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Abstract

Dairy records, containing 1269 lactation record of 462 Jersey dairy cows collected over 16 years, 
from an agricultural state farm were used. Data for reproductive performance of cows were also col-
lected. Means of the herd for lactation milk yield, calving interval, days open, interval from calving 
to the first insemination, lactation length, gestation length and dry period were 3195.7±20.2 kg,  
366.6±1.7 d, 92.9±1.6 d, 78.0±1.3 d, 301.7±1.1 d, 275.2±0.2 d and 69.3±0.8 d, respectively. The 
effect of calving season (winter, spring, summer and autumn) on reproductive performance for high, 
low and moderate milk-yield cows was investigated. Calving season affected the days from calving 
to first insemination in high and moderate yielding cows (P<0.001) while didn’t affect low yielding 
cows. In summer, days open in high yielding cows were 35 days longer compared to winter season 
(P<0.001) as observed for moderate yielding cows (P<0.01). In high yielding cows, calving interval 
was 18 days longer in spring compared to winter calving season. Calving season also affected the first 
service conception rate in high yielding cows (P<0.05). Services per conception in autumn were lower 
than the other seasons (P<0.001). In conclusion, high yielding dairy cows need more attention in 
summer season with respect to body condition score, dietary energy: protein ratio, uterus health and 
elimination of heat stress, to get more profit in dairy farm.
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Introduction

Genetic selection has resulted in a dramatic 
increase in milk yield in dairy cows over the years. 
However, rapid worldwide progress in genetics of 
high producing dairy herds, reproductive efficiency 
has been suffered a dramatic decrease since the mid 
1980s (Garcia-Ispierto et al., 2007). The decline 
in fertility in modern dairy cows is major concern, 
because the profitability of dairy herds greatly de-
pends on fertility which has been often linked to 
a rising milk yield in high producing dairy cattle 
(Lucy, 2001). A decline in dairy cow fertility has 
been observed in European countries (Jorristma  
et al., 2000; Roche et al., 2000; Royal et al., 2000; 
Pryce and Veerkamp, 2001; Lopez-Gatius, 2003;  

Nemeckova, et al., 2015), Australia (Macmillan  
et al., 1996), South Africa (Muller et al., 2000) 
and the United States (Lucy, 2001). Surveys 
over the last 5-10 years showed that the decline 
in conception rate was around 0.5 % and 1 %  
per year (Butler and Smith, 1989; Royal et al., 
2000; Chevallier and Humblot, 1998; Boichard  
et al., 2002a; Freret and Chevallier, 2002). But, 
the decrease in reproductive efficiency in dairy cows 
worldwide is not solely due to increase in milk yield. 
A high milk yield will only provoke a higher risk of 
infertility under suboptimal conditions, such as in-
adequate nutrition or environment (Fahey et al., 
2002; Calus et al., 2005). There are equally impor-
tant other factors contributing to the problem.
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Lopez-Gatius et al (2005) observed no re-
lationship between milk production at artificial in-
semination (AI) and conception rates in two stud-
ies performed in high producing dairy herds. Also, 
Boichard et al. (1998) and Grimard et al. (2006) 
reported that only 30-50 % of the decline in first 
service conception rate could be explained by the 
increase in milk production due to genetic improve-
ment. These studies showed that, reduced repro-
ductive efficiency in high yielding dairy cows may 
be due to an imbalance of nutrients or diets not 
matched to performance (Pryce et al., 2004), nega-
tive energy balance of the cow, metabolic heat incre-
ment and global warming.

The impacts of heat stress on reproductive  
efficiency have been well documented (Hansen 
and Arechiga, 1999; Wolfenson et al., 2000; 
Kadzere et al., 2002; Jordan, 2003; De Rensis 
and Scaramuzzi, 2003; Sattar et al., 2004). Sea-
sonal changes on the reproductive performance of 
dairy cows have been reported and the effect of sea-
son has been attributed to the heat stress rather than 
changes in vegetation (De Rensis and Scaramuzzi,  
2003). However, the calving season (e.g., autumn 
or spring) and the distribution of calving dates (e.g., 
calving earlier or later within the spring season) 
within the herd have major effects on the herd’s pat-
tern of feed demand and its supply of milk through 
the year and also reproductive performance. When 
the time of high protein in pasture coincides with 
the time of the breeding season (O’Callaghan and 
Boland, 1999; Garcia-Peniche, 2004) or when 
cows cannot meet their energy requirements solely 
from ingested feed and they mobilize body energy 
to meet the deficit, which this state is commonly 
known as negative energy balance, excess protein 
intake and negative energy balance may affect repro-
duction negatively (Doepel et al., 2002; Coffey et 
al., 2004).

