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Abstract

CONSTRAINTS LIMITING THE EFFICIENCY OF ARTIFICIAL INSEMINATION OF CATTLE IN
BANGLADESH.

The aim of the present study was to identify the factors that influence postpartum intervals to first detected
luteal activity, first service and to conception, and the conception rates of cows in the artificial insemination (AI)
programme in Bangladesh. A baseline survey (investigations 1, 2 and 3) was made on 444 milking cows of
various breeds presented for the first postpartum insemination by 413 farmers living at 182 villages/regions in
Mymensingh District to 6 AI centres and sub-centres. Each cow was then examined three times after each AI
until she stopped returning to oestrus. Sixty to 120 days after the last AI, the cows were examined per rectum to
confirm the pregnancy. Milk progesterone data on Day 0 and Day 21-24 contributed to a clear diagnosis with
respect to pregnancy in 82.5% cows indicating a possible use of this progesterone assay schedule for pregnancy
diagnosis in AI programmes. The intervals to first service and to conception varied from 31 to 427 days (median
= 184; n = 444) and 40 to 426 days (median = 184; n = 232) respectively, and conception rate from 32-58%
(average 46.2%; n = 444). Prolongation of weaning age of calves resulted in long intervals to first service and to
conception (P <0.001); weaning age varied from 6 to 19 months (median = 10). Cows with body condition score
(BCS; 1-5 scale) of 3 or more and cows calved during July to September had shorter intervals to first service and
conception than those with BCS less than 3 and those calved during March. The conception rate was influenced
by cattle rearing systems (intensive vs. extensive), purpose of rearing cows (dairy vs. dairy + draught), BCS and
milk production (P <0.05). The degrees of vulvar swelling, nature of genital discharge, tonicity of uterus, and
interval between oestrus and AI had significant effects on the conception rate. Bulls classified as good and poor
on the basis of semen evaluation data differed with respect to the conception rate in AI (P O.001); this indicates
a way of discriminating to some extend between bulls likely to have higher or lower fertility. In Investigation 4,
milk progesterone was monitored two times in a month with a 10-day interval in 88 cows. The samples were
taken between 10 days after calving and the first detected oestrus followed by two more samples 10 days apart.
The proportion of cows accurately detected in oestrus was 30%. Another 30% were stated to be in oestrus when
they were not (false positive) and 40% were not detected when they were in oestrus (false negative). The
intervals between calving and oestrus, and luteal activity were 40-362 (median = 120, n = 82) and 34—398
(median = 111, n = 64) days, respectively. The BCS at calving and at the initiation of luteal activity influenced
the interval between calving and luteal activity (P <0.05). Cows suckled twice daily initiated luteal activity earlier
than their counterparts suckled several times daily (P <0.05). Investigation 5 demonstrated a reduction in sperm
motility (P <0.05) due to dilution of fresh semen, and chilling, freezing, storing and transportation of frozen
semen. The prolonged postpartum interval between calving and conception and low conception rate are the major
constraints limiting the success of AI for cattle development in Bangladesh. The nutritional condition of the cow
at calving and thereafter, weaning age of calves, frequency of suckling, cattle rearing system, accuracy of heat
detection, interval between oestrus and AI, the oestrus signs and semen quality are the important determinants of
the interval to conception and conception rate.

1. INTRODUCTION

Many farms in Bangladesh are so small that only one cow can be kept. Cows are tethered in a
stable or on available grazing land. They are used for draught work as well as milk production and
weaning is not controlled. These management practices promote the occurrence of postpartum



anoestrus and limit behavioural manifestations of oestrus [1, 2, 3]. Most cows are Bos indicus which
show weak oestrus signs for a shorter duration than Bos taunts cows [4, 5, 6]. Detection of oestrus
and of the return to oestrus after unsuccessful artificial insemination (AI) is clearly difficult under
those conditions and inefficiencies have been documented [7].

Traditionally pregnancy diagnosis is not carried out as part of the AI programmes. Veterinary
services are not always available. There is therefore a need to introduce other methods to establish the
status of cows with respect to cyclicity and pregnancy in association with AI programmes.

The results of AI in Bangladesh are poor with a conception rate of 37% after inseminating with
chilled semen compared with 61% after natural services [8]. Yet AI has the potential to improve
productivity of cows on small farms [9] if high reproductive efficiency can be achieved.

The aims of the present work were (a) to use the radioimmunoassay of progesterone in milk as
a diagnostic tool to survey some aspects of reproduction in Bangladeshi cows and (b) to define the
major factors limiting reproductive efficiency in smallholder farms using AI in Bangladesh.

2. MATERIALS AND METHODS

2.1. Baseline survey

2.1.1. Description of project area, AI activities, farms and cows
The investigation was carried out on 444 milking cows of various breeds presented for first

postpartum AI. Most were Bos indicus and others were crosses of Bos indicus with Holstein-Friesian
and a mixture of native breeds. The cows belonged to 413 farmers living at 182 villages/regions in
Mymensingh District - one of the 64 administrative units in Bangladesh. The field work took place
between August 1995 and June 1997. The farmers' land totalled between 0 and 40 (median = 0.6)
hectares with 1-70 (median = 2.0) breedable cows.

