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Abstract The objective of this study was to investigate the influence of meteorological and other factors on the quality and
quantity of milk of the Spanish Churra sheep breed, based on an analysis of 359,808 milk controls from 9,904 ewes on 15
farms in 8 years. Daily milk yield (DMY), fat, protein, and lactose (%), and somatic cell count (SCC) data were obtained from
monthly alternating milk controls. Mean, maximum, and minimum temperatures (T) (°C), mean relative humidity (RH) (%),
wind speed (WS, m/s), mean solar radiation (SR, MJ/m?), and total rainfall (RF, mm) on the day before each milk control
day were documented. Year, farm, number of lambing and stage of lactation, and all of the meteorological factors had a
significant (P < 0.0001) effect on DMY and milk quality. DMY and SCC differed among seasons (P < 0.001), and maximum
DMY and minimum SCC occurred in spring, and minimum DMY and maximum SCC occurred in autumn. Fat, protein, and
lactose content differed significantly (P < 0.001) among seasons, and fat and protein contents were highest in autumn. DMY
was highest in the second lambing of the ewe and steadily declined in subsequent lambings. SCC increased significantly
from the first to the 10th lambing of the ewe. DMY, SCC, and fat content differed significantly (P < 0.001) among years. In
conclusion, meteorological conditions had a significant effect on milk quality and production in Churra sheep conditionsin
a season-dependent manner such that factors such as temperature had the opposite effect on milk production in hot and
cold seasons.

Keywords fat, ovine, protein, season, temperature

1. Introduction (Abdela et al 2016, Laporta et al 2017). For small ruminants,
Caroprese (2011) advised reducing their sun exposure by
increasing the amount of shaded area to reduce SR heat and
stress, which affects milk production. Conversely, cold T
harms the Manchega dairy sheep breed (Ramodn et al 2016)
and T has a positive correlation with milk production (Abecia
et al 2017).

In conditions of T and humidity stress, dairy cattle
have reduced milk production, and the milk has reduced fat
and increased SCC, which is most marked in the oldest
animals (Nasr et al 2017). Although there is no published
evidence that ambient T directly affects udder health, there
is evidence that it can interact with other predisposing
conditions to affect milk production (Sevi and Caroprese
2012). Milk yield and milk composition can indicate animal
well-being because they are affected by high T (Behera et al
2017).

Primarily, sheep milk is used in cheese production and,
to produce high-quality cheese, milk that has high fat and
protein content is desired. This study examined the
relationships between meteorological conditions and the
production and chemical composition of milk from the
Spanish Churra dairy sheep breed in a Mediterranean
continental climate. Besides, the effects of other factors
including farm, year, number of parturitions, and stage of

Milk fat and protein concentrations, and somatic cell
count (SCC) have a significant effect on the technical and
coagulation properties of milk, thus having a major impact on
the yield and quality in the production of dairy products.
Animal diet is one of the main factors that affect milk yield
and composition (Nudda et al 2019); however,
environmental factors such as ambient temperature (T),
relative humidity (RH), wind speed (WS), solar radiation (SR),
and rainfall (RF) can influence the welfare of animals and,
therefore, can influence the production and chemical
composition of milk (Silanikove 2000).

Sheep are one of the livestock species that are most
tolerant of climatic extremes, especially high ambient
temperatures. The climate in the Mediterranean region is
characterized by hot, dry summers and cool, wet winters;
however, the ambient T often can exceed the thermoneutral
zone of sheep (5 °C — 25 °C) (Curtis 1983). T outside the
thermoneutral zone can affect the physiological and
production performance of lactating dairy sheep, which are
the causes of significant losses in livestock production (Das et
al 2016; Sejian et al 2018; Mylostyvyi and Chernenko 2019);
however, in addition to T, other factors can contribute to
reduced milk yields. RH, WS, and SR can significantly affect
animal physiology through their effects on thermoregulation
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lactation, on milk production and chemical composition were
evaluated.

