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Culling and maintenance of herd dynamics are important
components of breeding and management programme in
an organized herd, as the animals are selected from a given
lot of elite individuals. Response to selection and genetic
gain will be lower if elite animals are culled in breeding
programme. Though required levels of voluntary culling
are desirable to improve the herd performance, it is the
higher levels of involuntary culling which severely affect
the herd structure and performance (Fetrow 1988, Weigel
et al. 2003). An increase in involuntary culling affects the
economically optimum scenario of a dairy herd and
decreases its profitability by decreasing the net revenues
(Rogers et al. 1988). It has been estimated that an optimum
annual culling rate should be around 30.1% in cattle, of
which voluntary culling should be higher around 50.0%
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ABSTRACT
The present study focused on analysis of annual disposal pattern and identification of non-genetic factors affecting

the incidence of culling in Holstein Friesian crossbred cattle. Data on disposal pattern of 1988 Karan Fries (Holstein
Friesian crossbred) cows, spread over a period of 34 years (1978 to 2012), were utilized for the study. Culling was
classified into 2 groups viz. voluntary (low milk production) and involuntary culling. Reasons of involuntary
culling were categorized into locomotory problem (LP), poor health and weakness (PHW), teat and udder problem
(TUP) and reproductive problem (RP). Logistic regression analysis was conducted to assess the effect of various
non-genetic factors viz. number of normal lactations completed (NLC), calving type (CT), season of calving (SC)
and period of calving (PC) on incidence of culling in various parities. The analysis of annual disposal pattern of the
Karan Fries cows, revealed that the average annual replacement index, annual culling rate and annual disposal rate
in the herd was 1.46, 24.40 and 29.80% per annum, respectively. Odd ratio estimates indicated that young calvers
which did not complete atleast one normal lactation were 1.83 times more prone to culling because of PHW and
were 0.95 and 0.33 times lesser prone to culling due to RP and LMP, respectively. Moreover, receiver operating
characteristic (ROC) analysis indicated that the role of non-genetic factors in prediction of culling increased with
parities and the logistic regression was efficient in predicting the incidence of parity wise culling, due to different
involuntary causes, in Karan Fries cattle.
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(Dekkers 1991). Analysis and identification of non-genetic
factors, which contribute significantly to involuntary culling
of high yielding cows belonging to different parities, is of
prime importance as this would enable the animal breeder
to intervene and moderate the effect of such factors, thus
optimizing herd structure and performance through effective
management which in turn would maximize the genetic
gain. The present study focuses on analysis of annual
disposal pattern and effect of non-genetic factors on
incidence of culling due to different disposal causes in
Holstein Friesian crossbred cattle.

MATERIALS AND METHODS

The present investigation was carried out on data of
Karan Fries cows (Holstein Friesian crossbred cattle)
maintained at ICAR-National Dairy Research Institute
(ICAR-NDRI), Karnal, Haryana. Data on culling pattern
of 1988 Karan Fries cows, spread over a period of 34 years
(1978 to 2012), were utilized for the study. The cows
completing at least first lactation were considered in the
study. The culling was classified in to two groups viz.
voluntary and involuntary culling. Voluntary culling of cows
was performed on the basis of low milk production (LMP).
Major reasons of involuntary culling were locomotory
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problem (LP), poor health and weakness (PHW), teat and
udder problem (TUP) and reproductive problem (RP).
Annual disposal pattern analysis was carried out by
estimating annual culling rate, annual disposal rate and
annual replacement index (ARI). ARI was estimated as
number of heifer calving in a year/number of cows which
left the herd (Ram and Tomar 1993).

Since the incidence of culling was considered as a binary
trait, therefore, logistic regression analysis was conducted
to assess the effect of various non-genetic factors affecting
the incidence of culling. The non genetic factors considered
for analysis were number of normal lactations completed
(NLC), type of last calving - normal or abortion (CT), season
of last calving (SC) and period of last calving (PC). The
model used for logistic regression analysis was Cijklm = µ
+ NLCj + CTj + SCk + PCl+ eijklm where, Cijklm , culling
code (LP, PHW, LMP, TUP and RP) of the mth cow calved
in the lth period and kth season having jth type of calving
and with ith number of normal lactations upto disposal; µ ,
overall mean effect; NLCi, ith number of normal lactations
completed upto disposal; SCk, kth season of last calving
before disposal; PCl , lth period of last calving before
disposal; CTj, type of last calving before disposal; 1 for
normal and 2 for abnormal calving; eijklm, error. This
dichotomous model in logistic form can be represented as
follows:

