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ABSTRACT

Calf management is important for the development, 
health, and welfare of the animals. In this follow-up 
study, we evaluated calf management practices on dairy 
farms in Austria using an online questionnaire in 2021 
and 2022. We tested the hypothesis that farmers changed 
calf management on their farm within these 10 years. 
The total number of analyzable surveys in 2022 was 
2,314. All variables changed significantly between years. 
Therefore, farms were chosen randomly by controlling 
for confounding changes in herd size (number of dairy 
cows), farm type (conventional vs. organic), and type 
of cows’ barn (freestall vs. tiestall). From 2012 to 2022, 
the median number of cows per farm increased from 20 
(interquartile range [IQR] 13 to 30) to 22 (IQR 13 to 35), 
and the percentage of organic-producing farms increased 
from 23.9% (2012) to 30.6% (2022). The number of 
farms offering colostrum within 4 h after birth increased 
from 83.7% to 87.2%. This change was significant 
when subsampling was performed. The quantity of first 
colostrum offered to the newborns was mainly 2 to 4 L 
(69%), with an increased percentage of farms offering 
less than 2 L (13.3% vs. 18.3%). The percentage of farms 
testing colostrum quality using an objective method (hy-
drometer, Brix refractometer, outflow funnel) increased 
significantly by 4.9-fold and was 9.4% in 2022. On most 
farms (88.8% and 86.6% in 2012 and 2022, respectively), 
calves were housed individually after birth. A higher per-
centage reported grouping calves at an earlier age than in 
2012. In both years, mainly whole milk was fed (85.1% 
vs. 86.3%). The number of farms where nonsalable or 
waste milk was fed to calves decreased significantly 

from 84.0% to 74.1%. Milk allowance increased nonsig-
nificantly. Subsampling revealed that the age at weaning 
increased significantly between years. The most impor-
tant health problem in calves was diarrhea (in 59.8% of 
farms, >10% of calves; and in 27.4%, >25%), followed 
by respiratory tract disease (in 39.8% of farms, >10% of 
calves; and on 16.4%, >25%). Compared with 2012, in 
2022, a significantly higher percentage of farmers stated 
that they had a calf diarrhea incidence of >10% (39.8% 
vs. 59.8%). In our study, weak points regarding calf man-
agement on farms were not offering enough first colos-
trum, missing testing for colostrum quality, not housing 
calves socially in the first weeks postnatum, and feeding 
restricted amounts of milk. The median mortality rate of 
3% (IQR 1 to 5) and increasing diarrhea incidence also 
show that calf management practices need improvement. 
Thus, how to get farmers motivated to implement chang-
es in their management in accordance with science-based 
recommendations remains an open question.
Key words: calf management, colostrum, housing, milk 
feeding

INTRODUCTION

Calf management from birth to weaning is important 
for calf health, development, and well-being, as well 
as for the future success of the dairy farm. Particularly, 
colostrum management, feeding, housing, and hygiene 
have significant effects (Whalin et al., 2021; Grothe and 
Thornsberry, 2022). The European Union, Council Di-
rective 2008/119/EC lays down minimum standards for 
the protection of calves. Numerous research studies are 
performed every year in the area of calf management, 
aiming to give advice on how to optimally raise calves 
with regard to health and well-being. In the last decade, 
colostrum management (e.g., reviewed by Lombard et 
al., 2020; Ahmann et al., 2021; Robbers et al., 2021; 
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Lopez and Heinrichs, 2022), social housing of newborn 
calves (Beaver et al., 2020; Whalin et al., 2021; Nawroth 
and Rørvang, 2022; Sirovica et al., 2022), and intensified 
milk feeding strategies (Khan et al., 2016; Ockenden et 
al., 2023) have been well studied. These topics have also 
regularly been covered by journal articles and continuing 
education and training offered to farmers in Austria, as 
screened by Slamanig (2022) for the years 2015 to 2020. 
In this work 187 journal articles, trainings, and lectures 
offered in German for farmers on calf management top-
ics during the evaluated years were identified. Calf feed-
ing, including different topics such as milk feeding, ad 
libitum versus restricted milk feeding, and weaning, was 
covered in 37.9% of all articles and trainings. The second 
most frequent topic was colostrum management (n = 34; 
11.2%), with 5 articles and 8 trainings explicitly dealing 
with colostrum quality and testing of colostrum quality. 
This topic was followed by calf housing (9.6%), cli-
matic stress (6.9%), and diarrhea (6.6%). Further topics 
were (in descending order) diseases other than diarrhea, 
mortality, general aspects of calf rearing, calf behavior, 
hygiene, immunity, umbilicus, homeopathy and phyto-
therapy, cross-sucking, dehorning, and miscellaneous.