2. Materials and Methods
2.1. Animal management and milk records

The analysis was based on 359,808 individual milk
controls recorded during 687 different days, from 9,904
Churra ewes on 15 farms in eight years in Castilla y Ledn, in
the northern Spanish plateau (41°N). Milk yield records were
recorded by volumetric meters that were integrated into the
milking system, and milk production was calculated by
alternating between morning and afternoon records (ICAR
2016). Daily milk yield (DMY) was calculated by the approved
official milk control method (ICAR 2016), which is based on
the following formula:

DMY = (Registered milk * 24) / (Time between milk records)

Milk production per month and total lactation were
calculated based on the method of ICAR, which uses
alternating monthly controls (ICAR 2016).

The farms followed standardized management
procedures, especially those involving nutrition and milking
systems; specifically, ewes were raised in a semi-extensive
production system and, in the first month of life, lambs
remained with their mothers in the barns, with ewes put out
to graze native grasses (Ballico spp. and weeds) for 10 h in
spring and summer, and for 8 h in autumn and winter. Ewe
diets were supplemented with a unifeed mixture of forage
and concentrates, which were of three types: high milk
production (first two months postpartum), medium
production (three months), and low production (last two
months of lactation). Ewes were mated five months
postpartum, which produced three lambings every two years.

The data were from a pre-existing database, so
approval from the ethics committee was not a prerequisite
for this study. The study met the Spanish Policy for Animal
Protection RD1201/05, which meets the European Union
Directive 2010/63 on the protection of animals used for
experimental and other scientific purposes.

2.2. Milk analysis

Milk was at the Interprofessional Laboratory of Milk
Quality of Castilla y Ledn (Palencia, Spain), and included
analyses of fat, protein, and lactose content (%), and SCC. The
analysis of the chemical composition of milk followed the IDF
Standard 020-5 (IDF 2010) for protein, the FIL 105 (IDF 2008)
for fat, and the IDF 79-1.2/1SO 5765-1.2 (IDF 2002) for lactose
content. To estimate SCC, an aliquot of the milk samples was
preserved in bronopol (0.1%) and analyzed by a Fossomatic
5000 (Foss Electric, Hillergd, Denmark), which had been
calibrated with known standards, in the Analysis Service
Laboratory of the Animal Breeding and Reproduction Centre
(CENSYRA) in Ledn (Spain). Milk samples were analyzed while
at 4-6 °C.
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2.3. Meteorological variables

The meteorological data were collected at the
weather stations of the Agroclimatic Information System for
Irrigation of Spain (SiAR) that were closest to the farms
involved in the study. The data were collected by a
thermohygrometer  (Rotronic HC2 S3, Bassersdorf,
Switzerland), anemovelette (Young 05103, Traverse City,
Michigan, USA), a pyranometer (Campbell Scientific Skye
SP1110, Barcelona, Spain), a tipping bucket rain gauge
(Campbell Scientific ARG100, Edmonton, Canada), and a
datalogger (Campbell Scientific CR10X, Barcelona, Spain).
Mean, maximum (max), and minimum (min) ambient T (°C),
mean RH (%), WS (m/s), mean SR (MJ/m?), and total RF (mm)
on the day before each milk control were used.

2.4. Statistical analyses

Weather variables were converted to categorical
variables (dummy variables), with the median value of each
continuous meteorological variable as the cut-off point (0 if
below the median, 1 if above the median), and each factor
was distributed between two percentile-groups (<50% and
>50%) (Statistical Package for Social Sciences (SPSS) software,
IBM, 2017). To assess the significance of the effects of non-
meteorological (year, farm, season, number of lambing, and
monthly control) and meteorological factors on DMY and
milk chemical composition the data were subjected to a
multifactorial ANOVA in the General Linear Model (GLM)
procedure in SPSS. The general representation of the model
is as follows: y = xb + e, where y is N x 1 vector of records, b
denotes the fixed effect in the model within the association
matrix x, as follows: farm (1-15), year (2008-2016), humber
of lambing (1-10), number of monthly milk control (1-10), and
“0-1” for the meteorological factors based on the percentile
group, and animal and the residual were considered random
effects; and e is the vector of residual effects An ANOVA was
performed for each meteorological season and factor. To
insure a normal distribution, the SCC data were log-
transformed (Log 10).

