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Abstract

IMPROVING PRODUCTIVITY THROUGH THE USE OF ARTIFICIAL INSEMINATION IN DUAL
PURPOSE FARMS IN COSTA RICA.

The objective of the present study was to identify the major causes of inefficiency in the AI services
provided to dual-purpose farms in the region of Tilaran, Guanacaste. The study included four representative
farms from the region, where AI was done on a routine basis in which 80 to 100 first services were done
annually. The overall conception rate (CR) was 42.7% (271/635) and was significantly influenced by three
variables: lactation, oestrus signs and technician. Cows that were inseminated during their lactation number 5 had
2.17 times greater chance of getting pregnant (P O.001) than cows inseminated during any other lactation. Cows
inseminated after detecting oestrus because they were mounting others had 1.2 less chance to get pregnant than
those detected by standing heat, but those cows detected by other signs such as restlessness or bellowing had 1.8
more opportunity to get pregnant than those detected by standing heat. The interval from calving to first service
was 114.1 days and three variables had significant (P <0.05) effects on this interval: farm, calving season and
lactation. Cows calving during the rainy season had a shorter interval than those calving in the dry season. There
was a significant difference between the first lactation and the others. Only lactation had significant effect on first
service CR. It was concluded that farm type, lactation, season, and heat signs were the most important factors
having an influence on the efficiency of AI. Variables involved are closely related to management and should be
targeted in future work aimed at improving reproductive efficiency.

1. INTRODUCTION

Milk and beef production are important components of the Costa Rican economy, but cattle are
also thought to be the major cause of forest and land degradation. Given the current human population
growth rate (2.6% per annum) and using estimates of the actual crop yield per hectare, all of the one
million ha suitable for production of annual crops in Costa Rica would be needed to produce the
calories required to support the human population by about 2030 [1]. Since only 325 000 ha are
currently in annual cultivation, this would mean that nearly 700 000 ha of land now used for pasture
and woodlands would need to be brought under cultivation [2]. One potential solution is to increase
the efficiency of cattle production systems, with the objective of reducing the number of animals and
area of land utilized by cattle. Productivity and efficiency are central factors in sustainability. As
productivity is enhanced, fewer resources are required for the same output. Increased economic
efficiency should lead to the conservation of resources [3].

Artificial Insemination (AI) is one of the techniques that can lead to greater efficiency of
production. It is widespread throughout the country especially in dairy cattle areas. Increasingly it is
being used in dual purpose and beef enterprises. The efficiency of AI in dual purpose farms is
considered to be low, many farms are small and the farmers lack education [4]. The objective of the
present study was to identify the major causes of inefficiency in the AI services provided to dual
purpose farms in the region of Tilaran, Guanacaste.

2. MATERIALS AND METHODS

2.1. Region

The Tilaran region was selected because there was already a Herd Health Management and
Production Programme (HHPM) established by the School of Veterinary Science. This and the

101



presence of AI services provided the necessary infrastructure for the survey. Tilaran is part of a
tropical moist forest area with an average rainfall of 2000 to 4000 mm and ambient temperature
between 24-30°C. Dual purpose farms in the region are an average of 75 ha (range 5-252 ha). The
mean farming experience of the managers was 16 years. On average one adult unit of labour is used
for each 44 cows (range 7-164). Family labour is primarily used for management activities such as
milking, calf rearing and feeding practices. Nutrition is pasture based on Star grass (Cynodon
plectostachyus) combined with native grass and Jaragua {Hyparrhenia rufa). The average number of
paddocks is 17 (range 2-83) with a stocking rate of 1.82 animals per ha (range 0.61-2.34).
Supplementation with molasses and mineral salt often occurs during the dry period. (December to
May). The average calving rate is 46% (range 38-57). Milk production ranges from 1500-2000 kg per
lactation of 270 days [5].

