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ABSTRACT

Indigenous chickens are quite popular in Family Poultry Production System (FPPS) in Nepal, but are
constrained with their low productive performance. The present study evaluated the productive and
reproductive performance of Sakini chicken in different filial generations and sexes. In addition, research
also aimed at understanding the effect of generations on above performances. Initially, base populations (G-
0) of Sakini were maintained by collecting eight weeks old birds from different agro-ecologial zones of
Nepal. Performance of the birds of G-0 was evaluated based on weekly body weight (12-24 weeks), laying
performance, fertility, hatchability, hatch weight and survivability. Selected birds of base population (G-0)
were used to produce first (G-1), second (G-2) and third (G-3) generations through selective breeding in
each generation. Similarly, body weights at hatching, 12 weeks, 16 weeks, 20 week and 24 weeks were
significantly (p<0.001) improved from GO to G3 and were also significantly (p<0.001) differ for sex (males
were always heavier than females). Likewise, there was significant (p<0.05) improvement in egg
production (per hen per year), age at first lay (days), body weight at sexual maturity, egg number and egg
weight at 90 days of laying in progressive generations. Fertility, hatchability and survivability significantly
(p<0.05) improved in selected generations in comparison to base population, whereas, no significant
difference was obtained within the different selected population. Thus, indigenous Sakini chicken under this
experiment performed better with respect to survivability, fertility and hatchability in later generations that
provides ample scope of advancing selective breeding activities within the indigenous population in order to
bring significant improvement in the overall productive performance of Sakini chicken in Nepal.
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INTRODUCTION

Chicken is an important livestock species contributing 9 percent in Agriculture Gross Domestic Products
(AGDP) and 17.4 percent of total meat production in the country. In Nepal, indigenous chicken have
almost equal shares as commercial (Country Report 2014) and have been playing significant roles in
fulfilling protein requirements through egg and meat (DLS 2018). Moreover, Family Poultry Production
System (FPPS) has made a unique blend with other livestock rearing system in rural areas of Nepal in
terms of diversifying the integrated farming. However, poor productive performance in terms of growth,
egg production and egg size of the indigenous chicken (Bhurtel 1998, Tadelle et al 2000, Anjum et al
2012) are the main reason for shifting the commercial farmer's likeliness towards other dual purpose
trans-boundary and/or exotic breeds thus affecting significant expansion and promotion of rearing
indigenous breeds through FPPS (ABD 2018) in Nepal. Even though we cannot overlook the fact that
farmers' following the traditional farming still embrace indigenous poultry breed.

There are three identified indigenous breeds of poultry such as Sakini, Ghanti Khuile (Naked Neck,
Pwankh Ulte (Frizzled Feather) and are huge reservoir of poultry genome (Paneru et al 2016). Among the
indigenous chicken, Sakini is the principal breed that cover more than 50% of total national poultry
population. Sakini chicken are well-adapted from temperate high hills to tropical Terai (Country Report,
2014) and are therefore found throughout the country and are maintained in terms of static population
from conservation viewpoint (Neopane and Gorkhali 2008, Country Report 2014). They have cultural
and social values in different ethnic communities and religions. Moreover, indigenous chicken breeds
have been reported to possess resistance to diseases and are surviving through centuries-old adaptation to
local harsh environmental condition (Bhatti et al 1990). Sakini chickens have good scavenging ability and
can also live without structured feeding (Ajayi 2010). Even within the breed, hatchability, fertility,
survivability and production performance diversified depending on genetic and environmental influence
(Ajayi and Agaviezor 2016). Indigenous chicken have many utility genes in their gene pool which have
biologically related to the adaptation in the harsh environment thus have more survivability in the existing
environment to the exotic breeds. It is therefore used for genetic exploration and moreover can be easily
managed in indigenous poultry farmers (Ajayi 2010).

The productive and reproductive performances of chicken are the resultant of two major factors: one is
genetic potential and the other is the environment such as feeding, health, care, shed and the ecological
conditions. The genetic potential of an animal is inherited from its parents and is passed from parents to
off-springs. Through simple selection, animals with targeted characters are selected and thus the high
genetic merit can be passed on the future generation. When selection is done over many generations, it
results in improvement of targeted traits. The possibility of improvement in production performance,
hatchability, fertility and survivability of indigenous chickens through selective breeding over multiple
generation has been widely reported (Gueye 1998, Sahota et al 2003, Anjum et al 2012, Islam et al 2015).
With this view, a research was done to explore the genetic potentiality of indigenous Sakini chicken with
the objective of determining the effect of selective breeding procedure to the production, reproduction
along with survivability in different generations.

