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Simple Summary

Weather and management practices during summer can make it harder for dairy cows to
stay healthy and reproduce, especially in organic dairy systems where cows spend much
of the summer on pasture, spending their energy grazing and walking, and are directly
exposed to heat. This study examined how calving during the summer affects reproduc-
tion, milk production, and the risk of cows leaving the herd in U.S. organic dairy farms.
We analyzed records from 287,927 cows from 434 organic dairy herds across the United
States. We found that cows calving in summer were bred sooner after calving, but were
less likely to become pregnant than cows calving in other seasons. Summer-calving cows
also produced less milk, reached their highest milk production later, and had a lower peak
milk yield. In addition, cows calving in summer were more likely to experience difficult
calving and had a higher risk of being removed from the herd. These results show that
summer calving creates multiple challenges for organic dairy cows. Understanding these
seasonal effects can help farmers to improve breeding plans, cow comfort, and manage-
ment strategies, ultimately supporting animal welfare, farm sustainability, and long-term
milk production.

Abstract

The objective of this study was to evaluate the impact of summer calving on reproductive
performance, milk yield, and culling risk in U.S. organic dairy herds. Data were obtained
from the Dairy Herd Improvement records of 434 organic dairy herds across 31 states,
comprising 287,927 calving records from 2018 to 2022. Calving months were categorized
as winter, spring, summer, or fall. Mixed models were used to analyze the 305 d milk
yield, 305 d energy-corrected milk yield, peak milk DIM, peak test-day milk yield and
logistic regression, and survival analyseswere applied to analyze calving difficulty, abortion,
pregnancy diagnosis, and culling outcomes. Cows calving during summer had fewer days
to first service and fewer days open compared with cows calving in other seasons; however,
their odds of being diagnosed as pregnant were significantly lower. Summer-calving
cows produced lower 305 d milk and energy-corrected milk yields, reached peak milk
production later, and had a lower peak test-day milk yield. Calving during summer was
also associated with increased odds of calving difficulty and a higher risk of culling. These
findings indicate that summer calving poses distinct challenges for organic dairy cows,
with cumulative effects on fertility, milk production, and survivability, underscoring the
need for season-specific management strategies in organic dairy systems.
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1. Introduction
Weather conditions, along with specific management practices, present significant chal-

lenges for dairy cattle during summer, greatly impacting fertility and milk production [1].
These challenges are particularly relevant, given the rapid growth and economic impor-
tance of the U.S. organic dairy sector. U.S. farms and ranches generated approximately
$10.2 billion in certified organic commodity sales in 2021, a 13% increase from 2019, with
dairy products leading the organic food market [2]. Organic milk alone accounted for about
15% of total organic food sales, with sales reaching 726 million kg in 2021, representing a
3% increase since 2019 and comprising approximately 2.3% of total U.S. milk sales [3,4].
Texas led national organic milk production, with approximately 460 million kg, followed
by California (375 million kg), New York (186 million kg), Idaho (167 million kg), and
Wisconsin (163 million kg) [2]. The number of organic dairy cows in the U.S. increased
by 26% from 2016 to 2021, reaching 352,289 cows, highlighting the expanding scale and
importance of organic dairy production [2,5,6].

Elevated ambient temperatures combined with high humidity create thermal loads
that exceed the cows’ capacity for heat dissipation, leading to both direct physiological
disruptions and indirect effects via reduced dry matter intake (DMI) [7]. In organic dairy
systems, cows are typically managed under USDA’s National Organic Program (NOP)
regulations, which requires pasture access for a minimum of 120 days each year and also
that at least 30% of their dry matter intake (DMI) come from organic pasture during this
period [8]. Therefore, most dairy farms put cows on pasture during the summer months
when the pasture is available, which increases their direct exposure to the ambient heat
load and solar radiation compared with confinement systems. In addition, cows need to
walk during grazing as well as to the pasture on a regular basis, leading to additional
energy expenditure in this process. Consequently, cows calving during summer under
organic management may experience a sustained negative impact.

