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  ABSTRACT 

  The objective was to describe the dynamics of culling 
risk with disposal codes for Holstein dairy cows report-
ed by herds enrolled in the Dairy Herd Improvement 
program. Dairy producers could report 1 of 9 possible 
disposal codes or forego reporting a code. After edits, 
3,629,002 lactation records were available for cows calv-
ing between 2001 and 2006 in 2,054 herds located in 38 
states primarily east of the Mississippi river. The distri-
bution of culled cows by disposal code was estimated by 
parity, days after calving, pregnancy status, cow-relative 
305-d mature equivalent milk yield, herd-relative 305-d 
mature equivalent milk yield, and season. Of all herds, 
57% reported all 8 different disposal codes excluding the 
codes dairy purposes and reason not reported. Hazard 
(risk) functions were calculated by parity, from 1 to 520 
d since calving for open cows and from 1 to 280 d since 
conception for pregnant cows. Annualized live culling 
rate and death rate (reported code was death) were 
25.1 and 6.6%, respectively. The primary disposal code 
was died (20.6% of all culling), followed by reproduction 
(17.7%), injury/other (14.3%), and low production and 
mastitis (both 12.1%). The risk of culling with various 
disposal codes varied with stage of lactation. Died and 
reproduction were the most frequently reported codes 
for cows leaving the herd during early and late lacta-
tion, respectively. Early lactation was also a critical 
period for culling with the disposal codes injury/other 
and disease, and the risk increased with days after calv-
ing for the codes low production and reproduction. The 
risk of culling with the disposal code died showed the 
greatest seasonal pattern with increased risk of death in 
spring and summer. A negative association was found 
between annualized live culling and death rates within 
herds. Compared with open cows, pregnant cows had a 
lower risk of culling with all reported disposal codes. In 

addition, the risk of culling was lower in high-producing 
cows with all disposal codes. In conclusion, the risk for 
culling by disposal code varied by parity, stage of lacta-
tion, season, pregnancy status, and milk yield. 
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  INTRODUCTION 

  Longevity, defined as the time from first calving until 
culling or censoring, is determined by voluntary and 
involuntary decisions at the farm level (Sewalem et 
al., 2008). In recent years, Holstein cows have shown a 
trend for lower survival rates (Hare et al., 2006; Miller 
et al., 2008). Today’s high involuntary culling rates are 
a concern on dairy farms from both an animal well-
being and an economic point of view (Weigel et al., 
2003). 

  Culling is the departure of cows from the herd be-
cause of sale, slaughter, salvage, or death (Fetrow et 
al., 2006). Culling risks are affected by physiological 
processes, such as calving, lactation, energy balance, 
reproduction, and aging. A critical time for survival 
is the transition period, during which cows experience 
a series of rapidly changing physiological statuses and 
most of the metabolic diseases occur (Goff and Horst, 
1997). The greatest risk of culling has been reported 
in early lactation and after 420 d post-calving (Fetrow 
et al., 2006), with culling rates by 60 DIM close to 
8% (Dechow and Goodling, 2008). As expected, greater 
parity was also related to the greatest risk of culling 
(van Arendonk and Dijkhuizen, 1985; Thomsen et al., 
2004; Miller et al., 2008). 

  Previous studies have investigated the frequencies of 
reported disposal codes for culling in dairy herds (Van 
Vleck and Norman, 1972; Milian-Suazo et al., 1988; 
Bascom and Young, 1998; Smith et al., 2000; Hadley 
et al., 2006). However, recent studies describing the dy-
namics and risk factors for culling with reported DHI 
disposal codes, considering parity, stage of lactation, 
pregnancy status, season, and herd characteristics, are 
missing. It is presumable that the reported risk of cull-
ing with various disposal codes depends on the time 
after calving and other concurrent conditions affect-
ing individual cows. Such information would be useful 
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because it provides insight into what dairy producers 
perceive as the major reason for cows leaving the herd 
and for future cash flow projections.

A strong association between reproductive perfor-
mance and cow survival has been stated (Rajala-Schultz 
and Gröhn, 1999; Schneider et al., 2007). Cows that 
required more services per conception, had an interval 
between calving to first service greater than 90 d, and 
had increased days open were at greater risk of being 
culled (Milian-Suazo et al., 1989; Sewalem et al., 2008). 
Nevertheless, the association of reproductive status and 
the risk of culling with the various disposal codes has 
not been quantified.

