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The use of beef semen on dairy cows has been increasing steadily since 2017. We aimed

to describe dairy management practices toward the use of beef semen by surveying

farmers in California, the largest US dairy producer. In January 2020, we mailed a

printed version of the beef semen use survey to 1,017 dairy producers in California,

who also had the option to answer the survey online. The questionnaire consisted of

33 questions that were categorized into three sections: general herd information (n =

10), beef semen management (n = 17), and sexed dairy semen management (n = 6).

The response rate was 13.9% (n = 141). Regression models were used to evaluate the

associations between the dairy-beef crossbred sale price, use of beef semen, and use

of sexed dairy semen vs. herd characteristics. The mean ± SD herd size was 1,693

± 1,311 milking cows. Most dairies (81%) reported using beef semen on dairy cows.

Among respondents, 78% reported extra profit as the main advantage of using beef

semen, followed by control of heifer inventory (69%), genetic improvement (37%), and

other factors (8%). Most respondents (58%) started using beef semen in the past 3

years and 34% of the respondents were breeding more than 30% of all the eligible

cows with beef semen. Angus semen was the most used (reported by 89% of the

respondents), followed by Limousin (12%), Wagyu (10%), Charolais (7%), others (5%,

Limflex, Stabilizer, and Hereford), and Simmental (4%). Reproductive performance was

an important criterion to select cows to receive beef semen and 45% of the respondents

reported starting breeding cows with beef semen from the third breeding, 18% on the

fourth breeding, and 21% on the fifth or greater breedings. The region of California (a

proxy for type of production system) contracts with a calf ranch and the herd breed

explained 76.7% of the observed variation in the day-old dairy beef crossbred calf price.

Survey results demonstrated the widespread use of beef semen in dairies and the main

breeding strategies adopted by dairy farmers.
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INTRODUCTION

In the recent years, dairy producers have increased their interest
in using beef semen on dairy cows as a strategy to increase farm
profitability and manage heifer inventory (Geiger, 2019; Li and
Cabrera, 2019a). The sales of beef semen in the US increased
from 2.54 million doses in 2017 to 7.20 million doses in 2020,
proportionally to the reduction of dairy semen sales from 23.2
million doses in 2017 to 18.3million doses in 2020 (NAAB, 2021).
This increase is associated with the use of beef semen on dairy
cows (McWhorter et al., 2020). Even though this strategy is not
new, dairy farmers are taking advantage of the advancements
in technology in reproduction and genetics to maximize their
incomes. For instance, drivers of this management include a
positive trend in the reproductive performance of dairy herds
(Berry et al., 2014), the increased use of sexed dairy semen
since 2009 (Bickhart and Hutchison, 2016), excess supply of
replacements in dairy herds, high costs to raise a purebred
dairy heifer up to 24 months of age (Overton and Dhuyvetter,
2020), the increased value of dairy-beef crossbred offspring when
compared to the traditional male calf, the low market price of
surplus heifers (Farmers Livestock Auction, 2021), and years of
depressed milk prices (USDA, 2020).

Dairy-beef crossbred calf prices have a higher market value,
with reports from $125 to $254/head (Reynold Livestock Market,
2021) compared to prices from $15/head to $150/head for
Holstein bull calves (Farmers Livestock Auction, 2021). The
premium paid for dairy-beef crossbred calves over the market
price of purebred dairy calves is an economic opportunity
for dairies, as it can represent a new profit center (Basham,
2020; De Vries, 2020). If sold at 1 day of age, dairy-beef
crossbred calves increase the herd income over semen cost,
especially if contracts with calf ranches are made (Li and
Cabrera, 2019a). Other marketing channels include marketing
400-pound feeders and retaining ownership through harvest
(Basham, 2020). Additional positive outcomes of the use of beef
semen on dairy herds are possible, if calving ease and beef
bull fertility are considered (Morrell et al., 2018; McWhorter
et al., 2020). Dairies with favorable reproductive performance
(e.g., 30% pregnancy rate vs. 15% pregnancy rate for poor
performance) (Li and Cabrera, 2019a) have more opportunities
to combine the use of sexed dairy semen, beef semen, and other
strategies such as embryo transfer. For instance, farmers can
breed heifers and genetically superior cows with sexed dairy
semen, while using beef semen in genetically inferior cows
(Ettema et al., 2017). Furthermore, controlling heifer inventory is
an important economic opportunity for dairy farmers (Overton
and Dhuyvetter, 2020) and it presents additional benefits such as
the reduction of the environmental footprint of dairy production
through the reduction of methane and phosphorus emissions
(Hristov et al., 2013; Vellinga and de Vries, 2018).