In 2012, we conducted an online survey that exam-
ined calf management practices on Austrian dairy farms 
(Klein-Jöbstl et al., 2015). In that study, we identified 
weak points, such as colostrum management (especially 
testing colostrum quality and quantity of first colostrum 
fed), housing calves individually, and restricted milk 
feeding. With the present study, we aimed to detect 
changes in calf management on Austrian dairy farms 
within the last 10 years (2012 to 2022) by conducting 
another online questionnaire. We especially focused on 
areas that have been covered in continuing education of 
farmers on Austrian dairy farms (Slamanig, 2022).

MATERIALS AND METHODS

Data Collection

As in 2012 (Klein-Jöbstl et al., 2015), the study popu-
lation was dairy farms registered in the Association of 
Austrian Cattle Breeders (Vienna, Austria) with an active 
email address. Overall, 67.4% of dairy farms, keeping 
80.2% of the dairy cows in Austria, are members of this 
association. In total, the hyperlink to the questionnaire 
was sent to 16,246 farms via email.

The anonymous questionnaire was created with Survey 
Monkey (SurveyMonkey Europe UC, Dublin, Ireland). 
The questionnaire covered 5 areas of interest: (1) farm 
characteristics; (2) calving and care of the newborn; 
(3) calf housing; (4) calf feeding; and (5) calf disease, 
problems, and mortality. The survey consisted of 52 
questions, with either single-choice, multiple-choice, or 

open-text answers. Some questions were skipped auto-
matically, depending on the answer given. For example, 
if the answer to whether colostrum quality was tested was 
no, the next question about the method was automatically 
skipped. The questionnaire (an English translation from 
the original German version) and, if applicable, changes 
in questions in 2022 compared with 2012, can be found 
in our supplemental material (see Notes).

The questionnaire was conducted by the authors DKJ 
and NH and reviewed by 5 researchers. Before the ques-
tionnaire was sent out, it was tested for comprehensibil-
ity and clarity by a limited number of farmers (n = 27), 
veterinarians (n = 7), and consultants (n = 6). The survey 
was online for 8 weeks, from February to March 2022. A 
reminder was sent at the beginning of March to increase 
the number of participants.

Before sending out the questionnaire, the questionnaire 
per se and the cover letter, as well as the methods of gain-
ing, using, and saving data with regard to the European 
General Data Protection Regulation, were approved by 
the Legal Department, Coordination of Data Protection, 
and Compliance of the University of Veterinary Medi-
cine, Vienna, Austria.

Data Analysis

All data provided by the system (Survey Monkey) were 
transferred into Microsoft Excel (Excel 2010, Microsoft 
Corporation) and examined individually for aberrant 
answers and plausibility. Furthermore, farms other than 
dairy farms were excluded from the data analysis. Farms 
with missing data in the questions on herd size (number 
of dairy cows), farm type (conventional vs. organic), and 
type of cows’ barns were excluded from further statisti-
cal analysis. Additionally, if, in the areas of interest 2 
to 5, more than 25% were missing, these data were also 
removed from further statistical evaluation. Free-text 
answers were summarized and categorized.

Statistical analyses were performed with SPSS (ver-
sion 24, IBM Corporation). The continuous variable 
“number of cows” was tested for normality using the Sha-
piro–Wilk test, and the median and 25 and 75 percentiles 
were calculated. The continuous variables “milk yield” 
and “estimated disease incidence” were categorized in 
accordance with the data from 2012 (<10%, 11%–25%, 
26%–50%, 51%–75%, or >75%).

The Pearson chi-squared test was used to test the statis-
tical significance of the differences between the 2 surveys 
and corrected for multiple testing via the Bonferroni–Holm 
method. Evaluation of the raw data revealed significant 
differences between 2012 and 2022 for all examined vari-
ables. Consequently, due to differences in the distribution 
of herd size (number of dairy cows), farm type (conven-
tional vs. organic), and the type of cows’ barns (freestall vs. 
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tiestall) between the 2 surveys, a multivariate reweighting 
algorithm with 10-fold subsampling was applied to reduce 
the influence of those confounding variables on the results. 
These factors were chosen because it has been shown that 
farm size has a significant influence on calf management 
factors (Klein-Jöbstl et al., 2015). Legislation influences 
management on organic-producing farms. Consequently, 
we controlled for this in our subsampling procedure. We 
also controlled for the cows’ barn, as this represents the 
cattle housing on farm. For the multivariate reweighting 
algorithm, an R script was written, which, in the first step, 
collected information about the frequency of the respec-
tive confounding variables herd size, farm type, and type 
of cows’ barn from the 2012 survey. Those 3 frequencies 
were then simultaneously applied when randomly sub-
sampling the data from both surveys, creating subsamples 
with the same distribution among those 3 parameters. 
That allowed for a direct comparison of the survey re-
sults, controlling for the 3 confounding variables. Sub-
sampling was conducted randomly with a sample size of 
220, determined through a power analysis using G*Power 
3.1.9.7 (https:​/​/​www​.psychologie​.hhu​.de/​arbeitsgruppen/​
allgemeine​-psychologie​-und​-arbeitspsychologie/​gpower) 
calculated for chi-squared tests with a median effect size 
of 0.3, a type I error of 0.05, and a power of 0.95 (Serdar 
et al., 2021). The data preparation was executed within 
the R statistical environment (version 4.1.3, R Core Team, 
2023), using data manipulation functions from the purrr 
(version 1.0.1, Wickham and Henry, 2023) and the dplyr 
packages (version 1.1.1, Wickham et al., 2023a). The ti-
dyr package (version 1.3.0, Wickham et al., 2023b) was 
employed to manage nested data structures within the 
subsampling workflow.