These findings highlight the need to gain fur-
ther knowledge on high producing management rou-
tines in different environments to improve both the 
production and fertility of dairy herds. Therefore in 
the present study, we tested whether calving season 
is a cause of decreased reproductive efficiency (days 
from calving to first insemination, days open, calving 
interval and pregnancy rate at first insemination) in 
high yielding Jersey cows. 

Material and methods

Dairy records from the Karakoy Agricultural 
Farm in Black Sea Region of Turkey (41°30' N and 
36°06' E) were used in this study. This data contained 
1269 lactation record of 462 Jersey dairy cows col-
lected over 16 years. Data for reproductive perfor-
mance of cows were also collected. Data for cows 
between 1st and 5th lactation were used. The mean 
lactation milk yield of the herd was 3195.7±20.2 kg.  
Means of the herd for calving interval, open days, 
interval from calving to the first insemination, lac-
tation length, gestation length and dry period were 
366.6±1.7 d, 92.9±1.6 d, 78.0±1.3 d, 301.7±1.1 d,  
275.2±0.2 d and 69.3±0.8 d, respectively.

Climatic data were obtained from State Me-
teorological Service of Turkey (SMST) (Figure 1; 
Samsun, Turkey). Average maximum, minimum, 
and daily temperatures on a monthly basis and aver-
age relative humidity were calculated. The average 
monthly temperature and humidity during the ex-
perimental period was similar to the mean monthly 
values for 30 years (SMST, 2014).

Lactation milk yield of cows were classified into 
3 yielding levels; cows with the milk yield of 1 stand-
ard deviation above the herd mean was considered 
as high yielding cows, those of 1 standard deviation 
below the herd mean was considered as low yielding 
cows, and cows with the milk yield between these 
limits were considered as average yielding cows  
(Table 1). Then, reproductive performance data for 
each milk yield level were classified into four diffe- 
rent calving seasons, namely as winter (December, 
January and February), spring (March, April, May), 
summer (June, July, August) and autumn (Septem-
ber, October, November). Means of milk yield for 
these calving seasons are summarized in Table 1.

Figure 1. Average monthly temperature () and  
humidity () (SMST 2014) 
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The animals in each group were grazed between 
9:00 and 16:00 h on pasture during the seasons and 
were housed as a group for the rest of the day and 
were fed a total mixed ration, except for winter sea-
son. During the winter months animal were fed only 
a total mixed ration. Total mixed ration was com-
posed of concentrate feed, silage (corn, vetch or 
grass) and hay (cereal or grass).

Data were subjected to analysis of variance, and 
calving seasons and milk yield levels were used as 
main factors, calving age (month) was used as co-
variant and calving year was used as dummy factor 
in the model under the GLM model of SPSS. The 
differences between the means were compared by 
LSD test and the means were presented as standard 
error of the mean.

Results and discussion

Calving season affected the days from calving 
to first insemination (Table 2). High yielding cows 
were inseminated 42-d later in summer season than 
those calved in winter season. Similar results were 
obtained for cows producing moderate milk yield 
(P<0.001). There were, however, no effects of calv-
ing season on the days from calving to first insemina-
tion in low producing cows (P>0.05). 

The increase in milk yield increased the days 
from calving to the first insemination (Table 2) 
(P<0.001). High producing cows (104.0±3.4 d) 
were inseminated 44 days later (P<0.001) than low 
producing cows (59.5±3.3 d). 

Table 1. Classification of the data into calving months and lactation milk yield groups 

Table 2. Days from calving to first insemination in Jersey cows with different milk yields calving in different 
seasons (days)

a, b, c - Values in the same column with different letters differ significantly (P<0.001)
A, B, C - Values within row with different letters differ significantly (P<0.001)

Table 3. Days open in Jersey cows with different milk yields calving in different seasons (days)

Values in the same column with different letters differ significantly, a, b: (P<0.001); c, d: (P<0.05)
A, B, C - Values in the same row with different letters differ significantly differ significantly (P<0.001)

Calving season Months n Lactation milk yield (kg)

Winter December-February 380 3275.4±36.2

Spring March-May 319 3236.3±44.0
Summer June-August 287 3104.3±40.2
Autumn September-November 283 3135.5±40.2

