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Genetic studies on growth and production traits in German Angora Rabbits
under sub-temperate climatic conditions
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ABSTRACT

This study aimed to assess the effect of genetic and non-genetic factors on growth, wool yield and wool
characteristics of German Angora rabbit. Data was collected on 607 adult rabbits over a period of four years (2018-
2021). The least squares means of body weights (g) at various ages, wool yield (g) at I, II, III and IV clip and wool
characteristics assessed by staple length (cm) and fiber diameter () were estimated. Sires of the rabbit progenies
demonstrated highly significant effect (P<0.01) on the studied traits except wool characteristics. Sex of the rabbits
had significant effect on body weight at 10", 12, 14% 16% 24" weeks of ages and wool yield at III clip, with
greater estimates of females than the males for III clip, staple length, and 24™ weeks body weight. Winter and
autumn seasons were the most favourable seasons in comparison to summer season for estimated traits. Winter
born kits had the highest body weights of 683+20.1, 961+24.3, 1263+27.5, 1484+34.0, 17354+37.1, 19424+40.1,
2136+36.9, 2232+36.7, 2341437.4 and 2429+37.4 g and the summer born kits had the lowest body weights of
588+22.0, 820+27.2, 10374+31.2, 1307438.0, 1515.79441.0, 1696+44.1, 1847+41.4, 1920+41.0, 2034+42.4 and
2139+41.6 g, at biweekly interval from 6™ to 24™, respectively. Rabbits with litter size less than six performed better
in comparison to other groups for all growth traits and wool yield at I and III clip. The heritability estimates were
found positive and high in magnitude for all growth traits, moderate for wool clip at different clips and very low for
staple length. Genetic and phenotypic correlations were found to be very high and significant among growth traits
and low to moderate among wool traits. The study revealed scope for further improvement in growth and wool yield

by adopting selective breeding in the colony.

Keywords: Correlation, German Angora rabbit, Growth traits, Heritability, Wool quality, Wool yield

German Angora rabbit is primarily reared for fine wool
production, because of its high production potential and
wool prices are generally 10-30 times more than that of
sheep (Ossard et al. 1995). Besides, the angora fiber has
a unique position among all animal-origin fibers due to its
fineness, warmth, fluffiness, odorlessness, lightness and
anti-static property to repel the dirt. It is much warmer
(eight times) and lighter than sheep wool due to its hollow
core (Pokharna et al. 2004) and is being used either in pure
or blended form throughout the world for making garments.
Hence, the profitability of Angora rabbit farming largely
depends on its growth and wool production performance
and appears to be affected by a number of genetic as well
as non-genetic factors (Thebault et al. 1992, Niranjan ef al.
2010, Sarma et al. 2020). The aid of selection tools largely
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depends on body weight, litter size at birth and weaning,
wool yield and its quality. The seclection of the traits
changes the genetic structure of population by changing
gene and genotypic frequencies and hence, the genetic
parameters are also liable to change in the every generation
(Falconer and Mackey 1996). The knowledge of genetic
and phenotypic parameters is of paramount importance
to formulate effective breeding plans for improving these
economic traits through selection and breeding (Singh
et al. 2008). The North Temperate Regional Station
of ICAR-Central Sheep and Wool Research Institute,
Garsa imported superior germplasm of German Angora
rabbit from Germany in 1997. The population was well
acclimatized to Himalayan terrain of Himachal Pradesh
and is being maintained as closed flock at this Institute to
improve the Angora rabbit fiber production. At present,
this station has been recognized as germplasm center for
pedigreed German Angora rabbits. Hence, the present
investigation was undertaken to assess the genetic and
non-genetic factors on body weights, wool yield and wool
characteristics in pedigreed German Angora rabbit at this
Institute farm.
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MATERIALS AND METHODS