The temperature–humidity index (THI) is widely used to quantify this environmen-
tal stress, and heat stress is commonly initiated when THI values exceed thresholds of
approximately 68–72, indicating combined thermal and humidity stress that suppresses
physiological comfort [9,10]. Under these conditions, their dry matter intake (DMI) declines,
exacerbating negative energy balance (NEB) and further impairing reproductive processes
such as ovarian activity and embryo development as an indirect effect [1,7]. Direct phys-
iological consequences of heat stress include impaired follicular development, reduced
steroidogenesis, a compromised uterine environment, poor oocyte quality, and increased
early embryonic loss [7,11]. Heat stress also disrupts estrous behavior and reduces the
expression of estrus, which diminishes the accuracy of estrus detection and the timing
of insemination [12,13], and has been experimentally shown to reduce pregnancy rates
dramatically when THI is high at or near insemination (e.g., summer vs. winter compar-
isons) [14,15]. The impact of the summer heat load on reproductive physiology extends
beyond ovarian function to include alterations in hormonal profiles. Heat stress can dimin-
ish the pre-ovulatory surge of the luteinizing hormone (LH) and reduce circulating estradiol
concentrations, leading to poor follicle dominance and suboptimal conditions for ovulation
and conception [16,17]. Progesterone synthesis and corpus luteum function may also be
disrupted, further reducing the likelihood of embryonic survival and implantation [7,11].
These physiological effects help to explain well-documented declines in conception rates of
20–30% during hot seasons compared with cooler months [7,14,18,19] and the characteristic
seasonal trends in estrus detection, interval to first service, and overall fertility in dairy
herds [7,15].

Cows that calve during summer are particularly vulnerable to these effects because
their transition period, defined as the early postpartum period when a dairy cow is already
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energetically demanding, coincides with the peak environmental heat load. For example,
physiological studies have documented longer intervals from calving to first postpartum
ovulation and altered endocrine function among cows calving in spring and summer
compared with those calving in cooler periods [20]. Through both direct and indirect
pathways, when the transition period falls within summer months, cows can have impaired
production and fertility, including the conception rate, pregnancy rate, and increased days
open, further complicating reproductive success [1,11,19,21].

Reproductive failure remains a leading cause of cow removal from herds; management
policies often allow for more opportunities for higher-producing cows to conceive before
culling [22–24]. Seasonal trends are evident in estrus detection, interval to first service,
and conception outcomes in dairy cows [14,19,25,26], with consistently reduced conception
rates observed during the summer, relative to winter leading to more cows getting out of
herd due to reproductive failures. Research has documented that higher milk-producing
cows are often associated with low fertility, though the relationship between yield and the
decision to cull remains complex [21].

Despite extensive documentation of the detrimental effects of summer calvings on
reproductive efficiency and lactational performance in conventional dairy cattle [20,27], the
literature examining these patterns in organic dairy systems remains limited, where inter-
ventions including hormones and antibiotics are restricted. Understanding the interaction
between the calving period, production system, and herd performance is therefore critical,
particularly for organic dairy herds for whom the summer months are significant. The
objective of this study was to evaluate the impact of summer calving on the reproductive
measures, milk yield, and the culling risk of cows in organic dairy farms in the US.

2. Materials and Methods
2.1. Study Population

This study examined the Dairy Herd Improvement (DHI) lactation records from
434 organic dairy herds across 31 US states, comprising a total of 287,927 records of cow
calving between January 2018 and December 2022. Organic dairies were recognized based
on the price of milk. The dataset was provided by Dairy Records Management Systems
(DRMS, Raleigh, NC, USA). Distribution of cows, lactation records, and herds across the
states represented is presented as Supplementary Table S1.

2.2. Data Management

The individual cow-related data within each farm include the birth date, calving date,
parity, actual 305 d milk yield, 305 d energy-corrected milk yield, peak milk DIM, peak
test-day milk yield, herd code, state, recorded reason and date of culling and breeding.
The records were obtained by combining separate lactation, breeding, and identification
datasets received from the DRMS. The culling date was identified as the last known reported
status date with the code culling.

