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Abstract

IMPROVING THE PRODUCTIVITY OF DAIRY COWS ON SMALLHOLDER FARMS IN
MAURITIUS THROUGH STUDIES ON NUTRITION AND REPRODUCTION.

Two phases made up this project. The Phase I was a survey of the reproductive performance of
150 smallholder cows in 3 different climatic areas of the country. Phase II examined an intervention
strategy whereby cottonseed cake was introduced into the production system and the effect on milk
production and resumption of ovarian activity were monitored. 30 cows were targeted per area. In
Phase I, 62, 62 and 80% of the cows resumed ovarian activity by 90 days in the 3 areas, respectively.
The overall mean interval from calving to first ovulation was 86 ± 38 days. The average conception
rate was only 36% with 2.5 services per conception. The efficiency and accuracy of oestrus detection
were 31 and 87%, respectively. In Phase II supplementation significantly increased milk production
and was highly cost effective. However, supplementation had no significant effect on the interval
from calving to first oestrus. Forty seven, 75 and 85% of the cows resumed ovarian activity by 90
days. Conception rate and late resumption of ovarian activity were clearly identified as 2 major
factors affecting the long inter-calving interval. The factors affecting the reproductive performance
are discussed.

1. INTRODUCTION

The number of dairy cattle in Mauritius has decreased alarmingly, from about 40,000 in
1973 to 14,000 in 1995. The main causes for this decline have been constraints associated
with nutrition and reproduction, drain of labour into the expanding industrial sector, an acute
shortage of young breeding stock and reduced availability of fanning space due to continued
expansion of built-up areas.

Cattle rearing in the village smallholdings in Mauritius is a family business and
generally a part-time activity. The small farms consist of 1-4 cows per household. The cows
are hand-milked twice a day, generally at about 0530 and 1800 h. All cattle are zero grazed
and kept indoors. The stables vary in their construction, from very simple ones built out of
poles with a thatched roof to improved ones with concrete walls and a roof of iron sheets.

Due to increasing purchasing power the demand for beef, milk and milk products has
been increasing steadily during the last decade. However, the self-sufficiency ratio for fresh
milk and beef is only about 5 and 4%, respectively. The Government policy is to increase the
level of self-sufficiency in milk and beef production and, accordingly, an attractive package of
incentives is offered to existing and prospective dairy farmers.

Prior to the initiation of this project, an on-farm study involving about 90 cows from the
3 climatic zones in the country, dry, humid and super-humid zones, indicated that milk
production was on average 6, 8 and 10.5 kg/d, respectively. The interval from calving to
resumption of ovarian activity was around 90 days. Animals were fed some protein
concentrate during both pre-calving and post-calving periods.
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The objective of this study was therefore, to introduce cottonseed cake as a protein
supplement into the production system and measure its effectiveness on milk production and
reproductive parameters.

2. MATERIALS AND METHODS

There were two phases to the present project. Phase I monitored farms in 3 different
climatic regions according to an IAEA protocol to obtain baseline information and Phase II
examined the effect of an intervention strategy on milk production and reproductive
parameters.

2.1. Sites

Three different geographical sites having different climatic conditions were selected for
implementing this on-farm study. They were the Bambous area (dry to sub-humid with an
annual rain fall <1250 mm), Rempart area (humid with an annual rain fall between 1250-2500
mm) and Henrietta area (super-humid with an annual rain fall >2500 mm).

There are 2 main seasons in Mauritius. Summer is the rainy season with a mean
temperature of 25°C lasting from October to April. Winter is the dry season with a mean
temperature of 18 °C lasting from May to September.

2.2. Phase I

Phase I was a survey and therefore there were no controls. Data were collected from
over 150 cows from the three regions over a period of 2.5 years. They were recruited to the
study as they calved. No supplement was provided by the project. Milk samples were
collected weekly for the determination of ovarian activity by the RIA technique. Body
condition score (BCS) on a scale of 1-5, and milk production were determined monthly.
Fodder intake was measured regularly and the calves were weighed at birth.

23 . Phase II

In Phase II, cows that had been confirmed pregnant by rectal palpation were selected.
Their BCS was determined and the cows were allotted alternately to each of 2 treatments
namely, Control, where farmers used their own method of supplementation (no supplement
was provided by the project), and Treatment, where cottonseed cake was provided by the
project. The cottonseed cake supplement was provided at the rate of 1 kg/d for about 5 weeks
before the expected calving date, 3 kg/d during the week after calving and 0.25 kg/L of milk
produced thereafter.