Level of milk yield Range (kg) n

Low 1522-2478 188 2158.5±18.5
Average 2479-3914 893 3160.3±12.3
High 3915-7116 188 4401.0±35.6

Calving season
Level of milk yield

Low Moderate High Overall
Winter 59.4±6.0 67.1±2.6b 86.0±5.7b 70.8±2.9a

Spring 52.0±6.6 80.0±3.0a 101.8±5.9b 77.9±3.1ab

Summer 64.1±6.7 79.8±3.0a 128.4±7.4a 90.8±3.5c

Autumn 62.4±6.7 84.4±3.2a 99.7±7.5b 82.2±3.5bc

Overall 59.5±3.3A 77.8±1.5B 104.0±3.4C

Calving season
Level of milk yield

Low Moderate High Overall
Winter 67.5±7.0 82.5±3.1b 116.4±6.7b 88.8±3.4c

Spring 68.8±7.7 97.3±3.5a 132.1±6.8ab 99.4±3.6d

Summer 69.3±7.9 88.7±3.5ab 151.2±8.7a 103.1±4.1d
Autumn 70.1±7.9 93.8±3.8a 129.8±8.8ab 97.9±4.1cd

Overall 68.9±3.9A 90.6±1.7B 132.4±4.0C
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Days open in high producing cows calved in 
summer months (151.2±8.7 d) were 35 days long-
er (P<0.001) than those calved in winter months 
(116.4±6.7 d). Similar results were observed for 
cows with moderate milk yield (P<0.01). However, 
there were no effects of calving season on the days 
open in low producing cows (P>0.05). 

Days open increased (Table 3; P<0.001) 
with the increase in milk yield. Days 
open in high yielding cows (132.4±4.0 d)  
were 63 days longer (P<0.001) than those in low 
yielding cows (68.9±3.9 d). 

There was no effect of calving season on calv-
ing interval. However, calving interval was 18 days 
longer (P<0.05) in high producing cows calved in 
spring (388.1±7.7 d) than in those calved in winter 
months (367.9±6.9 d). Calving interval significantly 
increased (P<0.001) with the increase in milk yield 
(Table 4). Calving interval was 26 days longer in high 
yielding cows (377.6±4.5 d) than those in low yield-
ing cows (351.1±4.7). 

Calving season did not affect first service con-
ception in low producing cows (Table 5), but affect-
ed in high producing cows (P<0.05). First service 
conception rate was 56 % in high yielding Jersey 

cows calved in summer and 85 % in those calved in 
autumn. 

Services per conception in cows calved in au-
tumn were lower than in cows calved in other sea-
sons (Figure 2; P<0.001). 

The results of present study showed that the 
days from calving to first insemination, services per 
conception, days open and calving interval were  
affected negatively in high producing cows calved 
in summer months. This was probably caused by 
the high temperatures occurred in summer months  
and/or poor vegetation.

High temperatures during summer months 
have been reported to decrease the length and in-
tensity of estrus behaviors, increase the length of an-
oestrus period and increase the silent ovulation rate 
(Roth et al., 1997; Wolfenson et al., 2000; Rensis 
et al., 2002). 

Consequently, services per conception increase 
and first service conception rate decrease due to 
these changes (Ray et al., 1992; Hansen, 1994; 
Barash et al., 2001; Rensis et al., 2002). In the 
present study, services per conception were found 
27 % higher and first service conception rate 22 % 
lower in high producing cows calved in summer than 

Table 4. Calving interval in Jersey cows in different milk yields calving in different seasons (days)

a, b - Values in the same column with different letters differ significantly (P<0.001)
A, B, C - Values within row with different letters differ significantly (P<0.001)

Table 5. First service conception rate in Jersey cows with different milk yields calving in different seasons

a, b, c - Values in the same column with different letters differ significantly (P<0.05)

Calving season
Level of milk yield

Low Moderate High Overall
Winter 0.63 0.72 0.78ab 0.72
Spring 0.75 0.73 0.60bc 0.71
Summer 0.69 0.71 0.56c 0.69
Autumn 0.82 0.89 0.85a 0.87
Overall 0.72 0.76 0.70 0.74