Documenting current breeding decisions adopted by dairy
farmers is important to evaluate the impacts of the use
of technology in reproduction and genetics as well as to
understand their perceptions and attitudes toward available
breeding strategies. It is also useful to identify management
opportunities that would maximize the economic return of the

reproductive strategy adopted. This information is important
to guide research and extension activities that help farmers
to maximize their economic returns of dairy operations by
adjusting management decisions such as breeding strategies,
heifer inventory, culling, and reproductive performance (Li and
Cabrera, 2019b). Additionally, specific needs of the beef industry
such as feed intake and conversion, weight gain, carcass yield,
and quality are important aspects and must be considered by the
dairy farmer to support a better premium price for the dairy-beef
crossbred animals to guarantee the sustainability of this market
(Berry, 2021; Felix, 2021).

Even though the use of beef semen by dairy herds is
growing across the US (Felix, 2021), it is particularly relevant for
California dairy producers who represent approximately 18.5%
of all the cattle produced and 19% of the milk production in the
US (California Department of Food Agriculture, 2020; USDA,
2021). Therefore, the objectives of this cross-sectional study were
to describe the current management practices on the use of beef
semen by dairy farms, using the California dairy industry as a
model, and comparing these practices among regions of the state
by herd size and breeds.

Additionally, we aimed to determine the associations between
herd characteristics and the use of beef and sexed dairy semen
and the price of day-old dairy-beef crossbred calves. Our
hypothesis was that herd size, region of the state, and use of sexed
dairy semen are associated with the use of beef semen.

MATERIALS AND METHODS

Study Design
For the designed cross-sectional study, a questionnaire
(Supplementary File 1) was created to obtain data on the
use of beef semen by dairy herds. The state of California was
chosen due to its importance for the US dairy industry and
the variety of production systems according to the regions
of the state. The questionnaire was reviewed and approved
by the University of California, Davis Institutional Review
Board (IRB ID: 1510095-1). The survey was evaluated by three
dairy producers for feedback on content and organization of
each question.

The questionnaire contained 33 questions andwas categorized
into three sections: general herd information, beef semen
management, and sexed dairy semen management. Question
format ranged from a single choice of multiple options, multiple
choices of multiple options, and fill in the blank when the choice
“other” was selected (a blank space was added to be filled by
the respondent).

A complete list of California dairy producers was obtained
from the California Department of Food and Agriculture in
January 2020 (n = 1,256). Duplicate addresses (n = 231) were
excluded from the list. Online and paper versions of the survey
were created using Qualtrics (Qualtrics Research Suite, Provo,
Utah, USA). First, a postcard was sent by mail to all the dairy
producers on our list on January 17, 2020 (n = 1,025). The
postcard contained information about the research project and
survey and instructions on accessing the online version of the
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FIGURE 1 | Map of California regions included in the beef semen survey:

Northern California (NCA), Northern San Joaquin Valley (NSJV), and Greater

Southern California (GSCA) (adapted from Love et al., 2016).

questionnaire. Eight postcards were returned due to an incorrect
address. One week later, we mailed all the 1,017 dairy farmers
a double-sided, 2-page survey and an introductory letter with
the goals of study, researchers involved, the confidentiality of
responses, and the method to return answers using a prepaid
envelope. The first 100 respondents were rewarded with a $10
gift card. In March, a follow-up reminder postcard was sent to
dairies that did not respond. Responses were received until May
30, 2020.

Responses were categorized by herd breed as pure Holstein
(HO), pure Jersey (JE), and others (OT), which included mixed
breeds and/or crossbred cows and by herd size (<500, 501
to 1,500, and >1,500 lactating dairy cows). Responses were
compared across three regions as described in Love et al.
(2016): Northern California (NCA), Northern San Joaquin Valley
(NSJV), and Greater Southern California (GSCA; Figure 1), to
determine whether differences in the use of beef-on-dairy across
the state existed, as these regions host different production
systems. This comparison is also important because herd size
and management differences across these regions exist (Love
et al., 2016). The number of respondents per question varied
because the respondents were given the option to answer or
skip questions.