The farmers presented their cow after 5 to 32 (median = 17) h from oestrus detection, walking 0
to 17 (median = 2.0) km, for insemination by any of the 7 inseminators; the 0 km indicates the
situation where inseminations were done in the farms. The cows were being milked 1 to 2 (median =
1.0) times per day with their calves at foot. The cows were 4 to 18 (median = 7.4) years old, and their
parity ranged from 1 to 12 (median = 2), body weight measured from 103 to 480 (median = 196) kg,
body condition scored from 1 to 5 (median = 3) and milk production varied from 0.3 to 16.0 (median
= 2) L per day. Controlled weaning was not practised, therefore, the time of spontaneous weaning was
recorded. The AI technicians received 2.5 to 12 (median = 12) months formal training and had 14 to
36 (median = 16.9) years of practical experience with AI in cows. They do between 50 to 250 (median
= 175) inseminations per month. Semen used belonged to 146 batches with sperm motility 65 to 75%
and 29 to 70% before and after processing, respectively, from 26 bulls representing 7 breeds. Frozen
semen in 0.25 mL French straws was used for 254 inseminations and 248 inseminations were made
with chilled semen. In the cases of chilled semen, individual cow doses were either 1 mL (n = 195) or
2 mL (n = 53).

2.1.2. Investigation 1. Use of radioimmunoassay of progesterone in milk to survey some reproductive
characteristics of cows in an AI programme
To analyse progesterone concentration, milk samples were collected in vials containing sodium

azide tablets (8 mg; Merk, Darmstadt, Germany) for preservation. Milking cows presented for first
postpartum insemination were included in this study. The Day 0 (day of insemination) milk samples
were collected by the AI technician immediately after AI. The research personnel picked-up the
samples within two days after collection. The Day 9—13 and Day 21-24 milk samples were collected
by research personnel directly from the cow at a farm visit. The milk samples were centrifuged,
skimmed milk was separated and stored at -20°C until analysed. Progesterone concentration in milk
was determined by using solid phase radioimmunoassay (RIA) kits supplied by the FAO/IAEA
Vienna. The intra-assay co-efficient of variance (CV) with internal quality control (IQC) samples
varied from 8.0 to 15.6% (10 assays, each with 10 replicates) and the inter-assays CVs were 16.6%
and 18.4% for beginning and end IQC samples, respectively (number of assays = 10).
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The data on milk progesterone concentrations at Day 0, Day 9-13 and Day 21-24 were
compared with the results of per rectum pregnancy diagnosis. Progesterone data based on two samples
(Day 0 and Day 9-13) were used to examine the efficiency of oestrus detection. Milk progesterone
concentration on the day of AI was used to determine the proportions of AI done in the luteal phase of
the cow.

2.1.3. Investigation 2. Reproductive efficiency of cows in an AI programme
The interval from calving to first service, calving to conception and the first service conception

rate were used as indices of reproductive efficiency. Four hundred and forty four milking cows
presented for first postpartum AI were included in this study.

After each AI, the technician filled in the prescribed form to record information on interval
from oestrus to AI, oestrous behaviour reported by the farmers, degrees of vulvar swelling and uterine
tone, and the characteristics of genital discharge. The information about farms and cows was recorded
between Day 9 and Day 13 at a farm visit. The age of the cow was determined by dental examination
and the parities were confirmed by questioning the farmers. The body weight of the cow was
estimated by using a standardised tape (Swedish Association for Livestock Breeding and Production,
Eskilstuna, Sweden). The nutritional condition of the cow was scored (1-5) following modification of
the methods described by Nicholson and Butterworth [10]. Between Day 60 and Day 120 after the last
recorded AI, all cows were examined per rectum for confirmation of pregnancy; a milk sample was
always collected immediately before rectal palpation if the cow was not dry at that time.

2.1.4. Investigation 3. Evaluation of semen and classification of bulls
Three insemination doses from different batches of individual bulls were examined for sperm

motility, concentration and proportion of normal spermatozoa with respect to the acrosome, midpiece
and tail [11, 12]. To grade the bulls as good or poor, criteria were set based on semen evaluation data.
For chilled semen, if the insemination dose of a bull contained >50% sperm motility, >7.5 x 106 total
motile spermatozoa, >70% normal spermatozoa with regard to acrosome, midpiece and tail, and >80%
spermatozoa with normal head morphology then the bull was regarded as good. For frozen semen, the
corresponding criteria were >30% motility, >7.5 x 106 total motile spermatozoa per insemination
dose, >65% normal spermatozoa with regard to acrosome, midpiece and tail, and >80% spermatozoa
with normal head morphology. If semen characteristics from a bull did not meet one or more of these
criteria he was classified as poor. The values set in the criteria were the mean of data on 3 semen
samples of individual bulls minus 1 standard deviation. The classification of bulls was completed
before analysing fertility data.

2.2. Investigation 4: Accuracy of oestrus detection studied by using radioimmunoassay of
progesterone in milk

In the area and AI programmes described in the section 2.1.1., the field work for this
investigation was carried out during July 1997 and December 1998. Eighty-eight cows in 58 farms
were registered within 1 week after calving and relevant information with regard to the farm and
cattle was recorded. For individual cows, information was collected on age, breed, parity, last calving
date, body weight and body condition score at calving, occurrence of oestrus, and the occurrence of
any post parturient disorders. Cows that required major assistance during parturition and/or that were
diagnosed with periparturient disorders like retained placenta, puerperal metritis, postpartum
haemorrage, prolapse of the genital tract and milk fever were not included in the investigation. We
requested the farmers to report the date and signs of oestrus but there was no discussion between the
project personnel and farmers on the signs of oestrus and their relevance to conception.