The objective of this observational study was to de-
scribe the dynamics of culling risk with reported DHI 
disposal codes by parity, stage of lactation, milk yield, 
reproductive status, herd milk yield, and herd size in 
larger (>100 cows) Holstein dairy herds enrolled in the 
DHI program.

MATERIALS AND METHODS

Study Population

The study analyzed DHI lactation records from herds 
located in 38 states primarily east of the Mississippi riv-
er. A total of 14 million records of cows calving between 
January 2001 and December 2006 were available. Data 
were provided by Dairy Records Management Systems 
(Raleigh, NC) and consisted of calving date, parity, 
date of dry-off, 305-d mature equivalent (305ME) milk 
yield, herd code and state, breeding data, and reported 
disposal code and date. Only 1 disposal code per culled 
cow was reported. The following 10 disposal codes were 
reported: feet and legs, dairy purposes, low production, 
reproduction, injury/other, mastitis, disease, udder 
problems, died, and reason not reported (DRMS, 2004). 
The code reason not reported was entered by DHI. 
Culling was considered removal from the herd with any 
disposal code other than dairy purposes. Live culling 
included all disposal codes except died. Consequently, 
in the analysis of annualized culling rates, the disposal 
code died was considered separately.

Data Edits

The analyses were restricted to Holstein cows. Lacta-
tion records missing parity number or calving date or 
from herds with <100 milking cows (annual average) 
were removed from the data set. Dates of calving, con-
ception, culling, and last known event were determined 
for each lactation record. Subsequent calving dates 
were obtained from the following lactation. Records 
that ended with the subsequent calving were considered 

completed. Records that ended in culling or that were 
censored were incomplete.

Cows were considered pregnant if their last reported 
pregnancy status was P (diagnosed pregnant) or E (es-
timated bred data, cow is assumed to be pregnant). 
Conception dates for completed records were calculated 
by adding the reported days to conception to the calv-
ing date starting the lactation record. However, if the 
resulting gestation length was <220 d or >300 d, the 
conception dates were calculated as the next calving 
date minus 280 d. When the record was not completed 
and a due date was reported, the conception date was 
calculated as 280 d before the provided due date. If a 
cow did not have a reported due date but was reported 
pregnant, then her last breeding date was used as the 
conception date. The due date was then estimated as 
280 d after the conception date.

The culling date was the last known reported status 
date with the status code for culling. Records of cows 
culled with disposal codes other than the code of inter-
est were also censored at the culling date. Cows culled 
with the disposal code dairy purposes were censored at 
the date of culling. However, events after 1,092 d since 
calving were ignored for censored cows and the last 
known event date was set to 1,092 d after the calving 
date. Therefore, the number of cow-days was calculated 
for each individual as the number of days between the 
calving date and culling or death date, the subsequent 
calving date, or the last known event date, whichever 
was earlier. Cow-days at risk for open cows were cal-
culated as the number of days between calving and 
conception that resulted in a reported pregnancy or 
last known event date, whichever was earlier. Cow-days 
at risk for pregnant cows were calculated as the number 
of days between conception and calving or last known 
event date, whichever was earlier.

Herd parameters were estimated from the edited 
lactation records. Herd milk yield (305ME) and herd 
size per season and year were calculated. Annualized 
live culling and death rates were calculated as number 
of cows that were live culled or died divided by the 
number of cow-days at risk, times 365 (Fetrow et al., 
2006).

Events of Interest and Independent Variables

The event of interest was culling with 1 of 9 dis-
posal codes: feet and legs, low production, reproduc-
tion, injury/other, mastitis, disease, udder problems, 
died, and reason not reported. The disposal code dairy 
purposes was not considered. Independent variables 
included reproductive status, cow-relative 305ME milk 
yield, herd-relative 305ME milk yield, herd size, and 
year and season of culling. Time-to-event analyses for 
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culling with various disposal codes in open versus preg-
nant cows were performed separately by parity (1, 2, 
3, ≥4).