2.2. Farms

The study included four representative farms from the region, where AI was done on a routine
basis and where 80-100 first services were done annually. These farms were already using HHPM
assistance. They were visited monthly by a veterinarian, for activities associated with reproduction.
Reproductive events were being recorded and stored using a computer program. This program
includes all the farm information and individual information from each cow such as: animal
identification, breed, date of birth, date of parturition, type of parturition, body condition, body
weight, name of technician, date of service, sire and semen batch, medical treatments and other
comments.

All cows were inseminated by private technicians using semen bought from commercial
companies. Pregnancy diagnosis was done on the routine visit, 35-45 days after AI.

Information about oestrus and insemination was recorded on a special protocol which included
date and time when oestrus was first observed, clinical signs, time of service, site of deposition of
semen, reasons for no service and treatments.

2.3. Milk sampling and assay of progesterone

Milk samples were taken from all inseminated cows on day 0 (day of insemination) and days 10
and 22-24 after AI. Samples were collected by the farmers or their employers and refrigerated at the
farm. Twice a week samples were picked up by project staff members, centrifuged to remove fat and
the fat-free milk frozen until processing for progesterone determination. Progesterone was measured
using RIA kits based on a non-extraction solid-phase assay using 125I-labelled progesterone supplied
by the International Atomic Energy Agency (IAEA, Vienna). Inter and intra-assay coefficients of
variation were 13.5 ± 2.0 and 3.5 ± 2.9.

2.4. Data analysis

All information concerning insemination, cow inseminated, and farm as well as the
progesterone value was recorded in the Artificial Insemination Database Application (AIDA, Joint
FAO/IAEA Division, Vienna). The application was developed using Microsoft Access 2.0 for
Windows™ [6] to store data and provides reports related to the AI service. Information collected was
first analyzed to evaluate the quality of the AI service and to identify constraints that may affect
fertility. Also, progesterone concentrations in milk samples were correlated with fertility to facilitate
data interpretation. AIDA was used to obtain data output for Microsoft Excel files which were then
used for a multiple regression analysis of factors likely to be affecting efficiency [7].

Three variables were used for breed: Bos indicus, B. taurus and crosses of B. indicus and B.
taunts. Lactations were numbered 1 (cows with one or less lactations) to 7 (cows with 7 or more
lactations). Parturition type was described as normal or abnormal (requiring assistance). Behavioral
signs of oestrus were classified as "standing heat", "mounting others" and "other signs" (restlessness,
bellowing and the presence of clear vaginal mucus). The type of mucus discharge was described as
clear, turbid or none. Site of deposition of semen was classified as "cervix" or "other sites". The ease
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of passage of pipette through cervix was described as "easy" or "difficult". Calving and insemination
season was classified as "rainy" or "dry".

Inseminations were classified as "correct" or "incorrect" based on progesterone values in the 3
milk samples. Incorrect was when progesterone concentrations were high (<1.5 nmol/L) on day 0, or
low (<1 nmol/L) on day 0 and day 10, or low on all three sampling days. For the characterization of
the farms a Proc Cluster Analysis was used. This is a multivariable technique that splits a set of farms
into a selected number of groups by maximizing between cluster variation and minimizing within
cluster variation [7].

To establish potential relationships between farm and cow characteristics with the overall
conception rate (CR), the first service CR, the interval from calving to first service (CFSI) and the
interval from calving to conception (CCI), a first descriptive analysis was used. Then with the
potential risk factors and the CR a univariate analysis was performed. With those variables that
showed biological or statistical significance in the previous analysis a multivariate analysis using
logistic regression and survival analysis was performed.

Finally a Cox Model, a proportional hazard model, was used to describe the risk of each
variable. Age and lactation number were highly correlated (0.80, P <0.001) so in the analysis of
results only lactation was used as a variable. Common to all four farms were the use of commercial
frozen semen, the system of semen storage in a liquid nitrogen tank, the use of visual heat detection
without other aids, primary school level of education of technicians with no formal training on AI,
and a fixed salary method of paying technicians who also had other farm duties to perform. Hence
these variables were not used in the model.

