
In past few decades, poultry production in India has
taken the shape of industry. Presently in India, layer
industry is growing annually at the rate of 5 to 7%
(Ponnuvel et al. 2014) and growth rate of broiler industry
is 12% per annum (Gogoi and Mishra, 2013). It is
primarily due to the increased demand for consumption
of poultry egg and meat. Total poultry population in
India is 729 million and the country ranks third in egg
production and fifth in meat production (19th Livestock
Census, 2012). Even then, the availability of egg is only
51 eggs per head per year which is much lower than the
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ABSTRACT

Rhode Island Red (RIR) chicken is a brown-egger chicken. At Central Avian Research Institute, it is being used
to develop strains viz. selected (RIRS) control (RIRC) and white (RIRW) for backyard poultry farming. Investigation
was carried out to assess the influence of various factors on early layer economic traits in Rhode Island Red
chicken. Two hundred eighty six straight run chicks were obtained from 11 sires and 44 dams in four hatches.
Early layer production traits viz., chick weight (CW), body weights at 16 and 20 weeks of age (BW16 and
BW20), age at first egg (AFE), egg weight at 28 weeks (EW28) and part period egg production up to 28 weeks of
age (EP28)were recorded. Percent fertility and percent hatchability on total egg set and total egg transferred
basis were 76.98, 61.44 and 79.85%, respectively. Least squares ANOVA revealed highly significant effect
(p<0.01) of hatch on BW20, EP28 and effect of sire on chick weight and significant effect of sire (p<0.05) on
BW16. The overall least squares means of CW, BW16, BW20, AFE, EW28 and EP28 were 34.50±0.47g,
1294.27±24.38g, 1562.32±25.65g, 136.79±1.52 days, 43.52± 0.76 g and 31.54±1.68 eggs, respectively. The pullets
of first hatch revealed highest BW20 (1732.76±43.70 g) and EP28 (42.85±2.55 eggs). Present investigation
revealed influence of sire and hatch on early layer economic traits and thereby suggested consideration of their
role in planning breeding programmes for improvement of layers for economic traits in RIR.
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ICMR recommendation of 180 eggs per head per year
(Borah and Halim, 2014). This gap may be filled up by
improving genetic potential of birds through genetic
selection. Part period egg production based selection has
shown to genetically improve the annual egg production
in various layer and broiler chicken and has brought
about 85-90% change over last 50 years (Sharma and
Chatterjee, 2006). The main emphasis of commercial
breeders largely depends on layer economic traits like
body weight, age and weight at sexual maturity, egg
production and egg weight etc. Reports are available on
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the influence of various non-genetic factors on layer
economic traits viz., hatch (Mohammed et al. 2005,
Nwague et al. 2007, Das et al. 2014b), sex (Das et al.
2014a, Das et al. 2014b, Das et al. 2015) etc. in chicken.
Therefore, information on influence of various non-
genetic factors like date of hatch, sex of the chick and the
generation or year to which it belongs on these traits
becomes prerequisite for formulating effective breeding
strategies(http://shodhganga.inflibnet.ac.in/
bitstream/10603/6778/6/06_chapter%202.pdf).

Rhode Island Red is a brown-egger dual purpose
chicken breed (Rahim, 2015). It has been imported in
this Institute almost 35 years ago and has undergone
long-term selection for 30 generations on the basis of 40-
week part-period egg production. The stock is being
maintained at this institute as a close flock for
development of multicolored strains for rural poultry
production. Present investigation envisages assessing
the early layer economic traits and influence of various
factors on these traits in long-term selected RIR chicken.

MATERIALS AND METHODS

Experimental birds and genetic background

Two-hundred eighty-six chicks belonging to selected
strain of RIR chicken, progeny of 11 sires, obtained in
four hatches, first hatch on 4th Dec., 2014 an last hatch
being on 5th January 2015,constituted the experimental
birds. The parents belonged to 30th generation of selected
strain of RIR chicken undergoing selection based on 40
week part-period egg production. The chicks were
maintained at Experimental Layer Farm of Institute under
standard management conditions from December 2014
to July 2015 and were used in this study.

Management and feeding

All the day-old chicks were initially vaccinated against

F-strain of Newcastle disease, dubbed (beak trimming)
to prevent fighting and wing-banded for pedigree
recording at hatchery itself and brooded on the floor. At
four weeks of age, chicks were transferred to litter grower
house until 16 weeks of age. Afterwards, pullets were
separated and shifted into laying cages for recording of
individual egg production up to 28-weeks of age.
Lighting, watering, feeding and vaccination programme
of experimental birds were followed as per institute’s
schedule.