2.3. Measures of Interest

The dependent variable was calving season (summer and other). Other measures
of interest were 305 d milk yield, 305 d energy-corrected milk yield, peak milk DIM,
peak test-day milk yield, calving difficulty during calving, abortion risk during the
current lactation [after summer calving], pregnancy diagnosis during the current lac-
tation, and culling of cows from the herd in the current lactation. The calving seasons
were defined as winter (January to March, n = 70,062 lactations), spring (April to June,
n = 69,130 lactations), summer (July to September, n = 71,111 lactations), and fall (October
to December, n = 77,624 lactations) [23,28,29].
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2.4. Statistical Analysis

The impact of summer calving on continuous variables (305 d milk yield, 305 d energy-
corrected milk (305 ECM) yield, peak milk DIM, peak test-day milk yield) were analyzed
using the MIXED procedure in SAS (release 9.4; SAS Institute Inc., Cary, NC, USA), with
herd included as the random variable. The statistical model utilized included the fixed
effects of calving season and parity. Logistic regression (PROC GLIMMIX) was used to
assess the effect of the season of calving on binary variables (calving difficulty, abortion,
pregnancy diagnosis, and culling). The score of calving ease ranged from 1 to 5, with
1 being easiest (unassisted) and higher numbers indicating more difficulty (slight problem,
requiring assistance, mechanical pulls, or even Caesarian section) [30]. A new binary
variable was created for the calving difficulty, with 0 for easy and 1 for difficult (calving
ease 2, 3, 4, and 5).

Hazard distribution for culling by calving season was estimated using the Kaplan–
Meier methods of the LIFETEST procedure of SAS. The calving date was considered the
origin of time in the estimation of hazard functions, and the cows surviving until the
subsequent calving were censored at that point. The records ending with the culling date
were censored at the culling date. Records missing a subsequent calving date or a culling
event and date were considered to be censored at the last known event date. The hazard
analysis was conducted for the period from 1 to 500 days after calving.

3. Results and Discussion
In the present study, cows calving during summer had fewer days (3.3%) to first ser-

vice (58.4 vs. 60.4 days, p < 0.0001) compared with cows calving in other seasons (Table 1)
in organic dairy herds. In contrast, previous studies in conventional systems have reported
delayed breeding during summer due to heat stress [21,22,31]. This difference may reflect
improved estrus expression and detection associated with pasture-based management
during summer in organic dairy systems. Cows with access to pasture and open areas
exhibit more frequent and intense estrous behaviors, including mounting and standing to
be mounted, compared with cows housed indoors on concrete flooring [32,33]. Environ-
mental constraints in indoor housing, such as slippery floors, stress of close confinement,
and higher lameness prevalence, reduce mounting activity and can suppress behavioral
estrus expression, leading to delayed or missed inseminations [34]. Lameness, which is
more prevalent in cows housed on concrete, is strongly associated with reduced estrus
intensity and duration and may further compromise timely breeding [35]. These findings
highlight that seasonal patterns in reproductive performance are strongly influenced by
the production system and management objectives, and results from conventional herds
may not directly translate to organic dairy systems.

Cows calving during summer also had slightly fewer (0.64%) days open (168.7 vs.
169.8 p = 0.04) compared with cows calving in other seasons. This finding is consistent
with Oseni, Misztal, Tsuruta and Rekaya [22], who reported the lowest days open for
cows calving between July and September and primarily attributed seasonal variation in
days open to management decisions, rather than physiological limitations. As discussed
above, enhanced estrus expression and improved detection under pasture conditions likely
contributed not only to fewer days to first service, but also to the shorter days open observed
among summer-calving cows. Earlier insemination following calving may consequently
shorten the days open. Thus, in organic dairy systems, the behavioral and locomotor
advantages of pasture access during summer may partially offset the negative reproductive
impacts of seasonal heat load by facilitating earlier breeding events.
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Table 1. Results from mixed linear regression analysis for days until first service, days open, 305 day
milk yield, 305 day ECM yield, peak DMI, peak test-day milk yield for summer and other-season-
calving cows.

