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Abstract

IDENTIFICATION OF CONSTRAINTS AND IMPLEMENTATION OF CORRECTIVES MEASURES FOR
IMPROVING THE EFFICIENCY OF ARTIFICIAL INSEMINATION SERVICES IN DAIRY CATTLE
THROUGH THE USE OF PROGESTERONE RIA

Reproductive parameters were determined in seven dairy farms with intensive system of management in
Lima, Peru. Calving to first service interval (CSI) was determined in 552 dairy cows and calving to conception
interval (CCI) in 249 cows, in relation to the effects of parity (uniparous and multiparous), breed (Holstein and
Brown Swiss), farm and calving season (Gl: summer, December to April; G2: winter, May to August; G3:
spring, September to November). Data was analyzed by General Linear Model (GLM), and Survival Analysis.
The overall CSI (Mean ± SD) was 81.1 ± 35 days (n=552) and CCI was 113 ± 61 days (n=249). Parity and
calving season significantly influenced CSI. CSI was 89.9 ± 3.80 days (LS ± SE) in uniparous cows (n = 148)
and 81.3 ± 2.65 days in multiparous cows (n = 404; P <0.01), while it was 87.3 ± 2.72, 68.8 ± 2.87 and 100.9 ±
5.72 days for Gl (n = 271); G2 (n = 215) and G.3 (n = 66), respectively (P <0.01). CCI for the same groups were
117.4 ± 4.6, 95.0 ± 6 and 154.6 ± 12 days, respectively, with significant differences between G2 and the other
groups (P< 0.01). Parity had no significant influence on CCI. Calving to ovulation interval (COI) was 45 ± 19.9
days (n = 65) and there were significant effects of body condition score at calving, season of calving and farm.
The COI was 42.8 ± 2.6 days for cows calving during spring, while it was 23.2 ± 6.1 days for those calving
during summer. Cows inseminated during spring had 3.0 more risk probability of wrong insemination. Overall
conception rate and first service conception rate were influenced by study period, calving season, service number
and origin of semen. Cows calving from September to April had the poorest reproductive indices and should be
included in a special breeding management program to improve their performance.

1. INTRODUCTION

Dairy cattle reproductive performance has a great importance due to its influence on overall
productivity. Environment has influence on reproductive performance through several mechanisms. In
European breeds of dairy cattle, temperature is important, since the zone of comfort temperature for
these animals is around 13-18°C [1]. However, in the area around Lima the summer temperature
reaches 31 °C with 80% of relative humidity. This results in a high temperature-humidity index (THI)
[2, 3], causing thermal stress [4], which can result in poor reproductive performance, specifically in
breeding animals [5, 6].

Lima is situated at the central coast of the country and reports about reproductive behaviour of
dairy cattle indicate that calving intervals are more than 14 months in some farms. Trying to find
solutions to this reproductive problem requires identification of the components of the problem, such
as the interval from calving to first ovulation, heat detection efficiency, conception rate, and the
effects of heat stress in these parameters. It is our purpose to determine the magnitude of these
problems and to find the factors that increase the problems in order to suggest, in the future,
alternatives to overcome the negative effects of summer in dairy cattle reproduction.

Therefore, the objectives of this survey were to identify the constraints to the efficacy of AI
services, determine the influence of calving season, farm, parity, breed and region on reproductive
performance, and to study the effect of heat stress on postpartum ovarian activity.
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2. MATERIAL AND METHODS

2.1. Location and climate

Lima is situated in the central coast of Peru. The air temperature varies between 12-16°C in
winter and 25-30°C in summer. The relative humidity is between 85-95% during the year and annual
rainfall is 26.6 to 29.2 mm (Fig.l).
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F1G.1. Air temperature and relative humidity in Lima during 1997 and 1998. The dotted line
indicates temperature above which cattle are likely to experience heat stress.