where, ln, natural logarithm; p, probability that the
dependent variable equals a case; 0, intercept from the
linear regression equation (the value of the criterion when
the predictor is equal to zero); j Xj, regression coefficient
multiplied by some value of the predictor. Step wise logistic
regression analysis was carried out in SAS 9.3 (SAS 2011)
and the best fit model was adjudged from coefficient of
determination (R2), Akaike information criteria (AIC)
(Akaike 1974) and Schwarz information criteria (SC) values
(Schwarz 1978). Since R2 is not considered as an ideal
model fitness criterion, when the dependent variable is
binary or dichotomous; receiver operating characteristic
(ROC) curve analysis was carried out, as ROC indicates
the accuracy of the logistic regression model. The ROC
curve was generated by plotting sensitivity (Y-axis) against
1– specificity (X-axis) (Metz 1978).

RESULTS AND DISCUSSION

Effect of non-genetic factors on likelihood of culling
due to different causes along with odd ratio estimates are
detailed in Table 1. Fitness criteria of all the logistic
regression models attempted for prediction of disposal
causes are indicated in Table 2 and model with highest
estimate of area under the curve (AUC) for ROC curve are
indicated in Fig. 1.

Annual disposal pattern: The analysis of annual disposal
pattern of the Karan Fries cows, revealed that the average

annual replacement index, annual culling rate and annual
disposal rate in the herd was 1.46, 24.40 and 29.80% per
annum, respectively. Moreover, the total proportion of
disposal due to LMP, RP, TUP, LP, PHW and miscellaneous
culling reasons were 14.51, 12.88, 17.52, 12.64, 9.57 and
13.79% respectively, which indicated that out of the total
culled cows, involuntary culling (RP, TUP, LP, PHW and
miscellaneous culling reasons) accounted for 66.40% with
teat udder problem accounting for the highest number of
cases followed by reproductive problem. The average
annual mortality was around 5.40% and overall disposal
due to mortality from 1981 to 2010 revealed toxemia
(24.92%). Respiratory system problems (21.45%) were the
major causes of mortality. Trend of replacement index did
not vary greatly during the period of study and the highest
replacement index of 4.91 was observed during 1982, due
to higher proportion of heifer calvings in comparison to
total adult cows disposed. Highest disposal (45.19%) and
culling (38.46%) was noticed during the year 2007; of the
total culling cases, teat and udder problem accounted for
the highest proportion of cases (26.24%) followed by
locomotory problem (25.00%), reproductive problem
(15.00%) and poor health and weakness (6.25%). The
annual culling pattern was similar to the disposal pattern
from 1981 to 2010, indicating less change in mortality rate
during the period of thirty years. Records on cows and
heifers in NDRI herd of crossbred cattle analyzed by
Kulkarni and Sethi (1990) revealed that 24.3% of Karan
Fries cows were culled during 1981 to 1986 and the
percentage of cows culled for low production, reproductive
disorders and health problems was 11.0, 4.5 and 8.8,
respectively. Singh and Gurnani (2004) found that the
mortality trend in Karan Fries cattle ranged from 7.76 to
25.00%, over a period of six years (1986 to 1991), further,
they reported poor health as the major reason of culling
(27.11% of total culling), followed by reproductive
disorders (23.24%) and locomotive problems (18.49%).
Pinedo et al. (2010) reported annualized live culling rate
and death rate in Holstein cows were 25.1 and 6.6%,
respectively; their study also revealed mortality as the
primary disposal cause (20.6%), followed by reproductive
problem (17.7%), injury (14.3%) and low production and
mastitis (both 12.1%).