The level of significance was set at P < 0.05.

RESULTS

Overall, we received 2,328 answers (a response rate 
of 14.3%), of which 14 had to be withdrawn because the 
farm type was other than dairy. This resulted in 2,314 
analyzable surveys. In 2012, we had a response rate of 
14.2% (1,501 out of 10,500) with 1,287 analyzable sur-
veys. In the following, including tables and figures, all 
data presented in the descriptive statistics refer to these 
numbers (1,287 and 2,314 in 2012 and 2022, respec-
tively). The tables and figures include the percentage of 
respondents who did not provide an answer to the ques-
tion. The median of missing data per question was 2.1% 
(interquartile range [IQR] 0.8% to 4.4%).

General Farm Characteristics

Among the responding farms, the percentage of 
organic-producing farms increased from 23.9% to 30.6% 

(2012 vs. 2022). In 2012, 42.8% and in 2022, 36.9% of 
farms kept their cows tied, whereas in 2022, on 93% of 
these farms, cows had access to pasture. The milk yield 
on the participating farms increased compared with 2012 
(higher number of farms with an average milk yield per 
cow per 305-d standard lactation of >8,000 kg; 35.8% vs. 
31.5%). The median number of cows per farm slightly 
increased from 20 (IQR 13 to 35) in 2012 to 22 (IQR 13 
to 35) in 2022. Fleckvieh was the main breed (~73%) in 
both years. Descriptive numbers on general farm charac-
teristics for both years are presented in Table 1. All these 
variables differed significantly (P < 0.001), even after 
correction for multiple testing between the 2 examined 
years.

Data about farm distribution among the Austrian fed-
eral states in correlation with the numbers of farms reg-
istered with the Association of Austrian Cattle Breeders 
are provided in the supplemental materials (see Notes).

Calving and Care of the Newborn

Numbers on calving management and care of the 
newborn calf among all the participating farms are pre-
sented in Table 2. A comparison of these data revealed 
significant differences for all the presented parameters 
(P < 0.001). Consequently, subsampling was performed 
as described in Materials and Methods. The number of 
farms stating that the first colostrum was fed within 4 
h after birth increased from 83.7% in 2012 to 87.2% in 
2022. The percentage of farms offering first colostrum 
between 4 and 6 h decreased (13.6% vs. 2.2%). Offering 
first colostrum later than 6 h (1.1% vs. 5.2%), as well as 
farms where calves suckled their dam for first colostrum 
(1.6% vs. 3.2%), increased. Subsampling revealed that 
these changes were significant (P < 0.01). If a calf did 
not ingest the colostrum, esophageal feeding was not 
performed on 63.1% (2012) and 64.0% (2022) of farms. 
Compared with 2012, the percentage of farms perform-
ing general esophageal feeding of colostrum decreased 
to 0.9% (6.0% in 2012), and the farms using this mea-
sure for calves that did not ingest the colostrum by teat 
increased from 27.1% in 2012 to 32.8% in 2022. These 
changes were significant (P < 0.01 to 0.04) in the tested 
subsamples. Most of the farmers (71.9% and 69.0% in 
2012 and 2022, respectively) offered 2 L to 4 L of co-
lostrum to the calves within the first 6 h after birth. The 
percentage of farms offering less than 2 L increased from 
13.3% in 2012 to 18.3% in 2022, resulting in a decrease 
in farms offering more than 4 L. This finding, however, 
was not significant when subsampling was applied. 
Overall, in 2012, 17.9% and in 2022, 26.7% of the farm-
ers stated that they checked first colostrum quality. Most 
of these farms did this by visual inspection only. In 2012, 
an objective method (hydrometer) was used on 1.9% of 
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farms, and in 2022, 9.4% used either a hydrometer, Brix 
refractometer, or outflow funnel to determine colostrum 
quality. Subsampling revealed that this 4.9-fold increase 
in the use of objective methods on farms was significant 
(P < 0.01 to 0.04).