The research personnel collected milk samples from individual cows twice a month at a 10-day
interval between 10 days postpartum and the first report of oestrus by the farmer. Two more samples
were collected at 10 days interval, after the occurrence of oestrus. During milk sampling, the research
personnel scored the cow for body condition, measured her for body weight, asked the farmer about
the occurrence of oestrus and examined the cow for the presence of any dry or fresh discharge
adhering to the perineum. The milk samples were processed as in the case of Investigation 1.
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2.3. Investigation 5. Evaluation of frozen semen from production to insemination

Five crossbred bulls were examined for breeding soundness according to the methods described
elsewhere and they were regarded as clinically normal [13].

Semen from the bulls was sampled immediately after collection, initial dilution, cooling down
to +4°C, and after storage at -196°C for 1 day, 7 days and 3 months in the Central Cattle Breeding
Station (CCBS), Savar, Dhaka. The same batches of semen were transported to the District AI Centre,
Mymensingh, and then samples were collected after 7 days, 3 months and immediately before
insemination. From the District AI Centre semen was transported to the Sub Centre, Fulbaria and
sampled there within 7 days after transportation and immediately before insemination. The
experiment was repeated 3 times. The semen samples were examined for sperm motility and
proportions of normal spermatozoa with respect to acrosome, midpiece and tail.

2.4. Analysis of data

The data for base line survey (Investigations 1, 2 and 3) were entered in a database application
(artificial insemination data application; AIDA), processed in Excel worksheets and analyses were
made using linear regression or a general linear model [14]. To determine the factors affecting the
intervals from calving to first service and to conception, the following regression model was used:

INT = a + blxli + b2x2i + b3x3i + b4x4i + b5x5i + b6x6i + b7x7i + b8x8i + b9x9i +
blOxlOi + b l l x l l i + ei

where:
INT = Logs of intervals from calving to first service and to conception (days)
a = constant
xli = total land (hectare) held by the farmers
x2i = number of breedable cows per farm (counts)
x3i = distance between the AI centres and the farms (km)
x4i = age of calves at weaning (months)
x5i = age of the cow (years)
x6i = parity of the cows (counts)
x7i = month of calving (January = 1; December =12)
x8i = month of doing AI (January = 1; December =12)
x9i = body weight (BW) of the cow at AI (kg)
xlOi = body condition scores (BCS) of the cow at AI (1-5 scale)
x 11 i = milk produced by the cow at AI (kg)
ei = error term

To determine the effects of grouped and categorical variables on the intervals from calving to
first service or to conception a general linear model was used:

INT = n + blxl + b2x2 + b3x3 + b4x4 + b5x5 + b6x6 + b7x7 + b8x8 + b9x9 +
blOxlO + b l l x l l + e

where:
INT= Logs of intervals from calving to first service and to conception (days)
u = general mean
xl = cattle rearing systems (extensive vs. intensive)
x2 = purpose of rearing cattle (dairy vs. dairy + draught)
x3 = frequency of suckling (once or twice daily vs. several times a day)
x4 = feeding system (concentrate added vs. no concentrate added)
x5 = breed of cows (crossbred Friesian, crossbred Sahiwal, local)
x6 = month of calving (January = 1; December =12)
x7 = month of doing AI (January = 1; December = 12)
x8 = BCS of the cow at AI (Groups 1 = BCS 1.0-2.0, 2 = BCS 2.5-3.0, 3 = BCS 3.5-5.0)
e = error term
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Chi-square test was used to determine the effect on the conception rate of the following factors:

(1) Purpose of rearing cattle: Dairy vs. dairy + draught
(2) Frequency of suckling: Once or twice daily vs. several times a day
(3) Breed of cows: Crossbred Friesian, crossbred Sahiwal, local
(4) BCS: Groups 1 = BCS 1.0-2.0, 2 = BCS 2.5-3.0, 3 = BCS 3.5-5.0
(5) Daily milk production (kg): Groups 1 = <1 kg, 2 = >l-2 kg, 3 = >2-4 kg, 4 = >4-16 kg
(6) Cattle rearing system: intensive vs. extensive
(7) Oestrus-to-AI interval: 1-18 h vs. 19-32 h
(8) Signs of oestrus: Standing to be mounted or mounting others, bellowing, genital

discharge or restlessness
(9) Degrees of vulvar swelling: Marked vs. slight or imperceptible
(10) Nature of genital discharge: Clear mucus, turbid, none or purulent
(11) Tonicity of the uterus at AI: Marked vs. slight or imperceptible
(12) Breed of bulls: Friesian, Friesian x local, Sahiwal x others
(13) Grades of bulls: Good vs. poor
(14) Sources of semen: Imported vs. locally produced
(15) Types of semen: Frozen vs. chilled
(16) Total spermatozoa per cow dose: <15 million, 16-20 million, 21-25 million,

26-30 million
(17) AI technicians: n = 7

In Investigation 4, the following model was used to analyse the data:

INT= n + blxl + b2x2 + b3x3 + b4x4 + b5x5 + b6x6 + b7x7 + b8x8 + b9x9 + e
where:
INT= log of interval between calving and the first detected luteal activity (days)
JLX = general mean
xl = cattle rearing system (extensive vs. intensive)
x2 = purpose of rearing cows (dairy vs. dairy + draught)
x3 = feeding system (concentrate fed vs. no concentrate fed)
x4 = breed of cows (crossbred Friesian, crossbred Sahiwal, local)
x5 = BW at calving (Groups 1 = <200 kg, 2 = 201-250 kg, 3 = 251-300 kg, 4 = >301 kg)
x6 = BCS at calving (Groups 1 = BCS 1.0-2.0, 2 = BCS 2.5, 3 = BCS 3.0, 4 = BCS

3.5-5.0)
x7 = BW at the first detected luteal activity (Groups 1 = <200 kg, 2 = 201-250 kg,

