO (2012). The measured quantitative traits were
body weight, body length, height at withers, chest girth,
pelvic width, chest width, rump length, height at pelvic,
rear udder diameter, rear udder length, udder circum-
ference, teat length, scrotal length, scrotal width, and
scrotal circumference (Figure 2). The observed qualita-
tive traits were coat color, color pattern, head profile, ear
orientation, horn orientation, ruff, wattle, beard, back
profile, horn shape, and rump profile.

Data Management and Analysis
Statistical Analysis System (SAS) version release

9.4 was used for preliminary data test and main data
analysis. Qualitative traits separately for bucks and
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Figure 1. Study areas map: Ethiopia (A), Tigray region (B) and districts with villages (C)

Table 1. Agroecology and goat population of study areas

Districts Altitude Temperature Annual rainfall Goat population (heads)
Tanqua Abergele (TA) 1300-1500 masl 28-42 °C 400-600 mm 247,540
Kola Tembien (KT) 1600-1750 masl 13-32°C 500-800 mm 260,000
Adwa 1650-2258 masl 12-27 °C 600-850 mm 96,409

82  August 2019



BIRHANIE ET AL. / Tropical Animal Science Journal 42(2):81-89

Figure 2. Pictorial description of phenotypic parameter measurements. BL=body length; HW=height at wither; CG= chest girth; PW=
pelvic width; CW= chest width; RL=rump length; HP=height at pelvic; RUD=rear udder diameter; RUL= rear udder length;
UC= udder circumference; TL= teat length; SL= scrotal length; SW= scrotal width; SL= scrotal circumference.

does within population and overall were analyzed
using PROC FREQ of descriptive statistics. Multiple
correspondence analysis was carried out to evaluate the
typical features or associations of each district sampled
goats. Whereas the quantitative data on live body
weight, linear body, udder, and scrotal measurements
were analyzed using PROC GLM. District, sex, and age
groups were fitted as a fixed effect while the measure-
ments were fitted as dependent variables. When the
analysis of variance declares significance, least square
means and respective standard error were separated us-
ing the Tukey-Kramer test. The model was:
Yucptdts tate,

where: y, = the observed body weight and linear mea-
surements; u= overall mean; d= is the effect i of district
(TA, KT, and Adwa); s= is the effect j of sex (does and
bucks); a,= is the effect k™ of age group (1PPL 2PP],
3PPI, and 4PPI), and €= is the random residual error.

Correlations of the quantitative variables were com-
puted using Pearson’s correlation coefficients separately
for each sex. In addition, to identify the highly discrimi-
nate variables and their level of differences the stepwise
discriminate analysis and canonical discriminate analy-
sis of SAS were used.

RESULTS
Qualitative Traits Description of Goat

All the proportion of observed qualitative traits of
sampled goats is presented in Table 2. Goats in TA and
KT districts had predominantly red and red with white
in dominant patterns of plain and patchy, a combination
of straight and curved horn shape. While goats in Adwa
district were showed predominantly red, red with black,
red with white and grey in the pattern of patchy and
plain, and straight horn shape.

Head profile of goats in TA was displayed pre-
dominantly straight, whereas in KT and Adwa were
observed in the combination of straight and concave.
Wattle, ruff, and beard were almost absent in all goat
populations. Horizontal ear orientation and straight
back profile were predominantly observed in all popula-
tions; however, rump profile was in different propor-
tions among all districts.

Furthermore, the observed qualitative traits of
sampled goats of both sexes were classified by 16.71%
of the total variations (8.87% and 7.84% in the first and
second dimensions, respectively) (Figure 3). On the
identified dimensions, goats in TA and KT districts
were associated together with coat colors of red and
grey displayed on the plain pattern, horns oriented
backward, ears oriented erect, sloppy rump profile, and
straight to bent down the back profile. Whereas goats in
Adwa district were associated with collection coat colors
of red, white, black, and grey displayed on patchy,
curved horn shape, ear oriented horizontal, concave
head profile and without ruff.

Body Weight and Linear Measurements of Goats

District, sex, and age effects were showed to have
significant differences on body weight and linear
measurements (Table 3). Goats found in Adwa district
were significantly heavier (p<0.01) and larger (p<0.001)
in height at withers and in height at pelvic than both
of goat populations found in TA and KT districts.
However, goats in Adwa were significantly (p<0.01)
wider in chest girth than goats in KT. On the other hand,
goats in KT and TA districts differed in pelvic width,
rump length, and pelvic width.

