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Fertility indices of cows in a high-yielding herd
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The aim of the study was to analyse the effect of non-genetic factors on fertility indices in
high-yielding Black-and-White Polish Holstein-Friesian cows. The analysis covered 2414 re-
productive periods in 1063 cows born in the years 1999-2008. Fertility indices of the cows
were evaluated. The age of heifers at first calving was found to decrease in successive years
in the population analysed. A shorter rearing period for heifers was not found to negatively
affect fertility indices during their later productive life. A significant decrease in reproductive
efficiency was observed in the case of yield exceeding 3600 kg over 100 days of lactation in
primiparous cows. However, milk yield in the previous standard lactation had the strongest
influence on fertility indices. Where milk yield exceeded 9000 kg, each increase of 2000 kg
had a significant (P<0.01) negative effect on all the fertility indices evaluated in the study.
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In 2011 an increase was once again noted in the milk yield of cows undergoing produc-
tion value assessment in Poland. Compared with 2010, milk yield increased by 155 kg (from
6980 to 7135 kg), while the number of cows included in the active population increased by
2% [18]. The growing production potential of dairy cows can negatively affect reproductive
indices. Reproduction maintained at a proper level affects genetic improvement, milk yield,
and the profitability of milk production [12]. Increasing reproductive problems particularly
affect cows with high yield, which often exceeds 10 000 kg per lactation [2]. Culling due to
sterility and reproductive disorders is becoming the main reason for the elimination of cows
from the herd. Reproductive disorders are the second most serious health problem in dairy
cattle breeding, after mastitis, which means that a substantial percentage of cows is elimina-
ted from the herd before achieving their full production potential [9, 12].

Fertility indices in high-yielding cows are influenced by a number of factors, mainly
non-genetic ones (feeding, care, and rearing of heifers, production level, proper herd orga-
nization and management) [1, 2, 3, 6,9, 12, 15, 16, 17]. One factor reducing reproductive
efficiency is ineffective oestrus detection [1, 6]. This element has the greatest effect on the
probability of another pregnancy. A tendency to mate cows too early after calving in order
to improve some fertility factors has been observed in many herds. This should be consi-
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dered an improper course of action, as it takes place at the cost of the rest period [10, 11].
Reproductive efficiency is affected to a lesser degree by genetic factors [8, 16]. Kruk et al.
[13] report that fertility disorders are only about 10% of those genetically conditioned.

The aim of the study was to analyse the effect of non-genetic factors on fertility indices
in high-yielding Black-and-White Polish Holstein-Friesian cows.

Material and methods

The study analysed the results of production value assessments taken on a farm on
which 454 Black-and-White Polish Holstein-Friesian cows, with average yield of 11 037
kg, were kept in 2011. The cows were kept in free-stall housing all year, fed on total mixed
rations (TMR), and milked in a herringbone milking parlour. The analysis included 2414
reproductive periods in 1063 cows born in the years 1999-2008. The birth dates of each
cow, the dates of their calvings and dry periods, the dates of first services after calving and
successful services, and the number of services per conception were obtained from breed-
ing documentation for the period from 1999 to mid-2011. Based on the mentioned infor-
mation, the following fertility indices were calculated: age at first calving (AFC); length
of the calving interval (CI), calving-to-conception interval (CCI), calving-to-first-service
interval (CFSI), and service period (SP); and services per conception (SC). Data were also
collected on the productivity (kg milk) of primiparous cows in the first trimester after calv-
ing and of all cows during standard lactation.

Two-way and multifactor analysis of variance was used for the statistical analysis,
which was performed using the software SAS. Two-way ANOVA was employed to evalu-
ate the effect of year of birth (1999-2001; 2001-2004; >2004) and season of birth (spring
— March-May, summer — June-August, autumn — September-November, winter — Decem-
ber-February) on the age of the heifers at first calving. The remaining fertility indices were
analysed taking into account the following factors:

— year of birth (1999-2001; 2001-2004; >2004);

— age (in days) at first calving (up to 739; 731-793; 794-915; >915);

— calving number (1, 2, 3, 4+);

— milk yield (kg milk) of primiparous cows during the first 100 days of lactation (up to
3000; 3001-3600; >3600);

— milk yield (kg milk) in the previous standard lactation (up to 9000; 9001-11000;
>11000).