Effect of various non-genetic factors on likelihood of
culling: In first parity cows, culling due to PHW and RP
was significantly (P<0.01) influenced by NLC. First parity
cows were more prone to culling because of PHW and the
probability of culling was 1.831 times higher in cows which
did not have a normal first lactation in comparison to those
cows that had completed their first lactation. The likelihood
of culling due to RP was lower in cows which did not have
any normal lactation. The estimates of fitness criteria of all
the models for prediction of disposal causes indicated were
not on higher side. The ROC analysis for logistic regression
model for LMP, LP, PHW, TUP and RP indicated a fair
level of accuracy of 64.80, 58.35, 69.60, 74.24 and 66.20%,
respectively.
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In the second parity cows, period of calving had
significant influence on culling due to LMP, PHW, RP and
TUP, indicating improvement in managemental practices
across years in decreasing culling due to the causes
considered in the present study. Culling due to RP was also
significantly (P<0.01) influenced by the NLC and likelihood
of culling due to RP increased with the increasing normal
lactations and cows with lesser normal lactations during
their herd life were least prone to culling due to RP. Fitness
criteria estimates of all the logistic regression models
attempted in the study did not reveal good fit, with respect
to AIC, SC and R2. The ROC curve for logistic regression
model for LMP, LP, PHW, TUP and RP indicated fair levels
of accuracy viz. 67.28, 66.88, 74.58, 70.68 and 65.94%,
respectively.

Odd ratio estimates indicated that cows which had lesser
NLC upto their third parity had greater likelihood of culling
due to LMP, as LMP was significantly (P<0.01) affected
by NLC. Period of calving had significant (P<0.01)
influence on culling due to TUP and odd ratio estimate had
an overall increasing trend which may be due to the increase
in frequency of high yielders in the herd. All the logistic

regression models had low R2; AIC and SC values of
intercept with covariates. However, the estimate of area
under the ROC curve for logistic regression model for LMP,
LP, PHW, TUP and RP indicated a fair level of accuracy of
65.75, 68.14, 69.78, 73.85 and 72.31%, respectively.

The effect of non-genetic factors on culling of cows
which had completed four parities was not significant except
in case of culling due to RP, in which the effect of CT was
highly significant, as aborted calvings may have
subsequently resulted in reproductive problems in the cows.
Moreover, the estimates of AIC and SC were not superior
for intercept with covariates model in comparison to the
intercept only model. Though the R2 of all the logistic
regression models attempted were low; however, the
estimates of area under the ROC curve for logistic regression
model for LMP, LP, PHW, TUP and RP were 75.17, 71.96,
75.41, 83.95 and 68.14%, respectively. The ROC curve
estimates indicated that all models had fair level of accuracy
with respect to the prediction of the disposal outcome.

Earlier, Durr et al. (1999) reported that parity had a
significant effect on involuntary culling and the proportion
of cows culled mainly because of reproductive problems,

(a) First parity: Reproductive problem (RP) (b) Second parity: Poor health and weakness (PHW)

(c) Third parity: Reproductive problem (RP)

Fig. 1. Logistic regression model (used for different disposal causes of cows in different parities) with highest estimates of area
under the curve.

(d) Fourth parity: Reproductive problem (RP)
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mastitis and feet and leg problems increased with parity.
Pinedo et al. (2010) also reported reproductive problems
as most often disposal code in first and second parity. They
also found that period of caving had highly significant
(P<0.01) influence on culling due to RP and significant
(P<0.05) influence on culling due to TUP. Durr et al. (1999)
also reported significant effect of period on culling and
found that involuntary culling had an ascending trend over
different periods, whereas, voluntary culling had a
descending trend. Similarly, there was significant effect of
period of first calving on disposal of Sahiwal cows upto 4
lactations (Upadhyay et al. 2014).

Logistic regression analysis, carried out to examine the
effect of non-genetic factors viz. CT, NLC, SC and PC on
culling of Karan Fries cows indicated that these factors had
a significant effect on culling during earlier parities and
the effect of these factors was not significant in case of
culling of older cows. Though the conventional model
fitness criterion had lower estimates; however, ROC curve
analysis confirmed the role of these environmental factors
in prediction of culling increased with higher parities.
Overall, the logistic regression was efficient in predicting
the disposal of Karan Fries cattle.

REFERENCES

Akaike H. 1974. A new look at the statistical model identification.
IEEE Transactions on Automatic Control 19: 716–23.

Dekkers J C M. 1991. Estimation of economic values for dairy
cattle breeding goals: bias due to sub-optimal management
policies. Livestock Production Science 29: 131–49.