3 = 251-300 kg, 4 = >301 kg)
x8 = BCS at the first detected luteal activity (Groups 1 = BCS 1.0-2.0, 2 = BCS 2.5, 3

= BCS 3.0,4 = BCS 3.5-5.0)
x9 = frequency of suckling (once or twice daily vs. several times a day)
e = error term

The relationship between the postpartum period to initial luteal activity and the estimated first
rise in concentration of milk progesterone was tested by using Pearson correlation. The estimated rise
concentration refers to the mean of the first detected progesterone rise (>1 nmol/L) and the
progesterone concentrations in samples immediately before and after the first rise. ANOVA was used
to test the effect of the accuracy of oestrus detection on the postpartum interval to oestrus (false
positive cases were deleted) and on the estimated progesterone concentration at the first peak. Unless
otherwise indicated, the data are presented as median and range owing to high individual variations.
Only the factors that tended (P = 0.10) to or significantly influenced the dependent variables are
presented in the Figures and Tables.

In Investigation 5, repeated measures analysis of variance with different contrast was used to
analyse data on sperm motility and proportion of normal spermatozoa (with regard to the arosome,
midpiece and tail) obtained from fresh ejaculates, and from semen after dilution, chilling and
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equilibration, freezing, storage at CCBS for 7 days and 3 months, transportation to the District AI
Centre and storing there for 3 months, thawing and preparation for insemination at the District AI
centre, transportation to an AI Sub Centre, and after thawing and preparation for insemination at the
Sub Centre [14]. In general, the data were log-transformed to near normality except the proportion
values which were transformed by arcsine transformation.

3. RESULTS

3.1. Investigation 1. Use of radioimmunoassay (RIA) of progesterone in milk to survey some
reproductive characteristics of cows in an AI programme

The interpretation of progesterone data based on three samples (Day 0, Day 9-13 and Day 2 1 -
24) with respect to pregnancy results is shown in the Table I. Milk progesterone data gave a clear
interpretation on 82.5% cows (n = 360) about their pregnancy status when comparison was made with
the data of per rectum pregnancy diagnosis at Day 60-120. None of the 75 cows with a progesterone
profile of low (<1.0 nmol/L), high (>3 nmol/L) and low on Day 0, Day 9-13 and Day 21-24,
respectively, were found pregnant at rectal palpation. Twenty-seven cows (7.5%) had a progesterone
profile of low high and high on Day 0, Day 9-13 and Day 21-24, respectively, but were not pregnant
at rectal examination. Two inseminations were made in pregnant cows. All cows confirmed pregnant
at rectal palpation had a high level of progesterone in milk at the day of pregnancy diagnosis. Eighty
one percent of cows (n = 478) had a progesterone profile of low and high on Day 0 and Day 9-13,
respectively, indicating AI done not at luteal phase or during ovarian acyclicity (Table II). Fifty-nine
cows (12.3%) received AI at an incorrect time as evident from a deviant progesterone profile.
Twenty- seven of 506 (5.3%) cows were inseminated when (Day 0) they had high to intermediate
level of progesterone in milk.

TABLE I. MILK PROGESTERONE DATA FROM THREE SAMPLES AND INTERPRETATION
IN RELATION TO MANUAL PREGNANCY DIAGNOSIS

DayO
(day of AI)

Day 9-13 Day 21-24 Number of Rectal palpation results; interpretation
cases

'Low
Low
Low

Low

2High High
'intermediate High
High Low

Intermediate Low

Intermediate Low/inter- Low
/high mediate/high

202(56.1) Pregnant
7 (1.9) Pregnant; RIA problem, biological variations

75 (20.8) Non-pregnant; fertilisation failure, early
embryonic death, post AI anoestrus

7 (1.9) Non-pregnant; fertilisation failure, short luteal
phase, RIA problem, biological variation

6(1.7) Non-pregnant; AI at incorrect time, post AI
anoestrus

Clear interpretation 297 (82.5)
Low

High
Low

Low

Low

High High

High High
Intermediate High

27 (7.5)

2(0.6)
4(1.1)

High Intermediate 20 (5.6)

Low Intermediate 2 (0.6)

Intermediate/ Low/inter- Intermediate 8 (2.2)
High mediate/high /high

Non-pregnant; late embryonic death (>16 days)
luteal cyst, persistent corpus luteum (CL)
Pregnant; AI on pregnant animal
Non-pregnant; RIA problem, biological
variation, late embryonic death, persistent CL
Non-pregnant; fertilisation failure, late
embryonic death RIA problem, biological
variation
Non-pregnant; AI in anoestrous cow, RIA
problem
Non-pregnant; AI at incorrect time, luteal cyst,
persistent CL

Total number of observations 360
1Low = <1.0 nmol/L, 2High = >3.0 nmol/L, intermediate = between 1.0 and 3.0 nmol/L
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TABLE II. MILK PROGESTERONE DATA ON THE DAY OF SERVICE AND ON DAY 9-13
WITH RESPECT TO THE ACCURACY OF OESTRUS DETECTION

Day 0 (days of AI) Day 9-13 Number of
cases f0/-

Interpretations

Low

Low

High

High

"High

Low

High

Low

387(81.0)

47 (9.8)

6(1.3)

6(1.3)

Progesterone concentration within negative
range on Day 0 and within positive range on
Day 9-13 indicates an ovulatory cycle-accurate
oestrus detection.
Progesterone concentration within negative
range on both days indicates anoestrus,
anovulation, or short luteal phase-inaccurate
oestrus detection.
Progesterone concentration within positive
range on both days indicates AI in pregnant
animals or in animals with luteal cyst-
inaccurate oestrus detection.
Progesterone concentration within positive
range on Day 0 and within negative range on
Day 9-13 indicates that AI was performed
during luteal phase-inaccurate oestrus
detection.