The frequency of occurrence of different values for age at the first calving and length of se-
rvice period were also calculated for the factors taken into account in the statistical analysis.

The significance of the effect of the factors on the traits analysed was estimated using
Duncan’s test and the ¥ test.

Results and discussion

Age at the first calving, together with the length of the intercalving interval, is the most
frequently used indicator for evaluating the reproductive performance of cows. In the ac-
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tive cow population in Poland over the last 10 years it has ranged from 817 to 839 days
[18]. The cows in the study calved for the first time at the age of 805 days (26.4 months)
on average, within a range of 1.5 to about 3 years (Tab. 1). A clear majority of the cows
calved at the age of 2-2.5 years; calvings within the range of 731-915 days constituted
84.1% of the total. Earlier or later calvings occurred much less frequently (8.2% and 7.7%,
respectively). In successive periods, specified as ranges of years of birth, the age at which
heifers calved for the first time decreased significantly (P<0.01 and P<0.05). Heifers born
in 1999-2001 calved on average at the age of 835 days, while the averages calculated for
the remaining groups were 33 and 43 days lower. Also observed in these successive pe-
riods was an increase in the percentage of primiparous cows that calved up to the age of
730 days (by 2.6% and 4.4%) and from 731 to 793 days (by 12.1% and 1.4%), accompa-
nied by a decrease in the percentage of cows that calved after the age of 794-915 days (by
5.7% and 3.5%) and later (by 9.2%). The value for the * test indicates a clear relationship
between period of birth and age at first calving. The results presented indicate a downward
trend for age at first calving.

Analysis of the effect of the season of birth on age at the first calving revealed slight
fluctuations in average values. Heifers born in autumn calved earliest, while those born in
winter calved latest. The difference between these groups was 14 days (P<0.05). The ¥ test
indicated an association (P<0.01) between season of birth and age at first calving. Cows
that calved within the range of 731-793 days were most often born in spring or autumn
(45.4% and 46.5% of the total). The highest percentage of cows that calved at a later age
(794-915 days) was recorded in animals born in the summer (44.2%) and winter (45.8%).
The earliest calvings occurred most frequently (13.1%) in the case of summer births, and
least often (4.7%) in cows born in winter. No clear relationship was recorded between
season of birth and the frequency of later calvings (over 915 days).

Table 2 presents values of indices for evaluating fertility in dairy herds. The most im-
portant of these parameters is considered to be calving interval (CI). Its length has a decid-
ing influence on the length of lactation, as well as other periods of the reproductive cycle
[19]. Clis considered normal if it is within a range of 360-400 or 340-380 days. It has been
demonstrated [8] that prolonging the calving interval reduces lifetime milk yield and the
number of calves obtained. If the interval is shortened, insemination following calving is
less likely to be successful, and milk production decreases in the current and subsequent
lactations. The average length of the calving interval in the population studied was 427
days. This trait was significantly (P<0.01 and P<0.05) influenced by all factors taken into
account in the analysis. The length of the calving interval increased with that of the rearing
period, but only up to 915 days. Heifers that calved latest (>915 days) had the most fa-
vourable values for CI, calving-to-conception interval (CCI), and services per conception
(SC). The highest values for different periods of the reproductive cycle were noted in the
group of cows whose first calving was at the age of 794-915 days. The differences between
groups for these traits were significant at P<0.01 and P<0.05. This factor was not found
to significantly influence services per conception (SC), which ranged from 2.6 to 2.8 and
considerably exceeded the values considered to be satisfactory (1.6-1.8) [5].

