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Abstract

USE OF NUCLEAR TECHNIQUES FOR EVALUATION OF FIRST SERVICE CONCEPTION RATE IN
DAIRY HERDS WITH ARTIFICIAL INSEMINATION IN CHILE.

The objective of this study was to identify causes of inefficiency in Artificial Insemination (AI) services in
12 dairy farms located in southern Chile. Milk progesterone concentration was determined on the day of breeding
and then 10-12 and 21-22 days after AI. Data for semen and cow inseminated, including physical signs of
oestrus, were recorded in a computer database (AIDA). Information from 713 cows with first services was
analysed. The mean interval from calving to first service was 88.7 days and the mean interval from calving to
conception was 107.9 days. The conception rate at first service was 61.9%. Incidence of incorrect AI, most likely
due to erroneous heat detection, was 8.9%. Herd related problems affected efficiency of AI in 15.2%. The results
show that important factors affecting reproductive performance include nutritional management, oestrus detection
and AI technique.

1. INTRODUCTION

Milk production in Chile is concentrated mainly in the southern region (Regions IX and X) and
has shown a rapid growth during the past decade, rising from 1300 million L in 1990 to 2030 million
L in 1998 [1]. The intensification of dairy systems in Chile is responsible for this improvement, and
has required the introduction of new programmes for genetic improvement, artificial insemination
(AI), feeding and hygiene to achieve high performance levels.

Reproductive efficiency in dairy herds has a marked effect on profitability. Several factors
influence reproductive performance, the important ones being accurate detection of oestrus, correctly
timed inseminations, fertilizations, early embryonic development and maintenance of pregnancy [2].
Many recent studies have shown that under modern management and housing systems, inaccurate
detection of oestrus and early embryonic death are major problems. In the former case, breeding other
than around the time of oestrus may account for between 5-12% for all services and may be as high as
20-30% under certain management systems [3].

Under these circumstances, not only are the cost of maintaining the cows and purchasing and
holding semen wasted, but other reproductive problems including early embryonic death, may result
from incorrectly timed inseminations [3]. Under farm conditions, fertilisation rates as high as 75% are
probably achieved, but on day 40 after AI, only 53% of cows are likely to be pregnant [4].

A reliable management tool to monitor reproductive function in dairy cows would greatly
improve their reproductive efficiency. The concentration of progesterone in milk is closely related to
the oestrus cycle of dairy cows. The accurate determination of the progesterone levels can be used to
confirm oestrus and diagnose non-pregnancy as well as to monitor postpartum ovarian activity, early
embryonic death and ovarian disorders [2, 5, 6, 7, 8, 9].
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We conducted a field study to obtain information on the reproductive management during three
years in twelve commercial dairy herds in southern Chile with the aid of nuclear techniques for
measuring progesterone levels in milk. The objectives were to establish current status of fertility in 12
dairy herds subject to AI and to identify relationships between cow characteristics and the overall
conception rate at first service.

2. MATERIALS AND METHODS

2.1. Location

The study was conducted during May 1995 to December 1997 in twelve dairy farms located in
Region IX of Chile (38°Lat.S). Table I contains the characteristics of different farms involved in this
study.

2.2. Milk samples and data collection

Farmers were provided with plastic sampling vials containing milk preservative (sodium azide
tablet) and were asked to collect foremilk samples on the day of breeding, and then 10-12 and 21-22
days later. Samples were refrigerated until collected for analysis within 1-2 weeks. A questionnaire
on general information of farms and reproductive management was distributed. Farmers and the
technicians doing the inseminations were asked to record the identification of the semen and the cow
at insemination, including physical signs of oestrus.

2.3. Radioimmunoassay of progesterone in milk

Milk progesterone concentration was determined using a solid phase radioimmunoassay (DPC,
Los Angeles, USA) [7]. The tubes were counted for radioactivity on a gamma counter. The
coefficients of variation within and between assays were 5.6% and 8.4%, respectively.

2.4. Data analysis

Data from farms were entered into the Artificial Insemination Database Application (AIDA), a
computer software package designed to store data and provide reports related to AI [10].