Total occurrence
Total inaccurate oestrus detection

478
59(12.3)

]Low = <1.0 nmol/L, 2High = >3.0 nmol/L, 3Intermediate = between 1.0 and 3.0 nmol/L. Thirty-two
(6.7%) services were made in cows with an intermediate level of milk progesterone on Day 0, Day 9-13
or on both occasions.

3.2. Investigation 2. Reproductive efficiency of cows in an AI programme

The intervals from calving to first service and to conception, and the mean first service
conception rate were 31-427 (median = 184; n = 444) and 40-426 (median = 184; n = 232) days and
46.2% (n = 444), respectively.

The results for the intervals between calving and first service, and conception rate are shown in
Figures 1 to 4. The effect of age of cows on the intervals from calving to first service and to
conception was not significant (P >0.10). The effect of body condition at AI was significant on the
postpartum intervals to the first service (P <0.001) and to conception. (P <0.05), and on the
conception rate (P <0.001). Cows with BCS 3.5 or more took shorter intervals to receive first
postpartum service and to conceive than those with BCS 3 or less (Figure 1A and IB; P <0.01). The
conception rates of cows with BCS 1.0-2.0, 2.5-3.0 and 3.5-5.0 were 36%, 46% and 64%,
respectively. The crossbred Sahiwal cows had a shorter calving to first AI interval than the crossbred
Friesian and the pure local cows (Figure 1C; P <0.05). The crossbred Sahiwal cows had a shorter
postpartum interval to conception than the crossbred Friesian and local cows (Figure ID); in both
cases, the differences between crossbred Sahiwal and crossbred Friesian were significant (P <0.05).
The differences between breeds in conception rate was not significant (P = 17; 54% in crossbred
Friesian, 48% in crossbred Sahiwal and 43% in local cows).

The postpartum intervals to first service and to conception increased with increasing age of the
calves at weaning (Figure 2A and 2B; P <0.001). The relationship between daily milk yield at first AI
and the intervals to the first postpartum AI was not significant (Figure 2C and 2D, P >0.10). The
effect of milk production on the conception rate was significant (P <0.05). Cows producing <1.0, > 1 -
2, >2-4 and >4—16 kg milk daily had conception rates of 36%, 45%, 50% and 58%, respectively. The
dairy cows took shorter times after calving to receive first service (median = 174, 31-427 days;
n = 315) and to achieve conception (median =181, 40^05 days; n = 175) than the dairy +draught
cows; the median interval from calving to first AI was 214 (53-426; n = 129) days, and to conception
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FIG. 1 (A-D). Effect of body condition score and breed of cows on the intervals from calving to first
AI and to conception

was 233 (53^26; n = 57) days (P <0.05). Similarly, the conception rate was higher (P <0.05) in dairy
cows (50%) than that in dairy + draught cows (38%).

Cows managed intensively tended to conceive at a higher (P = 0.05) rate (53%; n = 156) than
those reared extensively (43%; n = 288). However, the effects of rearing system on the intervals
between calving and first service (median = 167, 31-427 vs. 212, 40—426; intensive vs. extensive),
and conception (median = 172, 53-376; n = 79 vs. 203, 40-426; n = 153; intensive vs. extensive)
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FIG. 2(A-D). Relationship of wean age of calves and milk yield of cows with the post partum intervals
to first Aland to conception.

were not significant (P >0.5). Cows suckled twice or less tended (P = 0.10) to have shorter intervals
between calving and first service (median = 168, 52-427; n = 162), and conception (median = 167,
53-426; n = 95) than those suckled several times daily; median postpartum interval to first service
was 203 (31-414; n = 282) and to conception was 202 (40-414; n = 137). The conception rate of once
or twice suckled cows (53%) tended to be higher (P = 0.09) than those suckled several times daily
(42%).

Cows served between 5 and 18 h after being detected in oestrus conceived at a higher rate
(49%; n = 366) than those served between 19 and 32 h (32%; n = 78; P <0.01). Cows detected in
oestrus on the basis of mounting activity, bellowing and genital discharge or restlessness conceived at
a rate of 49% (n = 245), 45% (n = 161) and 32% (n = 38), respectively; the differences between
groups were not significant (P =11) . Conception rate was higher (P <0.05) in cows with marked
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vulvar swelling (53%; n = 241) than those with slight or imperceptible swelling (38%; n = 203). Cows
with clear, turbid and purulent or no genital discharge conceived at a rate of 51% (n = 335), 43% (n =
35) and 27% (n = 74), respectively; the differences between genital discharge-groups were significant
(P <0.05). Cows with marked uterine tone at AI conceived at a higher (P <0.001) rate (54%; n = 284)
than those with slight or imperceptible uterine tone (33%; n = 160). Depending on AI technicians, the
conception rate varied from 31.3% to 54%; however, the differences between technicians were not
significant (P = 0.06).