3. RESULTS

3.1. Cluster analysis

The cluster analysis created three types of farms (Table I). Cluster one contained 2 farms:
Ayotes and Tierras Morenas. Both farms were located at Tilaran, were dual purpose, with once a day
milking session and suckling by calves for milk let down. Family income from cattle farming ranged
from 26-50% and the time they spent on the farm was 51 to 75 %. Clusters two and three were
formed with one farm each, Fuentes y Alfaro and La Pacifica respectively. Their characteristics are
shown in Table I.

TABLE I. CHARACTERIZATION OF THE FOUR FARMS BY CLUSTER ANALYSIS

Total cattle
Breedable cattle
Bulls
Weaning age (m)
Location
Purpose
Suckling
Milkings/day
Family time on farm
Family income from farm

Cluster 1
178
55
1
7

Tilaran
Beef-dairy

Once (Let Down)
1

51-75 %
26-50 %

Cluster 2
211
90
1
0

Tilaran
Dairy
None

2
5 1 - 7 5 %
5 1 - 7 5 %

Cluster 3
723
383
10
8

Canas
Beef-dairy

Once
1

0-25 %
0-25 %

3.2. Reproductive performance

The reproductive performance of the whole population surveyed is presented in Table II. The
average age of these cows was 10 years, with a standard deviation 12.3, and an average of 3.6
lactations with a standard deviation of 1.8.
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TABLE II. REPRODUCTIVE INDICES FOR CATTLE ARTIFICIALLY INSEMINATED ON
FOUR FARMS IN COSTA RICA

Reproductive Index N Mean ± SD

Overall conception rate (%)
First service conception rate (%)
Services per conception
Interval from calving to first service (days)
Interval from calving to conception (days)

635
486

658

500

186

42.7
41.9

3.5

114.1 ±78.8

138.8 ±93.8

3.2.1. Overall conception rate
There were 635 usable observations for the analysis and the overall CR was 42.7%. Three

variables showed a significant effect on this parameter (Table III). There was no significant effect of
cluster, farm, breed, calving or insemination season, site of semen deposition, passage of pipette, type
of mucus or parturition type.

TABLE III. GENERAL LINEAR MODEL OF FACTORS AFFECTING THE OVERALL
CONCEPTION RATE

DF Mean Square F value P value
Lactation
Oestrous signs
Technician

6
2
3

18 880.3
29 005.9
19 804.7

2.30
3.53
2.41

0.03
0.03
0.06

Cows that were inseminated during their lactation number 5, had 2.2 times greater chance of
getting pregnant (P <0.001) than the cows inseminated during lactation 1. Signs used to detect oestrus
had a significant effect (P <0.05), cows inseminated after detecting oestrus because they were
mounting others had 1.2 less chance to get pregnant than those detected by standing heat, but those
cows detected by other sign such as restless or bellowing had 1.8 more opportunity to get pregnant
than those detected by standing heat. The technician variable was included in explaining the model (P
= 0.068), but there was no difference between technicians.

3.2.2. Interval from calving to first service
There were 500 usable observations for first services and the CFSI was 114.1 days (Table II).

The average age for these cows was 6.7. With the general linear model (GLM) with a backward
procedure looking for a simple explicative model, three variables had significant effect on CFSI while
the others did not (Table IV): farm cluster, calving season and lactation. Cluster 3 had a shorter
interval (106.1 days) than clusters 2 and 1 (143.7 and 132.1 days respectively, P <0.05). Cows calving
during the rainy season had a shorter CFSI (118.8 days) than those calving in the dry season, (135.8
days). Figures 1 and 2 with a Kaplan-Meier survival functions illustrate the effects of farm and season
respectively. Cows in lactation one had a longer CCI (P <0.05) than those in other lactations (Table
V).

TABLE IV. GENERAL LINEAR MODEL OF FACTORS AFFECTING INTERVAL FROM
CALVING TO FIRST SERVICE

MS F-value P-value
Calving season
Lactation
Farm cluster

28 031.6
24 303

19 552.2

4.47
3.87
3.11

0.03
0.04
0.04
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FIG.l. Effects of the farm cluster on the interval from calving to first service.
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FIG. 2. Effects of calving season on the interval from calving to first service.