All variables were categorized. The distribution of 
the noncategorical variables was examined through the 
use of histograms and descriptive statistics to assist in 
their categorization. Independent variables were catego-
rized as follows. Values for cow 305ME milk yield were 
provided in the DHI data set. Herd 305ME milk yield 
was estimated as the average of the individual values 
per herd year-season. Cow and herd 305ME milk yield 
and annualized herd live culling and death rates were 
expressed as relative values deviated from the mean 
and categorized as <mean − SD, mean − SD to mean 
+ SD, and >mean + SD. Cow-relative 305ME milk 
yield was calculated as the difference from the DHI 
reported herd mates’ average milk yield: <−2,313 kg 
(low), −2,313 to 2,187 kg (intermediate), and >2,187 kg 
(high). Herd-relative 305ME milk yield was calculated 
as the difference from the herd year-season average: 
<−243 kg (low), −243 to 243 kg (intermediate), and 
>243 kg (high). Annualized herd live culling rate was 
categorized as <17.6% (low), 17.6 to 32.5% (intermedi-
ate), and >32.5% (high). Annualized herd death rate 
was categorized as <2.8% (low), 2.8 to 10.5% (interme-
diate), and >10.5% (high). Herd size was categorized as 
100 to 200, 201 to 500, 501 to 1,500, 1,501 to 3,000, and 
>3,000 cows. Seasons of culling were winter (January 
to March), spring (April to June), summer (July to 
September), and fall (October to December).

Statistical Analysis

The frequency of herds by number of disposal codes 
reported was estimated to determine whether all herds 
reported all 8 disposal codes (codes dairy purposes and 
reason not reported were excluded). The number and 
distribution of disposal codes used for each herd was 
also calculated (Figure 1). Annualized live culling and 
death rates were estimated by categories of explanatory 
variables. The distribution of disposal codes was ana-
lyzed by parity, days after calving, reproductive status, 
cow- and herd-relative 305ME milk yield, herd size, 
year, season, and geographic subpopulations (North-
east = Pennsylvania, New York; Southeast = Florida, 
Georgia) and for different levels of annualized herd live 
culling and death rates. These geographic subpopula-
tions were chosen because a clear difference in seasonal 
effects was expected.

Hazard distributions for specific disposal codes were 
calculated by parity using the actuarial method of the 
LIFETEST procedure of SAS (release 9.2; SAS Insti-
tute Inc., Cary, NC). Records missing a subsequent 
calving date or a culling event and date were considered 

censored at the last known event date. The dynam-
ics of risk for culling with various disposal codes for 
open and pregnant cows were analyzed separately. The 
analysis of open cows was considered from 1 to 500 
d since calving and cows that became pregnant were 
censored at conception. In the analysis of pregnant 
cows, the conception date was considered as the origin 
time to account for differences in DIM at the moment 
of conception. Potential associations among disposal 
codes (including overall live culling) were hypothesized; 
correlations between culling rates with various disposal 
codes, expressed as absolute herd culling rates and as 
percentages relative to the total culling per herd, were 
calculated with the CORR procedure in SAS.

RESULTS AND DISCUSSION

Distribution of Culling with Various Disposal Codes

After edits, 3,629,002 observations in 2,054 herds 
were available for the analysis. Overall, 5.0% of the 
codes were reason not reported. Yet 0.3% of the culled 
cows had a missing disposal code despite the DHI policy 
to record reason not reported when the producer failed 
to provide a disposal code. The number of different 
disposal codes reported and number of herds reporting 
were as follows: 1 code reported (2 herds), 2 (7 herds), 
3 (15 herds), 4 (25 herds), 5 (150 herds), 6 (149 herds), 
7 (537 herds), and all 8 disposal codes reported (1,168 
herds). Therefore, most the herds (57%) reported all 8 
different disposal codes of interest.

The relative frequency of cows culled with various 
disposal codes within the number of reported codes per 
dairy farm are presented in Figure 1. For example, 2 
herds each reported just 1 disposal code. In herd A, 
cows left with reported disposal code injury/other (53% 
of the cows that were culled in both herds); in herd 
B, cows left with reported disposal code died (47% of 
the cows that were culled in both herds). Comparing 
reported frequencies of disposal codes between dairy 
farms requires caution because of differences in case 
definitions and recording methods (Fetrow et al., 
2006).

