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Abstract

IMPROVING THE PRODUCTIVITY OF SMALLHOLDER DAIRY CATTLE IN PERI-URBAN
MOROGORO, TANZANIA.

The work reported was conduced in two Phases. In Phase I, a sample survey was conducted in the
peri-urban areas of Morogoro, Tanzania, to gather information on smallholder farming activities.
Fifty-two smallholder farmers provided information on the existing livestock production systems and
related family activities, including constraints to dairy production in the area. During Phase II, 24
smallholder farmers keeping a total of 65 cows participated in a field trial aimed at investigating the
suitability of a farm formulated concentrate (FC) as a dry season supplement.

Phase I survey results showed that 49% of smallholder farmers practised zero grazing (ZG), while
34.5% of farmers practised partial grazing (PG). Zero grazed cows received an estimated 28.2 ± 7.6
kg cut grass per cow/d, while PG cows received 8.1 ± 1.1 kg cut grass per cow/d, in addition to 6-9 h
grazing. The average herd size per farm unit was 4.8 and 5.3 cows for ZG and PG farms, respectively.
27.3% of farms maintained mature bulls. All cows received around 2.4 ±1.3 kg/cow/d of a
supplement, based mainly on maize bran, during milking in two equal amounts. In addition to natural
pastures, feed resources included crop by-products, green fodder, crop residues, minerals and other
non-conventional feeds such as brewer's waste. Thus, it appeared that farmers rarely supplemented
their animals with good protein concentrates and as a result animals often experienced protein
deficiency during the dry season. Supplementation with 0.8 kg of FC comprising of maize bran
(70%), cottonseed cake (28%) and minerals (2%), per litre of milk produced, during the dry season in
Phase II, improved milk yield (34%), and maintained body condition (2.8-3.1). In relation to
reproductive performance post-partum anoestrus period was reduced from 86.3 ± 6.6 to 71.2 ± 5.3
days and calving to conception from 102.4 ± 5.1 to 80.4 ± 4.7 days. Feeding 0.8 kg FC per litre of
milk was cost effective if there was an increase in milk yield by more than 1.0 litres per day (break
even increase).

1. INTRODUCTION

Dairy production is an enterprise for many people in peri-urban Tanzania. Such dairy
farming in Tanzania is mainly for milk production for family use, to improve child nutrition
and as a means of integrating crop and animal production through the use of crop residues as
feed and recycling nutrients via excreta [1]. Also, milk production is attractive in that it gives
a regular source of cash income for women from sale of excess milk [2]. The smallholder
farmers keep 2-3 dairy cows in the back yard, mostly under zero grazing. Smallholder dairy
sector contributes substantially to the national economy and well-being of women who mostly
look after the animals [3].

A combination of several factors including genetic, physiological, management and
environmental, are considered to cause low animal productivity [4]. The major technical
constraint to livestock production is the inability to feed the animals adequately throughout
the year as is the case in most sub-Saharan African countries [5]. This is caused by the
scarcity and poor quality of on-fann feed resources and the high cost of purchased concentrate
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supplements, thus rendering the dairy cows deficient in protein especially during the dry
season. Therefore, diets often do not meet both maintenance and production requirements [6].
Farm formulated concentrates (FC) have been shown to improve smallholder dairy cattle
performance [7]. However, fanners rarely supplement their animals with protein concentrates
in the dry season, because of the expense. They use only maize bran at milking time. To
enhance the stability and sustainability of smallholder dairy cattle feeding it is necessary to
develop low cost feed resources which are typical of the environment. The objectives of this
study were to i) collect information on the dairy enterprise with the aim of identifying the
major constraints to productivity, and ii) to evaluate the effect of a concentrate feed which
could be mixed on-farm based on available crop by-products on smallholder dairy cattle
performance during the dry season in peri-urban Morogoro.