Fertility and hatchability

Percent fertility, hatchability on total egg set and
hatchability on fertile eggs transferred were determined
using standard statistical procedure.

Parameters recorded

Body weights (g) were recorded at 0-day (CW), 16(BW16)
and 20 (BW20) weeks of age using digital weighing
balance during morning hour before feeding. Egg weight
(g) was recorded at 28 (EW28) weeks of age using digital
weighing balance for three successive laying days and
averaged to single record. Age at first egg (days) and
part period egg production up to 28 weeks of age (EP28)
(numbers) were individually recorded.

Statistical analysis

The data collected on body weight and early layer
production traits were subjected to least squares analysis
of variance using JMP 9.1 statistical program package
(SAS, 2010) taking sire and hatch as fixed effects. The
least squares means were compared by Critical
Difference (CD) test (Stevens, 1999).

RESULTS AND DISCUSSION

Percent fertility and hatchability

Out of a total of 462 eggs collected, 358 fertile eggs were

Table 1. Least squares analysis of variance for early layer economic traits in Rhode Island Red chicken

CW - Chick weight, BW16 - Body weight at 16 weeks of age, AFE - Age at first egg, BW20 - Body weight at 20 weeks of age, EW28 - Egg weight
at 28 weeks and EP28 -Egg production up to 28 weeks of age; df = degrees of freedom; *P<0.05; ** P<0.01; 1Figure within parentheses are the
error degrees of freedom.

Source of Variation df Mean sum of squares

CW BW16 AFE BW20 EW28 EP28

Hatch 3 21.92 81612.78 162.50 526946.3** 26.28 1611.23**

Sire 7 84.11** 123141.5* 252.68 103505.92 12.12 149.74

Error1 108 17.08 46252 155.20 (98) 51136(107) 15.34(38) 148.32(82)
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transferred after candling on 18th day and 286 chicks
were obtained in four hatches. The overall percent fertility
was 76.98% and the percent hatchability on the basis of
total eggs set and total eggs transferred were 61.44%
and 79.85%, respectively. Miazi et al. (2012) reported
that the fertility of eggs depends on various factors, such
as: breed, season, lighting, level of nutrition and time of
mating. In the present study, fertility (76.98 %) was lower
than that reported by Malago and Batilwake (2009) as
91.1±4.42% and Das (2013) as 79.03% in selected strain
of RIR chicken. Khan et al. (2014) reported overall percent
hatchability and hatchability of fertile eggs were 51.41%
and 65.69%, respectively, in RIR hens which were quite
comparable to present findings. Jahan et al. (2015)
reported percent hatchability of 86.7% in RIR chicken
which was higher than the present finding. Rahim
(2015) reported slightly lower fertility as 73.24% and
hatchability on fertile eggs set and on total eggs set basis
as 78.13% and 57.22%, respectively in RIR chicken than
the present findings. The variations in different reports
might be due to variation in the incubation and hatching
conditions and genetic groups analyzed.

Early layer economic traits

Least squares analysis of variance revealed highly

significant effect (p<0.01) of hatch on body weight at 20
weeks and egg production at 28 weeks (EP28) and sire
effect was significant on chick weight (p<0.01)and body
weight at 16 weeks (BW16)(p<0.05)(Table 1). Least
squares means along with standard error of various early
layer economic traits have been presented in Table 2.
The overall least squares means of chick weight (CW),
body weight at 16(BW16) and 20 (BW20) weeks, age at
first egg (AFE), egg weight at 28 weeks (EW28) and part
period egg production up to 28 weeks (EP28) were
34.50±0.47g, 1294.27±24.38 g, 1562.32±25.65 g,
136.79±1.52 days, 43.52±0.76 g and 31.54±1.68 eggs,
respectively.