2.2. Survey

2.2.1. Farms
Seven farms located in the surroundings of Lima city (3 located 40 km north and 4 located 60

km south) were selected for the survey. The herd size varied from 80 to 800 cows kept in farmyards of
2.5 to 120 ha. The management system was intensive, based on cut forage and concentrates. Milking
was done twice a day in most farms, and 3 times a day in a few. Large farms processed their own milk
and delivered to the market a variety of dairy products such as yogurt and cheese. Breeding was by
artificial insemination (AI), mainly with imported frozen semen. Farms had their own AI technicians.
Heat detection was done visually 2-5 times a day.

A total of 557 cows from the seven farms were randomly selected at calving and monitored
from their first service till conception in most cases, or at least to the first 2-3 services. Relevant data
regarding the farms, AI technicians, inseminated cows, heat expression and insemination details were
recorded.

2.2.2. Sample collection
Milk samples were taken on the day of service and two additional samples were collected on

days 10-12 and 22-24 after service to assess ovarian activity through progesterone concentration. In
case cows returned to heat before collection of the third sample, this was omitted, the cow was re-
inseminated, and the samplmg procedure reinitiated. Milk samples (5 mL) were collected at milking
time in vials containing sodium azide as preservative. Skim milk was separated by centrifugation at
5000 g for 10 minutes and aspiration of the fat portion, and stored at -20°C until assay.
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2.2.3. Data management and analysis
Field and laboratory data were entered in the FAO/IAEA Artificial Insemination Database

Application (AIDA, developed under MS Access 2.0 for Windows™). The application was also used
for basic calculations, simple statistics, and generation of reports. For further analysis, cows were
classified by calving number (primiparous and multiparous), by breed of the cows (Holstein and
Brown Swiss), and by season of calving (Gl: summer, January to April; G2: winter, May to August;
and G3: spring, September to December). The information was obtained in two study periods: 1,
1995-1996; and 2, 1997-1998. Data was analyzed by General Linear Model (GLM), where the
dependent variables were calving to first service interval (CSI) and calving to conception interval
(CCI), and the variation factors were region, farm, breed of the cow, parity and calving season.

The efficiency of the AI service and reproductive herd problems were analyzed by using
progesterone values and the result of pregnancy diagnosis by rectal palpation. The progesterone
concentration was classified as "L" (low) when it was below 1.25 nmol/L and as "H" (high) when it
was above 3.18 nmol/L. This permitted the following four types of interpretations: (1) normal or
expected ovarian activity - L H L or L H H; (2) anovulation - L L L; (3) embryonic mortality - L H H
and non-pregnant at palpation; and (4) wrong insemination day - H L H, H H L, or L L H.

Analysis was done by Logistic Regression test in univariate and multivariate form. The
dependent variable was AI type categorized as Correct (1 and 3 above) or Incorrect (2 and 4 above).
The variation factors were CSI, service number, heat to AI interval, swelling of vulva, season of AI
(Gl, G2, and G3), parity, farm, and location.

Overall conception rate (CR) for 1004 AI services and CR at first services in 639 cows were
analyzed by logistic regression in univariate and multivariate form, considering farm location, farm,
breed of the cow, part, season of service, CSI, service number, month of AI, interval from heat signs
detected by farmer to AI, swelling of vulva, AI technician, and origin of semen (local or imported).

2.3. Technical interventions

Postpartum ovarian activity was monitored in 150 dairy cows through progesterone
determination in milk samples collected twice a week from 15 days after calving until confirmation of
conception. Cows were grouped by calving season (Gl: spring, September - November, and G2:
summer, December - March). Body condition score (BCS) was recorded at calving and every 30 days
thereafter using the scale 1-5 [7]. Monthly milk production and oestrus behaviour were recorded.

Heat detection efficiency was calculated from heats detected by the farm staff and number of
ovulations detected through progesterone analysis. The analysis of reproductive intervals was done by
multiple regression analysis, considering calving to ovulation interval (COI), CSI and CCI as
dependent variables and parity, season of calving, BCS changes postpartum and farm as independent
variables. BCS and milk production were analyzed with repeated measures ANOVA, considering as
variation factors the season of calving and parity.