2. MATERIALS AND METHODS

This work was conducted in two phases in Morogoro, a semi-arid region of Eastern
Tanzania located at an altitude of 528 m, with a mean maximum temperature of 32.4°C in
November to February and a minimum temperature of 14.8°C between June and October.
Mean annual rainfall range between 800 to 1200 mm, received in two peaks of long and short
rains. Pastures and forages consist of Panicum maximum, Hyperrheni rufa, Neonotonia
wightii, Pennisetum and Cynodon species and Pennisetum purpureum (Elephant grass). They
are the major forage sources used by all fanners in the area. The major forage for animals
during the dry season is dried grass and/or maize stover.

2.1. Phase I

Between October 1996 and December 1996, a sample survey was conducted in peri-
urban Morogoro to gather information on smallholder farming activities (Phase I). Fifty-two
smallholder farmers participated in the study that involved a survey using data entry forms
provided by the IAEA to collect information on demographic data, livestock enterprise and
other related family activities as well as by direct observation of the management and feeding
of the dairy cattle. The salient features covered in the forms and interviews were: family size,
labour, herd size and composition, livestock management and performance and constraints to
dairy production. Production and reproduction parameters were monitored as follows: body
weight by heart girth measurement, body condition score (BCS) by 1-5 scale, milk yield once
monthly by taking the weekly average, reproductive efficiency by monthly rectal palpation
and weekly milk progesterone concentrations as determined by radioimmunoassay (RIA)
technique. Feed analyses for major feeds were conducted monthly for proximate composition
according to methods described by AOAC [8].

2.2. Phase II

Between October 1996 and September 1996, a trial was carried out to investigate the
suitability of FC for incorporation as a dry season animal feed in smallholder farms of peri-
urban Morogoro. Twenty four smallholder farmers, keeping a total of 65 milking cows
participated in the trial. The farmers represented different wards of the Morogoro municipality
(Table I) and were randomly allocated to Treatment and Control groups. Cows were crosses
of dairy breeds (Friesian, Ayrshire and Jersey) with the local indigenous Zebu and Boran
breeds. The supplement to be tested was given to cows during post-partum for 90 days.
Animals were as far as possible balanced for previous lactation yield (3-12 L/d), number of
previous parturitions (2-4), and BCS (2-3.5).
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TABLE I. DISTRIBUTION OF FARMERS AND NUMBER OF COWS PER TRIAL IN
DIFFERENT WARDS OF MOROGORO

Wards

Kihonda/Mazimbu
Misufini/Kindege
SUA/Kididimo
Liti/Boma Rd
Forestry
Kingani/Mj impya

Total

Treatment

Farmers

2
3
2
3
2
2

14

Cows

7
7
4
9
4
6

37

Control

Farmers

2
1,
2
1
2
2

10

Cows

4
2
5
4
6
7

28

The experimental supplement was formulated using maize bran (MB) and cotton seed
cake (CSC). Its proportional composition (fresh weight) was as follows: 70%, MB, 28% CSC,
1% minerals (Maclick) and 1% common salt. Thirty-seven cows in the Treatment group were
fed 0.8 kg FC per litre of milk produced per day while 28 cows in the Control group received
0.6 kg MB per litre of milk produced per day, to reflect farmers practice. Production and
reproduction parameters were monitored as in Phase I. Also, the economics of the
supplementation was determined. Statistical comparison of survey data on the farms and
supplementation trial data was made by analysis of variance using general linear model
procedure.