Experimental animals, location sites and management
practices: The German Angora rabbits maintained at
the North Temperate Regional Station, ICAR-Central
Sheep and Wool Research Institute, Garsa, Kullu were
investigated for a period of four years (2018-2021) with
the avowed intension of assessing various genetic and
non-genetic factors on growth and production traits under
sub-temperate climatic condition. The farm is located
at an altitude of 1400-2100 meters above mean sea level
at 31.28° North latitude and 77.20° East longitude. The
climate is sub-temperate with temperatures ranging from
-4°C to 35°C with average annual rainfall of about 840 mm
mainly during the monsoon season. The Angora flock
was maintained with optimum inputs under conventional
intensive rearing system. The animals were housed in all-
wire mesh cages of standard size with provisions of clean
drinking water and feeding in the morning and evening.
Animals were fed with concentrate feed (15 to 20% crude
protein) in graded quantity from 90 to 220 g according to
their age, body weight and physiological status. Seasonal
grasses were provided ad [ib. Approximately 40 to 60
breeding females were maintained annually with male to
female ratio of 1:5. The rabbits were mated as and when they
attained sexual maturity at 6 to 7 months of age. The female
rabbit was brought to the male rabbit cage for mating and
never vice versa. After successful mating, the male rabbit
generally used to fall down either on right or left side of the
female with a typical groaning sound. Mating of closely
related individual was avoided as far as possible to keep the
inbreeding at its lowest level. Immediately after 25% day of
successful mating, the pregnant doe was shifted to kindling
pen, and dry as well as clean jute wool was provided for
preparing nest for the new born kits. The lactating doe and
kits were kept together in individual nest box up to 42 days
of age and then kits were gradually separated (weaning) to
individual wire cages of standard dimensions under similar
housing and management practices. Sexing and ear tagging
were done at the time of weaning. Besides symptomatic
treatment, standard prophylactic schedule was adopted in
disease management.

Recording of body weights, wool yield and quality: The
live body weight (empty stomach) of individual animals
at weaning (6" week of age) and at post weaning (8", 10",
120 14%h 16% 18% 20% 22" and 24" weeks of age) was
recorded in grams using digital weighing balance with high
precision (i.e. 100 mg) during morning hours for a period
of four years (2018 to 2021). Each animal were sheared
regularly at an interval of 75 days after first shearing,
which was carried out at 56 days of age. Shearing was done
manually with shearing scissors. The necessary precautions
were taken during shearing to maintain the uniformity in
wool yield and quality parameters. While shearing, care
was taken to cut the wool as close to the skin in a single
cut. The wool yields were recorded in grams for individual
rabbit after each shearing using digital weighing balance.
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Wool samples of II clip were collected from dorsal region
of each animal for estimation of staple length and fiber
diameter using Ermascope (Erma India, Chandigarh).

Classification of data and statistical analysis: The data
were classified according to different non-genetic factors
i.e. season of kindling (4 levels: December-February,
March-May, June-August, September-November), year of
kindling (4 levels), sex (2 levels) and litter size group at
birth (3 levels, i.e. up to 5, 6-8 and above 8). The analysis
included 607 animals descended from 65 dams and 56 sires.
The number of daughter per sire ranged from 01 to 53 with
an average number of daughters per sire was six. The data
generated on growth and production traits were analyzed
by least squares analysis of variance (Harvey 1990) taking
sire as random effect, whereas year and season of kindling,
sex of rabbit and litter size group at birth were considered
as fixed effect in the statistical model:

Yum=M+ P+ T +R +S +Km+e

ijklmn ijklmn

Where, Y, . observation on an individual belonging
to i sire and born in k™ season of j year of the I" sex in
m" litter size at birth; u, the population means; P, random
effect of i sire; T, fixed effect of j™ year of birth; R , fixed
effect of k™ season of birth; S, fixed effect of I" sex of an
individual; K _, fixed effect of m™ litter size at birth; €’
random error associated with mean 0 and variance > The
genetic and phenotypic parameters of growth and wool
traits were estimated using half-sib correlation method.
Duncan’s Multiple Range Test (DMRT) was done to make

pair wise comparison among the means.