Bucks were significantly (p<0.001) heavier and
larger in body weight and linear measurements except
in pelvic width and rump length than counterpart
does. Besides, it revealed that the body weight and all
linear body measurements were showed significantly
(p<0.001) increased from 1PPI to 4PPI age categories.

From the observed quantitative traits, only nine
in does and four in bucks were significantly (p<0.15)
discriminated and chronologically selected from 0.83 to
0.44 and 0.59 to 0.26 Wilk’s Lambda values, respectively
(Table 4). The Wilks” lambda test for the discriminated
traits among the districts was significant (p<0.01) for
both sexes (Table 5). This result indicates that all the
means of discriminating variables in district factor are
different. Wilks” Lambda is the ratio of within-popula-
tion variability of the total variability of the discrimina-
tor variables. It is an inverse measure of the importance
of the discriminant functions. In this case, the value of
Wilks” Lambda for the does and bucks among districts
were 44.78% and 26.22%, respectively. This shows
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Table 2. Description of qualitative traits of goat populations in the study areas

. Tanqua Abergele (TA) Kola Tembien (KT) Adwa Overall
Traits Levels

N (%) N (%) N (%) N (%)

Coat color White (W) 5(3.13) 7(5.79) 3(2.46) 15(3.72)

Red (R) 65(40.63) 46(38.02) 26(21.31) 137(34)

Black (B) 17(10.63) 8(6.61) 2(1.64) 27(6.7)
Grey 12(7.5) 15(12.40) 19(15.57) 46(11.41)

R+W 31(19.38) 27(22.32) 25(20.49) 83(20.6)

R+B 9(5.63) 7(5.79) 23(18.85) 39(9.68)

W+B 15(9.38) 4(3.31) 6(4.92) 25(6.2)

W+R+B 2(1.25) 3(2.48) 6(4.92) 11(2.73)

Grey with others 4(2.5) 4(3.31) 12(9.84) 20(4.96)
Color pattern Plain 76(47.5) 58(47.93) 40(32.79) 174(43.18)
Patchy 71(44.38) 56(46.28) 69(56.56) 196(48.64)

Spotted 13(8.13) 7(5.79) 13(10.66) 33(8.19)
Head profile Straight 146(91.25) 93(76.86) 92(75.41) 331(82.13)
Concave 14(8.75) 28(23.14) 30(24.59) 72(17.87)

Ear orientation Erect 10(6.25) 7(5.79) 0(0.00) 17(4.22)
Horizontal 150(93.75) 114(94.21) 122(100) 386(95.78)

Horn orientation Lateral 4(2.5) 3(2.48) 0(0.00) 7(1.74)
Upward 54(33.75) 21(17.36) 20(16.39) 95(23.57)
Backward 102(63.75) 97(80.17) 102(83.61) 301(74.69)
Horn shape Straight 75(46.88) 46(38.02) 33(27.05) 154(38.21)
Curved 65(40.63) 77(61.98) 89(72.95) 229(56.82)

Spiral 22(12.5) 0(0.00) 0(0.00) 20(4.96)

Wattle Present 19(11.88) 2(1.65) 13(10.66) 34(8.44)
Absent 141(88.13) 119(98.35) 109(89.34) 369(91.56)
Beard Present 41(25.63) 27(22.31) 24(19.67) 92(22.83)
Absent 119(74.38) 94(77.69) 98(80.33) 311(77.17)
Ruff Present 28(17.5) 20(16.53) 20(16.39) 68(16.87)
Absent 129(82.5) 91(83.47) 102(83.61) 332(83.13)
Back profile Straight 160(100) 110(90.91) 102(83.61) 372(92.31)

Slightly bent 0(0.00) 7(5.79) 20(16.39) 27(6.7)

bent down 0(0.00) 4(3.31) 0(0.00) 4(0.99)

Rump profile Flat 1(0.63) 0(0.00) 4(3.28) 5(1.24)
Sloppy 103(64.38) 53(43.80) 70(57.38) 226(56.08)
Roof 58(35) 68(56.20) 48(39.34) 172(42.68)

Note: N= Number, R+W= Red with White, R+B=Red with Black, W+B=White with Black, W+R+W=White, Red, and Black.