Questions without an answer or with an unclear response were
not included in the data analyses. All the data received were
recorded in a Microsoft Excel Spreadsheet (Microsoft, Redmond,

Washington, USA) and later were exported into a single file
into SAS 9.4 (SAS Institute Incorporation, Cary, North Carolina,
USA). The error survey rate was calculated using the Survey
Random Sample Calculator (Custom Insight Inc., 2010) to obtain
the accuracy of our data; an error survey rate between 4 and 8%
was deemed acceptable (Pollfish, 2021).

Statistical Analysis
Descriptive statistics were performed with the MEANS and
FREQ procedures of SAS 9.4. The price received for the crossbred
calf was a continuous variable; therefore, factors associated with
it were determined using a general linear model in PROC GLM
(SAS Institute Incorporation, Cary, North Carolina, USA). The
factors considered were herd breed (HO, JE, and OT); region
of the state (NCA, NSJV, and GSCA); herd size (<500, 501 to
1,500, and>1,500 lactating dairy cows); average milk production
(kg/cow per day); whether the farmer raised the dairy-beef
crossbred calves (yes, no, or both, meaning raised some and sold
some); whether a contract with a calf ranch existed (yes or no);
duration of time using beef semen (<1 year, between 1 and 3
years, between 4 and 6 years, and more than 6 years); percentage
of cows bred with beef semen (<10%, between 11 and 20%,
between 21 and 30%, and more than 30%); and the use of sexed
dairy semen (yes or no). Interactions up to the third order were
tested. Significance was considered at p < 0.05 and tendency at
0.05 < p < 0.10.

The use of beef semen and the use of sexed dairy semen (yes or
no) were analyzed by logistic regression using PROC LOGISTIC
(SAS 9.4). For the use of beef semen (response variable), predictor
variables were sexed dairy semen use (yes or no); region (NCA,
NSJV, and GSCA); herd size (<500, 501 to 1,500, and >1,500
lactating dairy cows); and herd breed (HO and OT; JE herds
were not included as all the Jersey respondents were using beef
semen). For the use of sexed dairy semen (response variable),
predictor variables were beef semen use (yes or no); region (NCA,
NSJV, and GSCA); herd size (<500, 501 to 1,500, and >1,500
lactating dairy cows); and herd breed (HO and OT). Two-way
interactions were tested, but not kept in the model, as they were
not significant.

RESULTS

General Description of Respondents
A total of 141 responses (13.9%) from 21 countries in California
were returned. Four respondents sold their operations; thus, the
total number of surveys analyzed was 137, representing 10.3%
of all the California dairies in 2019 (California Department of
Food Agriculture, 2020). The number of respondents per region
of California was proportional to the distribution of surveys
mailed. Of the total surveys mailed, 17.9% were sent to dairies
in NCA and 15.9% of the respondents were from this region.
Likewise, 40.1 and 42.0% of the surveys were mailed to NSJV and
GSCA regions and 43.6 and 40.5% of the respondents were from
these regions, respectively. The sum of lactating cows from the
respondents was 206,496, representing 11.9% of the total number
of lactating cows in California in 2019 (California Department
of Food Agriculture, 2020). Of all the respondents, 23 (16.8%)
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TABLE 1 | Dairy herd characteristics of all the respondents by region of the

California beef semen survey.

Region

Item Na NCAb NSJVc GSCAd

Percentage of herds

(%)

126 15.9 43.6 40.5

Average herd size

(lactating cows)

119 537 1,498 2,301

Herd size (1st−3rd

quartile)

300–650 675–2,000 1,150–3,500

Average milk

production per cow

(kg/day ± SD)

101 26.8 ± 5.8 37.6 ± 4.6 36.1 ± 3.9

Herd breed 120

Pure Holstein (%) 87 9.2 47.1 43.7

Pure Jersey (%) 10 20.0 40.0 40.0

Otherse (%) 23 30.4 39.1 30.4

aNumber of respondents (varied according to the survey question).
bNorthern California.
cNorthern San Joaquin Valley.
dGreater Southern California.
e Indicates herds with crossbred, Jersey, and Holstein cows.

respondents responded to the survey online. Overall, the error
survey rate was 7.7%, with a 95% confidence level (Custom
Insight Inc., 2010). The survey response was 65.0% by owners (n
= 89), 13.1% bymanagers (n= 18), and 1.5% by partners (n= 2).
A total of 28 (20.4%) respondents did not indicate their job title.