3. Results

Meteorological conditions in the region of the 15
farms differed significantly (P < 0.001) among seasons (Figure
1). Mean (S.E.M.) DMY, fat, protein, lactose, and SCC were
1.25+0.01 |/day, 6.31+0.01%, 5.28+0.01%, 4.86+0.01%, and
743,915+405 cells/ml, respectively. Year, farm, number of
lambing, number of milk control, and each of the
meteorological factors had a significant (P < 0.0001) effect on
DMY and milk quality (Table 1), except for SCC, which was not
affected by the number of control. T in summer and autumn
did not have a significant effect on DMY or SCC; WS had a
significant (P < 0.0001) effect on DMY, fat, protein, and
lactose content in spring and summer, and RF had a
significant (P < 0.0001) effect on DMY and milk chemical
composition, except protein content, in autumn, and on SCC
in winter.
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Table 1 Matrix of the significance of the effects of non-meteorological (year, farm, number of lambing and number of monthly control) and meteorological factors on daily milk yield (DMY,
L/day), fat, protein, and lactose content (%), and somatic cell count (SCC, cells/ml) of milk from Churra sheep on 15 farms in Castilla y Ledn, Spain (number of controls).

Item DMY, L/day % Fat % Protein % Lactose SCC, cells/ml

Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut Win Spr Sum Aut Win

(125,851) (84,866) (66,964) (82,127)

Year 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Farm 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Lambing  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Control 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.959 0.542 0.344 0.222
Mean T 0.023 0.689 0.850 0.0001 0.0001 0.0001 0.595 0.394 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.010 0.0001 0.029 0.092 0.865 0.033
Max T 0.0001 0.0001 0.067 0.0001 0.0001 0.791 0.0001 0.0001 0.0001 0.038 0.001 0.0001 0.163 0.002 0.036 0.0001  0.002 0.178 0.436 0.013
Min T 0.0001 0.0001 0.001 0.0001 0.391 0.0001 0.385 0.0001 0.0001 0.0001 0.040 0.0001 0.014 0.0001 0.501 0.0001 0.235 0.0001 0.537 0.0001
RH 0.024 0.0001 0.0001 0.0001 0.111 0.0001 0.004 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.488 0.961
WS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.180 0.134 0.0001 0.0001 0.267 0.021 0.079 0.001 0.0001 0.018
SR 0.026 0.0001 0.066 0.0001 0.0001 0.175 0.0001 0.0001 0.011 0.0001 0.0001 0.0001 0.298 0.0001 0.0001 0.080 0.005 0.449 0.0001  0.0001
RF 0.0001 0.0001 0.001 0.0001 0.0001 0.0001 0.001 0.0001 0.0001 0.0001 0.704 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 .0001 0.369

Year season: Spring, Spr; Summer, Sum; Autumn, Aut; Winter, Win; Temperature, T (°C); Relative Humidity, RH, (%); WS (Wind Speed. m/s); SR: Solar Radiation (MJ/m?); RF, rainfall (mm)

www.jabbnet.com


https://doi.org/10.31893/jabb.21001
https://www.jabbnet.com/

DMY and SCC differed significantly (P < 0.001) among
seasons; maximum DMY and minimum SCC occurred in
spring, and minimum DMY and maximum SCC occurred in
autumn (Figure 2). The fat, protein, and lactose content of
milk differed significantly (P < 0.001) among seasons, and fat
and protein percentages were highest in autumn (Figure 2).
DMY was highest in the second lambing of the ewe and
steadily decreased in subsequent lambings; SCC increased
significantly from the first to the 10th lambing of the ewe
(Figure 3). The fat content of the milk increased slightly with
each successive lambing, and protein and lactose
percentages were stable throughout an ewe’s lambings
(Figure 3). DMY, SCC, and fat content differed significantly (P
< 0.001) among years, but the percentages of protein and
lactose remained stable throughout the nine years (Figure 4).
Finally, DMY and fat percentage significantly fell and rose,
respectively, from the first month after lambing to the 10th
(Figure 5). However, SCC was not affected by the month of
control.
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Figure 1 Mean (+S.E.M.) meteorological conditions at weather
stations nearest to 15 Churra dairy sheep farms in Castilla y Ledn,
Spain, on the day before milk control (T: temperature, °C; RH:
relative humidity, %; WS: wind speed, m/s; RF: rainfall, mm; SR: solar
radiation, MJ/m2).