Calving season
Level of milk yield

Low Moderate High Overall
Winter 347.0±9.8 369.1±3.5ab 369.7±6.9b 362.0±4.2
Spring 352.5±10.5 361.0±4.4b 388.1±7.7a 367.2±4.6
Summer 355.4±8.7 373.2±3.9a 382.9±11.8ab 370.5±5.1
Autumn 349.6±8.1 363.6±3.9ab 369.6±8.4ab 360.9±4.1
Overall 351.1±4.7A 366.7±2.0B 377.6±4.5C
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those calved in winter months. On the other hand, 
the longer days from calving to first insemination in 
cows calved in summer months might be caused by 
the changes in concentrations of reproductive hor-
mones due to higher temperatures (Jonsson et al., 
1997; Roth et al., 1997; Wolfenson et al., 2000) 
or the degenerations in uterus endometrium mor-
phology and functions (Sahaham-Albalancy et al., 
1996a,b). Furthermore, antagonistic effects among 
the reproductive hormones might have affected these 
traits (Hansen et al., 2001). While some research-
ers reported that higher temperatures decreased the 
progesterone concentration, interferon tau (IFN-τ) 
production and the segregations of cytokines (Wise 
et al., 1988; Wolfenson et al., 1988), the oth-
ers reported that higher temperatures increased 
the amount of PGF2α secreted from endometrium  
(Rocha et al., 1998; Wolfenson et al., 2000). In 
this case, lower plasma progesterone concentrations 
cause abnormal follicle development and decrease 
the quality of oocytes during the pre-mating period. 
The decreases in interferon tau (IFN-τ) production 
and in the amount of cytokine secretion inhibit the 
maternal recognition of pregnancy. The increases in 
the amounts of PGF2α cause early embryonic losses. 
Consequently, first service conception rate might be 
decreased and service per conception might be in-
creased due to the higher temperatures. However, 
during the evaluation data, we had no chance to vet-
erinary and biochemistry check-up of dairy cows. 

They had been already lived. In the present study, 
the higher first service conception rate obtained in 
cows calved in autumn confirmed the view that the 
cows calved in summer are more negatively affected 
by higher temperatures. The higher first service con-
ception rate in cows calved in autumn might be due 
to the fact that these cows were inseminated in win-
ter. Conversely, lower first service conception rates 
in cows calved in summer might be explained by the 
fact that these cows were inseminated in autumn 
and also autumn fertility was negatively affected by 
the delayed negative effect of heat stress occurred 
in summer months (Roth et al., 1997; Wolfenson 
et al., 2000). 

Nutrition is one of the most important factors 
affecting the reproductive performance. In lactat-
ing cows, short-term deficient or excess nutrition 
in terms of protein and/or energy in early lactation 
have negative effects on post-partum ovarian activ-
ity, pregnancy and fertility, especially in high pro-
ducing cows (Butler, 2000). Protein content of 
diet has significant effects on reproductive perfor-
mance. Businga et al. (1996) and Butler (2000) 
showed that the proteins with higher ruminal de-
gradability affected the reproductive performance 
negatively by decreasing blood plasma progesterone 
concentrations or by increasing blood urea and am-
monia concentrations. Excess protein consumption 
is common in high producing cows due to the high 
metabolic demand. Consequently, plasma progester-
one is degraded rapidly or urea and ammonia con-
centrations increase due to the lack of suitable pro-
tein and fermentable energy in rumen or the uterine 
environment pH might be changed. Lower plasma 
progesterone levels or higher nitrogen concentration 
levels were found highly related to decreases in fer-
tility in cows (Butler, 1998). On the other hand, 
metabolizable energy and crude protein contents 
of pastured vegetation decrease in summer season 
and consequently, the intakes of nutrients and their 
digestibility will be limited. Thus, insemination of 
cows in summer months, during which range plants 
mature, might have increased service per conception 
and days open and might have decreased pregnancy 
rate due to the inadequate protein and/or energy 
intake. Also, the precursor content of vitamins in 
forages might be quite poor in summer. Conversely, 
days from calving to first estrus, fertilization, embryo 
quality and development might be affected nega-

Figure 2. Services per conception in Jersey cows 
calved in different seasons
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tively due to the higher ammonia or urea N accumu-
lation in rumen or progesterone and PGF2α  synthesis 
caused by unsaturated fatty acid contents (Gath et 
al., 1999). So, abnormal follicules might be devel-
oped, oocyte quality might be decreased and early 
embryonic losses might be occurred when insemina-
tion in these cows coincide with this period. As in 
present study, days from calving to first insemination 
increases, the first service conception rate decreases 
or services per conception increases. However, the 
fatty acid contents of winter rations (grass or corn 
silage) used in present study might have been differ-
ent from those of spring and summer rations. Corn 
silage might have increased PGF2α synthesis due to 
its high linoleic acid content and so might have de-
creased the days from calving to the first insemina-
tion by stimulating follicular development in cows 
calved in winter. Furthermore, the first months of 
pregnancy in these cows coincide with pasture sea-
son. So, fresh pasture hays might have maintained 
the pregnancy by stimulating the progesterone syn-
thesis due to their higher linoleic acid contents since 
it is the precursor of steroid hormones.