56.22% and 73.78 of the difference in the discriminat-
ing variables were among districts for does and bucks,
respectively. Whereas the remaining percentage (44.78%
and 26.22%) of differentiation was within the district.
In fact, the higher percentage of differentiation within
the population of the district is occurred due to age
differences.

The variation distance of sampled goats among the
districts was highly significant (p<0.001) (Table 6). This
showed the existence of measurable differences among
districts” goat population. The observed differences
were 13.52 TA with Adwa does, 10.62 KT with Adwa
does, while in bucks the distance (7.61) were significant
between TA and KT. The longest distance occurred be-
tween Adwa and both TA and KT districts. This result
indicates that goats in TA and KT districts are similar
and goats in Adwa district are different from both dis-
tricts (TA and KT).
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Udder and Scrotal Measurements

Like the other considered linear body measure-
ments in this study, udder circumference, rear udder
diameter, and teat length of does and scrotal length
of bucks were showed to have significant difference
among districts (Table 7). Does found in TA district
had significantly (p<0.001) larger udder circumference
(31.12+£0.76 cm) and rear udder diameter (10.67+0.28 cm)
than does found in KT and Adwa districts. However,
does in Adwa district had significantly (p<0.001) lon-
ger (3.15+0.08 cm) teat than does found in TA and KT.
Unlike body weight and linear measurements (Table
3), udder and scrotal measurements except for teat
length and scrotal circumference were not significantly
increased in size as age increased (Table 7).
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Figure 3. Bi-dimensional graph showing the association among trait levels. Districts (Tanqua Abergele (TA)= T, Kola Tembien (KT)=
K, Adwa= A); Head profile (Straight= A1, Concave= A2); Ear orientation (Erect= B1, Horizontal= B2); Wattle (Present= E1,
Absent= E2); Coat colour (White= H1, Red= H2, Black = H3, Grey= H4, Red with White= H5, Red with Black= H6, White
with Black= H7, White, Red and Black= H8, Grey with other= H9); Ruff (Present= F1, Absent= F2); Colour pattern (Plain=11,
Patchy= 12, Spotted= 13); Horn shape (Straight = C1, Curved= C2, Spiral= C3); Horn orientation (Lateral= D1, Upward= D2;
Backward= D3); Back profile (Straight=J1, Slightly bent = ]2, Bent down = J3); Rump profile (Flat= K1 Sloppy= K2, Slightly
sloppy=K3); Beard (Present= G1, Absent = G2).

Table 3. Body weight and linear measurements of goats

Dependent variables

Fixed

variables N BW BL HW CG PW CW RL HP
LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE
Overall 403 26.03+0.31 61.30+0.24 65.06+0.27 70.55+0.29 12.94+0.10 13.43+0.13 15.45+0.13 68.03+0.26
R2 403 0.46 0.27 0.37 0.44 0.22 0.22 0.15 0.31
CV% 403 13.84 5.05 5.01 4.77 0.22 11.54 9.76 425
District 403 * * — * ot wn ot —
TA 160 25.45+0.432 60.69+0.362 64.99+0.372 70.42+0.38°° 12.75+0.142 14.17+0.182 14.74+0.172 67.52+0.372
KT 121 25.02+0.48=  61.35+0.40"  63.94+0.422 69.91+0.442 13.44+0.15° 13.25+0.200 15.93+0.20° 66.90+0.372
Adwa 122 26.51+0.42° 61.87+0.35° 66.24+0.36° 71.32+0.38 12.65+0.132 12.87+0.17° 15.69+0.17° 69.68+0.33°
Sex 403 ek ok ot ok ns ek ns otk
Female 326 22.66+0.312 59.89+0.272 62.23+0.282 67.66+0.292 12.78+0.10 12.58+0.132 15.26+0.13 65.79+0.252
Male 77 29.40+0.50° 62.71+0.43° 67.88+0.45b 73.44+0.47° 13.10+0.16 14.28+0.21° 15.64+0.20 70.27+0.45>
Age 403 wn ot — et ot wn ot —
1PPI 24 21.02+0.852 57.75+0.712 61.20+0.732 65.13+0.762 11.79+0.272 12.29+0.352 14.42+0.352 64.88+0.652
2PPI 71 25.28+0.59® 61.08+0.50° 64.90+0.51° 69.91+0.54 12.96+0.19° 13.60+0.24>  15.40+0.24°®  68.17+0.46P
3PPI 111 27.08+0.46° 62.06+0.39° 66.19+0.40° 72.32+0.42¢ 13.35+0.15>  13.83x0.19¢ 15.93+0.19° 68.78+0.37°
4PPI 197 30.33+0.37¢ 64.31+0.31¢ 67.94+0.32¢ 74.84+0.334 13.67+0.12¢ 14.01+0.15¢  16.06+0.15 70.30+0.34¢