TABLE V. LEAST SQUARE MEANS FOR LACTATION

Lactation

1
2
3
4
5
6
7

Mean

163.7
124.5
129.3
115.5
100.8
126.2
127.2

P value

0.03
0.8
0.8
0.4
0.1
0.9
0.9

3.2.3. First service conception rate
First Service CR for 486 cows having an average of 10 ± 13.9 years and 3.6 ± 1.8 lactations,

was 41.9% (Table II). With the general linear model only lactation (P <0.05) had a significant effect.
The results of a proportional hazard model, to try to consider the relationship of the variables and

105



their influence on the time of conception at first service are shown in Table VI. The other variables,
technician, breed, calving season, time to insemination had no significance effect.

TABLE VI. CRUDE ODDS RATIOS (OR) AND SIGNIFICANCE OF FACTORS AFFECTING
FIRST SERVICE CONCEPTION RATE ACCORDING TO THE PROPORTIONAL HAZARD
MODEL ANALYSIS

Variable Level Oil CI P-value

Farm cluster

Lactation

AIseason
Pipette passage
Oestrous signs

2
3
2
3
4
5
6
7
2

2

2
3

0.79
0.55

1.08
1.03
1.40
2.22
1.08
1.08

0.70

0.43
0.83
2.38

0.56-1.1
0.32-0.94
0.66-1.77
0.61-1.73
0.84-2-33
1.31-3.77
0.57-2.02
0.61-1.90

0.51-0.95

0.19-1.00

0.59-1.17
1.26-4.50

0.19
0.03

0.74
0.90
0.19
0.03
0.80
0.77
0.02

0.05

0.29

0.007

Cows in farm cluster 3 had 1.8 less probability of getting pregnant at first service than those in
cluster 1 (P <0.05). A difference was seen only during lactation 5, when cows are 2.2 times more
likely to become pregnant than during lactation 1 (P <0.05). Cows inseminated for the first time
during the dry season had 1.4 more chance of getting pregnant with first service than those
inseminated during the rainy season (P <0.05). Cows with mounting behavior at the moment of first
insemination had a tendency to decrease the probability of getting pregnant 1.2 times. On the other
hand, cows inseminated when the oestrus sign was other than standing heat or mounting others, such
as restless or bellowing had 2.4 more chances of getting pregnant (P <0.05). Finally, cows reported as
difficult to inseminate had 2.3 less chance of becoming pregnant than those reported as easy
inseminations.

3.3. Progesterone radioimmunoassay results

There were 278 inseminations for which three milk samples were available for assay. The
results showed that 54.3% of AI were performed when progesterone was low and in cycling cows, and
therefore were performed correctly. In 21.2% of cases the cows had either high progesterone (luteal
pahse, pregnant or abnormal), or were anoestrous. In 24.4% of cases at least one sample was in the
intermediate range and could not be interpreted (Table VII).

There were 418 inseminations for which two samples were available for assay and these
revealed that 60% of AI were performed correctly while 21.5% were done when the cows had either
high progesterone or were anoestrous. The incidence of values in the intermediate range was 18%.
There were 563 inseminations with only one sample and these showed that 82.7% were performed
correctly, 9.4% were incorrect and 7.8% had intermediate values.

Variables were tested with a univariated procedure to see which factors were affecting the
accuracy in inseminating cows correctly. No variables seem to be affecting accuracy (P > 0.05). Cows
that were inseminated correctly based on progesterone levels had 1.83 more chance of getting
pregnant than those inseminated incorrectly.
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TABLE VII. RESULTS OF RADIOIMMUNOASSAY OF PROGESTERONE IN THREE SAMPLES
OF MILK COLLECTED FROM ARTIFICIALLY INSEMINATED COWS

DayO

Low
Low

Low

High

Low

Int.

Day
10-12

High

High

High

High

Low

Int.

Day
22-24

High

Low

High

High

Low

Int.