RESULTS AND DISCUSSION

Performance traits

Growth performance: The least squares means of body
weights (g) at various ages estimated on overall, as well
as on year and season of kindling of German Angora
rabbits maintained at the North Temperate Regional
Station, ICAR-Central Sheep and Wool Research Institute,
Garsa are presented in Table 1. The present estimates of
body weights at 6, 18" and 24™ week of ages were close
to those reported in German Angora rabbit (Singh et al.
2004). However, a slightly higher body weight at 6, 12,
18" and 24" week of ages of German Angora were also
reported (Niranjan et al. 2010) in comparison to the present
findings. Literature recorded an adult body weight as 2.506
+ 0.0432 kg in French Angora and 2.506 £ 0.033 kg in
German Angora rabbit (Assad et al. 2017). Differences
might be due to diverse strains, lines or breed differences
and dissimilar environment and management system.

Wool traits: The least squares means of wool yield (g)
at I, II, IIT and IV clip, and wool characteristics assessed
by staple length (cm) and fiber diameter (p) estimated on
overall, as well as on year and season of birth of German
Angora rabbit are presented in Table 2. The wool yield
increased sharply at subsequent clips at shearing interval
of 75 days and attained 119.75 £ 3.25 g wool yield at IV



GENETICS OF PERFORMANCE TRAITS IN ANGORA RABBITS 1309

November 2022]

"SUOIIBAIISO JO JOqUUNU 2)oudp sasaypuared urprm samsi, (SuoneAIasqo Jo JoquinN ‘N

(8%1)60°0F0T €1 (871)90°0F+€9 (STLOYF8S'STT (0STE0"EFE9F01T LOYFST'99 6L 0FI¥ €1 €1 g aAoqe
(TSDLOOFPI ET (2$2)$0°079¢9 (STOLL ¢F8¥'TTL (0LDYL TF68°LOT YEEFPTL ¥L 0F6891 LT 89
(TLD8O 0FTTET (TL1)S0°0F0€9 (6¥1)88 € FI'ITI (081)68TF:£0°901 YL EFLO6L LL'0F09°61 4] goydn 9Z18 I
(L8TISO'0FIT €T (L8DY0'0F48€9 (190)0% €¥9T°0T1 (S0€)ES TF60°0TT €L'TFOEL 1L°0FI891 60€ So[eWo,
(S87)90°0FIT €T (S8TY0'0F6T'9 (8€D)SY €FET 611 (S6T)LS TF8TT01 €8'TFCTTL 1L°0FSH 91 86¢ SaTe]N RENN
(98)Z1'0F81°¢€1 (98)L0°0F€€9 (S8)6¥ +F15°0T1 (98)rS €FLESTT YT SF99 €L 68° 070161 68 uwmny
OIDIT0FCTEl (0TT)L0O0FTE9 (0L)€9'¥F€8°TTI (LTD9T €FaSEH0T 9 v €69 P8 OFI1°S1 81T Jowwng
(11060 0FIE €T (112)90°0F5€°9 (Z8DETFFS6'8T1T (6TVLE'TF 117001 ¥6"€F8L°6S 6L°0F60°ST 0€T Sundg
(S91)80°0F€0€T (S91)50°0F€€9 (Z91)6L €¥89°911 (891)68 TF409°101 TLEREL'LS LLOFFT LT 0LI IMUIA\  (MIq JO UOSBAS
(€LDOTOFLTET (ELDTT'0F48€9 (L6)16'9F7:99'8€1 (081)S6'FFIS'STT LT 8FS6'89 LT TF80°L1 81 1202
(96)61°0F61°€1 (96)11°0F40%°9 (TOT)LY SFo6S HTI (€11 65 FoST96 ¥S°LF80'89 01" IH:98°€1 P11 020T
(€€D8T'0F60°€T (€EDITOFST9 (9€1)$9°5F-9t°901 (I¥1) 05 +F97°€01 SELFSSOL 80 IF85°S1 [§4 610C
(OLDIT0F6I €l (0L1)TI0F46€9 (P91)8E9F-LT601 (991) 90°SF41S°601 67'8F06°78 0T 1F10°0T 0L1 810C HIq JO Jedk
(TLSY0 0TI €1 (TLS)E00FEE9 (66%)STEFSL 61T (009) 0¥"ZF81°901 1€°TF9CL 89'0F€9°91 L09 [[e10AQ
() Toyouerp 10qrg (wo) yy3uoy ojderg dipp AL drpo 111 dipo 1 dipo |
SOMSLIdJoRIBYD [OOM AESw Ev mmzo JUIRJJIP Je mgo_% 100N\ N 1010

yqqQel e10Suy uewIon) ur A)enb s)1 pue SP[AIA [00M SNOLIBA JO SIOLI PIEPUE)S F UBAW Sarenbs jseaT 7 9[qeL