Overall, annualized live culling and death rates were 
25.1 and 6.6%, respectively (Table 1). Considering that 
this estimation does not include the disposal code dairy 
purposes, these values are within the reported ranges 
(Smith et al., 2000; Hadley et al., 2006). The primary 
reported disposal code was died (20.6% of all culling), 
followed by reproduction (17.7%), injury/other (14.3%), 
and low production and mastitis (both 12.1%). This 
is in partial agreement with data reported by Hadley 
et al. (2006), where injury/other was the primary re-
ported reason for culling, followed by reproduction and 
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low production. Two older studies conducted in New 
York are only in partial agreement with the present 
results indicating low production, reproduction, and 
udder problems as the primary reported reason for 
culling (Van Vleck and Norman, 1972; Milian-Suazo 
et al., 1988). Similarly, Bascom and Young (1998) re-
ported reproduction as the primary reason for culling, 
followed by low production and mastitis. In England, 
reproduction was the most reported reason for culling 
(Esslemont and Kossaibati, 1997). Therefore, the risk 
of death appears to have increased over time.

The frequency distributions of culling risk with vari-
ous disposal codes for different subgroups are reported 
in Table 1. Increasing values for annualized live culling 
rates were associated with decreasing categories of an-
nualized death rates, which is in agreement with data 
reported by McConnel et al. (2008).

The most often reported disposal code in parity 1 
and 2 was reproduction (20.4 and 20.7% of all culling, 
respectively). For cows in parity 3 and ≥4, died was 
the most frequently reported code (21.4 and 22.3%, re-
spectively). As previously reported (van Arendonk and 
Dijkhuizen, 1985; Thomsen et al., 2004; Miller et al., 

2008), cows in a higher parity were at a greater risk (P 
< 0.001) for overall live culling (annualized live culling 
rates from 16.9% for parity 1 to 40.8% for parity ≥4) 
and for death (annualized death rates from 3.9% for 
parity 1 to 11.7% for parity ≥4).

For pregnant cows, died was the main reported dis-
posal code (19% of all culling), followed by reproduction 
(18.9%). In open cows, died (28.2%) was followed by 
injury/other (12.7%). Pregnant cows had a lower annu-
alized live culling rate (7.2%) compared with open cows 
(40.4%). Similarly, the annualized death rate was lower 
for pregnant cows (3.1%) than for open cows (11.1%). 
Dairy producers may provide preferential treatment 
to pregnant cows when they get sick. Furthermore, 
healthier cows may get pregnant sooner.

In pregnant cows, reproduction was the second most 
often reported disposal code. Pregnancy loss rates 
close to 20% have been reported (Pursley et al., 1998); 
therefore, cows may first have been diagnosed pregnant 
but found to be open later without this finding being 
reported.

In low-producing cows, low production was the most 
frequently reported disposal code (21.0% of total cull-
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Figure 1. Frequency distribution of reported disposal codes by number of different reported codes by farm. Number of different disposal 
codes reported and number of herds reporting were as follows: 1 code reported (2 herds), 2 (7 herds), 3 (15 herds), 4 (25 herds), 5 (150 herds), 
6 (149 herds), 7 (537 herds), and all 8 disposal codes reported (1,168 herds). For example, 2 herds reported each just 1 disposal code. In herd 
A, cows left with reported disposal code injury/other (53% of the cows that were culled in both herds); in herd B, cows left with disposal code 
died (47% of the cows that were culled in both herds). The disposal codes dairy purposes and reason not reported are excluded.



ing). The annualized live culling rate in this group was 
high (72.8%), which indicates that low milk production 
is a major driver of culling.

For intermediate- and high-producing cows, repro-
duction was the most often reported disposal code (25.5 
and 29.7%, respectively). Annualized live culling and 
death rates decreased with greater cow-relative 305ME 
milk yield. These results are in agreement with those 
reported by Hadley et al. (2006), where cows producing 
45 kg more milk than average 305ME milk yield were 
0.5 to1.7% less likely to be culled than the average-
producing cow. Regardless of an adverse genetic rela-
tionship between yield traits and survival, phenotypic 

correlations between survival and yields suggested 
that preferential treatment by the dairy producer for 
high-yielding cows made their survival rates higher 
than those for low-producing cows (Dematawewa and 
Berger, 1998).