Calf Housing

On most of the farms (88.8% and 86.6% in 2012 and 
2022, respectively), calves were housed individually 
after birth. The percentage of farms housing the calves 
individually for only 1 to 2 weeks increased from 33.1% 
in 2012 to 38.6% in 2022, resulting in an overall shorter 
time of individual housing. These changes were signifi-
cant when evaluating the raw data (P > 0.001) but not 
significant when subsampling was performed (P > 0.10). 
For details regarding calf housing, see Table 3.

Calf Feeding

In both years, predominantly whole milk was fed 
(85.1% vs. 86.3%). The number of farms where non-
salable or waste milk (defined as milk from cows with 
clinical mastitis, high somatic cell counts, or during 
treatment and within the withdrawal period after treat-
ment with pharmaceuticals) was fed to all calves, only 
to male calves, or in exceptional cases decreased from 
84.0% to 74.1% from 2012 to 2022. Changes were sig-
nificant (P < 0.001). These changes were also significant 
when subsampling was performed (P < 0.01 to 0.04). In 
2012, on 11.9% and in 2022, on 15.4% of the farms, milk 

was offered ad libitum, and on 86.3% and 81.4%, milk 
fed was restricted. In the questionnaire, “ad libitum” was 
defined as, “the calves can drink as much as they want 
and have access to milk during the whole day (24 h).” We 
did not ask for the amount of milk offered or consumed. 
Subsampling revealed no significant difference in milk 
allowance between years (P = 0.13 to 0.76). On most 
of the farms, calves were milk-fed via an artificial teat 
(75.4% vs. 84.4%). The number of farms using an auto-
mated milk feeder increased from 2.6% to 3.3%. In 2022, 
on most farms, weaning took place no earlier than wk 
12 of life (64.9%). Especially, later weaning (>13 wk of 
life) increased by approximately 10% from 2012 to 2022 
(16.4% vs. 26.0%). Subsampling for this later age at 
weaning revealed a significant difference between years 
(P < 0.01 to 0.03). Further results regarding calf feeding 
and water provision are given in Table 4 and Figures 1 
and 2).

Calf Disease and Problems

Details on the estimated proportion of calves suffer-
ing from different diseases and problems are shown in 
Table 5. In 2012 and 2022, the most commonly rec-
ognized health issue in calves was diarrhea, followed 
by respiratory tract disease. Compared with 2012, in 
2022, a higher percentage of farmers stated that they 
had a calf diarrhea incidence of above 10% (P < 0.001). 
Changes regarding the occurrence of calf diarrhea were 
significant (P < 0.01 to 0.02) with subsample testing. 
For other diseases, mortality, and cross-sucking, no sig-
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Table 1. Results of a survey about farm characteristics from dairy farms in Austria in the years 2012 and 20221; all 
variables differed significantly between the examined years (P < 0.001)

Variable   Answer 2012 (%) 2022 (%)

Predominant breed   Fleckvieh 72.9 73.5
  Brown Swiss 14.2 12.0
  Holstein–Friesian 7.5 7.0
  Other 3.4 6.7
  No answer 2.0 0.8

Type of farm management   Conventional 76.1 68.7
  Organic 23.9 30.6
  No answer 0 0.7

Type of cow barn   Freestall 56.4 62.1
  Tiestall 42.8 36.9
  No answer 0.8 1.0

Access to pasture   No 47.5 25.1
  Yes 51.8 74.2
  No answer 0.7 0.7

Average milk yield per cow per 305-d standard lactation   <6,000 kg 13.1 8.3
  6,000–8,000 kg 54.6 49.5
  8,000–10,000 kg 28.9 30.9
  >10,000 kg 2.7 4.9
  No answer 0.7 6.4

Number of cows (median; IQR in parentheses)     20 (13; 30) 22 (13; 35)
1All variables are presented in percentages from the total number of participants of each year (2012: n = 1,287 and 
2022: n = 2,314) except median (and percentiles) for the continuous variable number of cows, representing herd 
size.
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nificant differences were observed when subsampling 
was performed.

Preventive Measures

In 2012, we only asked for information about the 
mother cows’ vaccination against pathogens causing 
diarrhea. This number doubled in 2022. In 2022, further 
measures were evaluated and are presented in Table 6.

DISCUSSION

The response rate was similar between the 2 years, al-
though the total number of respondents increased clearly. 
This was due to the fact that the questionnaire was dis-
tributed among dairy farms registered at the Association 

of Austrian Cattle Breeders with an active email address, 
and this number has increased within the 10 years. This, 
nevertheless, may have influenced the outcome, as more 
modern and professional farms may have participated in 
a greater proportion. Furthermore, a potential bias may 
exist, as it cannot be excluded that particular farms, such 
as those with severe problems, tended not to participate.