MATERIALS AND METHODS

Location and duration of study

The study was carried out under Animal Breeding Division, NARC in Swine and Avian Research
Program (SARP), NARC, Khumaltar from March 2015 to December 2018 for three consecutive
generations (G-1, G-2 and G-3) from base population (G-0). The poultry unit at SARP lies at a mean
elevation of about 1350 masl. Yearly average temperature in the Khumaltar is 15 to 20°C and receives
yearly average precipitation of 2000-2400 mm (SARP 2018).
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Formation of base population

Eight weeks chicks were collected from three sites of different agro-ecological zones of Bagmati and
Gandaki provinces. Rasuwa, Nawalpur and Chitwan districts were selected as high hill, mid hill and Tarai
regions respectively. A total of 105 true to type chicks (selected on the basis of pure hen and cocks), 30
females and five males from each district were collected from ethnic communities of respective districts.
The most important point considered while collecting chicks was having true to type Sakini breed and
were from unrelated populations up to two generations. From one household, at most four females were
collected and males were collected from other households far from those females and transported to the
station farm. These birds were reared from eight weeks to 60 weeks of age.

The chicks were raised under deep litter system (5-8 cm of rice husk) and 3-5 birds/m* were kept in
confinement. The chicks were fed conventional starter, grower and layer rations and standard procedure
were followed with respect to preventive vaccination and medication. The chicks were provided free
access to fresh and clean drinking water. A standard lighting schedule was followed (artificial light was
managed during night). The eggs were collected each day and incubated in every seven days under
standard incubation procedure. A total of 269 birds from parent to third generations (180 hens and 89
cocks) were evaluated. Eighty-five (85) birds were from parent base population (G-0), and 57, 53 and 74
birds were from three consequent generations, G-1, G-2 and G-3 respectively. Almost 80 percent of the
total birds in each generation were retained for evaluation.

Performance recording

The parameters evaluated for the productive performance of Sakini breed recorded on-station were live
weight (g) at 12, 16, 20 and 24 weeks, age (days) and weight at first laying (wks) at 5% , number of eggs
per bird per year, egg weight and egg numbers for the first 90 days.

Fertility, Hatchability and survivability

The percent fertility and hatchability on fertile egg set were estimated using the formulae as below:
Fertility (%) = [Number of fertile eggs/Number of total eggs set]*100
Hatchability (%) = [Number of chicks hatched/Number of fertile eggs set]*100

Similarly,

Chick survivability up to 24 weeks and after 24 weeks (%) were analyzed using the formula

Chicks survivability (<24 wks) = [Chicks survived up to 24 wks / Total chicks hatched out] x 100

Chicks survivability (>24 wks) = [Chicks survived after 24 wks/Total chicks during 24 wks of age] x 100

Statistical analysis

All data collected were subjected to ANOVA, by applying the Mixed Model Least-Squares and Maximum
Likelihood Computer Program (Harvey 1990) which is based on least squares technique of variance
analysis for unequal sub-class number. Duncan’s Multiple Range Test (Duncan 1955) was used to
compare the means of the generations and sex for weekly weight gain and only generations for
reproductive performances, fertility and hatchability. The fitted fixed effect model were as follows;

Yijk =un + a; +b] +eijk .................... (l)
Yij =n + g FE i (11)

Where: Y = an observation (weight at day old, 12, 16, 20 and 24 weeks), u = overall mean, a; = the fixed
effect of i" generation, b= the fixed effect of i™ sex, and ejjk = random error. Equation (i) gives the least
square mean for weekly weight gain with respect to two non-genetic factors such as generations and sex
whereas equation (ii) only considers generation as non-genetic factors and gives least square means for
reproductive performances like age at first egg, body weight at sexual maturity, egg number, egg weight
at 90 days of laying and egg production (per hen per year). 8 weeks weight was assumed as covariates
during analysis of 12 to 24 weeks.
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RESULTS

The results on comparative production performance both in terms of body weight (g) at different weeks,
egg production related traits and survivability of Sakini base population (GO) and their subsequent
generations (G1, G2, G3) after selective breeding has been presented and discussed here under.