First service conception rate (FSCR) resulting from 713 first services was analysed considering
the following as variation factors: farm, breed, parity, season of calving, season of AI, oestrus
manifestation, oestrus detection to AI interval, calving-to first service interval (CFSI), calving to
conception interval (CCI), and some aspects of the AI technique. The data was then analysed using
SAS and SYSTAT.

3. RESULTS

3.1. Farm description

Table I shows the characteristic of each farm utilised in this study. The following farm
variables were used in a cluster analysis to characterise the production systems: total land (ha),
grazing paddocks (ha), crops (ha), total number of cattle, number of milking cows, stocking rate,
average milk production, farm income and % of concentrate in the feed. The characterisation of
production systems determines the interaction of endogenous factors with productive levels. Due to
this interaction it is feasible to expect defined patterns in production levels.

Four types of farms were created by cluster analysis. Cluster 1 with 7 farms: Chivilcan, Los
Aromos, Maipo, Palihue, Ranchillo, Santa Rosa and Santa Elena. These farms are smallest in size,
both in land and number of cows. Almost 50% of the land is for crop and 50% for pasture, with a
relatively high stocking rate on pasture (1.46 head/ha). Cluster 2 was formed with three farms:
Huilquilco, Pichiquepe and Santa Margarita. This cluster belongs to medium size farms, also intensive
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(1.47 head/ha), but with high numbers of cows in milk production. Clusters 3 and 4 were formed by
one farm each: Calatayud and San Bernabe. Calatayud was the biggest farm, both in terms of cattle
and land and with the highest milk yield (8000 kg). Nevertheless the stocking rate is low (0.56
head/ha), dairy is the main activity; less than 6% of the land was used for crops. On the other hand
San Bernabe is the farm with the lowest milk yield; 50% of the land was used for crops and the
stocking rate is very low (0.33 head/ha).

TABLE I. CHARACTERISTICS OF FARMS USED IN THE STUDY

Farm

Calatayud
Chivilcan
Huilquilco
Maipo
Los Aromos
Palihue
Pichiquepe
Ranchillo
San Bernabe
Santa Elena
Santa Margarita
Santa Rosa

Total land
(ha)
640 .
246
454
138
110
150
260
67
600
148
250
74

Pasture
(ha)
450
123
368
40
20
75

234
40
300
60
194
60

Total cattle

730
221
470
120
95
47
200
61
140
225
251
127

Milking cows

480
74

248
40
30
20
125
25
70
84
190
70

Avg. milk yield
(L/cow/day)

25
186
24
244
215
145
20
185
11.6
194
21
226

Concentrate
feed (kg/cow/d)

6
3
4
6
4
2
4
4
0
4
4
6

Table II shows FSCR on the different types of farms for 713 observations. There were
statistical differences between all farms, with the highest CR in farms of type 3.

TABLE II. NUMBERS OF COWS INSEMINATED (N) AND FIRST SERVICE CONCEPTION
RATE (FSCR) IN THE FOUR TYPES OF DAIRY FARMS ACCORDING TO CLUSTER
ANALYSIS

Farms Number of cows inseminated FSCR (%)
Farm type 1 186 55.3a

Farm type 2 356 51.4b

Farm type 3 139 75.7C

Farm type 4 32 68.8d

Total 713 6L9
a, b, c, d £)ifferent letters in the same column indicate significant differences (P <0.05).

3.2. Seasonality

Cows that calved in the spring and winter had a higher FSCR than cows calving at other times
(Table III).