It was not possible to have control and treatment animals on the same farm. Therefore,
Control farms were different from Treatment farms and each farm constituted an individual
experimental unit. Thus, 15 cows were allotted to each of the control and treatment groups in
each geographical area.

2.4. Diet

2.4.1. Fodder
During the sugar-cane harvesting season cane tops were fed ad libitum together with

mixed grasses that were collected from the neighbourhood. During the non-harvesting season
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mixed grasses, creepers, leucaena and other legumes, some tree foliage; and vegetable crop
residues were fed.

2.4.2. Concentrate
It is common practice for farmers to feed a locally compounded concentrate, popularly

called 'cowfeed' (18% crude protein), to their cows. This is done mostly during the last few
weeks of pregnancy and the first few weeks or months of lactation. The practice can be
regular or irregular. During this trial farmers continued to feed 'cowfeed' and cows in both
treatment groups received some 'cowfeed' through out the experimental "period. Cows in the
Treatment group also received 15g/d of a mineral mixture, in addition to cottonseed cake.

2.5. Measurements

2.5.1. Animals and feeds
The BCS of the cows, was determined along with the milk yield (mean of 7 consecutive

days) once a month. The progesterone level in milk was measured weekly by the
radioimmunoassay (RIA) technique. Calves were weighed at birth and thereafter at regular
intervals until weaning at 3 months of age. The amount of forages offered and refusals over a
period of 24 h were measured during 7 consecutive days in each month. The amount
consumed was calculated as the difference between the amount offered and the amount
refused. The amount of cottonseed cake that was eaten daily during 7 consecutive days was
also recorded.

2.5.2. Chemical composition
Representative samples of forages and concentrates were taken regularly for analysis of

dry matter, crude protein and ash by standard procedures.

2.5.3. Other
All samples were collected by 3 research officers assisted by 3 labourers.

Supplementary data on type of housing, management practices, heat detection procedure,
follow-up on artificial insemination etc. were also recorded.

3. RESULTS

In Phase I, a total of 150 cows were monitored, with 40-50 from each region. During
Phase II, milk yield and calf weight were recorded from 70 cows, a lesser number than the
target. However, it was possible to collect samples for progesterone measurement in milk
from more cows (83), though still short of the target.

Some farmers recruited to the study did not co-operate, especially from the control
group where they did not see any tangible benefit from participating in the project. This was
particularly so in the Rempart area. Others stopped from participating in the project after some
time so that new farms had to be identified and recruited. Another reason for the fewer
number of cows in Phase II compared to Phase I was the delay in identifying pregnant cows to
start the experiment, which also reflected the long inter calving interval.

3.1. Phase I

The mean DM intake from fodder was 13.6, 15.6 and 15.1 kg for the Bambous,
Henrietta and Rempart areas, respectively. The crude protein intake (on DM basis) was 1.52,
1.75 and 1.69 kg, respectively for the 3 areas. The body condition score values were mostly 3
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over the duration of the experiment. The mean birth weight of calves was 31 kg (range 24-36
kg). Analysis of faecal samples from cows for parasites showed that the occasional level of
infestation did not require any intervention.

3.1.1. Resumption of ovarian activity and ovarian cycles
Ovarian activity was identified when the first progesterone rise persisted for two weeks

and was followed by a week of basal values. The results of the sequential progesterone
determinations for each cow were plotted. The cumulative percentage of cows resuming
ovarian activity after different periods is shown in Table I.

TABLE I. CUMULATIVE PERCENTAGE OF COWS RESUMING OVARIAN ACTIVITY AFTER
CALVING

Days post calving

30
60
90

120
Total number of animals

Bambous

18
40
62
88
40

Region

Henrietta

0
47
SO
97
30

Rempart

3
16
62
84
32

A few cows resumed ovarian activity within 30 days after calving in the Bambous and
Rempart areas and there were none in the Henrietta area. The proportion of cows resuming
ovarian activity by 90 days was 62% in the Bambous and Rempart areas and 80% in the
Henrietta area.

The mean interval from calving to first ovulation for all three regions was 86 ± 38 days
as shown in Table II. The values ranged from 30 to 150 days indicating a wide variation in the
resumption of ovarian activity. This interval was longer in imported cows than in local
animals. All cows showed normal oestrous cycles after resumption of ovarian activity until
they were diagnosed pregnant.

3.1.2. Conception rate
The average conception rate and the average number of services per conception was

36% and 2.4, respectively, when all three regions were considered together (Table II). In the
Rempart and Henrietta areas the number of services per conception was less (2.2) than in the
Bambous area (2.9). For imported cows the conception rate was only 13% and the number of
services per conception was 3.6.