Growth performances

Least-square means for body weight at different ages as affected by sex and generations are presented in
Table 1. The overall mean weight of Sakini chicks at hatch day (day old), 12 weeks, 16 weeks, 20 weeks
(Weight at egg laying stage) and 24 weeks of age were 34.4, 1010.3, 1301.8, 1606.8 and 1792.6 g,
respectively. Generations and sex were the non-genetic factors considered during the study. The results
showed significant differences of body weight at different generations at day old, 12 weeks, 16 weeks, 20
weeks and 24 weeks of age. The selection imposed to the flock was positive. The result revealed that the
body weight from hatch to 24 weeks increases with generations. However, the result were not significant
for second and third generations for hatching upto 16 weeks of age which were significant again for 20
weeks and 24 weeks of age. Similarly, significant difference was found for sex for 12 to 24 weeks of age.
Also male in all age groups had heavier body weight than females. Body weights for males for age 12, 16,
20 and 24 weeks were 1178.7, 1459.1, 1852.5 and 2048.7 kg whereas body weights for females were
841.9, 1144.6, 1361.2 and 1536.6 kgs. Selection for body weight at different ages resulted in a positive
change for males and females.

Table 1. Least square means and standard error of means (LSM+SEM) for weekly body weight gain of
different generations and sex of indigenous Sakini chicken

LSM+SEM (g)
Hatchwt N 12 weeks N 16 weeks N 20 weeks N 24 weeks N
Overall Mean 34.4+0.17 209 1010.3£14.9 269 1301.8+62.1 257 1606.8+20.3 241 1792.6£22.9 228

Factors

Generations P<0.001 P<0.001 P<0.01 P<0.001 P<0.001
Base population - - 759.5£27.7° 85 1070.9£50.4° 83 1370.3+£36.6° 80 1570.9+35.5% 75
(GO)

Gl 33.240.33° 64 900.4+24.2° 57 1159.2+53.5° 57 1399.2+32.4° 55 1627.8+40.1° 52
G2 34.9+0.33" 65 1180.2438.1° 53 1444.3+62.3" 51 1641.6+36.2° 50 1874.4+44.5° 48
G3 35.1£0.24* 80 1201.2424.3" 74 1532.9+56.1° 66 1916.1+49.6" 56 2097.5+52.9° 53
Sex P<0.001 P<0.01 P<0.001 P<0.001
Female - - 841.9+17.6° 180 1144.6+72.5° 175 1361.2423.5° 167 1536.6+25.7° 163
Male - - 117874235 89 1459.1+38.8" 82 1852.5+£32.5" 74 2048.7+37.2° 66

Note: LSM= Least square mean, SEM= Standard error of means, N= Number of observation, Means having different superscript
in the same column are significantly different (P<0.01 or <0.001).

Reproductive performances

Reproductive performances such as age at first egg, body weight at sexual maturity, egg number, egg
weight at 90 days of laying and egg production (per hen per year) of indigenous Sakini chicken for
different generations were evaluated to understand the effect of selective breeding.

Least squares means and standard errors for age at first egg, egg production (per hen per year), body
weight at sexual maturity, egg number and egg weight at 90 days of laying in indigenous Sakini chicken
for GO, G1, G2 and G3 generations are presented in Table 2. The least square means of age at first egg
(days) for generations GO, G1, G2 and G3 were 173.4, 164.7, 157.9 and 153.6 days respectively as
presented in Table 2.

During the laying period, significant effects (P<0.001) of generations were observed. The pullets matured
earlier for later generation and age at sexual maturity was 153.6 days for third generation (G3) Sakini
chicken. Results of the present study were in line with Woldegiorgiss (2015) that in sixth generation
indigenous chickens of Ethopia which started egg production at the age of 153+0.24 days with respect to
the base population which was 208+2.16 days but later than commercial (125+0.14) and crossbred
(141.3£0.35 days) chicken. Similarly, third generation Sakini chicken produced 160 eggs per year than
base population that only produced 112 eggs.
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Body weight at sexual maturity for selected line had positive and moderate phenotypic correlation with
egg number (0.49) and egg weight at first 90 days of laying (0.68) as reported by Abdel-Ghany and Abdel-
Ghany (2011). Significant differences were found between generations for body weight at sexual
maturity, number and egg weight at first 90 days of laying.