Herd characteristics according to the region of the state are
given inTable 1. Herd size ranged from 105 to 5,500 cows and the
mean± SDwas 1,693± 1,311 lactating cows. Of the respondents,
18.8% had<500 cows (n= 23), 32.8% had between 501 and 1,500
cows (n = 44), and 48.4% had >1,500 lactating cows (n = 55).
Milk production (kg/cow per day) averaged 35.2 kg and ranged
from 18.1 to 45.3 kg. For all the data regardless of region, pureHO
was the herd breed with the greatest number of responses (72.4%,
n = 89), followed by other breeds (18.7%, n = 23) and JE breed
(8.9%, n = 11). Most respondents were in the NSJV, followed by
GSCA, and the fewest respondents were in the NCA. The NCA
had the smallest average herd size and lowest milk production
per cow.

Beef and Sexed Dairy Semen Practices
A total of 81% of respondents were using beef semen on dairy
cows (n = 103). Among those herds, two respondents were
using beef embryos (1.6%) and one respondent was breeding
with male-sexed beef semen (0.8%). Extra profit (78.1%, n
= 75), controlling heifer inventory (69.8%, n = 67), genetic
improvement (37.5%, n = 36), and other factors such as
improved conception rate and reproduction (8.3%, n = 8)
were the factors reported as the main advantages of using beef
semen; furthermore, 54.6% of the respondents (n= 53) reported
both extra profit and control of heifer inventory as the main
advantages of using beef semen on their dairy cows. Among
producers who were not using beef semen (n = 25), 21 were HO
herds (84%) and four were herds classified as other breeds (16%).

TABLE 2 | Dairy herd characteristics of all the respondents using beef semen by

California region.

Percentage by Region

Item Na NCAb NSJVc GSCAd

Number of respondents

using beef semen

100 12 44 44

Duration of beef semen

use

98

<1 year 14 7.1 36.0 57.1

1–3 years 56 12.5 46.4 41.1

4–6 years 20 10.0 50.0 40.0

More than 6 years 8 12.5 25.0 62.5

Percentage of cows in

herd bred with beef

semen

98

0–10% 25 20.0 40.0 40.0

11–20% 21 14.3 42.9 42.9

21–30% 18 0.0 55.6 44.4

More than 30% 34 8.8 41.2 50.0

Average price per straw 96

<$10 80 10.0 40.0 50.0

$10–$15 16 18.8 56.2 25.0

More than $15 0 0.0 0.0 0.0

Breed of beef semen

used

100

Angus 88 11.1 36.4 41.4

Charolais 7 0.0 42.9 57.1

Limousin 12 33.3 41.7 25.0

Otherse 5 20.0 80.0 0.0

Simmental 4 0.0 50.0 50.0

Wagyu 10 0.0 40.0 60.0

Multiplef 25 16.0 48.0 36.0

aNumber of respondents.
bNorthern California.
cNorthern San Joaquin Valley.
dGreater Southern California.
eOthers: Hereford (2), Limflex (2), and Stabilizer (1).
fHerds that are using more than one beef semen breed.

All the Jersey herds were using beef semen to breed their dairy
cows. From those herds that were not using beef semen, 41.7% of
HO herds were from NSJV (n = 10), 20.8% were from NCA (n
= 5) and from GSCA (n = 5), and 8.3% of the other herds were
from NCA (n= 2) and GSCA (n= 2).

Overall, 14% of respondents have been using beef semen for
<1 year (n = 14), a higher percentage of 58% were using from
1 to 3 years (n = 58), 20% were using from 4 to 6 years (n =

20), and a small percentage were using it for more than 6 years
(8.0%, n = 8). Approximately, 26% (n = 26) of the respondents
were using beef semen in <10% of their herd (nulliparous and
multiparous cows), 21% (n = 21) were breeding between 11 and
20%, 19% (n= 19) were using beef semen in 21 to 30%, and 34%
(n= 34) were using beef semen in more than 30% of all the cows.
The percentage of dairies raising their own dairy-beef crossbred
calves was 19.4% (n= 19) and among those, 57.9% (n= 11) were
both selling 1-day-old and raising dairy-beef crossbred calves.
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FIGURE 2 | Most common beef semen breeds used according to dairy herd breed in California in 2020. An, Angus; Ch, Charolais; Li, Limousin; Ot, Limflex, Stabilizer,

and Hereford semen; Si, Simmental; Wa, Wagyu; others, Indicates herds with crossbred, Jersey, and Holstein cows.