Jilani et al. (2005) reported that average AFE and BW20
were 146.16±0.33days and1395.68±5.05g in RIR chicken.
Similarly, Saini et al. (2011) reported that average AFE
and BW20 as 152±3.8days and 1369±20.7g and
Khawaja et al. (2013) reported that the average AFE in
RIR was 147±1.15 days in RIR chicken. Das (2013)
reported that average CW, AFE, BW20 and EW28 were
37.55±0.24g, 150.81±0.93 days, 1596.58±11.67g and
44.84±0.21g, respectively. Present investigation revealed
lower AFE and higher BW20 as compared to earlier
reports, lower CW and EW28 and comparable BW20
than those reported by Das (2013). Present findings are

Table 2. Least squares means of early layer economic traits in Rhode Island Red chicken

CW -Chick weight, BW16- Body weight at 16 weeks of age, AFE - Age at first egg, BW20- Body weight at 20 weeks of age, EW28- Egg weight
at 28weeks and EP28-Egg production up to 28 weeks of age; N= Number of observations; Means bearing a different superscript in a column
within a subclass differ significantly (P<0.05)and figures within parentheses are the number of observations.

Classes N CW(g) BW16(g) AFE(days) BW20(g) EW28(g) EP28(eggs)

Overall 118 34.50±0.47 1294.27±24.38 136.79±1.52(108) 1562.32±25.65 (117) 43.52± 0.76(48) 31.54±1.68(92)

Hatches

1 34 34.05±0.80 1360.63±41.53 133.57±2.43 1732.76±43.70a 45.48±1.20(16) 42.85±2.55a(32)

2 34 35.45±0.78 1281.62±40.83 138.53±2.49(32) 1613.56±42.95ab 42.81±1.29(14) 28.35±2.72ab(28)

3 20 33.45±0.95 1221.91±49.48 136.67±3.25(16) 1402.82±52.03b 41.98±1.21(13) 30.42±3.41ab(14)

4 31 35.04±0.80 1312.91±41.83 138.41±2.66(27) 1500.13±44.64ab(30) 43.81±1.69(6) 24.54±2.98b (19)

Sires

1 14 33.57±1.13cd 1375.40±58.63a 132.10±3.40 1573.81±61.65 43.79±1.27 (11) 37.15±3.34

3 35 33.17±0.71cd 1341.62±36.80ab 140.53±2.21(33) 1594.50±38.70 44.10±1.09 (15) 30.17±2.48(26)

4 11 34.79±1.28bc 1107.19±66.52c 144.47± 4.86 (7) 1412.30±70.00 38.38±2.85 (2) 25.85±6.26 (4)

5 15 32.18±1.08cd 1321.16±56.18ab 132.15± 3.26 1532.86±59.09 44.11±1.76 (5) 30.77±3.40(13)

6 5 39.11±1.87a 1181.87±97.09bc 142.49± 6.28 (4) 1443.60±102.09 46.62±2.85 (2) 36.60±7.07 (3)

8 25 37.53±0.84ab 1421.95±43.90a 134.78± 2.69 (23) 1692.04±47.23(24) 42.71±1.34 (9) 28.82±2.77 (21)

9 9 31.05±1.38d 1294.82±72.06abc 134.03± 4.46 (8) 1585.78±75.78 42.93±2.35 (3) 26.05±4.37(8)

10 5 34.57±1.89bcd 1310.13±98.49abc 133.81± 5.72 1663.65±103.58 45.54±2.97(2) 36.90±6.26(4)
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quite comparable with earlier report of Rahim (2015) in
RIR chicken. The differences among various reports may
be attributed to the variation in the genetic groups
analyzed as well as to other prevailing non-genetic
factors.

Influence of hatch on early layer economic
traits

The least squares analysis of variance revealed that
hatch effect was significant on BW20 and EP28 (Table
1). The pullets of first hatch revealed highest BW20 and
EP28 with the estimates of 1732.76±43.70 g and
42.85±2.55 eggs, respectively. Although, the general
managemental conditions were kept similar for all
hatches, but probably variable micro-environment and
sudden environmental fluctuations among hatches,
beyond human control, might have resulted in
significant hatch effect.