Table 2. Age at first egg, body weight at sexual maturity, egg number, egg weight at 90 days of laying and egg
production of indigenous Sakini chicken in different generations

Factors LSM+SEM
N Age at first N Body weight Egg Number Egg weight N Egg production
egg (days) at firstegg  (1st 90 days) (1st 90 days) per hen per year
laying (g) No. (2) (N)
Overall Mean 167 162.7+1.1 167  1365.7+441.9  27.52+0.43 45.62+0.9 160 136.7+1.6
Generations P<0.001 P<0.001 P<0.001 P<0.001 P<0.01
Base Population 65 65 1241.2426.6°  23.43+0.32° 60 111.9+1.6b
(GO) 173.4+0.6" 42.03+0.6°
Gl 41 1647208 41 1292.2+31.7° 24.76+0.34°  45.62+0.7° 40 115.7+1.2b
G2 30 157.9+0.9b° 30 1393.6+32.2°  31.28+0.40" 46.24+0.7° 30 162.3+1.2a
G3 31 153.6+0.9° 31 1537.1£39.6*  31.73+0.41° 48.79+0.8" 30 157.5+1.1a

Note: LSM= Least square mean, SEM= Standard error of means, N= Number of observation, Means having different superscript
in the same column are significantly different (P<0.01 or <0.001).

Fertility

Results of this study revealed that overall mean fertility of Sakini chicken eggs was 93.4 percent (Table
3). Fertility significantly differed (p<0.05) with respect to selection. Accordingly, it was observed that
fertility increased by 7.7, 8.3 and 8.8 percent in first, second and third generation of selection, respectively
as compared to that of base population.

Hatchability

As presented in Table 3, the overall mean hatchability over total incubated and over total fertile eggs was
determined 85.0 and 90.3 percent, respectively. Selection over the generations was found an important
source of variation with respect to the hatchability over total incubated eggs (p<0.001) and hatchability
over total fertile eggs (p<0.05). In each case, the hatchability was significantly higher in the hens of later
generations as compared to that of base population.

Table 3. Fertility and hatchability percentage of different generations of indigenous Sakini chicken

Generations Fertility (%) Hatchability (%) over Hatchability (%) over
total set eggs fertile eggs

Overall Mean 93.4 85.0 90.3

Base population (GO) 88.0b 78.0c 88.6b

Gl 94.8a 86.6b 91.3a

G2 95.3a 86.0b 90.2a

G3 95.7a 89.4a 90.9a

Level of Significance P<0.05 P<0.001 P<0.05

Note: Means having different superscript in the same column are significantly different (P<0.05 or <0.001).

Survivability

Overall mean survivability of Sakini chicken before 24 weeks and after 24 weeks was obtained 90.2 and
96.0 percent, respectively (Table 4). Results reflected that survivability of the chicks before 24 weeks did
not significantly differ among the generations. But, survivability after 24 weeks was significantly affected
by the generation between base population and generations of selection however, no significant difference
was observed among generations of selection. The traits like survivability may be stabilized with few
generations of selection. Accordingly, highest survivability was observed in second generation of
selection followed by first and third as compared to that of base population. Similarly, sex was also found
as an important source of variation with the survivability of chickens from 12-24 weeks however,
survivability for male chicks after 24 weeks was unrealistic to calculate as most of the cocks were culled
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to maintain sex ratio in the flock (different from survivability perspective). Accordingly, higher
survivability was observed for females as compared to that of male chicks.

Table 4. Survivability of indigenous Sakini chicken before and after 24 weeks of age under intensive
management system

Factors Survivability (%)

< 24 weeks# >24 weeks ##
Generations
Overall mean 90.2 96.0
Base population (GO) 89.2 91.7°
Gl 91.2 97.5%
G2 90.6 98.2%
G3 89.2 96.7"
Level of significance NS (p<0.05)
Sex
Female 93.9 96.3
Male 79.9 NA
Level of significance (p<0.01)

Note: *= Survivability was estimated for 12-24 weeks chicks, *=Survivability was estimated for the laying hens only as a large
number of males were culled out to maintain sex ratio]; NS= Not Significant, means with the different superscripts differed
significantly within the column (P<0.05 or <0.01), NA= Not applicable.