Although the study was not designed as a represen-
tative survey, herd and farm characteristics (herd size, 
breed, milk yield, type of farm, and type of cows’ barns) 
and regional distribution indicated that this survey gives 
a good overview of calf management practices of regis-
tered dairy breeders in Austria.

Further limitations of this work are that it was not 
possible to interview the same farms, as the question-
naire was anonymous. Unfortunately, we also have no 
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Table 2. Answers given by 1,287 and 2,328 respondents in 2012 and 2022, respectively, on management at calving and care of the newborn calf on 
dairy farms in Austria; all variables differed significantly between the examined years (P < 0.001)

Variable   Answer 2012 (%) 2022 (%)

Presence of a calving pen on farm   No 51.1 42.4
  Yes 47.0 56.9
  No answer 1.9 0.7

Cow–calf separation p.n.1   Immediately 75.4 56.4
  Within 1 h 13.4 17.6
  Within 4 h 3.4 10.9
  Later than 4 h 7.9 13.1
  No answer 0.2 2.0

Time of first colostrum feeding p.n.1   Within 4 h 83.7 87.2
  4–6 h 13.6 2.2
  >6 h 1.1 5.2
  Calf suckles mother 1.6 3.2
  No answer 0.2 2.2

Quantity of first colostrum fed within the first 6 h p.n.1   <2 L 13.3 18.3
  2–4 L 71.9 69.0
  >4 L 12.7 8.2
  Unknown, calf suckles mother 1.8 2.7
  No answer 0.3 1.8

Checking colostrum quality   No 78.7 71.5
  Yes 20.8 26.7
  No answer 0.5 1.8

If checking colostrum was answered with “yes,” which method?2   Visual inspection 86.1 63.5
  Hydrometer 9.4 8.8
  Brix refractometer 0.0 18.0
  Outflow funnel — 8.8
  No answer 4.5 0.9

Use of an esophageal feeder for first colostrum   No, not at all 63.1 64.0
  Yes, generally 6.0 0.9
  If necessary 27.1 32.8
  No answer 3.8 2.3

Frozen colostrum stocks   No 27.0 17.0
  Yes 72.7 80.9
  No answer 0.3 2.1

Routine umbilical care   No measure 27.0 31.7
  Dipping/spraying3 19.7 24.7
  Stripping out 12.1 10.4
  Combination 37.6 29.4
  Other 2.6 1.6
  No answer 1.0 2.2

1p.n. = postnatum.
2Percentage refers to all those who answered with “yes”: 2012, n = 267; 2022, n = 617.
3Dipping and spraying with iodine, chlortetracycline, or foreshot (refers to the first portion of the distillate during the distillation process of schnapps).
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information on the participants about, for example, age, 
gender, education, and what kind of continuing education 
the participants attended, if any. Nevertheless, the aim of 
our study was to compare management on dairy farms in 

Austria and see whether changes occurred and whether 
these are in accordance with recommendations from re-
cent literature, without aiming to directly connect this 
to the information and education the farmers consumed 

Klein-Jöbstl et al.: CHANGES IN AUSTRIAN CALF MANAGEMENT, 2012 TO 2022

Table 3. Results on calf housing evaluated using an online survey among Austrian dairy farms in the years 2012 
and 2022; the number of participants was 1,287 (2012) and 2,314 (2022) and all presented variables differed 
significantly (P < 0.001)

Variable   Answer 2012 (%) 2022 (%)

Calves housed p.n.1   Individually 88.8 86.6
  Individually and in groups 6.3 2.6
  In groups or with mother 4.7 8.7
  No answer 0.2 2.1

Calf housing p.n.1   Within cows’ barn 46.0 45.1
  Own barn for calves and young stock 38.1 30.2
  Outdoors 15.5 7.0
  Combination — 15.3
  No answer 0.4 2.4

If calves are housed individually, how long?2   1–2 wk 33.1 38.6
  Up to 6 wk 37.0 31.5
  >6 wk 23.2 16.2
  No answer 6.7 13.7

Cleaning of calf housing   Regularly 61.1 82.5
  Infrequently 34.5 13.8
  Not at all 2.3 1.0
  No answer 2.1 2.7

Cleaning3   Only dry 23.1 19.9
  With water 10.2 14.3
  With high pressure 42.2 68.1
  Disinfection 19.9 24.9

1p.n. = postnatum.
2Percentage refers to all respondents who stated they house calves individually p.n.: 2012, n = 1,143; 2022, n = 
2,004.
3Multiple answers were allowed; sum of answers does not add up to 100%.

