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Introduction 
The parameters used in genetic evaluation are not static, they can vary across different 

populations and production environments and understanding these genotype-by-environment 

(GxE) interactions are vital for developing breeding objectives that are truly tailored to specific 

production systems (Mulder and Bijma, 2005).  

Breeding values estimation are statistical predictions of an animal's genetic merit for a specific 

trait which are calculated using the Best Linear Unbiased Prediction (BLUP) methodology. It 

is integrating an animal's own performance data with the performance data of its relatives (e.g., 

parents, siblings, offspring) and simultaneously accounts for various non-genetic (fixed effects) 

factors under a progeny testing program (Henderson, 1975; Mrode, 2014; Singh et al., 2022). 

In addition, selection index theory provides an optimal linear combination of EBVs for multiple 

traits to maximize aggregate genetic gain with known genetic correlations and economic 

importance (Hazel, 1943).  

Lal Teer Livestock Development (BD) Limited is a Department of Livestock Services (DLS) 

approved first private livestock breeding company in Bangladesh dedicated for research and 

sustainable bovine breed development. Regarding this aspect, we conducted a progeny testing 

program including National Technical and Regulatory Committee (NTRC) approved five 

Sahiwal crossbred under a pilot project to estimate the breeding values of each bull’s different 

traits of interest. Acceptable number of progeny per sire (Dekkers et al., 1996) was considered 

in this program as it is directly related to the accuracy of a bull's proof (Schaeffer, 1994). 

 

Materials & Methods 
Five Sahiwal (SL) crossbred bulls were selected in the program: 18SL0040-SHARP (96.88% 

SL), 17SL0052-SERGIO (93.75% SL), 17SL0029-STEVE (87.5% SL), 17SL0027-SILVA 

(87.5% SL) and 16SL0022-FIGO (75% SL) including progeny number 71, 28, 46, 68 and 53 

progeny number per sire. The semen of those bulls was inseminated mainly in Zebu cattle 

especially local varieties and Sahiwal crossbred females. However, total 266 progeny data 

originated from Sahiwal crossbred were collected from 12 districts for four growth traits (birth, 

weaning weight at 6 months, yearling weight at 12 months and mature weight at 18 months) 

by the designated personnel from community farmers at field.  

The data were assessed and analyzed for sire transmitted breeding values following Sire Model 

(i) having fixed effects sex, parity and season while the sires as random effect (Henderson, 

1953; Sun et al., 2009). The sire variance component represents one-quarter of the additive 

genetic variance in a paternal half-sib structure.  In addition, all the bulls were ranked by the 

Selection Index (ii) following Hazel (1943). Here we considered economic weights 25%, 15%, 

20% and 40% for birth, weaning, yearling and mature stages of progeny considering local 

demands, respectively. All the data analysis and plot construction were performed by R 

language (R Core Team, 2025) adding lme4, ggplot2 and other associate packages (Bates et 

al., 2015; Wickham and Sievert, 2011). 
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                                                                                            (1) 

Where, y: Vector of growth traits; X: Fixed effect design matrix; b: Fixed effect coefficients to 

estimate; Z: Random effect design matrix; s: Vector of five sire random effects; e: Residual 

errors 

                                                                                                      (2) 

Where, I = Selection Index value for each bull; bi = Economic weight assigned to the ith trait; 

s: The predicted random effect for trait i; n = number of traits 

 

Results & Discussion 
The findings showed that mean body weight increased from 21.60 ± 1.32 kg at birth to 208.74 

± 20.09 kg at eighteen months (Table 1), reflecting normal growth patterns advancing age of 

Sahiwal crossbred cattle reared under community management systems which also indicating 

the adaptability and growth potential of progeny. The number of recorded progenies decreased 

with age due to natural attrition, sale, and management-related losses, a common limitation in 

field-based progeny testing programs in developing countries. Gandhi and Kumar (2014) 

revealed that body weight at birth (20.59 ± 0.27 kg), six (82.29 ± 2.64 kg), twelfth (136.98 ± 

3.26 kg) and eighteen (204.83 ± 2.77 kg) months of Indian Sahiwal females had close similarity 

with our findings irrespective of sex of progeny which also supported by Khan et al. (2016) in 

Pakistani Sahiwal cattle for birth (21.6 kg) and twelfth (130 kg) months’ of age. Sire-wise 

highest variation observed at sixth month of age by the bull SERGIO (11.26%) followed by 

STEVE at twelfth month (10.66%) and at eighteen month (9.06%) compared to the overall 

average growth performances. 