Reproduction was the most frequently reported dis-
posal code for the 3 categories of herd-relative 305ME 
milk yield. In agreement with previous data (Smith et 
al., 2000), greater herd-relative 305ME milk yield was 
associated with greater annualized live culling rates. 
However, contrary to some reports (McConnel et al., 
2008; Miller et al., 2008), there was not an association 
between greater herd-relative 305ME milk yield and 

Journal of Dairy Science Vol. 93 No. 5, 2010

PINEDO ET AL.2254

Table 1. Annualized live culling rate and death rate and frequency distribution of culling with various DHI reported disposal codes (as a % of 
total culling risk) for different subgroups 

Subgroup

Annualized 
rate

Feet  
and 
legs

Low  
production Reproduction

Injury/ 
other Mastitis Disease Udder Died

Reason  
not  

reported
Live  

culling Death

All culling 25.1 6.6 8.1 12.1 17.7 14.3 12.1 6.9 3.2 20.6 5.0
Herd culling rate, %           
 <17.6 13.6 7.2 5.1 14.1 14.6 10.7 8.6 6.0 2.3 34.4 4.2
 17.6 to 32.5 25.3 6.6 8.2 12.2 18.1 13.9 12.1 7.0 3.3 20.4 4.8
 >32.5 36.2 5.6 8.7 10.9 16.4 20.4 13.7 6.2 2.8 13.3 7.6
Herd death rate, %           
 <2.8 27.3 2.0 7.4 11.6 17.1 23.6 13.9 4.5 3.3 6.8 11.9
 2.8 to 10.5 25.3 6.1 8.5 12.5 18.0 14.2 12.4 7.0 3.3 19.3 4.7
 >10.5 22.7 12.3 6.0 10.5 16.5 10.4 9.4 7.2 2.1 34.7 3.2
Parity            
 1 16.9 3.9 6.0 13.8 20.4 15.1 9.9 6.5 3.3 19.3 5.7
 2 23.3 5.6 6.6 13.2 20.7 13.4 11.8 8.0 2.4 19.0 4.8
 3 30.1 8.5 8.5 11.4 16.5 14.0 12.9 7.5 3.0 21.4 4.7
 ≥4 40.8 11.7 10.7 10.4 13.9 14.7 13.4 5.8 3.8 22.3 5.0
Pregnant            
 Yes 7.2 3.1 8.2 12.6 18.9 14.6 12.2 5.8 3.4 19.0 5.3
 No 40.4 11.1 7.5 10.0 12.2 12.7 11.4 12.2 2.2 28.2 3.6
Cow-relative 305ME milk yield,1 kg         
 <−2,313 72.8 9.9 9.7 21.0 13.7 13.8 12.6 9.3 3.1 11.8 5.0
 −2,313 to 2,187 17.4 3.5 8.4 10.3 25.5 13.0 12.7 5.4 2.8 16.7 5.3
 >2,187 9.3 2.7 5.7 9.2 29.7 11.7 10.8 3.7 1.9 22.2 5.1
Herd-relative 305ME milk yield, kg         
 <−243 21.0 4.3 8.6 12.2 20.8 14.0 12.8 6.6 2.7 16.9 5.4
 −243 to 243 21.5 4.0 8.7 13.8 22.2 13.0 12.5 6.5 2.9 15.4 5.1
 >243 23.5 4.2 8.2 14.5 21.6 13.7 12.1 6.8 2.6 14.8 5.7
Herd size, no. of cows          
 100 to 200 24.9 5.8 7.0 10.5 19.4 16.7 12.0 5.2 3.4 18.6 7.3
 201 to 500 24.7 6.6 7.7 11.3 18.1 15.7 11.9 6.8 2.9 20.9 4.9
 501 to 1,500 25.2 6.9 8.3 13.4 16.6 13.0 12.2 7.6 2.9 21.4 4.5
 1,501 to 3,000 26.4 6.6 9.0 17.5 15.3 10.7 12.9 9.2 2.8 19.8 2.9
 >3,000 27.8 9.1 12.6 10.7 17.1 7.5 12.2 8.0 5.4 25.0 1.6
Year of culling           
 2002 29.8 7.5 8.8 11.8 14.0 16.2 13.9 6.8 3.4 20.2 4.8
 2003 26.9 6.3 8.1 12.4 18.3 14.9 12.9 6.1 3.3 19.1 5.0
 2004 25.3 6.6 7.7 12.2 18.9 14.5 11.6 6.0 3.2 20.7 5.2
 2005 24.9 6.8 8.3 11.9 17.9 14.2 12.1 5.9 3.1 21.6 5.1
 2006 25.3 7.8 8.1 11.9 17.9 13.2 11.0 5.8 3.3 23.6 5.1
Season of culling           
 Winter 27.9 6.5 6.9 13.9 18.9 14.3 12.4 6.1 3.3 19.1 5.1
 Spring 28.5 7.8 6.9 12.1 16.8 15.1 12.6 6.6 3.4 21.5 5.0
 Summer 23.0 6.9 9.8 10.4 15.9 14.3 12.9 5.8 3.1 23.1 4.7
 Fall 23.1 5.5 8.9 12.7 19.8 14.1 10.9 5.7 3.0 19.5 5.5