The majority of the respondents (82.7%, n = 81) reported a cost
of <$10 per straw of beef semen and 17.3% had a cost between
$10 and $15.

A summary of beef semen practices of all the respondents by
California region is given in Table 2. Most respondents breeding
more than 30% of their cows with beef semen were from GSCA,
followed by NSJV then NCA. Figure 2 shows the most common
beef breeds used by dairy farmers in California in 2020 for
inseminating their cows. More than 90% of pure HO herds were
breeding with Angus semen, followed by Wagyu and Charolais
at <10%.

Pure Jersey herds mostly used Angus and Limousin semen.
Other California dairy herds also were breeding mostly with
Angus and a smaller percentage of Limousin semen. Overall,
Angus semen was the most common single breed of beef semen
used, followed by Limousin, Wagyu, Charolais, others (Limflex,
Stabilizer, and Hereford), and Simmental. The proportion of
respondents using more than one beef breed for inseminating
their cows was the greatest for Jersey herds (80%, n= 8). Pure HO
(81.7%, n = 58) and other herds (66.7%, n = 10) predominantly
used one beef breed. 86% of the respondents using beef semen
were also reported the use of sexed dairy semen (n= 84).

The logistic regression model results for the associations
between herd characteristics and beef and sexed dairy semen use
is given in Table 3. Region of the state tended (p = 0.061) to be
associated with the use of beef semen where compared with the
NSJV, herds in the NCA had lesser odds of using beef semen
[odds ratio (OR): 0.139, CI: 0.025–0.776]. No difference was
observed between GSCA and NSJV (OR: 1.077, CI: 0.289–4.016).

A tendency (p = 0.067) was also observed for the association
between herd size and the use of beef semen, where herds with
a number of lactating cows between 501 and 1,500 had lower
odds of using beef semen when compared to herds with <500
lactating cows (OR: 0.166, CI: 0.027–1.002). Herd breed was not
associated with the use of beef (p= 0.446) or sexed dairy semen (p
= 0.857). Farmers who use beef semen had greater odds of using
sexed dairy semen (OR: 6.912, CI: 2.054–23.262) and herds with
501–1,500 lactating cows and more than 1,500 lactating cows had
5.233 and 8.597 greater odds of using sexed dairy semen than
dairies with < 500 lactating cows (OR: 5.233, CI: 1.181–23.177
and OR: 8.597, CI: 1.734–42.612), respectively.

Cow Selection Criteria
Criteria for selecting cows for breeding with sexed semen and
beef semen are shown in Figures 3A,B, respectively. Overall,
lactation number (n = 46), reproductive performance (n = 37),
genomic testing (n= 34), and milk production (n= 31) were the
main factors producers used to select cows to breed with sexed
dairy semen (Figure 3A). Sexed dairy semen was mostly being
used in heifers (94.1%, n = 79) and first lactation cows (69.1%,
n = 58). Based on reproductive performance, 26.4% (n = 19) of
producers were breeding sexed dairy semen on their cows on first
breeding, 62.5% (n = 45) on first and second breedings, 6.9% (n
= 5) on first, second, and third breedings, 2.8% (n = 2) from
the first to fourth breedings, and 1.39% (n = 1) were using sexed
dairy semen from first to fifth breedings or more.

A total of 60% of the producers (n = 60) combined more
than one criterion for selecting cows to be eligible to receive beef
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TABLE 3 | Estimates and effect measure from a logistic regression model for the association between herd characteristics and the use of beef and sexed dairy semen by

California dairies in 2020.