3.1.3. Accuracy and efficiency of heat detection.
The individual progesterone profiles for all cows were examined in relation to the dates

of heat reported by the farmers. As revealed by progesterone profiles, the average efficiency
of oestrus detection was only 31%, and ranged from 29-34% for the three regions. However,
out of 164 cases where the farmer had called the A.I. service (i.e. farmer had detected heat),
142 were associated with low progesterone levels, giving an accuracy of detection of 87%.
The highest accuracy (94%) was recorded in the Henrietta area (Table II).

48



TABLE II. REPRODUCTIVE PARAMETERS OF COWS AND THE ACCURACY AND
EFFICIENCY OF HEAT DETECTION IN THE THREE CLIMATIC ZONES ' '

Reproductive parameter

First service conception
rate (%)

Number of services
per conception

Calving to first P4
elevation (days)

66
Calving interval (months)
Accuracy (%)
Efficiency (%)

3.2. Phase II

Bambous

31

2.9

74 ±36

15.5 ±3
80
29

Henrietta

42

2.2

70 ±25

15.0±3
94
30

Rempart

45

2.2

84 ±:

Average

36

2.5

25 86 ±!

14.5 ±1.5 15.5 ± 3 .
87
34

87
31

Imported
cows

13

3.6

38 158 ±

17.0 ±4
-
-

The BCS was a mean of 3 measurements over the experimental period. Some animals
reached 3.5-4.0 but there was no discernible pattern of change. According to the farmers
'cowfeed' was fed at the rate of 0-6 kg/d during lactation in the Bambous and Henrietta
regions. The mean intakes were 4.4 and 3.8 kg/d for Bambous and Henrietta areas,
respectively. For Rempart, the cows in the Treatment group received 3.0 kg/d of 'cowfeed'
while no data could be collected for the control group. The consumption of cottonseed cake
was at the allocated levels. The estimated intake of dry matter and crude protein from fodder
as well as the percentage of fresh fodder refused are shown in Table III.

TABLE III. ESTIMATED INTAKE (kg/d) OF DRY MATTER FROM FODDER IN THE 3 ZONES

Bambous Henrietta Rempart

Dry matter (kg/d)

Number of data sets
(7 days each)
Fodder refusals
(% of offered)

Treatment Control Treatment Control Treatment Control

12.6 11.3 14.1 14.7 13.6
(9.7-14.3) (9.9-13.8) (12.3-16.2) (11.9-17.2) (13.1-14.5)

57
4.3

16
4.7

23
20.8

19
19.8

60
3.6

Range within parenthesis

The chemical composition of the feeds used during the intervention period are shown in
Table IV. Sugar cane tops were lower in crude protein content than the assorted fodder.
'Cowfeed' had 17% crude protein and appeared to be a good source of nitrogen.
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TABLE IV DM CONTENT AND CHEMICAL COMPOSITION (% DM) OF FEEDS

Feed type

Cane tops
Assorted fodder
Cowfeed
Cottonseed cake

DM (%)

26.5
21.8
84.2
90.5

Crude protein

7.8
11.8
17.4
41.1

Calcium
(% DM)

0.43
0.37
1.10
0.17

P205

0.15
0.43
0.9
2.5

Table V shows the average daily milk production, by treatment, month and the area
under observation. The number of observations is given within parenthesis.

TABLE V. AVERAGE MILK PRODUCTION (kg/d) OF COWS FROM THE 3 REGIONS OVER A
PERIOD OF 4 MONTHS. (VALUES FOR THE FIRST 3 MONTHS HAVE 3 kg/d ADDED TO
ACCOUNT FOR MILK LEFT FOR THE CALF TO SUCKLE)

Regions

Milk production (kg/d) (± SD)
Bambous

Control

Treatment

Henrietta
Control

Treatment

Rempart
Control

Treatment

1

11.3 ±1.9
(10)
13.8 ±1.7
(16)

11.5 ±3.1
(15)
12.4 ±2.6
(14)

-

11.0 ±3.3
(15)

Months

2

11.1 ±2.3
(10)
13.8 ±1.7
(16)

12.5 ±3.0
(15)
13.7 ±2.8
(14)

-

11.4 ±2.0
05)

3

9.4 ± 1.8
(10)
13.1 ±1.8
(16)

14.1 ±3.0
(15)
15.8 ±2.3
(13)

-

11.5 ±2.0
(15)

4

8.9 ±2.5
(9)
12.3 ±1.2
(16)

14.4 ±2.8
(14)
16.5 ±2.9
(11)