Milk quality in the two percentile-groups (<50% and
>50%) of each meteorological factor is shown in Figure 5 and
6. In each of the seasons, DMY differed significantly (P <
0.0001) between the two percentile groups (Figure 5),
although the direction of the correlation with mean, min, and
max T differed among seasons; in summer, DMY was
significantly higher in the higher T percentile than it was in
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the lower T percentile group. Similar differences in the
direction of the effect were evident in the other
meteorological variables. SCC was the variable that was least
affected by T (Figure 5), with significant differences between
percentiles (P < 0.001) in winter, only, for mean, maximum,
and minimum T; however, RH, wind speed, and SR
significantly affected SCC in all seasons.

In the four seasons, fat, protein, and lactose content
of milk differed significantly (P < 0.001) between the two
percentile groups of the meteorological variables, except min
T in autumn and WS in winter for fat content, RH in autumn
for protein content, and WS in winter for lactose content
(Figure 6).

4, Discussion

Weather on the day before a milk control had
significant effects on DMY and milk chemical composition
throughout the year, although the effects differed among
seasons. Ambient T had a marked influence on milk yield in
summer when milk production was highest in the upper
percentile group for T. In other seasons, however, milk
production was highest in the lower T percentile group.
Peana et al (2017) reported a similar effect of T in winter and
spring, such that, in winter, the optimal range of maximum
temperature for milk production was 12-21°C. In our study,
in all seasons but summer, as T increased, milk yield
decreased. In spring, the optimal mean T range (6—20 °C) for
milk yield was similar to the optimal range but lower than the
Tmax range (24-30 °C) for grazing Sarda ewes in Sardinia
(Peana et al 2007b). The upper limit of the optimal Tmax
range (26 °C) in our study in summer was near or above the
upper critical temperature (25 °C) for sheep (Ramédn et al
2016). At temperatures >25 °C, feed intake and physiological
processes change significantly, which affects DMY (McDowell
1972); however, the thermal neutral zone is influenced by
several other factors including environmental humidity, SR,
WS, genotype, physiological state, thermal susceptibility,
acclimation, and diet. At high T, in an attempt to maintain
body T, animals exhibit physiological and behavioral
responses that increase heat loss and reduce heat
production, which occurred in Churra ewes in our study in
summer and autumn. A reduction in feed intake by animals
exposed to a hot environment contributes to the biological
mechanism through which SR affects production and
reproduction (Bernabucci et al 2010). Besides, RF and RH had
a significant effect on the DMY and SCC of Churra ewes.
Effects of thermal stress include an altered endocrine status,
reductions in rumination and nutrient absorption, and
increases in maintenance requirements (Collier et al 2006),
which causes a net decrease in nutrient/energy availability.
Reductions in energy intake coupled with increases in
maintenance costs during heat stress cause a negative energy
balance, likely, independent of the stage of lactation, and a
bioenergetic state, which is similar to, but not to the same
extent as the negative energy balance which occurs in early
lactation.
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Figure 2 Mean (+S.E.M.) daily milk yield (DMY) (I/d), Somatic Cell Count (SCC), and content (%) of protein, fat, and lactose in milk from Churra
ewes on 15 farms in Castilla y Ledn, Spain, in 8 years (2009-2016). Individual DMY and quality measures were based on monthly, alternating
controls.
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Figure 3 Mean (£S.E.M.) daily milk yield (DMY) (I/d), Somatic Cell Count (SCC), and content (%) of protein, fat, and lactose in milk from Churra
ewes on 15 farms in Castilla y Ledn, Spain (2009-2016) and the number of the lambing. Individual DMY and quality parameters were based
on monthly, alternating controls.
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Figure 4 Mean (%S.E.M.) daily milk yield (DMY) and Somatic Cell Count (SCC), and proportion of protein, fat, and lactose (%) for the eight
years under study, in milk from Churra ewes on 15 farms in Castilla y Ledn, Spain (2009-2016). Individual DMY and quality measures were
based on monthly, alternating controls.
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Figure 5 Mean (S.E.M.) daily milk yield (DMY) and Somatic Cell Count (SCC), and proportion of protein, fat, and lactose (%) for the phase of
lactation (monthly control), in milk from Churra ewes, on 15 farms in Castilla y Ledn, Spain (2009-2016). Individual DMY and quality measures
were based on monthly, alternating controls.
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RH had a significant effect on milk yield in Churra
ewes, especially, in autumn. Peana et al (2017) reported a
maximum reduction in milk yield in Sarda ewes in winter (9%)
and spring (5%). In Churra ewes, WS affected DMY and
chemical composition such that, above a threshold of WS, it
was detrimental for milk production. Peana et al (2017)
observed that WS >2.5 m/s or >8 m/s reduced milk
production by 6% and 7%, respectively. The negative effects
of WS on DMY in summer and autumn occurred because the
wind at that time (<1.5 m/s) was lower than it was in spring
and winter (>2.0 m/s) and WS favors heat loss from the body
surface through evaporation and convection (NRC, 1981).
The beneficial effects of WS in spring (>2 m/s) were similar to
those observed by Peana et al (2007c) who reported that milk
yield was 15% higher in spring than it was summer. Both
studies confirmed the beneficial effects of a light wind on the
dissipation of excess body heat from the body surface
through evaporation. SR affected DMY throughout the year
and milk chemical composition, except fat content in
summer, and protein and lactose content in spring. As in
Peana et al (2017), SR had a significant positive effect on milk
yield in spring, when SR was >22 MJ/m? in spring, but was
associated with a reduction in DMY in autumn (35%) and
winter (8%). The negative effects of SR >24 MJ/m? on the
DMY of grazing Sarda ewes in autumn (Peana et al 2017)
suggest that, above certain radiation levels, it is very
important to initiate management practices that prevent the
detrimental effects of high SR on milk yield. Di Grigoli et al
(2009) and Bonanno et al (2013) found that milk production
was higher in sheep that grazed at night than it was in sheep
that grazed during the day or were kept indoors, especially in
high T/RH conditions (THI> 90). In hot climates, shade is
essential for maintaining efficiency in milk production and
reproduction and can be essential for livestock survival in
moderate Mediterranean conditions in summer and autumn,
the shade might not be essential to survival, but it is
important for ensuring well-being and performance
(Armstrong 1994; Brown-Brandl et al 2001; Caroprese et al
2012).