2.4. Radioimmunoassay

Progesterone was determined by a direct solid-phase radioimmunoassay (RIA) using the
FAO/IAEA 125I-Progesterone Assay Kit [8]. The intra- and inter assay variation of the internal quality
controls were 12.5 and 17.4% for a low pool and 10.2 and 18.8% for a high pool, respectively.

3. RESULTS

3.1. Survey

3.1.1. Reproductive parameters
The CSI in all animals was 81.1 ± 35 days (Mean ± SD, n = 552). The CSI was 89.9 ± 3.80

days (LS ± SE) for uniparous cows and 81.3 ± 2.65 days for multiparous cows (P <0.01). Season of
calving had a significant effect (P <0.01) on the results (Table I), but breed of cow and farm did not.
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TABLE I. CALVING TO FIRST SERVICE INTERVAL (CSI) AND CALVING TO CONCEPTION
INTERVAL (CCI) IN HOLSTEIN COWS DURING DIFFERENT CALVING SEASONS

Calving season CSI (LS ± SE) CCI (LS ± SE)
Gl (January - April)
G2 (May - August)
G3 (September - December)

87.3 ±2.7b(n = 271)
68.6 ±2.8 a(n = 215)

b
(
b(n =100.9 ±5.7b(n = 66)

117.4 ± 4.6 b ( n = 152)
95.0±6.7a(n = 74)
154.6 ±1.2b(n = 23)

°'b Means with different superscripts within columns are statistically different (P <0.01)

The overall CCI was 113 ± 61 days (Mean ± SD, n = 249). The factors with significant effects
on CCI were calving season (Table I), study period, and CSI (estimate 0.86 ± 0.07). Parity and farm
did not affect the CCI.

3.1.2. Milk progesterone determinations
Problems detected in the AI service through the milk sampling protocol were mainly incorrect

AI due to poor heat detection (2% of cows bearing active corpora lutea and 9% anoestrus cows). Of
the cows submitted to PD (heat not detected after AI) 28.9% were found non-pregnant.

Season of AI and parity had a significant influence on the frequency of incorrect
inseminations. Cows inseminated during spring (G3) had 3.0 times higher risk probability of incorrect
insemination and multiparous cows had 2.4 times higher risk probability of incorrect insemination
(Table II).

TABLE II. PERCENTAGE OF CORRECT AND INCORRECT AI SERVICES IN COWS OF
DIFFERENT PARITIES

Parity

Season

Primiparous
Multiparous

Summer
Winter
Spring

Correct AI (%)

94.8
87.1

86.5
84.0
58.3

Incorrect AI (%

5.1
12.8

13.5
16.0
41.7

3.1.3 Conception rate
First service CR was affected by study period and origin of semen. Cows inseminated during

study period 1 (Fig. 2) and those inseminated with imported semen had higher probability of getting
pregnant. Overall CR was affected by calving season, study period, (Fig. 2) and service number. Cows
inseminated in study period 2 had 2.2 times more probabilities of not getting pregnant, and cows
inseminated after fourth AI had higher probability of not getting pregnant.

EFSCR 95-96

• O C R 95-96

E3FSCR 97-98

EOCR 97-98

Summer Winter

Season of AI

Spring

FIG.2. First service and overall conception rates in Holstein cows during different seasons and study
periods.
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3.2. Intervention trial

The mean (± SD) COI was 45.0 ± 19.9 days (n = 65). There were significant effects of BCS at
calving, calving season, and farm. Cows calving during spring had COI of 42.8 ± 2.6 days, while
those calving in summer had 23.3 ± 6.1 days (LS ± SE). Heat detection efficiency was determined in 5
farms and was 58, 38, 51, 26 and 0% for farms 1 (n = 29), 2 (n = 18), 3 (n = 18), 4 (n = 11), and 5 (n =
4), respectively.