Similar to the present findings, Bohren et al. (1952)
reported significant hatch effect on early egg weights.
King and Henderson (1954) also reported that hatch
effects were of considerable importance for egg
production. Madapurada (2001) reported significant
hatch effect on body weights at 20 weeks and age at
sexual maturity in the colored broiler dam line, Punjab
Broiler-II(PB2). Nwague et al. (2007) reported that hatch
effect in RIR male (strain-A) and female (strain-B) lines
might have contributed to the variable response in
different economic traits, viz., ASM, EN280 days, BW40
and EW40 achieved in different generations. This might
also be due to varying season of hatching across
generations. Yahaya et al. (2009) also reported significant
hatch effect on average egg weight at 40 weeks in pullets.
Das (2013) reported significant hatch effect on CW, BW4,
BW8, BW12, BW20 and AFE in selected strain of RIR
chicken but in present finding hatch effect was
significant on BW20 and EP28 only. The hatch
differences may be assigned to the variable
environmental conditions in different studies. Hatch
effect masks the true genetic variation. Various factors
may be involved to induce hatch effects such as the age
and nutritional status of breeding individuals, time of
hatching, the intervening periods between hatches,
variations in egg size, sex ratio between hatches, brooder
conditions, nutritional factors, grower stage
management and the climatic factors to which breeding
population were exposed to(http://shodhganga.
inflibnet.ac.in/bitstream/10603/6778/6/06_chapter%
202.pdf). Hatch effects may be minimized by minimizing
climatic and management variations like floor space,
feeder space and feed together with uniform nutritional
and vaccination programmes.

Influence of sire on early layer economic traits

The least squares analysis of variance revealed
significant sire effect on CW and BW16. The pullets of
sixth and eighth sire showed highest CW andBW16
with the estimates of 39.11±1.87 g and 1421.95±43.90 g,
respectively. Sivaraman et al. (2005) had also reported
significant sire effect on BW4, BW5 and BW6 in
Synthetic Dam Line (SDL) broiler chicken. Das (2013)
reported significant sire effect on CW, BW1, BW2, BW3,
BW4, BW8, BW12 and BW20 in selected strain of RIR,
which was comparable to the present findings. In
breeding, sire is considered as half of the herd or flock,
therefore selection of best sire is a prerequisite to execute
proper breeding programmefor improvement of
performance of a particular population.

CONCLUSION

Present investigation demonstrated significant effect of
sire on chick weight and body weight at 16 weeks and
that of hatch on body weight 20 weeks and egg
production up to 28 weeks. Both, hatch and sire effects
revealed significant role in layer economic traits of RIR
chicken. It may be recommended that in order to optimally
utilize the genetic resources and to design an effective
breeding programme, hatch and sire effects should be
optimized by providing uniform climatic and
management conditions as far as possible and selecting
the best sire, so that the optimum genetic progress and
performance of population can be achieved.

ACKNOWLEDGEMENTS

The authors are indebted to the Director of ICAR-IVRI
for providing IVRI-scholarship to the first author,
Director ICAR-CARI for providing necessary facilities
and S.R. Meena, Senior Technical officer, Molecular
Genetics Laboratory, ICAR-CARI, Izatnagar for his
assistance in carrying out this investigation.

REFERENCES

19th Livestock Census. 2012. Department of Animal
Husbandry, Dairying and Fisheries Annual
Report, Ministry of Agriculture, Govt. of India,
New Delhi.

Bohren, B.B., Arvidson, R.B. and Rapp, G.D. 1952.
Increase in pullet egg size as a factor in selection.
Anim. Breed. Abstr., 20(2): 261.

Borah, M. and Halim, R.A. 2014. Dynamics and
performance of livestock and poultry sector in
India: A temporal analysis. J. Acad. Indus. Res.,
3(1):1-9.



919

Factors influencing layer economic traits in RIR chicken

Journal of Animal Research: v.5 n.4. December 2015

Das, A.K. 2013. Microsatellite Polymorphism, Immuno-
competence Profile and Performance Evaluation
of Rhode Island Red chicken and its crosses. Ph.D,
Thesis Submitted to Indian Veterinary Research
Institute, Deemed University, p. 133.

Das, A.K. Kumar, S., Rahim, A. and Kokate, L.S. 2015.
Genetic Analysis of Body Conformation and Feed
Efficiency Characteristics in a Selected Line of
Rhode Island Red Chicken. Asian J. Anim. Sci.,
9(6): 434-440.

Das, A.K. Kumar, S., Rahim, A., Kokate, L.S. and Mishra,
A.K. 2014a. Assessment of Body Conformation,
Feed Efficiency and Morphological Characteristics
in Rhode Island Red-White Strain Chicken.Ind. J.
Anim. Sci., 84(9): 986–991.

Das, A.K., Kumar, S., Rahim A. and Mishra, A.K. 2014b.
Genetic Variability in Immunocompetence and
Performance Status of Rhode Island Red Chicken
Strains and its Crosses. Int. J. Biores. Stress Manag.,
5 (2): 246-254.

Gogoi, S. and Mishra, P.K. 2013. Study of correlation
between body weight and conformation traits in
coloured synthetic dam line broiler chicken at five
weeks of age. J. Anim. Res., 3(2): 141-145.