3. RESULTS AND DISCUSSION

The survey data for the farms are shown in Table II. Forty-nine percent of smallholder
farmers practised zero grazing (ZG) while partial grazing (PG) was practised by 35%. Full
time grazing (FG) was practised only by 16.4% of the fanners. The grazing practices differed
in that ZG cows were stall fed on cut grass estimated to average about 28.2 ± 7.6 kg/cow/day
throughout the day, while PG cows grazed for 7.8 ± 1.6 (6-9) h during the day and received
some cut grass (8.1 ± 1.1 kg/cow/day) after grazing. FG cows grazed 10-11 h during the day
and never received cut fodder after grazing. The significant difference in the amount of feed
offered is explained by the nature of the system itself. Because of the limited number of FG
herds, results are given for the two major systems (ZG and PG) of animal keeping only. The
average family had 5.3 and 6.1 persons for ZG and PG (range 3-9 people per household),
respectively. On average, a farmer owned 1-1.2 ha of land for cultivation of food crops; only
6% of the farmers had a small portion allocated for pasture development. Family was the
major source of farming labour, but additional hired labour was required in most of the farms
mainly for dairy cattle management. The cost of the hired labour ranged from Tanzania
shillings (Tshs) 3,000 to 9,000, with an average of 6,854 ± 388 per month (1 USD = Tshs
670). The average herd size per farm unit was 4.8 and 5.3 cows for ZG and PG farms,
respectively, most being milking cows (3.1 ± 1.3). Only 27.3% of farms kept mature bulls.
Therefore, most farmers relied on artificial insemination, or natural service with a bull from
another herd. All animals received at milking around 2.4 (± 1.3) kg/cow/d of a supplement,
given during milking, in equal amounts. The supplement was based on maize bran only in
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93% farms, and in 7% it was mixed with cotton seed cake or brewers' waste, and occasionally
some mineral mix. Feed resources included natural pasture, crop by products, green fodder,
crop residues, minerals, and non-conventional feeds (e.g. brewers' waste). These findings
show that farmers rarely supplemented their animals with protein concentrate, implying that
animals often experienced protein deficiency during the dry season when quality of the forage
decreases. These findings are in agreement with those of Msangi et al. [9] and Mlozi et al.
[10].

TABLE II. SUMMARY OF FARM PERFORMANCE PARAMETERS FOR THE ZG AND PG
ANIMALS

Parameters

Family size (number)
Land owned (ha)
Herd size (cows)
Hired labour (%)
Forage (kg/cow/d)
Supplement (kg/cow/d)
Milk yield (L/cow/d)*

-wet period
-dry period

ZG

5.3 ± 1.2
1.2 ±0.1
4.8 ±0.2

92
28.2 ± 4.6
2.4 ±1.3

10.6 ±0.2
6.7 ±0.13

PG

6.1 ± 1.4
1.0 ±0.1
5.3 ±0.2

96
8.1 ±1.1
1.6± 1.0

8.6 ±1.2
5.9 ±0.12

Significance

NS
NS
NS
NS
P <0.05
NS

NS
NS

*, Data on milk yield for wet and dry periods differ significantly, P <0.05
NS, Not significant

Composition of major feeds used by farmers in the dry season and that of the experimental
supplement is shown in Table III. From the table it is evident that dry season forage has a low
content of crude protein [11]. This was the general observation for all forages used by the
farmers. A similar study conducted by Shem [6] in Western Tanzania showed that nitrogen
content of grazing pasture and cut-and-carry grass differed significantly between wet and dry
seasons (P <0.05).

TABLE III. COMPOSITION OF FEEDS

Component DG MS MB FC

DM (%)

Crude protein
Crude fibre
Calcium
Phosphorus

93.0

3.1
33.3

0.2
0.16

93.6

(% DM basis)
2.7

37.1
0.1
0.1

90.9

11.3
30.1

0.06
0.6

94.3

16.3
46.8

1.3
0.22

DG - dry grass; MS - maize stover; MB - maize bran; FC - farm formulated concentrates

Table IV shows the reproduction indices according to the periods of the year and animal
grazing management system. Rectal palpation findings were correlated with milk progesterone
concentrations. The sensitivity of the assays was 0.5 nmol/L, while intra- and inter-assay

82



coefficients of variation were 8.8 and 12.6%, respectively and well within acceptable limits.
Progesterone concentrations showed that animals experienced ovarian cyclicity 27-34 days
after calving. The first 1-3 cycles post-partum were of short duration. This observation is in
agreement with previous findings of Peters and Lamming [12]. The short cycles occur
because of the deficient early post-partum endocrine function. Corpora lutea formed under
deficient endocrine control are sub-normal and are short lived. In this study amplitude of short
oestrous cycles was small implying sub-functional corpora lutea. This phenomenon is
considered beneficial in that progesterone production in short cycles act as a primer for
resumption of normal cycles.