Predictor Reference category Estimate SE P-Value Odds ratio 95% CI

Lower Upper

Beef semen use

Sexed dairy semen use 0.001

Yes No 1.962 0.630 7.118 2.067 24.513

Region 0.061

aNCA bNSJV −1.974 0.873 0.139 0.025 0.776

cGSCA 0.073 0.657 1.077 0.289 4.016

Herd size 0.067

501–1,500 ≤500 −1.797 0.916 0.166 0.027 1.002

>1,500 −0.692 1.020 0.500 0.067 3.719

Herd breed 0.446

Pure Holstein dOthers −0.554 0.725 0.574 0.138 2.396

Sexed dairy semen use

Beef semen use 0.001

Yes No 1.933 0.610 6.912 2.054 23.262

Region 0.874

aNCA bNSJV 0.120 0.831 1.128 0.221 5.753

cGSCA −0.284 0.655 0.752 0.206 2.749

Herd size 0.022

501–1,500 ≤500 1.655 0.751 5.233 1.181 23.177

>1,500 2.151 0.810 8.597 1.734 42.612

Herd breed 0.857

Pure Holstein dOthers −0.126 0.707 0.881 0.221 3.512

aNorthern California.
bNorthern San Joaquin Valley.
cGreater Southern California.
d Indicates herds with crossbred, Jersey, and Holstein cows.

semen. Reproductive performance (n= 74), lactation number (n
= 54), and milk production (n = 42) were the most common
criteria that farmers reported for selecting cows to breed with
beef semen (Figure 3B). Most farmers started using beef semen
for breeding cows in their third and greater lactations (51.4%, n=
36), followed by second (37.1%, n= 26) and first (22.9%, n= 16)
lactations and 25.7% (n = 18) of respondents reported starting
using beef semen on their heifers.

The greatest percentage of farmers (45.0%) reported starting
breeding with beef semen on the third breeding, 18.0% on
the fourth breeding, and 21.0% on the fifth breeding of cow
onward. Overall, preference of the calf ranch (42.3%, n = 41),
cost of the beef semen (42.3%, n = 41), and calving ease
(21.6%, n = 21) were the main factors driving the selection
of the beef semen used, but 24.7% of respondents (n =

24) were combining more than one factor for beef semen
selection. Among respondents, 9.4% (n = 9) reported issues
using beef semen. Fertility (55.6%, n = 5), calf size (22.2%,
n = 2), and calving difficulty (22.2%, n = 2) were the main
issues described.

Dairy-Beef Crossbred Calf Price
The prices received by the respondents for their day-old
dairy-beef crossbred calves are shown in Figure 4. Regardless

of the herd breed, Angus-dairy crossbred calves had the
greatest day-old price variation, from <$50/calf to more
than $250/calf. Within HO herds, the range of day-old
crossbred calf prices was between <$50/calf to more than
$250/calf, but the highest prices were obtained when Wagyu
and Charolais semen were used (more than $250). For
Jersey herds, the day-old crossbred calf prices were between
<$50/calf to $201–$250/calf. Within Jersey herds, using
Charolais semen earned the best market value for the crossbred
calf ($201–$250).

Region of the state (p = 0.017; 11.8%), contract with a calf
ranch (p < 0.0001, 31.1%), and the herd breed (p < 0.0001,
33.8%) were associated with the price received for the dairy-
beef crossbred calf, explaining 76.7% of the observed variation
of the day-old crossbred calf price. The least-square mean prices
(SE) for GSCA, NCA, and NSJV were $180.30 ($8.60), $136.20
($14.50), and $157.50 ($7.90), respectively. For herd breed, the
least-square means (SE) were $184.40 ($7.20, pure HO herds),
$113.00 ($13.30, JE herds), and $176.60 ($10.70, OT herds). The
percentage of dairies that reported contracting with a calf ranch
was 41.2% (n = 40). When producers were asked the question
“How do you feel the crossbred market will be in the next
few years?,” 57.3% of respondents reported that the dairy-beef
crossbred calf price would decrease (n = 55), few believed that
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FIGURE 3 | Distribution of dairy herds according to the main factors

considered for breeding cows with (A) sexed dairy semen or (B) beef semen in

2020. Respondents had the option to select more than one strategy; thus,

percentages do not total to 100%.

the price would increase (5.2%, n = 5), and 27.1% reported that
the market would remain the same (n= 26).