Cows calved during July to September took a shorter time to receive first postpartum AI than
those calved in March (Figure 3A; P <0.05). The month of calving as main effect on the interval
between calving and conception was significant (P <0.05); however, after Bonferroni Adjustment, the
differences in post partum interval to conception between months were not significant (Figure 3B; P
>0.10). Similarly, the month of AI as main effect appeared significant on the intervals from calving to
first service (P <0.01) and to conception (P <0.05) but after Bonferroni adjustment, the differences
between months were not significant (Figure 3C, D; P >0.05).
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3.3. Investigation 3. Evaluation of semen and classification of bulls

Breed of bulls influenced the first service conception rate (P O.001). Friesian bulls had higher
(P O.01) fertility (56.5%, n = 184), than did Friesian x local (43.9%, n = 114) and Sahiwal x others
(34.9%, n = 146). The fertility of good bulls (52.6%, n = 266) was higher (P O.001) than that of poor
bulls (35.8%, n = 165). Thirteen inseminations were made with semen of bulls with incomplete
information and therefore remained unclassified. The use of frozen semen resulted in higher (P
O.001) conception rate (54.9%, n = 224) than did the chilled semen (37.3%, n = 220). The imported
frozen semen yielded higher (P <0.001) conception rate (57.5%, n = 174) than did the locally
produced semen (38.9%, n = 270), irrespective of frozen or chilled-preserved. The days of chilling
and sperm motility of preserved semen did not influence the conception rate (P >0.50). The use of 1
and 2 days chilled semen resulted in 37.2% (n = 129) and 37.9% (n = 91) conception, respectively.
The sperm motility of <50%, 50-60% and >60-70% resulted in conception rates of 49.2% (n = 63),
50.0% (n = 86) and 44.4% (n = 295), respectively (ns). The total spermatozoa per cow dose
influenced the conception rate (P <0.001). A total of 15 million or less spermatozoa resulted in lower
(P <0.05) conception rate (27.0%, n = 100) than did 16-20 million (44.0%, n = 134), 21-25 million
(58.3%, n = 108) and 26-30 million spermatozoa (54.9%, n = 102).

3.4. Investigation 4: Accuracy of oestrus detection studied by using radioimmunoassay of
progesterone in milk

The cows studied were 3-15 (median = 6.0) years old and 1 to 8 (median = 3.0) parities. At
calving they weighed 160-456 (median = 270) kg and scored body condition 1.5 to 3.5 (median =
2.5). The intervals after calving to the first detected oestrus and to the initiation of luteal activity were
40-362 (median = 115; n = 82) and 34-398 (median = 108, n = 64), respectively. The estimates of
progesterone concentration at first rise varied from 0.5 to 9.3 (median = 2.4). Farmers missed
detecting an oestrus (false negative) on 1 to 3 (median = 1.0) occasions postpartum. The proportion of
cows accurately detected in oestrus was 30%. Another 30% were stated to be in oestrus when they
were not (false positive) and 40% were not detected when they were in oestrus.

The intervals to the initiation of first postpartum luteal activity were examined in these cows.
Those with BCS 3.5 or more at calving needed fewer days to initiate luteal activity than their
counterparts having BCS 3.0 or less (Figure 4A, B; P <0.05). Cows suckled once or twice daily
required fewer days (median = 95, 34-398; n = 28) than the cows suckled several times (median =
127, 35-279; n = 36) (P <0.05).

The median interval to first postpartum oestrus was prolonged by 33.5 days due to farmers'
inability to detect the oestrous cows (P <0.05). Cows missing detection of oestrus had lower milk
progesterone concentration at first luteal activity (median = 1.8, 0.5-8.1; n = 34) than those detected
accurately in oestrus (median = 4.2, 0.5-9.3; n = 26) (P <0.05). A positive relationship appeared
between the estimated progesterone concentration during the first peak and the duration of postpartum
acyclicity ( r = 0.284, n = 64, P <0.05). The age of the cows and their parities did not influence the
initiation of luteal activity (P >0.50). The effects of body weight at calving, purpose of rearing cows
(dairy vs. dairy + draught) and breed of cows on the initiation of luteal activity were not significant

3.5. Investigation 5. Evaluation of frozen semen from production to insemination

The percentage of motile spermatozoa varied from 37.9 ± 5.8 to 65.4 ± 6.6, depending on the
occasions when evaluation was made. The results are shown in Figure 5. The sperm motility dropped
due to dilution (P <0.05), chilling (P <0.05), freezing (P <0.001) and storing 3 months in the Bull
Station (P <0.01). Three months storage in the District AI Centre also reduced (P <0.05) sperm
motility. Transportation of semen from the District AI Centre to the Sub Centre caused further
reduction (P <0.05) in the sperm motility.
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District AI Centre to a Sub Centre (38 ± 8%) and 11 = prepared for AI in the Sub Centre (38 ± 6%). Note the
values in the parenthesis are the mean ± SD of 15 observations.
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The percentage of normal spermatozoa with respect to the acrosome, midpiece and tail were
between 84.6 ± 4.8 and 90.0 ± 5.2 depending on the occasions of sampling; the percentage dropped (P
<0.01) due to freezing semen (Figure 6).
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FIG. 6. The proportion of spermatozoa with normal acrosome, midpiece and tail in fresh ejaculates, and at
different stages of freezing, storage, transportation and preparation for AI. 1 = fresh ejaculate (90 ± 5%), 2 =
diluted with tris-egg yolk medium (89 ± 7%), 3 = diluted with tris-egg yolk-glycerol medium, cooled down to 4°C
and equilibrated for 4 h (84 ± 6%), 4 = frozen-thawed semen (84 ± 7%), 5 = thawed after 1 week of freezing (85
± 5%), 6 = transported from the Bull Station to the District AI Centre (85 ± 5%), 7 = prepared for AI in the
District AI Centre (86 ± 5%), 8 = stored 3 months at the Bull Station (85 ± 5%), 9 = stored 3 months in the
District AI Centre (85 ± 5%), 10 = transported from the District AI Centre to a Sub Centre (85 ± 4%) and 11 =
prepared for AI in the Sub Centre (85 ± 5%). Note the values in the parenthesis are the mean ± SD of 15
observations.