Table 4. Answers given during an online questionnaire by 1,287 respondents in 2012 and 2,328 respondents in 
2022 on preweaning calf feeding on Austrian dairy farms; all variables differed significantly between the examined 
years (P < 0.001)

Variable   Answer 2012 (%) 2022 (%)

Type of milk feed   Whole milk 85.1 86.3
  Milk replacer 1.1 1.6
  Combination 13.0 9.0
  No answer 0.8 3.1

Quantity of milk fed daily   Restricted to 12% of calves’ BW1 58.3 56.2
  Restricted, >12% of calves’ BW 28.0 25.2
  Ad libitum2 11.9 15.4
  No answer 1.8 3.2

Method of milk feeding   Bucket with artificial teat 75.4 84.4
  Bucket without artificial teat 3.2 0.4
  Bucket with, then without artificial teat 16.8 8.4
  Automatic milk feeder 2.6 3.3
  Other 0.7 0.6
  No answer 1.3 2.9

Feeding waste milk3 to calves   Not at all 14.8 24.8
  Yes, to all calves 28.8 15.0
  Only to males 30.9 38.0
  Only in exceptional cases 24.4 19.1
  No answer 1.1 3.1

1For better understanding, an example was given to the farmers: “e.g., calf with BW 50 kg, maximum 6 L.”
2Defined for farmers as “Calves can drink as much as they want and always have access to milk.”
3Defined as milk from cows with clinical mastitis, high SCC, or during treatment and within the withdrawal period 
after treatment with drugs.
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during this time. Another important limitation of this 
type of survey is the risk that answers do not reflect true 
practices, because the answers are influenced by social 
acceptability and legislation. Legislation affecting calf 
management might have caused differences between the 
years 2012 and 2022; however, it has not been changed.

In 2012, we identified areas that could be improved on 
farms when practices were compared with recommenda-
tions from recent literature. These topics were colostrum 
management, especially testing for colostrum quality, 
social housing of calves, and milk feeding strategies.

An adequate transfer of passive immunity is important 
for newborn calves (Lombard et al., 2020; Robbers et 
al., 2021). Generally, fast provision of colostrum to the 
newborn is essential. Furthermore, calves should receive 
colostrum in an adequate quantity and quality (Robbers 
et al., 2021; Lopez and Heinrichs, 2022). Most of sur-
veyed the farmers seem to be aware of the importance of 
timely colostrum feeding in newborns. Interestingly, the 
results revealed a tendency to feed lower amounts of first 
colostrum. The reasons for this are unknown. Another 
risk factor for failure of passive transfer is low colostrum 
quality (<50 g of immunoglobulin G per liter; Lombard et 
al., 2020). A high variance in the IgG concentration from 
cow to cow, also within the herd, is possible (Bartens 
et al., 2016; Kessler et al., 2020; Westhoff et al., 2024). 
Consequently, it is recommended that colostrum quality 
be tested on the farm to make management decisions. 
It has, however, to be taken into account that indirect 
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Figure 1. Results of weaning age of calves (wk) from an online 
survey among Austrian dairy farms in 2012 (n = 1,287) and 2022 (n = 
2,328). These data differed significantly (P < 0.001).

Figure 2. Data from online questionnaires on Austrian dairy farms in the years 2012 and 2022: age in weeks when calves on farm usually have 
first access to (A) water, (B) hay, (C) concentrate, and (D) silage. Data from 2012 (n = 1,287) and 2022 (n = 2,328) are shown, except for (D) silage, 
as this was not asked in 2012. All variables differed significantly between the examined years (P < 0.001).
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on-farm methods highly correlate with immunoglobulin 
concentration in colostrum but have limits with regard to 
their sensitivity and specificity. On-farm test methods are 
the use of a hydrometer or colostrometer, Brix refractom-
eter, outflow funnel, and lateral flow assays (Ahmann et 
al., 2021; Röder et al., 2023). The results of our question-
naires revealed that the number of farms stating to test 
colostrum quality using an on-farm test increased 4.9-
fold. Nevertheless, approximately 90% of the farms still 
do not do this. Although the outlet funnel was not tested 
scientifically before 2022, approximately one-quarter of 
all respondents stated they would use this method. In a 
recently published study by Röder et al. (2023), the outlet 
funnel was not accurate enough to distinguish between 
good-quality and low-quality colostrum. The advice, 
often presented as the “Three Q’s” (quick, quantity, and 
quality; Robbers et al., 2021), is clear. Apart from the 
need for early colostrum provision, most of the partici-
pating farmers did not perform colostrum management in 

accordance with this advice. Another interesting finding 
regarding the importance of an early transfer of passive 
immunity was that most of the farmers declined to feed 
colostrum via an esophageal tube, even if the calf did 
not ingest any colostrum via teat. Measures to improve 
colostrum management are relatively easy to perform, 
not time consuming, and not cost intensive. The reason 
farmers do not perform colostrum management follow-
ing these guidelines is unclear. This raises the question 
of how to transfer the knowledge from research to the 
farmers and how to convince them to implement these 
measures in their daily routines.

