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Abstract
This study aimed to predict selection responses for breeding objective traits based on large-scale dairy 
farms rearing temperate dairy breeds in Sri Lanka. Responses were predicted selecting 10% of bulls at 
4 and 9 years of age assuming the availability of progeny records for the selection of older bulls. When 
economic weights were expressed relative to the trait genetic standard deviation, milk yield (MY, 74%) 
had the highest relative emphasis on selection. Favourable responses were only observed for MY and 
calving interval reflecting the high selection emphasis on MY to counteract with other traits. Predicted 
responses relative to the current mean varied from -0.67% (protein yield) to 0.40% (MY). Progeny selection 
increased the accuracy at the expense of higher generation interval. Predicted increase in profit due to 
genetic improvement was slightly higher under progeny testing compared to family selection (2,624 vs 
2,506 rupees or 14.1 vs 13.5 USD per cow per year).

Introduction
Selection of dairy cattle based on estimated breeding values is currently not practiced in Sri Lanka. 
However, the need for development of dairy cattle breeding programmes has been highlighted. Therefore, 
as a precondition for establishment of a breeding programme in Sri Lanka, genetic parameters for the main 
traits of interest in a breeding objective for temperate dairy cattle in Sri Lanka were recently estimated, and 
economic values (EVs) were derived (Samaraweera 2020). Prediction of annual genetic response of traits 
in the breeding objective is a key criterion in evaluating the selection decisions and understanding the 
direction and magnitude of individual trait responses. Therefore, the objective of this study was to predict 
response to multi-trait selection for breeding objective traits in large-scale dairy farms in Sri Lanka.

Materials & methods
The breeding objective traits of the large-scale dairy farms rearing temperate dairy breeds were annual 
milk yield (MY, kg/cow/year), annual fat yield (FY, kg/cow/year), annual protein yield (PY, kg/cow/year), 
age at first calving (AFC, days/cow), number of services per conception (NSC, counts/cow/conception), 
calving interval (CI, days/cow), and number of episodes of mastitis (MS, counts/cow/lactation). Please see 
Samaraweera et al. (in press) for trait definitions and EVs.

Economic weights. The EVs were transformed into economic weights (EWs) by multiplying them by 
discounted genetic expression (DGE) coefficients to account for the different frequency and timing of 
expressions of the traits (McClintock and Cunningham 1974). Since AFC is expressed once per cow and 
early in the cow’s lifetime, the DGE coefficient for AFC was equal to one, and EWs were expressed per cow 
at first calving. All other traits were expressed once per lactation. Therefore, DGE coefficients for MY, FY, 
PY, NSC, CI, and MS were calculated as the sum of all timings and the frequency of expressions over five 
lactations as follow:

DGE =  ∑ 𝛒𝛒
(1 + r)Lc

Lc=5

Lc=1
� (1)
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Where ρ = a vector with each element being the proportion of cows surviving in each lactation relative to 
the total number of surviving cows, weighted by lactation number, r = the annual interest rate of 5%, and 
Lc = lactation number reflecting lactations 1 to 5. Survival rate from one lactation to the next lactation was 
assumed to be 90%. The EVs and calculated economic weights are given in Table 1. When expressed relative 
to the trait genetic standard deviation, MY (74%) had the highest relative emphasis followed by FY (11%), 
CI (7%), and AFC (4%) (Table 1).

Selection index. Response to selection per year was predicted for two scenarios, i.e. (1) where bulls were 
selected at 4 years of age based on information from their dam and paternal half sibs (scenario 1); and 
(2) selection at 9 years of age based on progeny test (scenario 2). The breeding programme was based on 
a government nucleus farm with 2,000 cows, and 10% of male calves were selected as suitable to become 
breeding bulls in the nucleus. Therefore, selection intensity was 1.75 in both scenarios. Higher number of 
dam, half-sib, and progeny records were assumed for scenario 2 than scenario 1 (2, 5, and 10 vs 1, 2, and 
0). The number of half-sib and progeny information were based on the assumption of limited matings 
per sire in Sri Lanka. Response to selection was predicted using a multi-trait selection index programme, 
MTINDEX (Van der Werf 2018) which expresses selection response for each trait per standard deviation 
of the index. To obtain the response per year, these values were multiplied by the intensity of selection and 
divided by the appropriate generation interval. The genetic parameters that were used to predict response 
to multiple trait selection are given in Table 2.

Results
Trait accuracies were higher from progeny testing (scenario 1) compared to selection based on dam and 
paternal half sib information (scenario 2) (Table 3). After selection, scenario 2 had the highest response for 
all traits except CI and MS. Favourable (in $ terms) responses were observed only for MY and CI in both 
scenarios. Even though EWs were negative for FY and PY, response was positive and therefore unfavourable 
for FY and PY mainly due to the positive correlations between these trats with MY. The predicted increase 
in profit due to genetic improvement per year was slightly higher in scenario 2 than scenario 1 (2,624 vs 
2,506 rupees or 14.1 vs 13.5 USD per cow per year). Predicted genetic response to selection relative to the 
current mean (% change, Table 3) varied from -0.67% (PY) to 0.40% (MY).

Table 1. Economic values (EV), the discounted genetic expression (DGE) coefficients, economic weights (EW), 
rupees per genetic standard deviation (SD), and relative emphasis (RE) of each trait.