Jahan, S.S., Islam, M.S., Howlider, M.A.R., Sarder, M.J.U.,
Islam, M.A. and Hossain, Z.M.A. 2015:
Hatchability of Deshi, Fayoumi, RIR and Sonali
chicken in forced draft incubator and under
broody hens in Bangladesh. Livestock Res. Rural
Develop., Volume 27, Article#15. Retrieved
November6, 2015, fromhttp://www.lrrd.org/
lrrd27/1/jaha27015.html.

Jilani, M.H., Singh, H. and Singh, C.B. 2005. Performance
evaluation and selection indices in a strain of
Rhode Island Red. Ind.J.Poult. Sci., 40(3): 278-281.

Khawaja, T., Khan, S.H., Mukhtar, N., Ullah, N. and
Parveen, A. 2013. Production performance, egg
quality and biochemical parameters of Fayoumi,
Rhode Island Red and their reciprocal crossbred
chickens. J. Appl. Anim. Res., 41(2): 208-217.

King, S.C. and Henderson, C.R. 1954. Variance
component analysis in heritability studies. Poult.
Sci., 33: 147-154.

Madapurada, A. 2001. Evaluation for egg production
and allied traits in colored broiler breeder dam
line. MVSc. Thesis. University of Agricultural
Sciences, Bangalore.

Malago, J.J. and Baitilwake, M.A. 2009. Egg traits, fertility,
hatchability and chick survivability of Rhode
Island Red, local and crossbred chickens.
Tanzania Vet. J., 26(1): 24-36.

Miazi, O.F., Moah, O., Miazi, Md. M., Uddin, M.M.,
Hassan, M.M., Faridahsan, Md. 2012. Fertility and
hatchability of Fayoumi and Sonalichicks.
Scholarly J. Agric. Sci., 2: 83-86.

Mohammed, M.D., Abdalsalam, Y.I., Kheir, A.R.M., Jin-
yu, W. and Hussein, M.H. 2005. Growth
performance of indigenous x exotic crosses of
chicken and evaluation of general and specific
combining ability under Sudan condition. Int. J.
Poult. Sci., 4(7): 468-471.

Nwague, B.I., Olorunju, S.A.S., Oni, O.O., Eduvie, L.O.,
Adeyinka, I. A., Sekoni, A.A. and Abeke, F.O. 2007.
Response of egg number to selection in Rhode
Insland chickens selected for part period egg
production. Int. J. Poult. Sci., 6(1): 18-22.

Ponnuvel, P., Narayanankutty, K. and Anitha, P. 2014.
Effects of phytase enzyme supplementation in low
energy-protein layer diet on egg quality traits. J.
Anim. Res., 4(1): 115-120.

Rahim, A. 2015. Microsatellite, immunocompetence and
candidate gene expression profiling of Rhode
Island Red chicken and association of
microsatellite alleles and immunocompetence
traits with layer economic traits. Ph.D., Thesis
Submitted to Indian Veterinary Research Institute,
Deemed University, p. 4.

Saini, S., Chaudhury, M.L., Brah, G.S. and Bajwa, I.S.
2011. Genetic evaluation of feed efficiency traits
and thermoregulation in different strains of egg
laying chicken. Indian J. Poult. Sci., 46(2): 137-
142.

SAS .2010, SAS Institute Inc., SAS Campus Drive, Cary,
NC, USA 27513.

Sharma, R.P. and Chatterjee, R.N. 2006. Research
priorities in poultry genetics and breeding to 2020.
In: Poultry Research Priorities to 2020.
Proceedings of National Seminar, Central Avian
Research Institute, Izatnagar.

Sivaraman, G.K., Kumar, S., Saxena, V.K., Singh, N.S. and
Sivakumar, B.M. 2005. Genetics of immuno-
competent traits in a synthetic broiler dam line.
Br. Poult. Sci., 46(2): 169-174.

Stevens, J. 1999. Canonical correlations. In. J. Stevens
(Ed.), Applied multivariate statistics for the social
sciences. 3rd ed., Mahwah, NJ: Erlbaum, pp. 429-
449.

Yahaya, H.K., Oni, O.O., Akpa, G.N. and Adeyinka, I.A.
2009. Estimation of genetic parameters of various
economic traits in a closed population of female
line layer type chickens under shortterm selection.
Emir. J. Food Agric., 21(1): 59-64.