Note: BW=body weight, BL=body length, HW=height at wither, CG=chest girth, PW= pelvic width, CW=chest width, RL=rump length, HP=height at
pelvic, TA= Tanqua-Abergele, KT= Kola-Temben, PPI= pair of permanent incisors, 1PPI= yearling (1-2 years old), 2PPI=young-adult (2-3 years
old), 3PPI=adult (3-4 years old), 4PPI= matured (4-5 years old), * = p<0.05, **= p<0.01, **= p<0.001, LSM=least mean square, SE=standard error,
R2= Coefficient of determination for the proportion of variance in the dependent variables by independent variables.

Correlation of the Quantitative Traits except scrotal circumference with body weight, body
length, height at pelvic and rump length. Amongst
Linear udder measurements of sampled goat of the considered traits, body weight with chest girth

populations were strongly positively correlated with showed strongest (r=0.86; r=0.87) correlation in both
most linear body measurements, except with body sexes. Moreover, body weight with height at pelvic
length, rump length, and height at pelvic. While the and withers were showed the strongest (r=0.71; r=0.70)
scrotal measurements weakly and negatively correlated, correlation.
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Table 4. Quantitative traits selected by stepwise discriminant analysis

Step Entered Partial R? F Value Pr>F LWﬂkS' Pr < Lambda ASCC Pr>ASCC
ambda

Does
1 CW 0.17 20.25 <.0001 0.84 <.0001 0.08 <.0001
2 HP 0.15 18.13 <.0001 0.71 <.0001 0.16 <.0001
3 RW 0.11 12.46 <.0001 0.63 <.0001 0.21 <.0001
4 ucC 0.10 10.92 <.0001 0.57 <.0001 0.24 <.0001
5 TL 0.09 9.80 <.0001 0.52 <.0001 0.28 <.0001
6 RUL 0.05 5.74 0.0038 0.49 <.0001 0.29 <.0001
7 BW 0.02 2.48 0.0862 0.48 <.0001 0.30 <.0001
8 BL 0.05 5.51 0.0047 0.45 <.0001 0.32 <.0001
9 CG 0.02 2.14 0.1203 0.44 <.0001 0.33 <.0001

Buck
1 CwW 0.40 6.45 0.0073 0.60 0.0073 0.20 0.0073
2 SL 0.22 2.54 0.1072 0.46 0.0068 0.29 0.0107
3 RW 0.21 2.27 0.1341 0.37 0.0063 0.35 0.0115
4 BL 0.29 3.20 0.0679 0.26 0.0030 0.45 0.0056

Note: CW=chest width, HP=height at pelvic, UC= udder circumference, TL= teat length, RUL= rear udder length, BW=body weight, BL=body length,
CG=chest girth, SL= scrotal length, R?=Coefficient of partial determination for the proportion of variance in the dependent variables by indepen-

dent variables.

Table 5. Multivariate statistics

Test statistics Sex Test Value F Value Num DF Den DF Pr>F
Wilks' Lambda For Does 0.4478 20 392 <.0001
For Bucks 0.2622 8 32 0.003

Note: Num DF= The numerator degrees of freedom of the F-value corresponding to this test; Den DF= The denominator degrees of freedom of the

F-ratio corresponding to this test.