Effect LSM SEM p Value

Days until first service (d)
Summer calving 58.4 1.31 <0.0001

Other season calving 60.4 1.29
Days open (d)

Summer calving 168.7 3.05 0.04
Other season calving 169.8 3.02

305 day milk yield (kg)
Summer calving 6266 91.3 <0.0001

Other season calving 6346 91.1
305 day ECM yield (kg)

Summer calving 7054 92.0 0.02
Other season calving 7074 91.8

Peak milk DIM (d)
Summer calving 62.1 0.53 <0.0001

Other season calving 61.0 0.48
Peak test-day milk yield (kg)

Summer calving 27.1 0.36 <0.0001
Other season calving 28.5 0.36

Summer-calving cows had a 1.3% lower (p < 0.0001) 305 day milk yield and a 0.3%
lower (p < 0.05) 305 day energy-corrected milk yield compared with cows calving in other
seasons. This finding is consistent with Torshizi [36], who reported a lower 305 d milk yield
for cows calved in summer and spring than the cows calved in autumn and winter. Similarly,
Ray et al. [37] in Arizona, US and Stojnov et al. [38] in Plovdiv, Bulgaria also reported
the lowest lactation milk yield for cows calving during summer and the highest yield for
spring-calving cows. However, the climate or temperature may vary for different seasons
for different countries. Seasonal differences in milk production are commonly attributed to
environmental and nutritional factors, including heat stress [39–41] and variation in pasture
quality and access [41,42], which may be more pronounced in organic dairy production
systems. Moreover, in organic systems, cows calving in summer often experience the
transition period under heat stress while deriving a substantial proportion of their dry
matter intake from pasture, rather than a nutritionally balanced total mixed ration (TMR),
which may limit energy intake. Additionally, increased energy expenditure associated
with walking to grazing areas and grazing activity [43,44] may further reduce the energy
availability for milk production. Previous studies have also shown that, at the individual
cow level, higher milk production is associated with longer days to first service, days to
conception, and calving interval, reflecting the well-established antagonistic relationship
between milk yield and fertility [21,45,46]. Although causal relationships cannot be inferred,
the lower 305 day milk and ECM yields observed for summer-calving cows in the present
study occurred alongside shorter intervals to first service and days open, highlighting
the complex trade-offs between production and reproductive performance in organic
dairy herds.

Cows calving during the summer reached peak milk production later than cows calv-
ing in other seasons (1.1 day longer; p < 0.0001). Although the numerical difference in peak
time was small, the consistent delay suggests a seasonal influence on early-lactation milk
production dynamics. This pattern likely reflects challenges during the transition period,
including heat stress, increased physical activity associated with grazing and walking [43],
and lower energy intake from pasture-based diets compared with the nutritionally bal-
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anced total mixed ration (TMR) [47], which may delay metabolic adaptation to lactation
and peak milk expression. A comparable seasonal pattern was reported by Torshizi [36],
who observed that the peak time occurred earlier in Iranian Holstein cows calving during
spring and winter compared with those calving in summer and autumn. This delay in peak
production among summer-calving cows may reflect greater physiological and metabolic
challenges during early lactation under warm environmental conditions.

In addition to differences in peak timing, the peak test-day milk yield was signifi-
cantly lower for cows calving in summer compared with those calving in other seasons
(1.1 d longer and 1.4 kg less milk during summer; p < 0.0001, Table 1). This result aligns
with findings by Dědková and Němcová [48] in Holstein of Czech Republic and Tor-
shizi [36] in Iranian Holstein, who reported the lowest peak milk yields for cows calving
in summer and spring, whereas cows calving in autumn and winter achieved the high-
est peak yields. These patterns are commonly attributed to stressful summer conditions
during early lactation in summer, which can limit feed intake and suppress milk synthe-
sis [36]. However, the seasonal effects on peak yield are not fully consistent across studies.
Schei et al. [49] reported higher peak yields for spring-calving Red Cattle in Norway
compared with autumn-calving cows, indicating that the breed, production system, and
climatic region may modify the relationship between calving season and lactation curve
characteristics. Together, these findings suggest that summer calving is generally associ-
ated with delayed peak milk production and reduced peak yield, but the magnitude and
direction of these effects may vary depending on environmental conditions, breed, and the
management system.