TABLE ffl. FIRST SERVICE CONCEPTION RATE (FSCR) IN COWS CALVING DURING
DIFFERENT SEASONS

Calving Season
Spring
Summer
Autumn
Winter

Total first AI
75
163
315
160

Number co:
51
89
190
111

68.0a

54.6b

60.3b

6 9 ^
a> b Different letters in the same column indicate significant differences (P <0.05)
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IV).
Cows that were inseminated during spring and summer had higher FSCR than others (Table

TABLE IV. FIRST SERVICE CONCEPTION RATE (FSCR) IN COWS INSEMINATED DURING
DIFFERENT SEASONS

AI Season
Spring
Summer
Autumn
Winter

Total first AI
159
59

296
199

Number conceived
115
43
161
122

FSCR (%)
72.3a

72.9a

54.4b

61.3b

a'b Different letters in the same column indicate significant differences (P <0.05)

3.3. Parity

There was no statistical difference in the FSCR among cows of different parity numbers (P
>0.05). There was a difference (P <0.05) between types of parturition, with higher FSCR in cows
having a normal calving (69.2%) compared to that in cows with obstetric problems at calving (45%).

3.4. Heat expression

Cows inseminated at standing heat had a higher FSCR (P <0.05) when compared to cows
showing only mounting behaviour (56.3% vs. 67.7%). FSCR was highest in cows with a markedly
coloured (hyperaemic) vulva (71.4%; 210/294), intermediate in those with a slightly coloured vulva
(65.9%; 83/126) and lowest in those with no colouration (38.5%; 10/26) (P <0.05). No statistical
difference was found when comparing the FSCR of cows with normal mucus (69.3%) and other types
of discharge (64.1%) (P >0.05).

3.5. Time of AI

Fig. 1 shows the FSCR in cows inseminated at different times after the detection of oestrus.
Cows inseminated 18 hours after detection of oestrus had the highest FSCR (81.9%) and this was
significantly different (P <0.05) from the FSCR in other categories.

Conception rate (%)

90 -i
80 -
70 -
6 0 -
5 0 -
40 -
30 -
20 -
10 -
0

a
a a

b

a

<12 12 13-17 18
Hours after oestrus

FIG 1. Effect of interval between oestrus to AI on first service conception rate in 441 milking cows.

96



Cows inseminated during the afternoon had a higher FSCR (72.9%; 231/383) compared to cows
inseminated in the morning (60.3%; 151/207) (P <0.05). No statistical differences (P >0.05) were
seen between FSCR of cows inseminated with difficulty (69.3%; 277/400) or with ease (62.3%;
38/61), and between cows inseminated in the uterus (69.2%; 299/432) or in the cervix and vagina
(55.2%; 16/29).

3.6. Semen characteristics

There were no differences in FSCR achieved with semen from Friesian bulls (70.4%; 57/81) or
with semen from Holstein-Friesian bulls (60.8%; 384/632) (P >0.05). No statistical differences were
found between FSCR from semen of local AI centers (60.2%) or imported semen (62.1%), and
between semen straws of volumes 0.25 or 0.5 mL.

3.7. Progesterone RIA

Using progesterone values based on three milk samples taken on days 0, 10-12 and 21-22 after
AI in conjunction with clinical examination (rectal palpation), it was possible to interpret the
reproductive status of the cows as shown in Table V. Thus, 75.8% of the cows were pregnant after AI,
9.4% were non-pregnant and 4.7% had late embryonic mortality.

TABLE V. PROGESTERONE DATA INTERPRETATION: DIAGNOSIS BASED ON THREE
SAMPLES

Days after AI Pregnancy Frequency Interpretation
0 10-12 21-22 diagnosis n %

Low High High + 194 75.8 Correct AI resulting in pregnancy
Low High Low - 24 9.4 AI in follicular phase, conception failure

and subsequent oestrus not detected
12 4.7 Embryonic mortality

+ 8 3.1 AI on pregnant cows
3 1.2 AI in anoestrus cows

Total values n = 332. Intermediate values (>1 to <3nmol/L) n = 76

hi some cases, however, only the first sample or the first and second samples were available.
The interpretation of data in such cases is shown in Tables VI and VII. Based on two samples (day 0
and 10-12 after AI) 3.9% of the cows were inseminated in anoestrus and 5.9% were inseminated
while pregnant or having luteal cysts. Based on one sample (day of AI), it was possible to determine
that 5% of the cows were inseminated during the luteal phase.