4. DISCUSSION

4.1. Investigation 1. Use of radioimmunoassay of progesterone in milk to survey some
reproductive characteristics of cows in an AI programme

Milk progesterone data based on three samples (Day 0, Day 9-13 and Day 21-24) helped make
a clear decision in 82.5% cows about the pregnancy. If only the pregnancy diagnosis is concerned,
milk progesterone concentration on the day of AI and on Day 21-24 will give the same results without
compromising the accuracy. Milk progesterone concentration on Day 0 and Day 9-13 together not
only identified the inaccurate oestrus detection but also gave a clear idea about the cyclical status of
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the animals. Progesterone concentration on Day 0 can only indicate whether or not AI was done in a
cow with functional luteal tissues in the ovary. In the case where veterinary services are not available
or are too expensive, milk progesterone concentrations on the day of AI and on Day 21-24 can be
used to interpret pregnancy results with more than 80% accuracy; diagnosis of non-pregnancy was
highly accurate.

4.2. Investigation 2. Reproductive efficiency of cows under AI programmes

The main findings were the prolonged intervals from calving to first service and to conception.
Poor nutrition condition during calving and thereafter, frequent suckling of long duration because of
no practice of weaning, use of cows in draught power, high proportion of inaccurate oestrus detection
are, among others, important determinants of the calving to first service interval. The local cows seem
to have an inherent tendency towards long interval from calving to first service; this may not always
get corrected by cross breeding with Friesian cattle. The system and purpose of rearing cows, BCS at
AI, milk production at AI, interval between oestrus and AI, degrees of vulvar swelling, nature of
genital discharge and the tonicity of uterus at AI significantly influenced the first service conception
rates.

Long interval to conception after calving not only results in fewer calves during the lifetime of
a cow and hence hinders anticipated genetic gain but also reduces the use of AI in the industry. When
the number of AI's per technician increases, costs per cows are reduced. Low cost is one of the
important prerequisites for farmers' acceptance of AI [15].

The favourable effects of good body condition of cows on the interval to conception
demonstrated here have also been shown by other workers [16, 17, 18, 19]. Good body condition of
cows is only maintained if the negative energy balance due to production of milk is covered by
adequate nutrition and management [16, 20, 21]. The longer intervals to first service and conception
in dairy + draught cows than their dairy counterparts, evident from our results, further supports the
significant role of post partum energy balance on the reproductive events. However, the effect of
chronic stress on the cow caused by draught work should not be overlooked [22]. Stress prevents
cows from showing characteristics behavioural and clinical signs of oestrus [23]. Well developed
oestrous signs, like marked vulvar swelling, clear, stringy mucus discharge and marked tonicity of the
uterus proved in this study to have favourable effects on conception rate.

The results of this study demonstrated that the cows calved during July to September took
shorter time to receive the first postpartum AI and to conceive than those calved during December to
March, although the differences were not always significant. The study area experiences hot and
humid climate during April to September; green forages are mostly available during July to
September. In contrast, the climatic conditions during December to March in Bangladesh are cold and
dry. During December-March, the cultivable lands are occupied by crop under irrigation programme
and the barren lands are too dry to support growth of grass for communal grazing. The interactions
between climatic factors, nutritional factors and genetic factors in causing reproductive inefficiency
are complex. Further work is needed on the specific effects of green forage and on alternative
methods of nutritional management.

In contrast to the data on recognized dairy breeds [24], our results indicated a positive
relationship between milk yield at AI and the intervals to first postpartum service and conception,
although this was not statistically significant. The situation can be explained by the fact that dairy +
draught cows yielding less milk proved to have longer postpartum intervals to the first service and
conception. The milk production in this study has been recorded on the day of insemination. It is
likely that cows with prolonged postpartum intervals due to other reasons were about to dry off and
consequently being considered as low-yielding. Also it is usual that high yielding cows are paid more
attention, fed well and reared under good management; all these have favourable effects on the
intervals to the first service and conception. The latter situation is supported by the fact that high
yielding cows in our studies conceived at a higher rate than their low producing counterparts.

It appears in that the overall intervals (median) from calving-to-first service and to conception
are similar. This is because most of the cows received AI only on first post partum oestrus and then
did not receive further inseminations even though they did not conceive on the first service.
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4.3. Investigation 3. Evaluation of semen and gradation of bulls

The present study indicated that good and poor bulls as classified on the basis of semen
evaluation data differed with respect to the conception rate in artificial insemination. The criteria to
judge a bull as good or poor were set according to the motility, total number and morphological
normality of the spermatozoa. The motility itself is a flagellar function of spermatozoa and in
accordance with Soderquist [25], the present investigations did not find any relationship between
sperm motility and fertility. Motile spermatozoa can be morphologically abnormal [26]. The
proportion of morphologically abnormal spermatozoa in semen correlates negatively with fertility
results [25, 26, 27, 28, 29].

Spermatozoal number per cow dose significantly influenced the conception rate in this study.
This is in accord with the importance of the number of functionally normal spermatozoa as a
determinant of fertility [30]. It also takes into account Soderquist's recommendation [25] that semen
parameters need to be defined quantitatively rather than qualitatively to be able to predict the fertility.
Using a combination of semen characters, as was done here, has also been recommended in attempts
to evaluate semen to predict fertility [31, 32]. Innate fertility of the bull combined with optimal sperm
numbers are also important in determining fertility in an AI programme [30]. The significant effect of
bull-breed on conception rate found in the present study is further confirmation of this. The
classification used here discriminated to some extend between bulls likely to have higher or lower
fertility. Further work is warranted in ranking bulls in more categories under conditions where greater
numbers of cows with confirmed fertility results can be used.