DISCUSSION

This cross-sectional study summarizes the practices with respect
to the use of beef semen on dairy herds adopted by dairy
producers and demonstrates factors associated with the day-
old dairy-beef crossbred price. The use of beef semen on dairy
herds brings flexibility and economic opportunities to dairy
farmers through their reproductive management program. This
strategy is not new, but has gained momentum due to current
market conditions. In California, most producers have started
using beef on dairy in the last 4 years, regardless of herd size
or breed, in accordance with the increase in the sales of beef
semen in the US (NAAB, 2021). Like California, dairies in
other states across the US are using beef semen as well. As
reported by Agsource Dairy (2019) using data from 3,200 dairy
farms from the eastern US, 16% of all the cow breedings in
2019 were with beef semen. A survey conducted in Wisconsin,
Michigan, and Iowa reported that almost 80% of respondents
used beef genetics on their dairy cows (Halfman and Sterry,
2019), similar to what we reported in this study. Even though
our survey was conducted only among California dairy farmers,
California holds almost 20% of all the dairy cattle in the US

(USDA, 2021). The California dairy industry contributes 19–22%
to the US beef production (Boetel, 2016), hence the importance
of documenting the beef on dairy management practices in
the state.

The data presented here are representative of the variety of
farms that comprise the California dairy industry. Dairies in the
NCA region are characterized by small herds, certified organic
producers, and pasture-based herds (Love et al., 2016; California
Department of Food Agriculture, 2018; Martins et al., 2019),
whereas the NSJV concentrates most of the commercial, freestall,
and dry lot herds.

Herds in the NCA region had lower odds of using beef
and sexed dairy semen when compared to herds in the NSJV,
regardless of size. Furthermore, the reported day-old dairy-beef
crossbred prices received by producers in the NCA were lower
than prices received by producers in the NSJV and GSCA.
Differences in reproductive performance, milk price, heifer
raising, and market conditions for the herds in these regions may
explain these differences. Herds using beef semen had greater
odds of using sexed dairy semen. This result agrees with the
literature as the availability and use of sexed dairy semen allows
farmers to obtain the number of heifers needed from a reduced
number of breedings (De Vries, 2019), giving the producers a
greater opportunity to manage their reproductive programs.

In this study, producers reported extra profit as the main
perceived advantage for using beef semen on dairy cows. Overall,
economic opportunities of using beef on dairy have been
highlighted by other studies (Ettema et al., 2017; Li and Cabrera,
2019a). The second most important perceived advantage of using
beef on dairy was the control of heifer inventory. Sexed dairy
semen use, improvements in reproductive performance, and
better heifer management have resulted in an excess number of
replacement heifers (Bickhart and Hutchison, 2016; De Vries,
2020). The current cost of raising heifers is estimated to be
$2,016 (Overton and Dhuyvetter, 2020), but the average market
price for California, for instance, for females due to calve is
$1,350 (Farmers Livestock Market—Oakdale, California, USA,
April 2021). Therefore, raising excess replacement heifers under
currentmarket conditionsmay lead to economic losses (DeVries,
2020; Overton and Dhuyvetter, 2020) and increasing culling rates
to accommodate excess heifers are not an optimal economic
decision (De Vries, 2017). Genetic improvement of the herd was
also perceived as an additional advantage of using beef on dairy
and in this study, producers reported the use of genomic selection
to select cows to receive sexed dairy and beef semen. This strategy
increases the genetic gain, reducing the genetic lag of the herd due
to the use of dairy semen on the genetically superior heifers and
cows (Ettema et al., 2017; De Vries, 2019). However, the use of
genomic information may be a less valuable strategy when beef
semen is used and the prices of the day-old dairy-beef crossbred
calves are high (De Vries, 2019).

The economic advantage of using beef on dairy would depend
on herd reproductive performance, the lifespan of cows, costs
of the sexed dairy and beef semen (Pahmeyer and Britz, 2020),
and market conditions such as heifer and the day-old crossbred
calf price (Li and Cabrera, 2019b). For instance, in an economic
simulation from Li and Cabrera (2019a), considering an adequate
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FIGURE 4 | Distribution of the day-old dairy-beef crossbred calf sale price according to breeds of dairy cows and beef semen used in California in 2020. An, Angus;

Ch, Charolais; Li, Limousin; Ot, Limflex, Stabilizer, and Hereford semen; Si, Simmental; Wa, Wagyu; others, indicates herds with crossbred, Jersey, and Holstein cows.

supply of replacement heifers and a premium of $225/head paid
on day-old dairy-beef crossbred calves, income from calves over
semen costs would be maximized when sexed dairy semen is used
in the first and second breeding of heifers, in the first breeding
of first and second lactation cows, and all other breedings are
done with beef semen. The reproductive practices reported by
producers in this study are aligned with this strategy, as they have
mostly used sexed dairy semen in heifers and first breeding of
cows, with parity and breeding number being the main criteria
used to select which cows would receive each type of semen.