"SUOI)BAIISQO JO JoqunN ‘N

6'8ETFCECT  TOHET6EIT  TVEFOI0T S 8EFLIOL  SIPFEILL  S8EFI0ST ¥ SEFLSTI  8'8TF9501 € STFI8L 8 0TF-CYS €GI 89A0QY
' CEFOIET S CEFOITT  0°SEFCLOT  T'SEFSO661  98EFWIGT 9 CEFCION  VTEFSBEL  1'9TFCTIT T ETTH06 7'617.8€9 CLT 89
V' LEFSOVC  SLERPYSTIT  LOEFIVIC  6'9¢F680C  TOVF1061  T'LEFIOLT  OVEFI8YI  SLTHLITI €V FL66 1'0TF=6CL 81 G 03 dn 9ZIS INI']
S EEFEPEC  LTEFIITT 9CEFILOT 9 TEFBBOL  SOCFULBLT  SEEFELST  T0EFCSEL  OVTHPIILL S 1TF688 7' 81F9¢9 60¢  So[eWRg
8'CEFCOCT  1°€€F0ITT 6'CEFLB0T 0°€EFCIOC  89¢Fele8] 8 €EF0V91 ¥ OEF 0071  €YTFOVIIL 8'1CFC06 S'8IFLEY 86¢C SO[EIN Xo§
SYY+0CYT 8 SPFb9CT O VPFaLEIT  SPPFO080C  6°9VFaS981 8 EvFalI91  8'0VFabbEl L EEF6CII T6CFL96 € €89 68 uwmny
9 I¥VF6€1C VT FHPe0T O 1PH0C61 ¥ IvFLy81  T'PPH969T O IVFSIST  0'8EFLOET  TIEFLEO] T LTT0T8 0'TCF488¢S 811  Jlewung
€8EFIBIT  GBEFI0TT  9LEFLTOT  O6'LEFLEOT O TVFEELL  08EFCIST 6 VEFOLEL  €8TFLO0L 6'VTThES S0TFC6S  0£T Suudg
VLEFOIYT V' LEFRIVEC  L9EFCECT 69¢F9CIT 10V Flh6l  T'LEFSELT 0 PeEFV8YI  S'LTFE9TI €V F196 1'0TF=£89 0L ISJUIAN [}1q jo uoseag
CTI9FF9ET  8F9F69CC  1'19F661C  1'C9FES0T  0°€9F8081  9°6SFLEIL  89SFS9ET  LLVFOEIT  90vFmE98 I'TEFET9 81 120T
0°LSFE0IT  T09FEI0C  89SFIL8T  LLSFIELT  6'8SHFHO9ST 9 CSHF66El  8CSHFO0SII Ty 668 8" LEFHCO9 1'6¢F805 148! 020¢
6'SSTLOCE  6'8STSLIT  L'SSFLEOT  LI9SF800C  0'8SFULYST  9PSFIBST 8 ISHFCLETD € EVFaLVII 1'LEF016 L 8TF46£9 vl 610¢C
STOFF0ST  €99F98€C ¥ TOF60CC S E9FH0TT  €V9FCIOCT  809F:6081  0°8SFBI91  8ByF0SCl S IFFSITI L' 1€FP8L 0L 810¢C HIQ JO Jea
['CEFLIET 0 TEFIICT ['T€F6L0T ['T€F000C TSEFO08I CTTEFLO9T L'8TFILEI 8 TCFCEIL 9'0CFS68 9'LTF9¢9 L09 [[e19AQ
4 wlC w0C w81 w9l ull ull w0l w8 w9
(wess ur) 3ySrom Apoq JO SI0LId pIEpue)S FSuBdW sarenbs jseo| N 10)08,]