The data of the present study reveal that cows inseminated with frozen semen conceived at a
higher rate than those inseminated with chilled semen. This is in contrast with some earlier reports
where the conception rate after insemination with chilled semen was higher than that obtained after
insemination with frozen semen, provided the preservation temperature remained constant [33, 34, 35,
36]. The low conception rate after insemination with chilled semen in this study could be due to
difficulties in maintaining constant temperature during transportation and storage of chilled semen.

4.4. Investigation 4: Accuracy of oestrus detection studied by using radioimmunoassay of
progesterone in milk

Failure to detect oestrus (false negative) and false determination of oestrus (false positive) are
common problems in AI of cows in intensive farming [5, 37, 38, 39]. In accordance with our results,
false negative and false positive categories of oestrus detection have been found by others to be as
high as 30 to 50% [5, 37, 39] and 17 to 30% [38], respectively. The false positive oestrus detection
was lower in Investigation 1 (12%) than that in Investigation 3 (30%). In Investigation 1, the cows
were recorded at the AI centres. Firstly, this means, farmers made a rigid decision about the oestrus of
the cow. Secondly, the registration of cows by the AI technicians in Investigation 1 raises the question
as to whether they made any selection in favour of good oestrus sign to prove their good performance.
Thirdly, in Investigation 4, to avoid our frequent visits, some farmers might have made intentional
false report about the oestrus. Because cows in the false negative category are not inseminated and
cows in the false positive category are unlikely to get pregnant in that cycle, the calving to conception
interval is increased in all cases.

Cows with good body condition at calving and thereafter initiates postpartum cyclicity earlier
than those in poor body condition. This indicates the importance of good nutritional management of
pregnant cows to cover the negative energy balance due to growth of foetus. As shown in
Investigation 2, early initiation of postpartum cyclicity will reduce the interval from calving to first
service and to conception.

The adverse effect of the duration and frequency of suckling on the initiation of postpartum
cyclicity as indicated by our results are in accordance with other reports [40]. Also in Investigation 2,
frequent suckling tended to increase the intervals from calving to first service and to conception.
Controlled suckling for a restricted period favours postpartum reproduction in cows [41]. The results
of the present investigations do not clarify whether prolonged suckling lengthens the onset of
postpartum ovarian activity or the suckling continues because the cows do not dry off since they are
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not pregnant. However, in commercial dairy farming, controlled weaning should be practiced to
identify the cows with an inherent tendency to remain acyclic irrespective of suckling and nutrition
management.

The low concentration of progesterone at the first postpartum rise of false negative cows raises
question as to whether their oestrous cycle was regular or not. There are reports of short oestrous
cycle [17, 42] and transient rises in progesterone before the onset of usual ovarian activity [17, 43,44,
45]. However, one should interpret such data cautiously, especially when progesterone profiles are
monitored in less frequently sampled milk as in the case of our investigations. None the less
inadequate luteinization often results from defective follicular development due to lack of LH-
receptor activity [43]. There are also claims about an organizing effect of transient progesterone rise
on the ovarian-pituitary-hypothalamic axis to facilitate the re-establishment of regular oestrus cycle
[43, 44].

4.5. Investigation 5. Evaluation of frozen semen from production to insemination

The sperm motility dropped significantly due to dilution of fresh semen, chilling, freezing,
storing in the bull station and in the District AI Centre and transportation from the District AI Centre
to Sub Centre. Similarly, the proportion of normal spermatozoa significantly reduced due to freezing
of semen. As a result, the cow received semen with 38% and 40% average sperm motility in the
District AI Centre and Sub Centre, respectively. This means, the cow receives 12.0 million or less
motile spermatozoa, given 30 million total spermatozoa per cow dose. The importance of the number
of spermatozoa per cow dose was evident in Investigation 3. The freezing protocol, and handling of
frozen semen during transportation and management during storage need to be improved to ensure at
least 50% sperm motility at the time of AI, given 30-35 million total spermatozoa per cow dose.

5. CONCLUSIONS

It appears that determination of progesterone concentration in milk on the day of AI and on Day
21-24 is a good means to make decision on pregnancy results by diagnosing the non-pregnant state
with high accuracy. Prolonged postpartum intervals to the initiation of ovarian activity, first service
and conception, and low conception rate are the major constraints limiting the development of cattle
by AI in Bangladesh. The nutrition condition of the cow, duration and frequency of suckling, use of
cows in draught power and accuracy of heat detection are, among others, the important determinants
of the intervals to the initiation of the ovarian activity, and to the first service and conception. The
classification of bulls into good and poor based on semen evaluation data discriminated to some
extend between bulls likely to have higher or lower fertility. The end-users in Bangladesh receive
frozen semen with 12 million or less motile spermatozoa per cow dose; this needs to be improved to
achieve good fertility.

From these studies several areas emerge as important for future work. The progesterone assay
and data analysis system used here should be introduced as a service to farmers to assist in
reproductive management of their farms. Improving nutrition will clearly benefit the cows'
reproductive efficiency. Economic studies should be carried out to formulate cost effective strategies,
especially for small farmers. The monitoring of bulls and semen should be continued. There is a need
to improve the production and handling of semen to achieve high quality at the point of insemination.
Farmers should have better training on oestrus detection. Further training and workshops should be
instituted for AI technicians to achieve a more uniform and higher fertility results.
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