To address animal welfare, it is necessary to take 
the natural behavior of calves into account (Whalin et 
al., 2021). In this context, social housing and feeding 
are regularly studied. Several studies have shown the 
positive effects of social housing, such as pair housing 
of newborn calves (Costa et al., 2016; Abdelfattah et al., 
2018; Whalin et al., 2018, 2021; Knauer et al., 2021). In 
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Table 6. Results on prophylactic measures with regard to calf health evaluated during an online questionnaire 
among dairy farmers in Austria in the years 2012 and 20221

Variable   Option 2012 (%) 2022 (%)

Cow vaccination against diarrhea     4.5 9.6
Cow vaccinations against respiratory tract diseases       1.0
Calf vaccinations against respiratory tract diseases       3.1
Routine use of halofuginone lactate to control for cryptosporidiosis       9.3
Iron supplementation to calves       13.1
If iron was supplemented, how?2   Once/injection   65.7

  Via milk or milk replacer   31.8
  Both   2.5

Selenium supplementation (to dry cows or newborn calves)       42.5
1The 2012 survey only asked for “vaccination against calf diarrhea” (n = 1,287). The answers to this question 
differed significantly between the years (P < 0.001). In 2022, additional questions were asked and presented (n = 
2,328).
2Percentage refers to all those who stated they supplement iron (n = 304).

Table 5. Results of a survey on calf disease from dairy farms in Austria in the years 2012 and 2022; all variables 
differed significantly between the examined years (P < 0.001)1

Disease/problem   Year

Reported incidence (%)

<10 11–25 26–50 51–75 >75 No answer

Diarrhea 2012 51.0 23.4 9.8 4.0 2.6 9.2
2022 36.6 32.4 19.7 4.8 2.9 3.6

Respiratory tract disease 2012 54.7 6.4 1.9 0.5 0.2 36.3
2022 75.2 14.6 3.8 0.7 0 5.7

Umbilical disease 2012 57.0 3.5 0.5 0.1 0 38.9
2022 86.2 5.1 1.2 0.1 0 7.4

Joint problems 2012 47.1 1.3 0.1 0.1 0 51.4
2022 86.7 1.9 0 0 0 11.4

Calf mortality2 2012 58.0 3.2 0.2 0 0.1 38.6
2022 89.0 4.3 0.3 0 0 6.4

Cross-sucking 2012 31.8 19.4 11.0 4.0 0.6 33.2
2022 49.6 22.5 16.2 3.9 2.7 5.1

1All variables are presented as percentages from the total number of participants of each year: 2012, n = 1,287; 
2022, n = 2,314. The age of the calves affected was not defined in the questionnaire.
2Defined as calves born alive that died within the first 3 wk of life.
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our study, the majority of farmers stated that they house 
calves individually after birth. One reason for the high 
number of farms performing individual housing could 
be the relatively small herd size. This leads to the prob-
lem that farms often do not have 2 calves of the same 
or comparable age that could be paired or grouped from 
the start of their lives. However, findings from North 
America, where farms are larger, were similar (Roche et 
al., 2023). As a possible reason for this finding, Roche 
et al. (2023) stated that studies regarding health and dis-
ease in grouped calves differed, although these effects 
could be influenced by other factors, such as colostrum 
management (Bučková et al., 2021) or nutrition (Umaña 
Sedó et al., 2023). The fear of pathogen transmission 
was also presented as a reason for limiting the contact 
between calves in an English survey (Mahendran et al., 
2022) and might be another reason for the low number of 
farmers in our study stating that they keep calves paired 
or grouped. This, however, was unfortunately not asked. 
Furthermore, avoiding cross-sucking could be a reason 
for the decision to house calves individually (Costa et al., 
2016). This could also be true for the farms in the present 
study, as this behavior has been recognized regularly on 
farms of our study.