1305ME = 305-d mature equivalent.



increased death rates. In other studies (van Arendonk 
and Dijkhuizen, 1985; Scott, 1994), herd production 
level did not affect culling rate or was slightly nega-
tively correlated with involuntary culling (Rogers et al., 
1988; Smith et al., 2000).

Excluding herds with <200 cows, died was the most 
frequently reported disposal code in all herd size cat-
egories. In this study, larger herds had greater live cull-
ing and death rates. A trend to lower annualized culling 
rates was found for more recent culling. The largest 
annualized live culling and death rates were reported 
for cows leaving the herd during spring. Previous stud-
ies reported a positive association between herd size 
and the risk of death (Smith et al., 2000; McConnel et 
al., 2008).

The distribution of risk of culling with various dis-
posal codes by days after calving is presented in Figure 
2. The relative frequencies varied with stage of lacta-
tion, with the disposal codes died and reproduction 
showing the most remarkable change. During the first 
100 d after calving, died was the most often reported 
disposal code. The proportion cows with disposal code 
died of all cows culled decreased from 57 to 22% in that 
period and decreased to about 20% by 120 d. This high 
occurrence of death in early lactation is in agreement 
with previous studies (Hadley et al., 2006; Dechow and 
Goodling, 2008), where died was the most common 
culling reason by 60 d after calving (42 and 44.6%, 
respectively). Conversely, reproduction was the most 
often reported disposal code after 350 d after calving. 
The proportion of cows culled with disposal code re-
production increased from 5% during the first 150 d to 
40% of all culling by 500 d after calving.

Changes occurring in the distribution of culling risk 
by month and geographic area are provided in Figure 3. 
A seasonal pattern is noticed for culling with disposal 
code died in the overall population as well as in the 
2 geographic subpopulations, with an increase in its 
relative importance during the summer months. This 
was the most often reported disposal code during all 
seasons in the Southeast. Summer was also the season 
with the greatest risk for death in Italy (Vitali et al., 
2009). In the 3 populations, an increase in culling with 
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Figure 2. Distribution of culled cows (%) by disposal codes at dif-
ferent stages of lactation (each day is 100%). Disposal codes: feet and 
legs (◊), low production (�), reproduction (�), injury/other (×), died 
(*), mastitis (�), disease (+), udder problems (▬), and reason not 
reported (clean line).

Figure 3. Distribution of culled cows (%) by disposal codes by 
month of culling and geographic area [a = overall; b = Northeast 
(Pennsylvania, New York); c = Southeast (Florida, Georgia)]; each 
month is 100%. Disposal codes: feet and legs (◊), low production (�), 
reproduction (�), injury/other (×), died (*), mastitis (�), disease (+), 
udder problems (▬), and reason not reported (clean line).



disposal code reproduction after the summer may be 
a consequence of failure to get cows pregnant during 
the hot season. As reported by Smith et al. (2000) for 
the southern region, reproduction was reported more in 
the Southeast compared with the Northeast, maybe as 
a result of the effect of high levels of heat and humid-
ity. The disposal codes mastitis and injury/other were 
more often reported across the year in the Northeast 
compared with the Southeast.

Correlation Analysis

Correlations among relative culling rates (% of total 
culling per herd) and among absolute herd culling rates 
for culling with various disposal codes are presented in 
Table 2. The correlation between overall live culling rate 

and culling rates with various disposal codes was posi-
tive with the exception of the disposal code died. The 
correlation between herd live culling rate and culling 
with disposal code died was negative for both absolute 
and relative values (r = −0.16 and −0.22, respectively), 
suggesting that herds that delayed culling decisions had 
increased numbers of deaths. This finding agrees with 
previous data (McConnel et al., 2008), where herds 
with a low percentage of cows that were culled in early 
lactation had greater levels of mortality. Note that the 
factors associated with higher live culling rates (parity, 
pregnancy status, cow-relative 305ME milk yield, herd 
size, season of culling) are also associated with high 
death rates (Table 1).