Analysis of the effect of successive calvings showed a general upward tendency for
length of CI, CCI and calving-to-first-service interval (CFSI), as well as an increase in

23



D. Borkowska et al.

10°0>d Az1d ewjoist X ms9) 950MBA — [(°0>d I8 JULIYIUSIS 1591 X oY) J0J dN[BA 4
S0°0>d Azxd — Koy opewr 11(°0>d Azid — K101 AD[OIM :OIUOIST SIS BIUZOT IUELIAI] IWAUZOI SUOZOBUZO AIUPAIG
S0"0>d 18 — SIONJ[ 9S8O JOMO] ([()(>d 18 — S1oN9] [enrdes :A[ueoyIusis 19JJIp S10NS] JUSISJJIP ()M PIIRUSISIP SOFRIOAY

OIUpaIs [ W95

- (Lo (Tey) ovp (6'1p) sv (Ts) L8 (1) 508 £901 oBe10AT PUE [E10]

0'8) T (8'st) 91 (S19) ¥11 Ly el (1L €18 SLT Amowz — 1uIm

(€9) 81 (6'6€) SI1 (S99) vel (€L 1e (€9):66L 88C Auuarsof — utumne

P (To6) €T (Tvp) 111 (s¢e) 8 (Tren g¢ (LL) 908 15T 1ujo] — Jowwns

* L) 61 069 L6 (Fsh) €11 (0'8) 0T (12) €08 64T Auudsorm — Juuds
UEGONUOHS Uuo0zas
{U0Seas yuIg

e Ln (68€) 8LT (rov) 11T (€11 T8 (€£9) aaT6L 8SH $007<

09 12 Fey) Lyl (Lvb) SST (6'9) t¢C (89) 208 LYE $002-200¢C

#8879 LD ¥t (1'8%) ¥T1 (9°0¢) 6L €11 (6L)vS€8 86T 1002-6661
BIUAZPOIN Ble|
“YMIq JO TBOX

S16< S1676L €6L-1€EL 0€L>
(ps) x MOD| BQZOI]
X 1S9} SOLIBAN = ’ : UuAz))
Mmop X 10J onfep njoIm M 1S [A0E[a10 OImOfel (%) Bqzor] R R SM02J0 ! 10108,
SuIA[ed ISIY J8 0Ty RqunN

S93e JUAIIYJIP T8 PAA[RD SIJ13Y JO (9) IoquunN

[OBUOZIS 1 [OB)e[ YOAUZOI M YoAuozpoin oimoyel (1up) nruo[oroAm wAzsmiord Azid soip

SUOSEAS PUE SIBIA JUIJIP Ul UI0q SISJIAY JO (SABP) SUIA[RD 18I o) I8 23V

[ BPqEL — [ 91qEBL

24



Fertility indices of cows in a high-yielding herd

Table 2 — Tabela 2
Fertility indices taking into account the effect of the factors analysed

Wielkos¢ wskaznikow ptodnosci krow w obrgbie analizowanych czynnikow

Length of periods (days)

Factors Dlugosé Skresow (dni) SC
Czynniki X(5d) 7IU
CI CCI CFSI X (Sd)
OMW OMC PP

Age at first calving (days):

Wiek przy I wycieleniu (dni):
<730 421 (78) 161 (84) 80" (26) 2.8(1.9)
731-793 4242 (82) 166* (93) 87°(34) 2.8 (1.9)
794-915 433 (84) 1785 (96) 908 (36) 2.8 (1.8)
>915 415*(76) 155*(86) 834(30) 2.6 (1.7)

Calving number:

Kolejne wycielenie:
1 4200 (82) 1624 (97) 8544(36) 2.6"(1.8)
2 432°(84) 173°(91) 88°(36) 2.98(1.9)
3 431 (80) 176° (92) 908 (32) 2.7 (1.8)
>3 436" (82) 1818(87) 908 (29) 3.08(1.9)