DISCUSSION

This section deals with the discussion over the results on comparative production performance both in
terms of body weight (g) at different weeks, egg production related traits and survivability of Sakini base
population (GO) and their subsequent generations (G1, G2, G3).

Improvement through selection is permanent and the result indicated that improvement can be gained
within second generation for increased body weight. These results of body weight are in an agreement
with the results of several researchers at different ages of local chicken strains (Abdel-Halim 1999; El-
Tahawy 2000, Kosba et al 2002, Abdel-Ghany 2006, and Balat et al 2008, Abdel-Ghany and Abdel-
Ghany 2011 and Sapkota et al 2013).

Decreasing the days of sexual maturity of selected line during the 1%, 2™, 3 generations reflected the
effect of selection for high egg number. Results regarding age at first egg, egg production (per hen per
year), body weight at sexual maturity, egg number and egg weight at 90 days of laying were in line with
the study by El-Wardany et al (1992), Abdel-Halim (1999), Younis and Abdel-Ghany (2004), Abdel-
Ghany (2006) and Aly et al (2010). This study was supported with Woldegiorgiss (2015) who observed
the improved chickens produced more eggs per year (171) than unimproved that only produced 66.5 eggs.
In addition, El-Dlebshany (2008) demonstrated that least squares means of age at sexual maturity for
early, medium and late sexual maturity of egg line dams were 128.5, 152.8 and 166.6 days, respectively.
Similarly, average egg weight during 90 days of laying for selected line had positive and higher
correlation with egg number (0.71) at first 90 days of laying as reported by Abdel-Ghany and Abdel-
Ghany (2011). Body weight at sexual maturity of Sakini chicken in this study were also supported by El-
Wardany et al (1992), Abdel-Halim (1999), Younis and Abdel-Ghany (2004), Abdel-Ghany (2006) and
Sapkota et al (2017).

Fertility and hatchability traits play an important role in overall profitability. Fertility of Sakini chicken in
present study was in accordance with the findings of Schmidt and Figueiredo (2005) who reported the
fertility of white egg layer strains in different generations of selection ranging from 78.83 to 94.50
percent. However, Esatu et al (2011), reported lower fertility of Horro (77.0%), Fayoumi (81.5%),
Lohmann Silver (91.35%) and Potchefstroom Koekoek (77.7%) breeds of Chicken as contrast to the
results of this study. Similarly, hatchability based on total incubated eggs in present study was lower than
that of indigenous chicken in Bangladesh (Islam et al 2015) however it was comparable to the hatchability
of eggs in later generations of selection. Hatchability of eggs on fertile egg basis, in all four generations in
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this study were recorded higher than that of Azharul et al (2005) who obtained 87% for the indigenous
chicken in Bangladesh on the same basis. Esatu et al (2011) suggested that fertility and hatchability can be
maintained in populations under multiple trait selection through culling of paternal and maternal families
with low performance. This culling only of families with low fertility and hatchability allows the breeder
to use higher selection intensity and to obtain greater genetic progress in primary traits such as egg
production (Fairfull and Gowe 1990).

Higher survivability of the female chicks as compared to that of males in this study might be due to the
normal mortality of the chicks plus the effect of cannibalism among the male chicks (Scheideler 2007)
under intensive management system. In line with the findings of this study, Haunshi et al (2019) observed
the survivability of White Leghorn, Nicobari and Ghagus breeds of chicken as 91.6, 87.1 and 82.9
percent, respectively. However, in contrast to the findings of present study, Islam et al (2015) reported
very low survivability (46.55-51.15%) of indigenous chicken In-situ reared under different breeding
strategies.

CONCLUSION

The findings of this study focused with growth performance (live weight at different weeks) and
reproductive traits such as age at first laying, weight at first laying, egg number, egg weight and egg
production per hen per year, fertility, and hatchability of Sakini birds was increased in progressive
generations of selection under intensive management system. Thus, the results clearly indicated that
indigenous Sakini chicken performed better with respect to growth, survivability, fertility and hatchability
in later generations suggesting the great scope of selective breeding within the indigenous population for
bringing significant improvement on these economically important traits under intensive management.