For the absolute rates in Table 2, the greatest posi-
tive correlation among culling risks with various dis-
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Figure 4. Risk of culling (× 100,000−1) in open cows by days after calving and parity with disposal codes feet and legs, low production, 
reproduction, and died (scales vary for y-axis). Parity 1 (◊); parity 2 (�); parity 3 (�); parity ≥4 (×).
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Table 2. Pearson correlation coefficients for pairs of herd culling risk by DHI reported disposal code1 

Disposal code
Overall live  

culling
Feet  

and legs
Low  

production Reproduction
Injury/ 
other Mastitis Disease Udder Died

Reason  
not  

reported

Overall live culling2 1 0.36 0.20 0.31 0.31 0.47 0.24 0.22 −0.16 0.11
Feet and legs 0.33 1 −0.07 0.05 −0.15 0.22 0.19 0.38 0.02 −0.15
Low production 0.17 −0.09 1 −0.19 −0.19 −0.02 −0.05 −0.07 0.04 −0.08
Reproduction 0.26 0.03 −0.20 1 −0.12 0.21 0.17 0.08 −0.01 −0.26
Injury/other 0.28 −0.16 −0.22 −0.11 1 −0.04 −0.25 −0.17 −0.14 −0.12
Mastitis 0.44 0.20 −0.05 0.19 −0.06 1 0.13 0.14 −0.09 −0.26
Disease 0.22 0.18 −0.06 0.14 −0.26 0.10 1 0.20 0.12 −0.17
Udder 0.20 0.38 −0.07 0.08 −0.18 0.13 0.20 1 −0.07 −0.17
Died −0.22 −0.01 0.03 0.00 −0.14 −0.13 0.09 −0.08 1 −0.11
Reason not reported 0.10 −0.16 −0.09 −0.26 −0.13 −0.27 −0.17 −0.17 −0.11 1

1Actual culling risks above the diagonal and relative culling risks (total culling risk is 100%) per herd below the diagonal.
2All disposal codes except disposal code died.

Figure 5. Risk of culling (× 100,000−1) in open cows by days after calving and parity with disposal codes injury/other, mastitis, disease, and 
udder (scales vary for y-axis). Parity 1 (◊); parity 2 (�); parity 3 (�); parity ≥4 (×).



posal codes was for the pairs feet and leg and udder, 
followed by feet and leg and mastitis. The positive 
association between culling for feet and leg and udder 
may indicate that some herds are culling cows based on 
poor conformation of these traits instead of observed 
health problems. Excluding reason not reported, the 
strongest negative correlation was for injury/other and 
disease, followed by injury/other and low production 
together with low production and reproduction. As 
expected, the correlation between culling with disposal 
code reason not reported and all other disposal codes 
was negative.

These correlations suggest that many cows are likely 
being culled for multiple reasons. For example, the 
disposal codes low production and reproduction are 
expected to be similar reasons for cows late in lactation 
that failed to get pregnant. Dairy producers will likely 
have a preference for reporting the same DHI disposal 
code.

Hazard Functions for Culling  
with Various Disposal Codes

When the risk for culling with various disposal codes 
was quantified by pregnancy status, open cows had 
a 2 to 4 times greater risk for culling compared with 
pregnant cows (Figures 4, 5, 6, and 7). As for high-
producing cows, this finding may imply a preferential 
treatment that increased their chances for survival. It 
is also likely that healthier cows were more likely to be 
pregnant.

Given that cows are usually not inseminated before 
50 d after calving, Figures 4 and 5 for open cows in-
cluded all the cows up to this time after calving. Cows 
that became pregnant were censored at conception. 
Generally, pregnancy is diagnosed after 28 d or later 
post-breeding. Consequently, as shown in Figures 6 and 
7, the analysis estimated the risk of live culling and 
death for pregnant cows during this time to be near 0. 
Cows culled shortly after conception were reported to 
be open.