Milk yield (kg) in 100 days of

first lactation:

Wydajnos¢ mleka (kg) za 100 dni

I laktacji:
<3000 419%(75) 159* (86) 834(32) 2.6"(1.7)
3001-3600 4244 (80) 168* (92) 86"(32) 2.8 (1.9)
>3600 4468 (95) 1888(101) 975 (41) 2.9°(1.9)

Milk yield (kg) in 305 days of previous

lactation:

Wydajnos¢ mleka (kg) za 305 dni

poprzedniej laktacji:
<9000 402%(69) 1394(79) 79%(32) 2.44(1.6)
9001-11000 4218 (78) 1635 (88) 858(33) 2.68 (1.7)
>11000 453€ (78) 200° (99) 96 (36) 3.2¢(2.0)

Average — Srednio 427 (82) 170 (93) 88 (34) 2.8 (1.8)

Averages within a factor designated with different letters differ significantly: capital letters — at P<0.01; lower case
letters — at P<0.05

Srednie w obrebie czynnika oznaczone roznymi literami réznig si¢ istotnie: wielkie litery — przy P0,01; mate litery — przy
P<0,05

CI - intercalving period — OMW — okres migdzywycieleniowy

CCI — calving-to-conception interval - OMC — okres miedzyciazowy

CFSI — calving-to-first-service interval — PP — przestdj pocigzowy

SC — services per conception — [U — indeks unasienien

services per conception (SC). The most favourable values were noted in primiparous cows
(420, 162 and 85 days and 2.6 services per conception). However, the 420-day period be-
tween calvings in primiparous cows was longer than the recommended length. Prolonga-
tion of CI is beneficial in primiparous cows, which are characterized by more persistent
lactation. It enables them to more quickly attain full maturity and proper body condition
before the next conception [14]. CI calculated after each calving increased by 11-16 days,
CCI by 11-19 days, CFSI by 3-5 days, and SC by 0.4 services. Some of the differences
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between groups were significant (P<0.01 and P<0.05). Other studies suggest that fertility
indices become less favourable in successive lactations [20, 21].

Fertility indices for the cows depended most strongly on milk yield, particularly that of
the previous standard lactation. Evaluation of the effect of milk yield in primiparous cows
over 100 days of lactation showed that yield higher than 3600 kg significantly (P<0.01)
prolonged CI, CCI and CFSI, which increased by 22-27, 20-29, and 11-14 days, respec-
tively. The effect of milk yield in primiparous cows during 100 days of lactation on CFSI
was smaller, as only the 0.3 difference noted between extreme yields (up to 3000 and
>3600 kg of milk) was statistically significant (P<0.05). Analysis of the effect of milk
production in standard lactations showed that each 2000 kg increase in yield significantly
(P<0.01) decreased reproductive efficiency. CI increased from 402 to 421 and from 421 to
453 days, CCI from 130 to 200 days, and CFSI from 79 to 96 days. According to Sawa et
al. [21], the calving-to-first-service interval should last from 40 to 70 days.

The average length of the calving-to-first-service interval in the present study was 88
days. In high-yielding cows the rest period comes at a time of high production, so that
determining the optimal time for the first insemination after calving is of particular im-
portance [20]. According to Sawa et al. [21], cows with yield of over 10 000 kg during
lactation require at least a 100-120-day rest period. The results of the present study show
that in cows with yield exceeding 9000 kg of milk in standard lactation, this rest period
was too short — 85 and 96 days.

The high number of services per conception (2.4-3.2), particularly in the case of the
highest milk yield, could be the consequence of an excessive metabolic burden on the or-
ganism of high-yielding cows. It has been demonstrated [4] that a high service-per-concep-
tion rate can result when the reproductive tract is inadequately prepared for implantation of
an embryo, despite external signs of oestrus. Poor fertility indices can also be caused by a
negative energy balance occurring in dairy cows during the early lactation period [20].