 

Table 1. Estimation of mean and sire-wise variation for the growth traits of Sahiwal 

crossbred bulls’ progeny at rural community farming 

Growth traits  

(body 

weight) 

Total 

progeny 

number 

(n) 

Overall 

Mean±SE 

Maximum variation by sire from overall 

mean 

 n Mean±SE % Sire 

name 

At birth  266 21.60±1.32 71 23.30±0.49  7.87 SHARP 

Sixth month 202 81.86±5.76 24 91.08±5.66  11.26 SERGIO 

Twelfth 

month 

134 147.59±12.70 21 163.33±8.72  10.66 STEVE 

Eighteenth 

month 

108 208.74±20.09 20 227.65±13.07 9.06 STEVE 

 

The sire transmitted breeding values revealed substantial variation among sires for all growth 

traits (Table 2). Bull SERGIO consistently showed positive breeding value across post-

weaning stages, achieving the highest value at eighteen months (+11.79 kg), followed by 

STEVE (+8.43 kg) and FIGO (+6.94 kg). Conversely, SHARP and SILVA exhibited negative 

breeding values for later growth traits, with SHARP showing the most pronounced negative 

genetic effect at eighteen months (-17.11 kg). Reliability of those breeding values were 

generally high (>80% for most traits), reflecting satisfactory progeny numbers per sire and 

supporting the strength of sire ranking. Based on the selection index combining all growth 

traits, three bulls (20SL0052, 17SL0029 and 16SL0022) were identified as genetically superior 

and suitable for use as proven bulls in breeding programs (Fig. 1). Khan (1998) also reported 

in his review that ranking of bulls through progeny testing on the performance of their offspring 



3 

 

3 

 

is known as progeny-tested or proven bulls (Khan, 1998). Caamal-Pat et al. (2021) and Sharko 

et al. (2022) also reported that higher accuracy in breeding values estimation allows selection 

decisions to be based on an animal's inherent genetic worth rather than solely on its phenotypic 

appearance which also agreed to our higher accuracy level in breeding values. 

 

Table 2. Sire transmitted breeding values with reliability of Sahiwal crossbred bulls based on 

progeny performances 

Bull ID Bull 

names 

Parameters Studied growth trait periods 

At birth Sixth 

month 

Twelfth 

month  

Eighteenth 

month 

16SL0022 FIGO Progeny number (n) 53 47 29 22 

Breeding values (kg) -1.08 +1.11 +0.76 +6.94 

Reliability (%) 95 83 82 81 

17SL0027 SILVA Progeny number (n) 68 54 33 22 

Breeding values (kg) -1.49 -5.33 -3.72 -10.06 

Reliability (%) 96 85 83 81 

17SL0029 STEVE Progeny number (n) 46 26 21 20 

Breeding values (kg) +0.27 +1.76 +6.34 +8.43 

Reliability (%) 95 74 77 80 

18SL0040 SHARP Progeny number (n) 71 51 30 23 

Breeding values (kg) +1.58 -2.16 -11.08 -17.11 

Reliability (%) 96 84 82 82 

20SL0052 SERGIO Progeny number (n) 28 24 21 21 

Breeding values (kg) +0.72 +4.62 +7.71 +11.79 

Reliability (%) 92 73 77 81 

 
Figure 1. Bull ranking based on growth traits evaluation by selection index 

 

Conclusions 
In summary, sire specific highest growth performances exhibited at sixth month of age 

indicating sire-based potential for genetic improvement through selection in combination with 

improved management. Based on sire transmitted breeding values, reliability measures, and a 

multi-trait selection index, three bulls were selected as genetically superior candidates for 

growth traits and recommended for use in future artificial insemination programs. The findings 
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emphasize the importance of structured progeny testing supported by larger datasets and 

objective genetic evaluation in Bangladesh to ensure reliable proven bull selection with traits 

specific transmitted breeding values. 