Pregnancy
Diagnosis

Positive

Negative

Negative

Positive

Negative

Pos/Neg

Frequency
(n)
91

30

30

15

44

68

Total Occurrence

Percentage
(%)
32.7

10.8

10.8

5.4

15.8

24.5

278

Interpretation

Pregnant
Non-pregnant

Late embryo death

AI in Pregnant cows

AI in anoestrus

No interpretation

Low = <1 nmol/L; High = >3 nmol/L; Int. = 1—3 nmol/L

4. DISCUSSION

4.1. Cluster analysis

The cluster analysis showed that there were three types of farms represented in the four farms
chosen. Some of the important differences are considered to be numbers of cattle, suckling
management, milking times, weaning age of calf and proportion of family income derived from the
farm. This type of analysis and the result obtained here could be important in further characterization
of larger sets of farm enterprises in Costa Rica and in making recommendations for improving
productivity.

4.2. Reproductive performance

The overall CR found in this study is considered low, as has been previously described in other
tropical regions [4]. The intervals from calving to first service and from calving to conception are long
and also represent a source of reproductive inefficiency. Reproductive indices in B. indicus and their
crosses are generally low, particularly in animals raised traditionally [4].

First lactation had a negative effect on CR. There is earlier evidence that first lactations have a
negative effect on fertility in the tropical and subtropical zones [8, 9]. It was reported that there must
be a genetic component that is influencing the effect of lactation, nevertheless practical experience
had proved that with feed supplementation the CR in these animals increases [4]. In the present study
no breed effect on overall CR was found.

The results concerning heat signs are of interest in that they differ from those of other workers
[10]. It may be that under the management conditions on dual purpose farms in Costa Rica cows are
not seen frequently actually standing to be mounted and therefore the restlessness and bellowing
recorded here are just as indicative of true oestrus as an observation of standing to be mounted. On the
other hand it can be that in B. indicus and their crosses other signs rather than standing to be mounted
are also important, as previously reported by other workers [11].

Type of farm had a significant influence on interval to first service (Table IV). Management has
been found to be important for reproductive efficiency under a wide variety of conditions [12]. During
first lactation, which is a time of great stress, there is a significant difference compared to others
lactations where stress is handled better by the cow (Table V). Cows calving during the rainy season
had shorter interval to first service (Figure 2). Similar findings have been found, were cows that
calved during the favorable seasons had better intervals [4, 13, 14]. This is something that can be
expected because during the rainy season pasture and nutrition are better.

First service CR was significantly influenced by farm, lactation number, oestrous signs and
season. Thus factors related to both management and the cow proved to be important in determining
reproductive performance.
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4.3. Progesterone radioimmunoassay

The progesterone assay of strategically collected milk samples proved a useful addition to the
survey data collection and analysis in defining inefficiencies in the AI services. Despite apparently
good oestrus detection too many inseminations (21%) are being conducted at a time when the cow
could not possibly become pregnant. This represents a serious waste of resources and steps to improve
management need to be taken. Similar work is needed to define why non-fertilization, embryonic
death or post AI anoestrus are causing such great losses under many farming systems. Late embryo
mortality could be due to infectious diseases and further studies to establish the incidence and
prevalence of these diseases would help to increase the reproductive efficiency of these farms.

5. CONCLUSIONS

Lactation, season of calving and insemination, passage of pipette when inseminating, farm and
oestrus signs seem to be the most important factors affecting the low CR found in this study.
Lactation was the variable that seemed to explain the model best, regardless of the parameter
evaluated. First lactation cows were a major problem group responsible for lowering the reproductive
indices. Further research must be done to find the causes and remedy them. The signs used to detect
oestrus in cows has to be more carefully studied to see if other signs such as restlessness and
bellowing can be used effectively under the conditions present on these farms. Season is another
variable that has to be considered when trying to improve pregnancy rate and interval from calving to
pregnancy. Cows calving during the rainy season, but inseminated during the dry season, have better
chances to get pregnant and also to get pregnant earlier. Many of these variables are related to
management and this aspect should therefore be the target in future work aimed at improving
reproductive efficiency.
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