TABLE VI. PROGESTERONE DATA INTERPRETATION: DIAGNOSIS BASED ON TWO
SAMPLES

Days after AI Frequency Interpretation

Low
High
Low

High
High
Low

High
High
Low

0
Low
Low
High
High

10-12
High
Low
High
Low

N
394
17
26
0

%
90.2
3.9
5.9
0

AI in follicular phase
AI in anoestrus cows
AI in pregnant cows
AI in luteal phase

Total values n = 564. Intermediate values (>1 to <3nmol/L) n = 127
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TABLE VII. PROGESTERONE DATA INTERPRETATION: DIGNOSIS BASED ON ONE
SAMPLE

DayO

Low
High

Frequency
N %

612 95.0
32 5.0

Interpretation

AI in cows without active corpus luteum
AI in cows with active corpus luteum

Total values n = 739. Intermediate values (>1 to <3nmol/L) n = 95

4. DISCUSSION

The analysis of the information obtained from 713 first services shows that interval from
calving to first service was 88.7 ± 56.7 days and the interval from calving to conception 108 ± 73.3
days. Differences between the farm management systems explain some of the differences seen in
these parameters. A previous study [8] described 68.8 days for calving to first oestrus and 81.6 days
for calving to conception in a dairy herd of the same region. This indicates that both intervals have
increased by about one oestrous cycle length during a period of ten years.

FSCR was 61.9%. In 1990 Correa and co-workers [8] found a similar rate (60%). This indicates
that the factors affecting these parameters did not change in the past years. Thus the longer anoestrus
post partum in these herds could be due to a negative energy balance during the first months after
calving. The intensification of milk production has put pressure on the reproductive efficiency
because the demands of energy are very high during the first 3 months of lactation and at the same
time cows need to become pregnant [11, 12, 13].

In this study the season during the time of calving and AI affected the FSCR, with higher rates
were obtained in cows calving during winter and spring. Farmers improve the feed during these
periods because they obtain competitive prices for the milk, and this results in better body reserves in
the cows during winter and spring [14, 15]. This effect is reflected during the AI period (about 3
months after calving) because in spring and summer the FSCR was also better compared with other
seasons [12].

No differences in FSCR were found in cows with different lactation numbers; this is not
common because others studies show cows at first lactation with a low FSCR [12, 15]. FSCR was low
in cows with problems at parturition; the possibility of infections during calving in these cows with
dystocia is high and affect the survival of semen in the reproductive tract [14].

Standing to be mounted by other cows (standing heat) is considered to be the most reliable sign
for diagnosis of oestrus in the cow [16]. The cows that showed only mounting of other cows had a
low FSCR; such cows may not be in oestrus, or still in the pro-oestrus period. Hyperaemia of the
vulva was also a heat sign associated with high FSCR. This indicates that the intensity of oestrus is an
important parameter for success in AI [15, 16]. Higher FSCR was obtained when the AI was done 18
hr after the onset of oestrus; thus farmers should be advised to get their cows inseminated as close as
possible to this timing. The finding that FSCR was higher when AI was performed in the afternoon
rather than in the morning is difficult to explain, but factors such as higher pressure of work during
the morning could have had an influence.

The progesterone analysis was valuable in determining the proportion of inseminations done at
the incorrect time, and also for detecting late embryonic death in cows that had conceived. Overall,
the study showed that failure to detect oestrus in normal-cycling cows is an important factor affecting
reproductive performance in dairy herds. Therefore, the urgent need is to improve the knowledge of
farmers on oestrus behaviour and its relation to the optimal time for performing AI.

5. CONCLUSION

The principal factors affecting the FSCR in the farms studied were heat expression, body
condition at calving, season of calving and AI, and timing of AI in relation to onset of oestrus. Factors
such as semen volume (0.25 or 0.5 mL), source of semen (local or imported) and breed of bull
(Friesian or Holstein) did not affect the FSCR. Measurement of progesterone by RIA at 0, 10-12 and
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22 days after AI permitted an accurate assessment of the reproductive status of cows and outcome of
AI. Around 9% of inseminations were done at the wrong time and of those done at the correct time
about 15% did not result in pregnancies due to problems related to herd management.
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