RF affected DMY, SCC, and milk chemical composition
in Churra ewes such that effective RF >1 mm/day was
accompanied by a significant decrease in milk production in
autumn. The negative effects of an effective RF >2 mm/d on
DMY in autumn occurred because RF increases body heat loss
(direct effect) and coincides with a reduction in WS, and limits
or prevents feed ingestion (indirect effect) (Young and Degen
1981). The effects of WS and RF in winter differed from those
of Peana et al (2007a), who found that WS and RF had no
significant effects on sheep milk production in winter. Peana
et al (2007b) reported that a 2-day cumulative RF >6 mm
corresponded with a 23% reduction in milk yield in spring-
summer, similar to the >15% reduction in spring observed in
our study.

The average DMY in our study was similar to those
reported in the same breed (Fernandez et al 1995), and in the
Comisana (Sebi et al 2000), and Chios breeds (Ploumi et al
1998), but was higher than were those reported in the
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Manchega and East Friesian breeds (Angeles-Hernandez et al
2017) and crossed ewes (Mioc et al 2009; Robles Jimenez et
al 2020; Angeles-Hernandez et al 2018). Milk yields in Churra
ewes were lower than were those in specialized dairy breeds
such as Awassi, Lacaune, and Assaf (Elvira et al 2013;
Gootwine and Goot 1994; Gootwine and Pollot 2000), and
the differences are mainly because of genetic factors.
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Figure 6 Mean daily milk yield (DMY) and Somatic Cell Count (SCC)
of Churra ewes on 15 farms in Castilla y Ledn, Spain, in the two
percentiles (<50% or >=50%) of mean, maximum (max), and
minimum (min) temperature (T), relative humidity (RH), wind speed,
solar radiation (SR), and rainfall on the day before milk control (a,b;
¢,d; e,f; g,h indicate P < 0.05).

In our study, the season of lambing has a significant
effect on milk production. Similarly, Ruiz et al (2000) and
Gabina et al (1993) reported that the highest DMY occurred
in winter. In our study, the highest DMY occurred in winter
and spring, and the lowest was in autumn. Similarly, Palacios
and de la Fuente (2007) found that DMY in Castellana sheep
was highest in spring (January-April) and, in Assaf sheep, the
period of high production was December-April.