ACKNOWLEDGEMENTS

This is a part of the research work to complete PhD degree of the first author. Authors would like to acknowledge
USAID, Feed the Future, Innovation Lab for Livestock Systems, University of Florida, USA and NARC for
financial support for this study. The authors are also grateful to Swine and Avian Research Program, NARC,
Khumaltar for providing technical facilities during the entire field research.

REFERENCES

Abd El-Ghany FA. 2006. Genetic studies for growth traits in Inshas strain. Journal of Agricultural Sciences.
Mansoura University 31 (2): 1301-1313.

Abd El-Halim HA. 1999. Selection and genetic analysis of some meat and egg production traits in local chickens.
Unpublished M.Sc. Thesis, Faculty of Agriculture, Alexandria University, Egypt.

ABD. 2018. Annual Progress Report 2074/75 (2017/18). Animal Breeding Division (ABD), National Animal
Science Research Institute, Nepal Agricultural Research Council, Khumaltar, Nepal.

Abdel-Ghany FA and AI Abdel-Ghany. 2011. Selection for improving egg production in Mandarah chickens to
maximize the net income. 1- Correlated responses, genetic parameters for egg production and growth traits.
Journal of Animal and Poultry Production, Mansoura University 2 (11): 457-470.

Ajayi FO. 2010. Nigerian Indigenous poultry: A valuable genetic resource for meat and egg production. Asian
Journal of Poultry Science 4 (4):164-172

Ajayi FO and BO Agaviezor. 2016. Fertility and Hatchability Performance of Pure and Crossbred Indigenous
poultry Strains in the High Rainforest Zone of Nigeria. International Journal of Livestock Production 7 (12):
141-144.

Aly OM, HG Hanan, KA Yousria, YAE Nazla and MB Magda. 2010. Selection for improving egg production in
Mandarah chickens 4 — direct and correlated response for some economic traits for four generations of
selection. Egyptian Poultry Science 30 (I): 137-156.

Anjum MA, AW Sahota, M Akram, K Javed and S Mehmood. 2012. Effect of Selection on Productive Performance
of Desi chicken for four generations. Journal of Animal and Plant Sciences, 22(1): 1-5.

Azharul I, MH Ranvig and MAR Howlider. 2005. Incubating capacity of broody hens and chick performance in
Bangladesh. Livestock Research for Rural Development, 17(2): 1-10.

Balat Magda M, Y Nazla, L El-Ella, OM Aly and H Ghanem. 2008. Selection for improving egg production in
Mandarah chickens to maximize the net income. 2. correlated responses, heritability, genetic and phenotypic
correlation among egg production and growth traits. Egyptian Poultry Science Journal, 28(11): 367-382.

68



Bhatti BM, MS Qureshi, AW Sahota and M Ashraf. 1990. Evolving of a chicken with potential of higher meat and
egg yield for rural areas of Pakistan. Proceedings of third International Congress, Pakistan Veterinary
Medicine Association, 3: 340-345.

Bhurtel R. 1998. Poultry Genetic Resources. Proceedings of the First National Workshop on Animal Genetic
Resources Conservation and Genetic Improvement of Domestic Animals in Nepal (Edited by JNB Shrestha).
Nepal Agricultural Research Council, Khumaltar, Lalitpur, Nepal, 1: pp. 29-32.

Country Report. 2014. Country Report on Animal Genetic Resources of Nepal. Ministry of Agriculture
Development. Department of Livestock Services. Hariharbhawan, Lalitpur.

DLS. 2018. Annual Progress Report 2074/75 (2017/18). Ministry of Agriculture and Livestock Development.
Department of Livestock Services, Hariharbhawan, Lalitpur.

Duncan DB. 1955. Multiple Range and Multiple F Tests. Bio-metrics 11:1-42.

El-Dlebshany AE. 2008. The Relationship between Age at Sexual Maturity and some Productive Traits in Local
Chickens Strain. Egyptian Poultry Science Journal 28 (4): 1253-1263.

El-Tahawy WS. 2000. Genetically improvement of some productive and reproductive traits in local chicken.
Unpublished M. Sc. Thesis, Faculty of Agriculture, Alexandria University, Egypt.