-

Average

10.2a ±2.3

13.2b ±1.7

13.ic±3.1

14.5d±3.0

11.3 ±2.4

SD, Standard deviation; figures within parenthesis give the number of observations
**•td, Values with different superscripts in the same column are significantly different (P <0.05)

Statistical analysis was performed on data from Bambous and Henrietta areas only, as
data were inadequate for the Rempart area. Supplementation with cottonseed cake
significantly increased milk production and cows in the Henrietta region gave the highest milk
yield (Table V).
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The average birth weight of calves was 30.6 and 30.5 kg for the Control and Treatment
groups in the Bambous region and 38.1 and 38.7 kg for the Control and Treatment groups in
the Henrietta region, respectively. This suggested that supplementation with cottonseed cake
prior to calving had no significant effect on calf birth weight in both regions. Rempart was not
included in this comparison for lack of sufficient data. However, the birth weight of calves
between Bambous and Henrietta regions for both Control and Treatment groups was
significantly different (P <0.05); Henrietta caves being heavier (38.1 and 38.7 kg) than
Bambous calves (30.5 and 30.6 kg).

The intervals from calving to resumption of ovarian activity are shown in Table VI and
the cumulative percentage of cows that showed a P4 rise up to 120 days is given in Table VII.

TABLE VI. MEAN INTERVAL (DAYS) FROM CALVING TO RESUMPTION OF OVARIAN
ACTIVITY OF COWS IN BAMBOUS AND HENRIETTA REGIONS

Treatment Control Total

103 a (±41)

Bambous
number of cows
mean interval
range

Henrietta
number of cows
mean interval
range

Rempart
number of cows
mean interval
range

15
111 (± 49)
26-227

14
68 (±31)
39-152

12
71 (±38)
23-140

9
88 (±21)
59-124

12
62 (± 33)
22-140

12
67 (± 28)
43-136

65b (±31)

69b (±32)

SD within parenthesis
*•", Values in the same column with different superscripts are significantly different (P O.05)

TABLE VII. CUMULATIVE PERCENTAGE OF COWS SHOWING OVARIAN ACTIVITY
FROM 30-120 DAYS IN THE THREE CLIMATIC REGIONS

Days

30
60
90
120

Total Number
of cows

Bambous
Treatment Control

6
13
40
60

15

.5 0
11
55
89

9

Henrietta
Treatment Control

0
50
86
93

14

8.3
67
83
92

12

Rempart
Treatment

8.3
50
67
83

12

Control

0
42
83
92

12
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4. DISCUSSION

4.1. Phase I

4.1.1. Resumption of ovarian activity, ovarian cycles and accuracy and efficiency of heat
detection

The study has shown that the time taken for resumption of ovarian activity after calving
(86 ±38 days) is long. It is in contrast with other studies elsewhere [3,4] which have reported
a range of 25:30 days. Ovarian activity in Holstein cattle raised in the tropics has been found
to be as early as 20 days post-partum [5]. On the other hand our data tend to agree with many
other studies carried out under African conditions [6-8]. The delay in resumption of ovarian
activity in our study could have been due to two major factors, suckling and poor nutrition. It
is well known that suckling [9-11] and poor nutrition during 2-3 months before calving and
early post calving periods [5, 12, 13] could delay the resumption of ovarian activity.

In our study most of the cows were suckled twice daily and the calves were tied close to
the dam. It can be surmised that this management practice has an influence on the resumption
of ovarian activity. The BCS of most cows was in the range of 3-4 at calving, indicating that
the cows were probably adequately supplemented during the last 2-3 months before calving.
Butler et al [14] reported that energy balance during the first 20 days of lactation is important
in determining the onset of ovarian activity. It is therefore postulated that the cows in the
study were not in a favourable energy balance during post-partum period to allow them to
resume ovarian activity. Hence it is suggested that these two factors, either alone or in
combination, may have caused the long delay in resumption of ovarian activity.

The general patterns of progesterone levels determined throughout the oestrous cycle,
and the oestrous cycle length (21 ± 3 days) are in accordance with data available for cattle in
the tropics [15]. Once the cows started to cycle they continued to show a normal oestrous
cycle until conception. These observations also suggest that there were no major factors
inhibiting cycling once the cows had resumed ovarian activity.