Similar to our study, Gabifia et al (1993) found that
milk production in the Latxa breed was positively correlated
with age and the number of lambings. Similarly, studies have
shown that DMY is higher in multiparous ewes up to the sixth
lactation than it is in primiparous ewes (Ruiz et al 2000,
Robles-Jimenez et al 2020; Rovai et al 1999; Abecia and
Palacios 2017), which might be due in part to a lower
provision of nutrients to the mammary gland used to
synthesize milk components because primiparous animals
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have to use their nutrients for their growth in addition to
lactation (Lérias et al 2014). Besides, younger ewes have
lower body weight, body condition score, and body reserves
than do older ewes (Gonzalez-Garcia et al 2015, Angeles-
Hernandez et al 2017).

In our study, the chemical composition of the milk
differed by the number of births, which was positively
associated with fat content. Sevi et al (2000) observed the
same phenomenon in the Comisana breed. Our study
suggests that differences in secretory cell dynamics are
involved in the effects of animal age and season on DMY. In
small ruminants, the alveoli and secretory structures that
develop in lactation do not disappear entirely during
involution and, in addition to those that form in the
subsequent lactation, increase udder volume, especially, the
secretory parenchyma tissue (Lérias et al 2014), which might
contribute to the reduction in DMY after the sixth lactation.

In our study and studies of the Castellana, Assaf
(Palacios and de la Fuente 2007), and Valle of Belice (Riggio
et al 2009) breeds, milk quality, and quantity differed
significantly among farms and years. Differences in weather
and its effects on the availability of nutritional resources
might have contributed to differences among years (Ruiz et
al, 2000). Although the 15 farms in our study had similar
feeding regimes, other management factors such as weaning
management (Angeles Hernandez et al 2018) and the age
structure of the flock might have contributed to the effect of
the farm on milk production. Riggio et al (2009) concluded
that the flock-year-season combination effect explained 27%
of the variation in milk production in Valle del Belice dairy
sheep.

Regarding the stage of lactation, the results of the
present study are in agreement with our previous
experiments, where we concluded that the effects of
meteorological conditions on milk yield in sheep cannot be
understood without assessing production among milking
periods in the same year and the phases of lactation,
especially if milking periods are long (Abecia et al, 2017).

An important finding of our study was the positive
correlation between the number of lambings and SCC, which
are a reflection of the inflammatory response to an intra-
mammary infection or another trigger of the immune system,
or a physiological phase of lactation (Albenzio et al 2019), and
is an index of animal health. Similar to our study, Riggio et al
(2009) reported that the effect of age at first lambing resulted
in anincrease in culling rate with age, and had assigned ewes
to one of the following three classes; viz., 1, SCC < 500,000
cells mL™ 2, 500,000 cells mL™ < SCC < 1 million cells mL™,
and 3, SCC > 1 million cells mL™. Ewes in class 2 or 3 are at
the highest risk of being culled. In our study, ewes that had
>8 lambings, which coincided with a reduced DMY and
increased SSC, were at a higher risk of being culled. In many
countries, the current milk payment system for sheep is
based on milk yield and SCC, and flocks that have a higher
than average number of aged ewes will see their incomes
diminish.
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Figure 7 Mean proportion of fat, protein, and lactose (%) of Churra
ewes on 15 farms in Castilla y Ledn, Spain, and the percentile (<50%
or 250%) of the mean, maximum (max), and minimum (min)
temperature (T), relative humidity (RH), wind speed, solar radiation
(SR), and rainfall the day before milk control (a,b; c,d; ef; gh
indicate P < 0.05).

5. Conclusions

In this study, Churra ewes that lambed in spring
produced more milk than did ewes that lambed in summer or
autumn, and the positive effects of age on milk yield
increased until the sixth lambing. Weather factors affected
milk production and quality, although the direction of the
effects differed among seasons. Knowledge about the effects
of meteorological factors can be used to formulate
management strategies that enhance milk production in
dairy sheep, by emphasizing the importance of adopting new
management practices. The use of shelters, and appropriate
ventilation, can reduce the negative effects of excessive cold
in winter and heat in summer on the milk yield of dairy sheep
in the Mediterranean region.
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