The result showed that cows calving during summer had 13% higher odds of calving
difficulty (p < 0.0001) compared with cows calving in other seasons (Table 2). Seasonal
patterns of calving difficulty have been inconsistent across studies, with higher rates
reported in late autumn and winter in UK Holstein cows [50,51], in spring in Swedish
Holstein cows [52], or with minimal seasonal differences. Differences among studies
likely reflect variation in production systems, housing conditions, supervision intensity,
herd composition, and climatic conditions across countries. In organic dairy systems, a
stressful summer condition could increase the risk of dystocia. Parturient stress has been
identified as an important intermediate cause of calving difficulty, along with fetal oversize,
hypocalcemia, hypomagnesemia, and inadequate pelvic relaxation [53]. Environmental
stressors can impair uterine motility, cervical dilation, and abdominal contractions, resulting
in prolonged calving and dystocia [54,55]. Additionally, cows calving in summer experience
late gestation during periods of elevated ambient temperatures, which may affect maternal
condition or fetal development [56]. Together, these factors may contribute to the modest
increase in odds of the calving difficulty observed for summer-calving cows in the present
study, while underscoring that calving difficulty is influenced by multiple interacting
management and environmental factors, beyond season alone.

Calving season was not significantly associated with abortion risk during current
lactation in organic dairy cows post-calving (Table 2). Previous studies have reported a
higher abortion risk during warmer months. For example, Norman et al. [57] observed
an increased abortion risk for cows calving between April and August in the US, while
European studies in France and Denmark have reported the highest abortion frequencies
during summer [58,59]. Similarly, Keshavarzi et al. [60] reported increased odds of abortion
in Holstein cows in Iran during warm months, which they attributed to the variation in
environmental conditions and management systems. However, studies evaluating the
effect of summer calvings in abortions during subsequent lactation are limited. Although
the point estimate suggested lower odds of abortion for summer-calving cows, the wide
confidence interval indicates substantial uncertainty, which is likely due to the low fre-
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quency of abortion events. The absence of a clear seasonal association in the present study
suggests that, within organic dairy systems, the abortion risk may be relatively stable across
calving seasons.

Table 2. Results from mixed logistic regression analysis for calving difficulty, abortion, pregnancy
diagnosis, and culling for summer and other-season-calving cows.

Effect OR 95% CI p Value

Calving difficulty
Summer calving 1.13 1.08–1.18 <0.0001

Other season calving Referent
Abortion

Summer calving 0.21 0.01–2.65 0.22
Other season calving Referent

Pregnant
Summer calving 0.90 0.86–0.95 <0.0001

Other season calving Referent
Culling

Summer calving 1.04 1.02–1.06 <0.0001
Other season calving Referent

Summer calving cows had 10% lower odds of being diagnosed as pregnant (p < 0.0001)
compared with cows calved in other seasons (Table 2). Seasonal differences in pregnancy
likelihood observed in the present study are consistent with findings by Farin et al. [61]
in North Carolina and more recent results in Japan from [62], both of whom reported a
reduced pregnancy probability among cows calving in warmer seasons. Sasaki, Kaneda,
Minamino, Honkawa and Horii [62] attributed the particularly low pregnancy probability
of spring-calving cows to breeding occurring during spring and summer, when heat stress
reduces estrus expression and fertility. Although summer-calving cows in the present
study had fewer days to first service, their odds of becoming pregnant remained lower
than those of cows calving in other seasons, suggesting that timely breeding alone is in-
sufficient to overcome seasonal reductions in fertility. While access to pasture and greater
freedom of movement during summer likely enhance behavioral estrus detection, success-
ful conception depends not only on mating opportunity but also on the cow’s underlying
physiological and metabolic status. Summer-calving cows are often exposed to heat stress
and experience a greater negative energy balance during early lactation: conditions that
have been associated with delayed postpartum ovulation, reduced progesterone production
following ovulation, and impaired oocyte quality and uterine environment [20]. These
physiological constraints may compromise fertilization and early embryo survival, thereby
limiting pregnancy success despite more frequent or earlier inseminations. Collectively,
these findings suggest that the interaction between calving season, the subsequent breed-
ing environment, and metabolic stress plays a critical role in determining reproductive
outcomes. This pattern may be particularly relevant in organic dairy systems, where
breeding is often seasonally structured and management flexibility is limited, making it
more challenging to offset the combined effects of heat stress and negative energy balance
on fertility.