For open cows in all parities, the risk of culling with 
disposal code feet and legs peaked around 20 d after 
calving and remained stable until next calving. In preg-
nant cows, the risk peaked around 150 d of gestation 
that was more manifest for parities 3 and ≥4, but not 
evident for parity 1 (Figures 4 and 6). As shown in 
Table 1, the relative frequency of culling with disposal 
code feet and leg was similar between pregnant and 
open cows (8.2 and 7.5%, respectively). However, the 
absolute risk for culling with disposal codes feet and 
legs was about double for open cows compared with 
pregnant cows.

For open cows, the risk for culling with disposal code 
low production increased transitorily around 15 d after 
calving to steadily increase with days after calving. 
This increase showed a time lag in the case of cows 
in parity 1. A different pattern was found in pregnant 
cows where the risk increased up to 120 d of pregnancy 
and then decreased (Figures 4 and 6). This level of 
culling with disposal code low production was not ex-
pected for pregnant cows and it likely included cows 
that were initially diagnosed pregnant and were found 
open later, but this change of status was not reported. 
Therefore, at least a proportion of this group was likely 
not pregnant and, consequently, it is expected that the 
inclusion of these cases overestimated the culling risk 
in pregnant cows.

For open cows, the risk of culling with disposal code 
reproduction steadily increased after 200 d post-calving 
(Figures 4 and 6). For pregnant cows, the risk remained 
low until 100 d after conception and slightly increased 
with days pregnant. The relative frequency of reported 
culling with disposal code reproduction was the high-
est in pregnant cows (18.9 vs. 12.2% in open cows). 
Similarly to the risk of culling with disposal code low 
production, this risk may be overestimated given that 
the calculation likely included some cows that were 
open but were reported to be pregnant.

For open cows, the highest risk of culling with dis-
posal code died was right after calving and decreased 
until 150 d and increased again after 200 d post-calving. 
In pregnant cows, the risk increased steadily from d 50 
of pregnancy (Figures 4 and 6). The relative frequency 
of death was about 3 times as low in pregnant cows 
compared with open cows.

The risk of culling with disposal code injury/other 
peaked around 20 d after calving for open cows and 
remained stable afterward. In pregnant cows, the risk 
increased up to 100 d of pregnancy and remained stable 
afterward (Figures 5 and 7). The relative frequency of 
culling with disposal code injury/other was similar for 
the 2 groups.

For open cows in parity 2 or higher, the highest risk 
of culling with disposal code mastitis was in the period 
20 d to 250 d after calving. Conversely, first-parity cows 
had the highest risk right after calving. In pregnant 
cows, the highest risk was in the period 70 to 160 d 
after conception (Figures 5 and 7).

For open cows, the risk of culling with disposal code 
disease markedly increased around 30 d after calving, 
then decreased and remained constant after around 100 
d until the end of the lactation. In pregnant cows, the 
risk increased up to 100 d of pregnancy and remained 
stable afterward (Figures 5 and 7). The relative fre-
quency of culling with disposal code disease was about 
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2 times greater in open cows compared with pregnant 
cows (12.2 vs. 5.8%, respectively).

For open cows, the risk of culling with disposal code 
udder increased transitorily around 15 d after calving. 
The risk started to increase again around d 250 until 
next calving. In pregnant cows in parity 3 and ≥4, the 
risk increased up to 200 d of pregnancy. Cows in pari-
ties 1 and 2 had a more stable pattern after 80 d of 
gestation (Figures 5 and 7).

CONCLUSIONS

This study described risk factors for culling with dairy 
producers’ reported primary disposal codes. Because 
most cows leave the herd for a combination of reasons 
(Van Vleck and Norman, 1972; Fetrow et al., 2006), 
the reported disposal code should not be interpreted 
as being the single reason of disposal from the herd. 

Also, 43% of herds were found to not report all dis-
posal codes. The dynamics of culling risk with various 
disposal codes were dependent on stage of lactation, 
parity, milk yield, reproductive status, and herd char-
acteristics. Early lactation was a critical period for cull-
ing with disposal codes died, injury/other, and disease. 
The risk increased with days after calving for culling 
with disposal codes low production and reproduction. 
A negative association between overall live culling and 
death was found. Pregnancy and high relative 305ME 
milk yield were associated with a lower risk for culling 
with all disposal codes.
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Figure 6. Risk of culling (× 100,000−1) in pregnant cows by days after calving and parity with disposal codes feet and legs, low production, 
reproduction, and died (scales vary for y-axis). Parity 1 (◊); parity 2 (�); parity 3 (�); parity ≥4 (×).
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