Table 6. Squared mahalanobis distance among districts

District TA KT Adwa
TA 0 5.87*** 13.52%%*
KT 1.46" 0 10.62%%*
Adwa 7.61%* 2.75m 0

Note: TA= Tanqua Abergele, KT= Kola Temben, ***=p<0.001, **=p<0.01;
NB: above diagonal is for doe and below diagonal is for buck

DISCUSSION
Qualitative Traits Description of Goats

The present finding of a qualitative description
of the sampled goat population is in line with Hassen
et al. (2012) reported on goats that found in the zones
of Amhara region which are nearby to the study areas.
Even though, the study goat populations were classified
into two groups based on qualitative traits, showed
comparable proportion among districts except for coat
color and horn shape because of the influences of many
genes. Coat color and pattern result of TA and KT dis-
tricts” population agree with FARM-Africa (1996) report.
Whereas the coat colors and patterns result of goats of
Adwa is in contrast with the report of FARM-Africa
(1996) for Central Highland goat breed that delineated
including Adwa district. This difference is due to farm-
ers’ selection for the preferred color of their herds.
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Body Weight and Linear Measurements of Goats

Animals of different populations have a different
morphological profile (Arandas et al.,, 2017). The exis-
tence of morphological variations within and between
goat population is due to the variation of ecological
zones accompanying unique climate and vegetation
which leads to management and environmental influ-
ences (Hagan et al., 2012). Many studies in Ethiopia
reported that indigenous goat populations have dif-
ferent body weight and linear measurements in their
habitat among districts as well as agroecology (Hassen
et al., 2012; Fantahun et al., 2013). The present findings
of goats in Adwa district are comparable in body weight
(27.88 kg), body length (63.15 cm), and height at withers
(68.63 cm) of indigenous goats in South-North Wollo,
reported by Hassen et al. (2012).

Sexual size dimorphism is common in all mam-
malian species and most literature stated that exhibited
in goats (Ghafouri-Kesbi & Notter, 2016; Rotimi et al.,
2017). Similarly, the current finding shows a significant
effect on body weight and linear measurements with
the heaviness and larger sized of bucks than does.
Age also another factor, body weight, and linear body
measurements increased as the age increased. This ef-
fect is related to the high deposition of fat and skeletal
development. In the current study, body weight and
most considered linear measurements were increased
with age. This finding agrees with Sowande et al. (2010)
report on West African Dwarf Goat.
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Table 7. Udder and scrotal measurements

Dependent variables

Vili’;i‘fes N RUD RUL UC TL SL SW SC
LSM+SE LSM=+SE LSM+SE LSM+SE LSM+SE LSM+SE LSM+SE
Overall 326 10.02+0.21 14.26+0.26 28.75+0.59 2.92+0.06 11.36+0.91 9.85+1.81 23.25+0.67
R2 326 0.08 0.3 0.12 0.15 0.39 0.24 0.50
Ccv 326 18.94 16.46 18.01 18.91 13.21 31.90 5.09
District 326 *HE ns *HE *HE * ns ns
TA 125 10.67+0.282 14.62+0.34 31.12+0.762 2.84+0.082 10.60+1.042 9.31+2.07 22.72+0.79
KT 95 9.98+0.31% 13.91+0.38 28.19+0.850 2.75+0.092 10.10+1.332 12.04+2.65 22.41+0.98
Adwa 106 9.41+0.27° 14.25+0.34 26.94+0.75bP 3.15+0.080 13.37+1.14b 8.20+2.26 24.62+0.83
Age 326 ns ns ns e ns ns *
1PPI 14 9.96+0.70 13.90+0.87 28.66+1.93 2.97+0.20°° 9.64+1.16 9.96+2.30 20.98+0.852
2PPI 52 9.90+0.39 14.24+0.49 28.07+1.09 2.54+0.112 12.34+1.13 11.85+2.24  23.20+0.827®
3PPI 89 10.10+0.26 14.13+0.32 28.90+0.71 3.08+0.07° 11.35+1.14 9.72+2.27 23.04+0.84®
4PPI 171 10.12+0.17 14.77+0.21 29.36+0.47 3.07+0.05b 12.10+1.49 7.86+2.96 25.78+1.09>

Note: TA=Tanqua-Abergele, KT= Kola-Temben, RUD= rear udder diameter, RUL= rear udder length, UC= udder circumference, TL= teat length, SL=
scrotal length, SW= scrotal width, SL= scrotal circumference, ns= non-significant, PPI= pair of permanent incisors, 1PPI= yearling (1-2 years old),
2PPI=young-adult (2-3 years old), 3PPI=adult (3-4 years old), 4PPI= matured (4-5 years old), * = p<0.05, **= p<0.01, ***= p<0.001, R*= Coefficient of
determination for the proportion of variance in the dependent variables by independent variables.