Cows calving during the summer had a significantly higher risk of culling during
the current lactation compared with cows calving in other seasons, as indicated by a 10%
increase in culling risk (p < 0.0001). This finding is consistent with our previous work,
Shrestha, Neupane, Pinedo, Pineiro and Paudyal [24], where we reported the highest live
culling (22.3%) and death culling rates (3.4%) among summer-calving cows in U.S. organic
dairy farms. We further observed a greater overall culling frequency for cows calving
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in summer (29.4%) compared with fall (27.1%), winter (25.4%), and spring (26.0%), with
reproductive failure identified as the primary reason for removal. Similarly, Dechow and
Goodling [63] reported that the unfavorable effect of calving season on cow survival was
most pronounced for cows calving during the summer months in Pennsylvania dairy herds.
Seasonal susceptibility to culling may be particularly relevant in organic dairy systems,
where cows are typically managed on pasture and are required to walk longer distances
during grazing periods [44], increasing physical and environmental stress, as walking
incurs expenditure of substantial energy [43]. Exposure to high ambient temperatures and
humidity during the postpartum transition, when cows are in a negative energy balance,
may further exacerbate vulnerability to health disorders, contributing to increased death
rates and involuntary culling among summer-calving cows, as previously reported by
Vitali et al. [64]. In contrast, Pinedo, Daniels, Shumaker and De Vries [23] reported the
highest culling rates among spring-calving cows, followed by summer-calving cows, in US
conventional dairy herds. Collectively, these findings suggest that while summer calving is
consistently associated with an elevated culling risk, the magnitude and seasonal ranking
of culling may vary depending on management practices, environmental exposure, and
the production system, with organic dairy cows appearing to be particularly sensitive to
summer calving conditions due to specific management-related stress during summer.

Figure 1 illustrates the estimated hazard of culling by days since calving for summer-
calving and other-season-calving cows. The culling risk remained low and similar between
groups during early lactation, reflecting standard management practices that prioritize cow
retention during the initial postpartum period. However, divergence in culling hazards
became evident after approximately 250–300 days in milk, with summer-calving cows
exhibiting a consistently higher risk of removal thereafter. The difference was most pro-
nounced during late lactation, where the hazard of culling increased sharply for both
groups but remained substantially higher for summer-calving cows. This pattern suggests
that adverse effects associated with summer calving, such as lower lactational performance
and reduced pregnancy likelihood, contribute more strongly to culling decisions that are
typically implemented at the end of lactation, around the time of dry-off. These findings
align with the observed increased odds of culling for summer-calving cows and high-
light the importance of considering both timing and the magnitude of culling risk when
evaluating seasonal effects in organic dairy systems.

 

Figure 1. Distribution of culling risk by days after calving and calving season (summer and
other season).
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This study may present some important limitations that should be acknowledged
when interpreting the findings. Although the analyses adjusted for key herd-level factors,
possible unmeasured confounding may remain due to variables that were not captured in
the dataset, such as individual cow health status, nutritional management details, specific
pasture composition, or differences in management intensity among participating farms.
Variability between farms in estrus detection practices, heat abatement strategies, and
grazing management may have influenced the magnitude of seasonal effects, and station-
specific responses were not evaluated separately. In addition, the lack of environmental
data at the cow or herd level, such as on-farm temperature, humidity, or solar radiation
exposure, limits our ability to more precisely link seasonal effects to direct measures of
heat stress. Finally, the study relied on management-recorded reproductive and produc-
tion outcomes, rather than direct hormonal or physiological measurements, precluding
deeper investigation into the biological pathways underlying observed associations. As a
result, causal mechanisms such as heat-stress-induced endocrine disruption or metabolic
challenges could not be directly evaluated and remain speculative despite the consistent
patterns reported in previous experimental studies. Future research including real-time
environmental monitoring, and cow-level physiological assessments would strengthen our
understanding of the mechanistic links between calving season, the management system,
and health outcomes in organic dairy cattle.

4. Conclusions
Although cows calving during summer experienced fewer days to first service and

shorter days open compared to cows calving in other seasons, their likelihood of becom-
ing pregnant was reduced. Summer-calving cows also exhibited modest reductions in
305 d milk yield and energy-corrected milk yield, along with slightly delayed peak milk
production and lower peak test-day milk yield for the lactation compared to cows calving
in other seasons. Importantly, summer calving was associated with a higher risk of calving
difficulty and culling during lactation. Collectively, these findings indicate that despite
earlier breeding, summer-calving cows experience compromised reproductive success,
milk production, and survivability, suggesting that heat stress and associated metabolic
and physiological challenges outweigh the benefits of improved estrus expression and
timely insemination in organic dairy systems.
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