The mean (± SD) CSI was 99.2 ± 50.1 days (n = 121) for the whole group. This variable was
affected by heat detection efficiency, BCS changes, and farm. CCI was 224.6 ± 85 days and was
influenced by milk production during first month, farm, COI, and change of BCS between calving to
60 days postpartum. Milk production and BCS changes postpartum were affected by season of calving
(PO.01).

4. DISCUSSION

The number of good quality reports regarding reproductive problems of cows under the existing
intensive milk production system in the coastal region of Peru is very limited and therefore, this study
initially focused on the evaluation of basic reproductive parameters in order to identify factors
responsible for the occurrence of long calving interval (i.e. 15 months).

Theoretically, CSI is affected by the onset of ovarian cyclicity and the efficiency of heat
detection. On the other hand, CCI is additionally affected by CR and factors related to it such as
semen quality, AI technique, embryonic mortality, and timing of AI [9]. Other factors that can
certainly be involved but not considered in this study were those related to infectious diseases. The
CSI and CCI found in the present survey were not unduly long when considered as an overall figure.
However, when the different variables are individually analyzed as part of the total result, it was
possible to identify clear differences between the winter calving group and the others. This situation
can be used as an obvious example on how farmers do not usually realize the true and inherent
problems in their herds when summarized results are examined.

BCS changes postpartum were significantly affected by season. Cows calving in spring lost
more body condition, possibly because of higher milk production and their inability to recover as fast
as summer calving cows. Moreover, cows calving during spring had longer anoestrous postpartum
periods and delayed onset of ovarian cyclicity, which is reflected by the 43-day COI, which is longer
than that reported in the literature for this type of cattle [9]. All this could be related to the postpartum
negative energy balance (NEB) observed in high milk yi elders [10]. NEB causes hypoglycemia, which
increases corticotrophin releasing hormone (CRH), which in turn stimulates ACTH and beta-
endorphin release [11], thereby suppressing GnRH pulsatility and LH secretion [1]. The results
suggest that the degree of NEB suffered after calving has a greater effect than that of heat stress on
the time of first ovulation [10, 12].

Animals that calved in summer had a long CCI. Many of these animals were cycling but had
difficulties to get pregnant due to heat stress and low CR [13, 14]. The causes for low CR during heat
stress [5] have been attributed to an irregular pattern of oestradiol secretion or elevated uterine
temperature that can cause early embryonic mortality [15]. The 40% CR found during winter in our
study period 1 (Fig. 2) is considered normal in Peru. However, cows are exposed to THI in excess of
72 in other seasons (temperature of 27-32°C and relative humidity of 80%) [2, 3], resulting in heat
stress. In the study period 2, both first service and overall CR were low due to an unusually high
environmental temperature in the coast of Peru (El Nino phenomenon, Fig. 1).

A high percentage of AI services were done when cows were not in oestrus. Most of these
services were conducted in anoestrus animals and very few (2%) during the luteal phase of cyclic
cows, which is similar to other reports [16]. It is quite likely that AI technicians tried to inseminate
cows even when they had some doubts whether the animals were in oestrus, in order to get them
pregnant before summer. Obviously, such animals did not conceive, resulting in low CR.

It is important to highlight that with the exception of semen source (local semen had a
significantly lower CR than imported semen), other factors did not affect CR. The reasons for the low
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fertility of the local semen is still unclear. However, as semen donors are not tested for infectious
reproductive diseases, the possibility exists that such diseases may play an important role in reducing
fertility.

It can be concluded that two separate schemes of reproductive management would need to be
established. One scheme for cows calving in winter and the other for cows calving in spring and
summer. Emphasis should be placed on heat detection efficiency and mechanisms for improving CR.
Animals calving in spring should be pregnant as soon as possible, otherwise they may remain open
throughout summer. Nutritional management to decrease changes of BCS during the postpartum
period in summer may improve productive efficiency, but costs and benefits should be evaluated.
Bulls used for semen production should be tested regularly for diseases such as bovine viral diarrhoea
that may cause infertility problems. Finally, it is necessary to conduct an economic evaluation of the
production system.
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