31qqel BI0SUY UBULIdD) UI S}IEI} U)MOIS SNOLIBA JO SIOLID PIBPUE)S F SUBOW SA1enbs jseo] | 9[qe],




1310

clip. The present estimates were in accordance to those
reported earlier in German Angora rabbit for I and II clip
(Singh et al. 2004). However, a slightly higher wool yield
(22.01,90.13, 148.34 g in I, IT and III clip, respectively) of
German Angora was reported in another study (Niranjan
et al.2011). Literature also recorded wool yield of German
Angora rabbits at [, I, IIT and IV clip at 3 month shearing
interval as 58.77 + 35.10, 169.77 + 30.38, 181.00 + 21.30
and 184.73 + 23.49 g, respectively (Sarma et al. 2020).
Singh et al. (2008) recorded the corresponding estimates
as 160.45 £ 7.85, 142.25 £ 5.20, 165.35 + 5.25 and 135.85
+ 6.22 g wool for an adult flock of German Angora rabbits.
The attributed difference in wool yield might be due to
their different age groups or shearing interval, shedding of
wool due to mite infestation or harsh climatic conditions
and quality feed and fodder available, etc. It was uniformly
observed in all the studies that wool yield at first clip was
lowest and increased in subsequent clips. This could be
attributed to the reason that less numbers of hair follicles
per unit area be present at the time of I clip and they
subsequently increase with the maturity of the animals. The
wool quality at II clip, i.e. staple length and fiber diameter
had the estimated means as 6.33 + 0.03 cm and 13.18 +
0.04 p, respectively, which were in close agreement with
other reports in German Angora rabbits (Ramakrishna
et al. 2004, Singh et al. 2006). However, a slightly lower
estimate was reported in Angora rabbits by Assad et al.
2017 and Khan et al. 2020.

Effect of genetic and non-genetic factors on various
quantitative traits

Effect of sire: The least squares analysis of variance
revealed highly significant effect of sire (P<0.01) on the
estimates of body weights at all ages and wool yield at
all clips. However, a non-significant effect of sire was
observed on the wool quality traits (staple length and fiber
diameter).

Effect of year of kindling: The analysis also revealed a
significant (P<0.01) effect of year of kindling/ birth on all
growth performance traits. The highest body weights were
observed during 2018, whereas the lowest body weights
were found during 2020 (Table 1). Our results were in
concordance with the reports in White Giant and Soviet
Chinchilla rabbits (Sivakumar et al. 2012 and Apori et al.
2014). The effect of year of kindling was highly significant
(P <0.01) on wool yield at I, III and IV clip and staple
length, whereas non-significant on II clip wool yield and
fiber diameter (Table 2). Similar to the present findings,
the significant effect of year of kindling on wool yield
was reported in German Angora rabbit (Sarma et al. 2020)
and in French Angora rabbits (Thebault et al. 1992). The
animals born during 2018 were found to have the highest
performance and they differed significantly (P<0.01) with
the values observed in other years. The influence of year
of kindling might be due to variation in management
practices, change in environmental condition and feeding
practices over the years.
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Effect of season of kindling: Season of kindling had a
highly significant (P<0.01) influence on the body weights
at all ages (Table 1) and wool yield at I, II and III clips
(Table 2). Kits born during the winter season had higher
body weights from weaning upto 24" weeks of age
followed by autumn season, which might be due to ample
availability of good quality fodder during these seasons.
The kits born in summer recorded the lowest body weights,
which might be due to rise in environmental temperature
along with humidity leading to stress to both doe as well as
kits and decreased feed intake with increasing temperature.
The decreased body weight in summer was in agreement
with the findings of Belhadi er al. (2002) in local rabbit
raised in Algeria and Rojan ef al. (2017) in broiler breeds
of rabbit. Ghosh et al. (2008) and Dige et al. (2012) also
reported significant seasonal variation in body weights in
New Zealand White rabbit. The wool yield at I, II and III
clip differed significantly among different seasons with the
highest yield during winter season followed by autumn
season. Similar significant seasonal effects on wool yield
at different clips were reported by Sood ez al. (2007), Bhatt
and Sharma (2009) and Sarma et al (2020) in German
Angora rabbits. The growth before weaning would be more
dependent on maternal effects and thus effect of season
could be more important after weaning. The difference
associated with season of kindling might be due to impact
of heat stress in summer affecting feed intake as well as
lack of quality fodder in summer. This might be due to
the fact that rabbits born during winter season get more
favourable time in most of their growth period.