El-Wardany AM, ME Soltan and FH Abdou. 1992. Correlated selection response to selection for some egg
production traits in Norfa chickens. Menofiya Journal of Agriculture Research, 17(4 ): 1833-1863.

Esatu W, D Ibrahim and M Adey. 2011. Comparative evaluation of fertility and hatchability of Horro, Fayoumi,
Lohmann Silver and Potchefstroom Koekoek breeds of chicken. Asian Journal of Poultry Science 5(3):124-
129.

Fairfull RW and RS Gowe. 1990. Egg Production in Chickens. In: Crawford RD. Poultry breeding and genetics.
Amsterdan: Elsevier Science Publishers: 705-759.

Gueye EF. 1998. Village egg and fowl meat production in Africa. World’s Poultry Science Journal, 54: 73-86.

Harvey WR. 1990. Users’ guide for LSMLMW and MIXMDL PC-2 version. Mixed Model Least Squares and
Maximum Livelihood Computer Program.

Haunshi S, AK Burramsetty, TR Kannaki, U Rajkumar. 2019. Survivability, immunity, growth and production traits
in indigenous and White Leghorn breeds of chicken. British Poultry Science. DOI:
http://10.1080/00071668.2019.1639139

Islam F, SC Sarker, MNM Ibrahim, AM Okeyol, H Jianlin, MA Hoque and AKFH Bhuiyan. 2015. Effect of
Breeding Strategies to Increase Productivity of Indigenous Chicken in-situ in Bangladesh. Tropical
Agricultural Research, 2(3): 517-527.

Kosba MA, M Farghaly, M, Bahie El-Deen and HA Abd-El-Halim. 2002. Selection and genetic analysis of some
egg production traits in local chickens. Egyptian Poulttry Science Journal 22: 681-696.

Neopane SP and NA Gorkhali. 2008. Indigenous chickens of Nepal. Animal Breeding Division, Nepal Agricultural
Research Council, Khumaltar, Nepal.

Paneru U, MR Kolachhapati, N Bhattrai and T Khanal. 2016. Economic of rearing, productive and reproductive
performance of indigenous chicken raised as backyard farming in Nepal. Wayamba Journal of Animal Science
—ISSN: 2012-578X; 1362- 1367.

Sahota AW, BM Bhatti and LA Akhtar. 2003. Comparative productive performance of Desi parent chickens
and their first progeny maintained on deep litter system. Pakistan Veterinary Journal, 23(1): 7-10.
Sapkota S, NA Gorkhali, R Bhusal, R Dhakal and BS Shrestha. 2013. On-station growth performance evaluation of
Sakhini (Gallus gallus domesticus) breed of poultry from different agro-ecological zone. Proceedings of Ninth

Livestock and Fisheries Workshop. Nepal Agricultural Research Council, Kathmandu; pp.181-188.

Sapkota S, MR Kolachhapati, NR Devkota, NA Gorkhali and N Bhattarai. 2017. Evaluation of egg laying and egg
quality parameters of local chicken Sakini (Gallus gallus domesticus) of Nepal. Journal of Agriculture and
Forestry University, 1: 81-88.

SARP. 2018. Annual Progress Report 2074/75 (2017/18). Swine and Avian Research Program (SARP), Nepal
Agricultural Research Council, Khumaltar, Lalitpur, Nepal.

Scheideler SE. 2007. Cannibalism by Poultry. NebGuide. University of Nebraska-Lincoln Extension, Institute of
Agriculture and Natural Resources, extension.unl.edu/publications.

Schmidt GS and EAP Figueiredo. 2005. Selection for Reproductive Traits in White Egg Stock Using Independent
Culling Levels. Brazilian Journal of Poultry Science, 7(4): 231-235.

Tadelle D, Y Alemu and KJ Peters. 2000. Indigenous chickens in Ethiopia: Genetic potential and attempts at
improvement. World Poultry Science Journal, 56: 45-54.

Woldegiorgiss WE. 2015. Genetic improvement in indigenous chicken of Ethiopia. PhD Dissertation. Wageningen
University, The Netherlands.

Younis HH, and FA Abd EL-Ghany. 2004. Direct and correlated response to selection for egg number in Silver
Montazah chickens. Egyptian Poultry Science Journal, 24: 701-718.

69