We observed a large variation in the beef semen chosen and,
consequently, in the price of the day-old dairy-beef crossbred
calf. The herd breed, having a contract with a calf ranch,
and the region of California where the farm is located (a
proxy for the type of farm) were factors associated with the
price received when dairy-beef crossbred calves were sold. The
greatest variation observed for Angus crosses may be explained
by the widespread use of Angus semen, which is the semen
with the highest domestic sales in the US (NAAB, 2021). A
greater number of Angus breedings generates data that may
lead to the improvement of Angus bulls focused on dairy-beef
crossbred performance (McWhorter et al., 2020), reinforcing its
widespread use.

For dairy herds, conception rate and calving ease are
important features that must be considered when selecting the
beef bull to be used, especially due to the use of beef semen
on repeated breeders (Cauffman et al., 2019; Halfman and
Sterry, 2019). In this study, low conception rates, calf size, and
difficult calving were common issues reported by dairy farmers

when using beef semen. Besides, the sustainability of the dairy-
beef crossbred market also depends on the ability of dairy
farmers to provide a high-quality product that would fulfill the
needs of beef industry for feed efficiency in the feedlot and
carcass characteristics. In this study, most dairy farmers reported
choosing beef semen on the basis of the preferences of the
calf rancher purchasing the day-old dairy-beef crossbred calf.
However, semen cost is a criterion used by only 18% of the dairy
producers. Semen cost was reported as the most important aspect
for beef semen choice by dairy producers in Iowa, Michigan,
and Wisconsin (Halfman and Sterry, 2019). Even though semen
cost may influence the income from calves over semen cost (Li
and Cabrera, 2019a), it is possible to obtain good reproductive
performance on the dairy side and greater results on feed intake
and carcass weight and quality on the beef side (Twomey et al.,
2020).

In this study, only 19% of respondents were raising their
dairy-beef crossbred calves. Knowledge about the beef market
and its needs are an opportunity for dairy farmers to increase the
premium received for their dairy-beef crossbred calves, especially
for Jersey herds that historically have received very low prices
for their male calves (Bechtel, 2018). Dairy farmers could capture
additional economic opportunities, if the ownership of dairy-beef
crossbred calves were kept until 180 kg or slaughtered. Basham
(2020) reported that retaining ownership of dairy-beef crossbred
calves up to 180 kg would be the most profitable strategy for dairy
farmers, although higher risk incurs. Therefore, it is important to
consider market conditions and plan the need for replacement
heifers to obtain a maximum economic return from the use
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of beef semen on dairy cows and economic studies evaluating
the most profitable management alternative for dairy farmers
are warranted.

Last, this study may contain biases as dairy producers
who do not use beef semen may have been less likely to
respond to the survey. Furthermore, important aspects that
may determine the opportunity to use beef semen by dairy
herds such as reproductive performance of the herd, breeding
program, intention to expand the herd, heifer raising system and
performance indexes, and type of production system were not
captured by our survey. Another important consideration is that
some answers were received right at the beginning of coronavirus
disease 2019 (COVID-19) pandemic in the US, affecting dairy
and beef markets greatly, and possibly affecting some of the
responses obtained.

Nonetheless, the information presented here demonstrates the
multiplicity of beef on dairy strategies adopted by farmers and
highlights the need for further studies on the topic.

The results of this study demonstrated the widespread use of
beef semen in dairy herds. Parity and breeding number were the
main criteria that dairy farmers used to choose which cows to
receive sexed dairy and beef semen. There was high variability
in the price received for the day-old, dairy-beef crossbred calf,
and having a contract with a calf ranch, Angus crosses, and
breed of the dairy herd were associated with the calf price. The
beef strategies on dairy practices reported here may not differ
from other dairy herds across the US, but herd reproductive
performance and market conditions may influence the adopted
reproductive strategy.
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