Parameter Traits1

MY FY PY AFC NSC CI MS
EV2 (rupees3/cow/year) 107 -162 -15 -59 -270 -84 -8,303
DGE 2.36 2.36 2.36 1.00 2.36 2.36 2.36
EW (rupees/cow/year) 253 -382 -35 -59 -637 -198 -19,595
rupees per genetic SD 50,496 -7,341 -730 -3,122 -1,126 -4,357 -305
RE (%) 74 11 1 4 2 7 1
1 MY = annual milk yield (kg); FY = fat yield (g); PY = protein yield (g); AFC = age at first calving (days); NSC = number of services per conception; CI = 
calving interval (days); ME = number of episodes of clinical mastitis.
2 EV: from Samaraweera et al. (in press).
3 USD = 186 rupees, May 2020.
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Discussion
The two scenarios were compared to understand the response to selection from early selection with lower 
accuracy using family information versus selection based on more accurate progeny test information but 
with a longer generation interval. The accuracy of selection and slightly higher responses were obtained 
for all traits except CI and MS in scenario 2. However, the response in scenario 1 is likely overestimated 
since selection was based on family information, and genetic variance is reduced due to selection (Bulmer 
1971). The genetic variance can be further reduced in family selection due to inbreeding. Despite the 
overestimated response in scenario 1, the family records can be used to achieve annual responses over a 
four-year period in a breeding programme until the progeny records become available.

Among the milk yield traits, the selection for FY and PY is not economically viable in both scenarios, even 
though, increased FY and PY in milk is favoured. Therefore, increased payment for FY and PY or reduced 
feed costs are recommended (Samaraweera, in press). A high relative emphasis on MY, FY, and PY (92%) 

Table 2. Phenotypic standard deviation (σp), heritability (diagonal), genetic (below the diagonal) and phenotypic 
(above the diagonal) correlations of the traits used in the multiple-trait selection index.

σp MY FY PY AFC NSC CI MS
MY1,2 7075 0.085 0.819 0.819 0.00 0.1510 0.2310 -0.1311

FY 4814 0.639 0.1614 0.8810 0.00 0.1410 0.2010 -0.1111

PY 459 0.639 0.8010 0.213 0.00 0.1610 0.2210 -0.1111

AFC 1004 0.317 0.00 0.00 0.284 0.4512 -0.0112 0.0013

NSC 10.25 0.2510 0.2510 0.2110 0.8712 0.035 0.7310 0.00
CI 98.35 0.118 0.496 0.446 -0.5212 0.7110 0.055 0.0313

MS 0.0911 0.3211 0.2211 0.2911 -0.1813 0.00 0.0613 0.0311

1 Traits and units are as given in Table 1.
2 For reference 1 US dollar is equal to 186 rupees (May 2020).
References for the parameters are indicated by superscripts: 3Bang et al. (2019); 4Montaldo et al. (2010); 5Samaraweera et al. (2020); 6Adapted from 
Haile-Mariam et al. (2003); 7Salah Khattab et al. (2005); 8Samaraweera (2020); 9Adapted from Carabano et al. (1989); 10Kadarmideen et al. (2003); 
11Carlén et al. (2004); 12Eghbalsaied (2011); 13Pryce et al. (1997); 14Wahinya et al. (2020). Values without a reference are indicated as zero.

Table 3. The trait accuracy (Acc), annual response to multiple-trait selection in trait units (Tu) and rupee value 
(Rs), and percentage change of the traits in breeding objective relative to the current mean (% change) when sires 
are selected at 4 (Scenario 1) and 9 years of age (Scenario 2).

Trait1 Scenario 1 Scenario 2
Acc Tu Rs % Change Acc Tu Rs % Change

MY 0.22 18.9 2,722 0.38 0.53 19.9 2,878 0.40
FY 0.30 0.6 -133 -0.22 0.66 0.8 -176 -0.34
PY 0.35 1.17 -23 -0.61 0.72 1.2 -25 -0.67
AFC 0.34 4.6 -156 -0.43 0.72 3.8 -127 -0.34
NSC 0.21 0.05 -20 -0.75 0.52 0.03 -11 -0.31
CI 0.29 -1.08 122 0.24 0.63 -0.81 92 0.18
MS 0.16 0.0005 -5.55 -0.17 0.40 0.0006 -6.84 -0.21
Total2 2,506 2,624
1 Traits and units are as given in Table 1.
2 Total: rupee value per cow per year.
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in the selection index is not beneficial for a tropical country like Sri Lanka where fertility, disease, and 
heat tolerance traits are equality important in the breeding objective for a more resilient dairy population. 
Therefore, inclusion of these functional traits in the breeding objective is recommended.

Genomic selection is advantageous in reducing the generation interval and increasing the genetic gain 
compared to conventional progeny testing. In Sri Lanka, genomic selection has not been evaluated so far, 
and a major problem for functional dairy cattle breeding programmes is the absence of reliable pedigree 
information. Genomic selection would benefit such systems given parentage can be traced using genetic 
markers. However, the cost of implementation and monetary benefits should be carefully considered before 
implementing genomic selection in developing countries.

In conclusion, progeny selection increased the accuracy of selection and response per year at the expense of 
higher generation interval. Favourable responses after selection were only predicted for MY and CI due to 
the very high selection emphasis on MY and its unfavourable genetic associations with other traits.
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