Durr J W, Monardes H G and Cue R I. 1999. Genetic analysis of
herd life in Quebec Holsteins using Weibull models. Journal

of Dairy Science 82: 2503–13.
Fetrow J. 1988. Culling dairy cows. Proceedings of 20th Annual

American Association Bovine Practitioners Convention.
Phoenix, Arizona. pp 102. Frontier Printers, Stillwater,
Oklahoma.

Kulkarni N R and Sethi R K. 1990. Culling and replacement
pattern in Karan Swiss and Karan Fries cattle. Indian Journal
of Animal Sciences 60: 107–09.

Metz C E. 1978. Basic principles of ROC analysis. Seminars in
Nuclear Medicine 8: 283– 98.

Pinedo P J, De Vries A, Webb D W. 2010. Dynamics of culling
risk with disposal codes reported by Dairy Herd Improvement
dairy herds. Journal of Dairy Science 93: 2250–61.

Ram R C and Tomar S S. 1993. Replacement Index in Murrah
buffaloes. Indian Journal of Dairy Science 46: 135–36.

Rogers G W, Van Arendonk J A M and McDaniel B T. 1988.
Influence of involuntary culling on optimum culling rates and
annualized net revenue. Journal of Dairy Science 71: 3463–69.

SAS 2011. SAS/STAT 9.3 User’s Guide. Statistical Analysis
System, SAS Publishing, Cary, USA, 5136.

Schwarz G E. 1978. Estimating the dimension of a model. Annals
of Statistics 6: 461–64.

Singh M K and Gurnani M. 2004. Disposal pattern and its impact
on milk production and herd size in Karan Fries and Karan
Swiss Cows. Asian Australian Journal of Animal Science 17:
1214–18.

Upadhyay A, Sadana D K, Gupta A K, Singh A, Chakravarty A
K, Shivahre P R, Dash S, Panmei A, Das M K and Manoj M.
2014. Influence of non-genetic factors on disposal pattern of
Sahiwal cattle under an organized farm. Indian Journal of
Animal Sciences 84: 767–70.

Weigel K A, Palmer R W and Caraviello D Z. 2003. Investigation
of factors affecting voluntary and involuntary culling in
expanding dairy herds in Wisconsin using survival analysis.
Journal of Dairy Science 86: 1482–86.

Table 2. Fitness criteria of logistic regression model for prediction of disposal due to LMP, LP, PHW, RP and TUP of cows in
different parities

Parity LMP LP PHW RP TUP
Fitness Intercept  Intercept Intercept Intercept Intercept Intercept Intercept Intercept Intercept Intercept
criterion only and and and and and

Covariate only Covariate  only Covariate only Covariate only Covariate

1 AIC 354.64 359.31 461.01 472.85 436.81 425.98 493.16 452.49 399.60 400.61
SC 358.90 406.25 465.28 519.79 441.08 472.92 497.43 499.43 403.87 447.55
–2 Log L 352.64 337.31 459.01 450.85 434.81 403.98 491.16 430.49 397.60 378.61
R Square 2.87% 1.50% 5.68% 10.80% 3.54%

2 AIC 488.97 480.41 334.68 338.89 228.35 229.24 375.49 366.22 409.04 412.24
SC 493.17 530.87 338.89 389.34 232.55 279.69 379.69 416.68 413.24 462.69
–2 Log L 486.97 456.41 332.68 314.89 226.35 205.24 373.49 342.22 407.04 388.24
R-Square 5.99% 3.53% 4.17% 6.12% 3.73%

3 AIC 372.85 374.26 238.00 243.18 149.55 164.95 229.35 228.65 299.30 294.71
SC 376.70 424.38 241.85 293.30 153.41 215.06 233.20 278.77 303.15 344.82
–2 Log L 370.85 348.26 236.00 217.18 147.55 138.95 227.35 202.65 297.30 268.71
R-Square 6.27% 5.25% 2.43% 6.83% 7.87%

4 AIC 156.72 159.07 153.10 159.90 120.68 131.55 133.62 123.56 176.67 189.62
SC 159.95 201.15 156.34 201.97 123.91 173.63 136.86 165.63 179.91 231.70
–2 Log L 154.72 133.07 151.10 133.90 118.68 105.55 131.62 97.56 174.67 163.62
R-Square 10.87% 8.74% 6.74% 16.57% 5.71%

LMP, low milk production; LP, locomotory problem; PHW, poor health and weakness; RP, reproductive problem; TUP, teat and
udder problem.