Influences of sex: Sex had significant effect on body
weight from 10" to 16" and 24" week of age. Males
were significantly (P<0.05) heavier than females at 10"
to 16™ week of age. However, female were significantly
heavier than males at 24" week of age week (Table 1).
A non-significant effect of sex on all the post weaning
body weights was reported by Poornima et al. (2002) in
Californian white rabbits. Female angora rabbits yielded
higher wool than males. However, the significant effect of
sex was recorded on III clip wool yield and staple length,
which were in accordance with the finding of Risam et
al. (2004) in German Angora rabbit. Significant effect of
sex on wool yield was also reported by Sood ef al. (2007).
However, non-significant effect of sex on wool yield was
reported by Assad et al. (2017) and Sarma et al. (2020) in
Angora rabbits.

Influence of litter size at birth: The litter size at birth
significantly (P<0.01) affected the body weights at all ages
(Table 1) and wool yield at I and III clips (Table 2). These
results were in agreement with the findings of Kumar et al.
(2001) in three broiler breeds of rabbit, viz. White Giant,
Soviet Chinchilla and Black Brown and Gupta et al. (2002)
in broiler rabbits and their crosses. The body weight and
wool yield gradually declined as the litter size at birth
increased. A similar trend was also reported by Rojan et al.
(2017) in White Giant, Soviet Chinchilla and Grey Giant
breeds of rabbit and Belhadi ef al. (2002) in local rabbits of
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Table 3. Estimates of heritability (at diagonal), phenotypic (above diagonal) and genetic (below diagonal) correlations among growth
traits in German Angora rabbit

Trait 6 8h 10" 12t 14t 16" 18" 20" 22t 24
6h 0. 89+0.19 0.85 0.74 0.67 0.67 0.61 0.85 0.57 0.53 0.46
g 0.91+0.04 0.77+0.17 0.83 0.76 0.74 0.70 1.00 0.64 0.60 0.51
10" 0.70£0.10  0.86+0.06 0.67+0.16 0.78 0.72 0.68 0.83 0.65 0.59 0.51
2% 0.7140.10  0.88+0.05 0.86+0.06 0.77+0.17 0.78 0.68 0.76 0.65 0.61 0.55
14" 0.73£0.09 0.82+0.07 0.76+0.09 0.88+0.05 0.91+0.18 0.82 0.74 0.70 0.66 0.61
16" 0.69+0.10 0.85+0.06 0.80+0.08 0.85+0.06 0.94+0.03 0.94+0.19 0.70 0.73 0.66 0.65
18" 0.91+0.04 0.9940.00 0.86+0.06 0.88+0.05 0.82+0.07 0.85+0.06 0.77+0.17 0.64 0.60 0.51
20" 0.61+0.12  0.83+0.08 0.72+0.10 0.78+0.08 0.85+0.06 0.92+0.04 0.83+0.08 0.79+0.17 0.77 0.67
22" 0.54+0.14  0.69+0.11 0.58+0.14 0.71£0.11 0.77£0.09 0.85+0.07 0.69+£0.11 0.90+0.05 0.67+0.16 0.71
24" 0.51+0.14  0.5740.13  0.52+0.15 0.66+0.11 0.76+0.09 0.78+0.08 0.57+0.13 0.83+0.07 0.73+0.10 0.84+0.18

Table 4. Estimates of heritability (at diagonal), phenotypic (above diagonal) and genetic (below diagonal) correlations among wool
traits in German Angora rabbit

Trait Wool yield (g) Wool characteristics
I clip II clip 1 clip 1V clip Staple length  Fiber diameter

I clip 0.58+0.22 0.23 0.23 0.24 0.05 0.07
II clip 0.29+0.28 0.20+0.13 0.31 0.17 0.01 -0.01
III clip 0.39+0.18 0.82+0.26 0.65+0.18 0.56 0.03 0.07
IV clip 0.20+0.20 0.14+0.34 0.78+0.12 0.66+0.18 -0.02 0.08
Staple length 0.23+0.34 0.77+0.61 -0.04+0.39 -0.35+0.40 0.14+0.12 -0.06
Fiber diameter NA NA NA NA NA NA

NA= Not estimated

Algeria. The competition among the individual foetuses in
the uterus and limited capacity of a doe to provide nutrients
and space to large number of kits in her womb during the
pregnancy in addition to insufficient milk during lactation
period could be the cause of lower performance of kits born
in larger litters (Gupta et al. 2002).