The results revealed that many ovulations were missed both before and after service.
However, the problem is more acute after the cow has been inseminated, because the calving
interval will be increased by 21 days for every heat lost. This problem might be related to the
misconceptions of the cow-keeper who has been made to understand that he/she should wait
for three months after calving or unsuccessful insemination before inseminating his/her
animal again. This is presumably why cow-breeders pay less attention to the detection of
returns to heat after calving or first insemination. Some heats are undetected because they
occur when the farmer is not at home or busy with household activities while others are
missed because the farmer is not able to call the Al service in time. Although the cow-keepers
miss a number of ovulations, the results show that the farmers are accurate when heat
detection is reported. In 87% of the cases, Al was done when the progesterone levels were low
indicating that the cow was most likely to be on oestrous.

4.1.2. Conception rate
The conception rate registered in the study was 36% (Table II), where as elsewhere in

the tropics rates in the range of 63-71% have been reported [15]. The reasons for this low
conception rate in Mauritius could be related to factors such as the accuracy of heat detection,
fertility of the cow, timing of insemination, semen quality and inseminator technique [16].

Although the study has shown that in 87% of the cases Al was done when progesterone
level was low, it is not possible by this technique of milk progesterone assay to know exactly
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whether the cow was inseminated at the optimum time of the heat. Since.the study has shown
that the farmer was accurate in detecting heat when the AI service was called and the cows
were fertile, it is inferred that an incorrect timing of insemination may have contributed to this
low conception rate. Although other factors such as unfavourable environmental conditions
(high ambient temperature, humidity etc.) could have been involved, the data suggests that the
major contributory factors were problems associated with the AI service.

4.2. Phase II

Table III shows that in the Henrietta area (super-humid) cows consumed the highest
amount of dry matter from the forages. They also consumed cottonseed cake during the
supplementation programme. However, the data regarding 'cowfeed' consumption, which
were stated by the farmers and could not be verified, may not be reliable. With respect to
fodder quality Table III shows that the Henrietta cows, under both Control and Treatment
groups, had a greater opportunity to select from the fodder that was offered to them. This was
reflected in the high refusal rates by both groups. In the other areas however, refusals were
less than 5%. Similar data have been recorded by Boodoo et al [2] in a previous on-farm trial.
The better nutrition of the Henrietta cows perhaps explains their higher milk production
(Table V) as well as the higher calf birth weights.

Statistical analysis showed that there was no significance difference between the
Treatment and Control groups in the number of days from calving to P4 elevation in all three
regions. However, there was a significant difference in the number of days from calving to P4
elevation (P <0.05) between the 3 regions, Bambous showing a longer interval than Henrietta
or Rempart (Table VI). 94% (74 out of 79) of the cows in the trial were cycling within an
overall mean interval of 79 (± 39) days after calving. As the trial had to be stopped
prematurely no data are available for intervals from calving to conception. The long interval
to resumption of ovarian activity however, needs attention but once ovarian activity started
the animals appeared to cycle regularly. In Phase I, a slightly longer interval (86 ± 38 days)
from calving to first P4 rise was observed and the inter calving interval was 15.5 ± 3 months.
The percentage of cows resuming ovarian activity by 90 days was 62 in the Bambous and
Rempart areas and 80 in Henrietta. Where as in Phase II the corresponding values are 47, 75
and 85, respectively. A decrease was observed in the Bambous area where as the values have
changed only slightly for the other 2 areas.

The conception rate from AI in Phase II could be assumed to have remained similar to
that of Phase I as no change was made to the AI procedure. The long inter calving intervals
that continue to prevail can therefore be attributed to the long period from calving to
resumption of ovarian activity and the poor conception rate to A.I. once cows started cycling.
This did not appear to be related to heat detection, the accuracy of which was high at 87% [1],
but rather to failure to conceive. The supplementation with cottonseed cake as used here did
not reduce the time to P4 rise. Unfortunately, the BCS was not conducted sensitively enough
to elucidate if this was involved.

There was no change in BCS throughout the intervention period. Animals were
categorized as 3 or 4 rather than 3 + or - 4 etc, and this may have masked the changes that
were occurring. So the results should be interpreted with caution. However, they do indicate
that animals were in an appropriate body condition and that there were no marked changes
over the experimental period. The treatment significantly increased milk production by 11 -
30% (Table V). With the cost of cottonseed cake this accounted for a 2:1 return and was
therefore economical.
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5. CONCLUSION

This study has shown that there are long inter-calving intervals and moderate levels of
milk production in Mauritius, the latter reflecting the moderate levels of nutrition from the
local feed sources. The time to onset of oestrous was long but conception was clearly
identified as a major factor in the long inter-calving interval and appeared related to the A.I.
service. Supplementation with cottonseed cake had a major effect on milk production, which
was cost effective, but it had no effect on time to first oestrous.
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