The service period, along with the calving-to-first-service interval, is part of the calving-
-to-conception interval. This period, during which the success of the services is evaluated,
should be as short as possible [5]. The data presented in Table 3 show that pregnancy was
noted after the first service in only 31.4% of cases. In 734 cases (30.4%) it lasted up to 90
days, but most often (38.2%) longer service periods were noted (>90 days). The frequency
of occurrence of different values for this trait was not significantly influenced by age at first
calving or milk yield in primiparous cows over 100 days of lactation. The values for the %’
test for these factors were statistically insignificant. However, analysis of the effect of milk
yield in primiparous cows during 100 days of lactation showed a slight (3.2%) decrease
in the percentage of cases with a service period within the range of 61-90 days, and an in-
crease (8.3%) in the percentage of the longest SP range (>90 days). Following successive
calvings, the percentage of cases in which conception occurred after the first service decre-
ased by a total of 7.1%, while the frequency of SP exceeding 90 days increased by 10.6%.
The significant effect (P<0.01) of calving number on the frequency of different values for
the service period was confirmed by the y? test.

It has been shown [7] that the period between the first service and successful service is
longer in cows with higher milk production. This was confirmed by the present study, which
found that increasing milk yield was accompanied by a decrease in the percentage of cases in
which the cows conceived after the first service (38.7%, 32.6%, and 25.0%). The frequency
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of service periods lasting up to 90 days also decreased, while that of the longest SP range
(>90 days) increased. Increasing milk yield in standard lactation was accompanied by an in-
crease in the percentage of the longest service periods; these percentages were 26.9%, 35.4%,
and 49.0%. The significant (P<0.01) effect of this factor was confirmed by the ¥’ test.

The results of the study indicate that shortening the period for rearing heifers in high-
-yielding herds had no negative effect on fertility parameters in cows during their subsequ-
ent productive life. Reproductive efficiency was observed to be significantly lower in the
case of primiparous cows with milk yield exceeding 3600 kg over 100 days of lactation.
However, fertility indices in cows were most strongly differentiated by milk yield in the
previous standard lactation. When milk yield exceeded 9000 kg, each increase of 2000 kg
had a significant (P<0.01) negative effect on all the fertility indices evaluated in the study.
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Danuta Borkowska, Dariusz Pigtek, Ewa Janus, Joanna Mucha

Ksztattowanie si¢ wskaznikow ptodnosci w stadzie krow wysokowydajnych

Streszczenie

Celem pracy byla analiza wplywu czynnikow pozagenetycznych na ksztattowanie si¢ wskaznikow
rozrodu wysokowydajnych krow rasy polskiej holsztynsko-fryzyjskiej odmiany czarno-bialej. Analizg
objeto 2414 okresow reprodukeyjnych 1063 krow urodzonych w latach 1999-2008. Oceniano wskazniki
ptodnosci tych zwierzat. Wykazano, ze w objetej analiza populacji krow w kolejnych latach obnizat
sie wiek zwierzat przy pierwszym wycieleniu. Stwierdzono, ze skracanie okresu odchowu jalowic nie
wplywalo negatywnie na ksztaltowanie si¢ wskaznikow ptodnosci krow w trakcie ich pdzniejszego
uzytkowania. Istotne pogorszenie si¢ sprawnosci rozrodu kréw obserwowano w przypadku wydajnosci
pierwiastek powyzej 3600 kg mleka za 100 dni laktacji. Na ksztattowanie si¢ wskaznikow plodnosci
krow w najwigkszym stopniu wptywata jednak wydajnos$¢ mleka w poprzedniej laktacji standardowe;.
Przy wydajnosci mleka powyzej 9 tys. kg kazde jej zwigkszenie o 2 tys. kg istotnie (P<0,01) pogarszato
wszystkie oceniane w pracy wskazniki ptodnosci krow.

SLOWA KLUCZOWE: krowy / wysoka wydajno$¢ / wskazniki plodnosci
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