Genetic parameters: The estimates of heritability, genetic
and phenotypic correlations of body weights and various
wool traits are presented in Table 3 and 4, respectively.
The heritability estimates for all growth traits were high
in magnitude and were associated with low standard errors
suggestive of reliable and precise estimates. The present
high heritability estimates for growth traits were comparable
to those reported in different breeds of rabbits (Singh and
Jilani 2006, Sivakumar et al. 2012, Sakthivel et al. 2017,
Abe et al. 2018). The high h? estimates for weaning weight
in the present study were in agreement with the earlier
estimates (0.94) reported by Khan et al. (2018) for local
rabbits by paternal half sib method. The high estimate of
heritability of weaning weight was also reported in German
Angora rabbits by Singh et al. (2008). Similarly, Rojan
et al. (2009) also reported high heritability for 10™ (0.80),
12" (0.65) and 14" (0.71) weeks body weight using half
sib correlation method. The higher estimates of heritability
could be indicative of an individual genotype governance
for different traits and hence individual selection would be
recommended for further genetic improvement of these
traits. Discrepancies between the estimates, heritability
values depend on the genetic makeup of the stocks,
management and climatic conditions and period of study

as well as differences in data size, models of data correction
and method of analysis. All the estimates for genetic and
phenotypic correlation coefficients of growth trait were
found to be positive and ranged from high (0.51 + 0.14)
to extreme high (0.99 + 0.14) in magnitude among all
the intra biweekly body weights (Table 3). The weaning
weight had high and positive genetic as well as phenotypic
correlations with different post weaning weights indicating
the usefulness of early body weight as selection criterion
for genetic improvement of body weights at later ages.
The heritability estimates of wool yield at I clip, II clip,
III clip, IV clip and staple length were in close agreement
with the estimates for wool yield at different clips reported
in German Angora rabbit (Singh ef al. 2008) and in French
Angora rabbit (Rafat er al. 2009). The differences in the
heritability estimates might be due to the variation in the
data size, genetic variation within population, management
and environmental conditions as well as the methods
used for the estimation (Ayalew et al. 2017). The highly
heritable traits in the present study indicated that genetic
variation was existing in the population and there is scope
for improvement through genetic selection rather than
these traits being improved though suitable management
practices. The genetic and phenotypic correlations among
wool yield at different clips were positive and low to
moderate in magnitude, which were in close agreement
with the estimates reported in German Angora rabbit
(Niranjan et al. 2011). Similarly, a very low genetic and
phenotypic correlation among wool clips in French Angora
rabbits was also reported by Rafat er al. (2009). The
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genetic correlations of wool yield with staple length were
positive for I and II clips and negative for III and IV clips.
There were reports that the growth traits were highly and
positively correlated with wool yield in German Angora
(Garcia and Magofk 1982 and Singh ef al. 2006). The
correlations of wool quality traits with clip yield were very
low in magnitude and were observed to be inconsistent in
the present study.

The genetic improvement of German Angora rabbit in
any organized farm depends on genetic evaluation of their
growth and production traits over the years. The present
investigation demonstrated the importance of highly
significant sire effect and some non-genetic factors on
growth and wool traits in German Angora rabbit, which
could be utilized for genetic improvement of the rabbits.
Winter might be considered as the best season for kindling
of Angora rabbits for optimum growth and wool production
performances under sub-temperate climatic condition.
Individual selection would be recommended for further
genetic improvement. The pure German Angora rabbit can
be exploited for backyard rabbit production and thus could
play a significant role in livelihood and nutritional security.
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