The present longer days from calving to the 
first insemination in high producing cows compared 
to those in low producing cows supports the find-
ings of Faust et al. (1988), Horrison et al. (1990), 
Jordan and Fourdraine (1993) and Nebel and 
McGilliard (1993). These researchers reported 
that the days from calving to the first insemination 
increased with the increase in milk yield. Nutrient 
requirements of cows increase with the increase in 
milk yield and cows might enter a state of negative 
energy balance after calving. As the negative energy 
balance affects days from calving to the first ovula-
tion, the days from calving to the first insemination 
and so days open negatively and consequently, calv-
ing interval increases (Tesfa et al., 1999; Butler, 
2000). Similarly, in the current study, days from 
calving to the first insemination was found higher 
in high producing cows compared to low producing 
cows. This might be attributed to their low body 
condition score during early lactation. Because it was 
determined that the days from calving to the first es-
trus is longer and services per conception are higher 
(Tesfa et al., 1999). 

As the days from calving to the first insemi-
nation affects the days open and calving interval  
directly, a change in the days from calving to the 

first insemination might increase or decrease the 
days open and calving interval. This relationship is 
also valid so that the increase or decrease in first ser-
vice conception rate can lead to increase or decrease 
in service per conception and also can increase or 
decrease the days open and calving interval. Conse-
quently, it can be said that the factors affecting the 
days from calving to the first insemination and first 
service conception rate can also affect the days open, 
service per conception and calving interval.

In conclusion, the days from calving to the first 
insemination increased, first service conception 
rate decreased, services per conception increased 
and consequently days open and calving interval in-
creased in high producing cows calved in spring and 
summer, suggesting that breeding and calving season 
may need to be pre-programmed in high yielding 
herds to eliminate the adverse effects of summer 
season on reproductive performance of dairy cows. 
In addition to this, a good feeding management 
will enhance ideal body condition score and uterus 
health to get a sustainable profit in dairy farm.

Utjecaj sezone teljenja na reproduktivne 
karakteristike Jersey krava

Sažetak

Tijekom 16 godina s jedne državne farme pri-
kupljeni su podaci o mliječnosti 462 Jersey mliječne 
krave koji su sadržavali 1269 zaključenih laktacija. 
Također, prikupljeni su podaci o reproduktivnim 
karakteristikama krava. Prosječne vrijednosti lak-
tacijske proizvodnje mlijeka, intervala teljenja, 
servis perioda, intervala od teljenja do prvog os-
jemenjivanja, duljine laktacije, duljine graviditeta 
i duljine suhostaja iznosili su: 3195,7±20,2 kg, 
366,6±1,7 dana, 92,9±1,6 dana, 78,0±1,3 dana, 
301,7±1,1 dana, 275,2±0,2 dana i 69,3±0,8 dana. 
Utvrđen je utjecaj sezone teljenja (zima, proljeće, 
ljeto i jesen) na reproduktivne karakteristike vi-
soko, nisko i umjereno proizvodnih mliječnih krava. 
Sezona teljenja utječe na dane od teljenja do prvog 
osjemenjivanja kod visoko i umjereno mliječnih kra-
va (P<0,001), dok nije utjecala na nisko mliječne 
krave. Ljeti je servis period krava s visokim proizvod-
njom bio 35 dana dulji u odnosu na zimsku sezonu 
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(P<0,001), jednako kao i kod umjereno mliječnih 
krava (P<0,01). Kod visokomliječnih krava, interval 
teljenja bio je 18 dana dulji tijekom proljeća u odnosu 
na zimsku sezonu teljenja. Sezona teljenja također je 
utjecala na stopu prvog uspješnog osjemenjivanja kod 
visokomliječnih krava (P<0,05). Indeks osjemenji-
vanja u jesen bio je manji nego tijekom ostalih sezona 
(P<0,001). Zaključno, visokomliječne krave treba-
ju više pažnje u ljetnoj sezoni kada je riječ o stanju 
kondicije, omjeru energije i proteina u obroku, zdrav-
lju maternice i eliminacije toplinskog stresa, kako bi se 
ostvario veći profit na mliječnoj farmi.

Ključne riječi: Jersey krava, reproduktivne 
karakteristike, sezona teljenja
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