Table 8. Correlation of traits for does (above diagonal) and bucks (below diagonal)

BW BL HW CW RW CW RL HP RUD/SL  RUL/SW  UC/sC TL
BW 1 0.617** 0.58*** 0.86*** 0.527** 0.477** 0.33*** 0.53*** 0.24** 0.36*** 0.19* 0.24**
BL 0.68*** 1 0.55*** 0.617** 0.33** 0.18* 0.33*** 0.527** -0.02 0.14* 0.03 0.14*
HW 0.70%** 0.67*** 1 0.59%** 0.35%** 0.17* 0.2%* 0.72%** 0.16* 0.3%** 0.13* 0.3%**
HG 0.87** 0.74%* 0.73*** 1 0.48*** 0.417%* 0.327%%* 0.55*** 0.16* 0.317%* 0.12 0.26**
RW 0.46** 0.47%* 0.41* 0.58*** 1 0.4 0.54*** 0.317%* 0.24** 0.277%%* 0.11 0.14*
CW 0.53*** 0.42* 0.43** 0.63*** 0.59%* 1 0.13* 0.1 0.38*** 0.28*** 0.277%** 0.09
RL 0.30* 0.55*** 0.3* 0.44** 0.76*** 0.27* 1 0.28*** -0.06 0.08 -0.11 0.08
HP 0.717%** 0.7°%% 0.77°** 0.74** 0.43* 0.43* 0.44* 1 0.05 0.19* 0.07 0.24**
RUD/SL 0.18 -0.04 -0.12 0.15 -0.03 -0.01 -0.1 0.06 1 0.69*** 0.72°%* 0.01
RUL/SW 0.20 0.02 -0.22 0.14 0.06 0.56* -0.49 -0.07 0.17 1 0.68*** 0.17*
uc/sc 0.67** 0.67** 0.39 0.64** 0.38 0.06 0.44* 0.38 0.19 -0.17 1 -0.019

Note: BW=body weight, BL=body length, HW=height at wither, CW=chest width, RL=rump length, HP=height at pelvic, RUD= rear udder diameter,

SL= scrotal length, RUL= rear udder length, SW= scrotal width, UC= udder circumference, TL= teat length, *= p<0.05, **=p<0.001, ***=p<0.0001,

ns=non-significant.

Udder and Scrotal Measurements

Udder size has a positive relationship with milk
production (Pérez-Cabal ef al., 2013; Cyrilla et al., 2015).
Sperm production is associated with the number of
sertoli cells that directly proportional to the testicular
size. Goat milk production is among the main purpose
of goat raising in TA. Therefore, farmers might have a
practice of selecting dairy goat by their udder sizes in
TA district. Udder and teat characteristics are impor-
tant determinants of milk yield and ease of milking or
milking ability in dairy animals (Upadhyay et al., 2014).
Describing the size of udder and scrotal will be a base
for selective breeding.

Correlation of Quantitative Traits
Most of the considered traits were strongly posi-

tively correlated in both sexes. Therefore, the selection
of one or more of these traits may increase live body

weight of the studied goat populations in respective sex.
This current finding is in line with the reports of Hassen
et al. (2010) and Zergaw et al. (2016) that body weight
with chest girth have a strong relationship in both sexes.
Chest girth, height at withers, and height at pelvic are
another selection criterion for this goat populations in
meat production in addition to body weight. Male re-
productive performance has an important contribution
to the productivity of goat. Selecting bucks in their body
weight, height at pelvic, height at withers and rump
length might contribute to breeding soundness of the
studied goat population.

CONCLUSION

Goats found in Central zone of Tigray are morpho-
logically classified in two populations. Goat population
found in Adwa districts was distinct in qualitative
traits, also heavier and larger than goats found in TA
and KT districts. All the linear body measurement and
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body weight of the population are positively correlated
in their counterpart with a strong correlation between
chest girth and body weight in box sexes and height at
pelvic or withers and body weight. In addition, udder
measurements of the population have a strong cor-
relation with most of the linear body measurements
and body weight. While the scrotal measurements
are weakly correlated with most of the linear body
measurements.

RECOMMENDATION

Overall, the similar breeding program could
be employed for the goat population in TA and KT
districts. While for goat population of Adwa, it is
suggested to develop a different breeding program that
fit to typical production traits of goats. Variations on
udder size measurements suggest including dam-side
selection together in selective breeding program.
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