 

Acknowledgements 
The authors are grateful to Mr. Shorif Uddin (JO-Progeny Testing Program, LTL), all the 

farmers and Artificial Inseminator Service Providers (AISPs) of Lal Teer Livestock 

Development (BD) Limited who were dedicated to share the bull specific progeny 

performances data with us.   

 

References 
Bates D., Mächler M., Bolker B., et al. (2015) J. Stat. Softw. 67: 1–48. https://doi.org/10.18637/jss.v067.i01  

Caamal-Pat D., Pérez-Rodríguez P., Crossa J., et al. (2021) Front. Genet. 12: 680569. 

https://doi.org/10.3389/fgene.2021.680569  

Dekkers J.C.M., Vandervoort, G.E. and Burnside E.B. (1996) J. Dairy Sci. 79(11): 2056-2070. 

https://doi.org/10.3168/jds.S0022-0302(96)76579-7   

Gandhi R.S. and Kumar A. (2014) Indian J. Anim. Res. 48(3): 214-216. https://doi.org/10.5958/j.0976-

0555.48.3.045  

Hazel L.N. (1943) Genetics 28(6): 476–490. https://doi.org10.1093/genetics/28.6.476  

Henderson C.R. (1953) Biometrics 9(2): 226–252. https://doi.org/10.2307/3001853  

Henderson C.R. (1975) Biometrics 31(2): 423–447. https://doi.org/10.2307/2529430   
Khan M.S. (1998) Pakistan Vet. J. 18(1): 1–5. https://www.pvj.com.pk/pdf-files/18_1/1-5.pdf  

Khan U.N., Dahlin A., Zafar A.H., et al. (1999) Anim. Sci. 68(1): 97-108. 

https://doi.org/10.1017/S1357729800050128  

Mrode, R. A. (2014). Linear models for the prediction of animal breeding values (3rd ed.). CABI, London, UK. 

Mulder H.A. and Bijma P. (2005) J. Anim. Sci. 83(1): 49–61. https://doi.org/10.2527/2005.83149x  

R Core Team (2024) R: A language and environment for statistical computing (Version 4.x) [Computer 

software]. R Foundation for Statistical Computing. Available at: https://www.R-project.org/, visited on: 

29.01.2026. 

Schaeffer L.R. (1994) Multiple-country comparison of dairy sires. J. Dairy Sci. 77(9): 2671-2678. 

https://doi.org/10.3168/jds.S0022-0302(94)77209-X    

Sharko F.S., Khatib A., and Prokhortchouk E.B. (2022) Acta Naturae 14(1): 109–122. 

https://doi.org/10.32607/actanaturae.11648  

Singh U., Raja T.V., Mukherjee A., et al. (2022) Indian J. Anim. Sci. 92(3): 314–317. 

https://doi.org/10.56093/ijans.v92i3.122261  

Sun C., Madsen P., Nielsen U. S., et al. (2009) J. Dairy Sci. 92(8): 4063–4071. https://doi.org/10.3168/jds.2008-

1918  

Wickham, H., and Sievert, C. (2009) ggplot2: Elegant graphics for data analysis (Vol. 10, pp. 978–0). Springer. 

Available at: https://ggplot2-book.org/, visited on: 29.01.2026. 

 

 

 

 

https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.3389/fgene.2021.680569
https://doi.org/10.3168/jds.S0022-0302(96)76579-7
https://doi.org/10.5958/j.0976-0555.48.3.045
https://doi.org/10.5958/j.0976-0555.48.3.045
https://doi.org10.1093/genetics/28.6.476
https://doi.org/10.2307/3001853
https://doi.org/10.2307/2529430
https://www.pvj.com.pk/pdf-files/18_1/1-5.pdf
https://doi.org/10.1017/S1357729800050128
https://doi.org/10.2527/2005.83149x
https://www.r-project.org/
https://doi.org/10.3168/jds.S0022-0302(94)77209-X
https://doi.org/10.32607/actanaturae.11648
https://doi.org/10.56093/ijans.v92i3.122261
https://doi.org/10.3168/jds.2008-1918
https://doi.org/10.3168/jds.2008-1918
https://ggplot2-book.org/