For decades, milk allowance for dairy calves was re-
stricted to encourage calves to ingest concentrates early 
and to allow smooth weaning at an early age (Drackley, 
2008; Khan et al., 2011). Meanwhile, advice has changed, 
adopting more of the physiological and natural feeding 
behavior of young calves by recommending increased or 
ad libitum milk feeding in the first weeks of calves’ lives 
(Lorenz, 2021). Several studies are available showing the 
positive effect of such a milk feeding strategy on calves’ 
development, growth, health, and immune system (Ham-
mon et al., 2018; Lorenz et al., 2021; Bahmanpour et al., 
2023; Ockenden et al., 2023). When reviewing the infor-
mation provided to farmers in Austria, calf feeding was 
the most frequently presented topic (Slamanig, 2022). 
Overall, 9 journal articles and 8 presentations explicitly 
focused on ad libitum milk feeding. When comparing 
the results of the online questionnaires from 2012 and 
2022, only slight differences were found, but they were 
not significant after subsampling. To encourage farmers 
to increase milk feeding levels, a better understanding of 
the reasons why they do not do so is necessary, but farm-
ers were not asked to explain or justify their feeding regi-
men in this questionnaire. One often-discussed possible 
negative effect of an intensified milk feeding strategy is 
delayed or decreased solid feed intake and delayed and 
impaired rumen development (Drackley, 2008; Khan et 
al., 2016). This, however, has not been proven (Schäff et 
al., 2018).

With regard to more natural behavior and calf feeding, 
weaning age also has to be taken into account (Whalin 

et al., 2021; Welk et al., 2024). In our questionnaires, 
weaning age increased significantly between the years. 
In 2022, 65% of the participants stated that calves were 
not weaned before wk 12 of their lives. This outcome 
was, however, influenced by organic-producing farms, 
where legislation requires calves to be milk-fed until wk 
12 of life. However, in 60.0% of the conventional farms, 
calves were not weaned before wk 12.

Calf mortality rates reflect health and welfare (Umaña 
Sedó et al., 2023). In our survey, the median calf mortal-
ity rate (defined as calves born alive that died within 21 
d of life) was 3% (IQR 1% to 5%) in 2022. As definitions 
of calf mortality vary, it is challenging to compare data 
and apply target numbers (Umaña Sedó et al., 2023). 
Often-stated targets for preweaning calf mortality rates 
range between <3% and <5%. The mortality rates given 
by the surveyed farmers and their estimations of the oc-
currence of calf diseases, especially the increased calf di-
arrhea incidence in 2022, do not indicate successful calf 
management on these farms. Data on disease incidence 
have to be interpreted with care, as they may represent 
perception rather than true numbers, and we did not de-
fine the age of calves for this question. An increase in 
perception of diarrhea could also be possible, as a higher 
milk allowance may cause more liquid feces. However, 
farms that stated a lower incidence of diarrhea signifi-
cantly (P < 0.001) more often fed higher amounts of milk 
than farms with incidences of >10%. Furthermore, the 
reported incidence of diarrhea increased far more steeply 
than the number of farms offering higher amounts of 
milk. Consequently, we suggest that this could only ex-
plain some of these findings. Risk factors for disease and 
mortality in calves include inadequate transfer of passive 
immunity, suboptimal housing, and suboptimal energy 
provision (Whalin et al., 2018; Johnsen et al., 2021; 
Lorenz et al., 2021; Sutter et al., 2023). In our study, 
weak points regarding calf management were not offer-
ing enough colostrum, not testing for colostrum quality, 
neglecting to house calves socially post natum, and feed-
ing restricted amounts of milk.

Unfortunately, we did not include questions on con-
tinuing education in our questionnaire. This means we do 
not know whether the participants attended any offered 
lectures or trainings or read articles on calf management. 
Knowledge, however, does not guarantee implementa-
tion, as shown, for example, for colostrum management 
(Palczynski et al., 2020). The reason why farmers do not 
follow these general recommendations is unclear. This 
leaves the question of how to close the gap between 
information, knowledge, and translation of knowledge 
into practice (More, 2009; Hoischen-Taubner et al., 
2018). One key point is the perception of problems and 
diseases, and this may be highly heterogeneous between 
groups, such as farmers, veterinarians, researchers, and 
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consultants, as well as within a group of stakeholders 
(Pakenham-Walsh, 2004; Liyanage et al., 2009; Lam et 
al., 2013). It would also be interesting to know whether 
information and advice from different advisers (e.g., 
veterinarians, advisers from different industries or gov-
ernment) vary and may consequently lead to confusion, 
as well as to learn whom the farmers trust the most. This 
could be the topic of a future survey, to help improve 
advice and knowledge transfer. Furthermore, different 
tools for knowledge transfer may be required for differ-
ent people and target groups.

CONCLUSIONS

In this follow-up study, we detected some changes in 
calf management practices between the surveyed years 
of 2012 and 2022 but still found potential for improve-
ment. Weak points were especially detected in the areas 
of colostrum management, milk and milk replacer feed-
ing, and social housing. Although information for farm-
ers regarding these areas is numerous and distributed 
via different channels (e.g., journals, continuing educa-
tion training), there is still a lack of implementation of 
measures on the farms. Further research should focus on 
methods and tools to bridge this gap between knowledge 
and implementation.
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