TABLE IV. FERTILITY INDICES ACCORDING TO GRAZING SYSTEM AND PERIOD OF THE
YEAR (MEAN ± SE)

Period of year/
grazing system

Wet Period
ZG (n = 36)
PG (n = 32)

Dry Period
ZG (n = 30)
PG (n = 24)

Calving to 1 s t

Service

82.3 ± 6.4
66.1 ±8.8

115.1 ± 10.1
97.4 ± 8.2

Services per
conception

2.1 ±0.2
1.7 ±0.2

2.6 ± 0.2
1.8 ±0.3

Calving to
conception

123 ± 12.2
118.6 ±16

151.7 ±14.2
126.9 ±14.0

Calving Interval

407.1 ± 12.5
378.2 ±14.4

477 ±13.3
414 ±12.2

From Table IV, it is evident that PG cows had better reproductive indices as compared
to ZG cows, most probably because animals were exposed to exercise and social interaction
[13]. Animals in the PG group for most of the day interacted with bulls in the grazing areas
and therefore had greater chance of being detected in heat and be served by the bull; thus the
lower inseminations per conception of 1.7 and 1.8 for the wet and dry seasons, respectively. In
the case of ZG group animals required 2.1 and 2.6 inseminations per conception for the wet
and dry seasons, respectively, presumably because they have not had that exposure.
Observations in the ZG farms showed that heat detection was by the herdsman normally at
milking and cleaning times. In general, heat detection was not properly done, it was too brief
or sometimes not done at all. This accounted for most animals remaining open for a long
period, thus prolonging the inter-calving interval, which was slightly higher than the range of
380-440 reported elsewhere in Eastern Africa [14, 15]. Heat detection has to be given enough
time in order to observe the cows for several minutes, normally 15 to 20, and preferably three
times a day, morning, afternoon and evening. Also, animals in PG farms had greater access to
a wider choice of feeds and could feed to satisfaction in the grazing areas. Normally farmers
incurred extra expenditure to feed animals during the dry season so as to maintain their
performance.

Farmers reported shortage of dry season forage, lack of improved low quality forage
feeding strategies, high cost of concentrates, unreliable insemination services and low price of
milk as severe constraints to improving milk production. Available excess forage production
during the rainy season has not been put into optimum utilization due to lack of knowledge in
conservation techniques. There was a difference between farmers in terms of constraints and
hence allocation of labour and capital.

The mean production and reproduction performance for the supplemented animals are
shown in Table V. From the table it is evident that supplementation during the dry season
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substantially improved milk yield, maintained body condition and reproductive efficiency in
the treatment group compared to the control group.

TABLE V. MEAN PRODUCTION AND REPRODUCTION PERFORMANCE OF COWS IN
SUPPLEMENTED AND CONTROL GROUPS

Parameter

Milk yield (kg/d)
Body condition change
Body weight change (kg)

Interval from calving
- to first oestrus
- to conception
- conception rate
insem ination/conception

Supplemented (n = 37)

8.4 ±0.12
0.2 ± 0.01
0.6 ±0.1

71.215.3
80.4 ± 4.7
68.013.9
1.3 + 0.01

Control (n = 28)

6.810.12
-0.1 ±0.01
0.2 ±0.1

86.3 ± 6.6
102.415.1
50.713.3
1.9410.07

Significance

NS
NS
NS

NS
NS
NS
NS

SE within parenthesis; NS, Not significant

Feeding 0.8 kg FC per litre of milk produced per day was cost effective if there was an
increase in milk yield by more than 1.0 litre per day (break even increase). Supplementation
increased milk yield by 1.6 L/cow/d. In terms of money this was equal to Tshs 400 at a price
of Tshs 250 for a litre of milk. The cost of feeding 0.8 kg FC per day was Tshs 256 leaving a
profit margin of Tshs 144 which is clearly cost effective under Tanzanian conditions. Other
small advantages gained by supplementation were improved body condition, reduced calving
to conception interval and reduced number of inseminations per conception.
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