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| NTRODUCTI ON

The FAO Expert Consultation on Feeding Dairy Cows in the
Tropics was held in Thailand in the FAO Regional Ofice for
Asia and the Pacific in Bangkok, from3 to 7 July 1989.

Recent FAO statistics show that, while mlking the sane
nunber of cows (about 110 mllion head) the devel oping
countries (nmainly located in the tropical zone) produce only
22 % of the whole fresh m |k equival ent produced by the
devel oped countries and 18 % of the total world production
(461.5 mlliont). In addition, mlk production in Asia and to
a lesser extent in Africa was reduced from 1986 to 1987 due to
drought and the policy neasures taken by sonme countries. In
spite of successful achievenents such as "Qperation Flood" in
I ndia, many failures have al so been observed in the past.

The probl ens encountered in stimulating m |k production
in devel oping countries are very conplex. As in other
agricultural devel opment operations many difficulties such as
pricing, marketing, etc are beyond the control of the
producer. However, technical constraints including nutrition,
heal th and breedi ng, have still to be, and can be overcone.

Anmong these constraints the nutrition aspect is probably
the first factor limting mlk production. The 1987 Conference
of FAO drew attention to the increasing difficulty in
providing the bulk of feed requirenents for cattle through
grazing, crop by-products and to a | esser extent, fodder
crops.

Recent advances in the know edge of rum nant nutrition
physiology and in the nutritive value and techni ques of
utilization of feed resources including unconventional ones
e.g. crop residues and agro-industrial by-products, provide
scope for overcom ng the forecasted feed shortage.

The purpose of this expert consultation therefore was to:

S review the various m |k production systens in the
tropical areas (humd and dry) according to agro-
climatic and technical, econom cal and soci ol ogi cal
condi tions including special situations |ike peri-urban
production systens;

S review new knowl edge in rum nant digestion nutrition
and physi ol ogy and consi der ways and neans of
i npl enenting rational feeding systens that could
overcone, at the |lowest cost, nutritional constraints
whi ch hanper m | k production and herd productivity in
the various prevailing systens;



S match m |k production (specialized or dual purpose)
systens to avail able and potential feed resources,
taking into account their nutritional characteristics.
Bot h subsi stence and commercialized m |k production
systens will be taken into consideration;

S make recommendations for the devel opnment of sustainable
m | k production systens based on locally avail able feed
resour ces

The OEening speech was delivered by M. Vitoon
Kammi rdpeth, Director General of the Departnent of Livestock
Devel opment, on behalf of the Governnent of Thailand. First of
all he expressed his governnent's appreciation to FAO for
organi zing this Expert Consultation in Thailand, and wel coned
all the participants. He briefly rem nded the Experts of the
m | k production historr in Thailand which started only 30
years ago and has devel oped rapidly during the |ast ten years.
Al t hough m |k production is increasing, mlk consunption per
caput is still low and the Governnment is trying to encourage
the Thai population to consune nore mlk and m |k products. He
poi nted out that the main problens that the dairy tarners
encounter in Thailand are simlar to those encountered in
ot her tropical devel oping countries, particularly those
concerni ng ani mal feeding but also breeding, health, etc..
This Expert Consultation will deal with the feeding of dairy
cattle. It should be a good opportunity within the context to
hel p increase m |k production 1n tropical devel oping
countries.

The wel cone address was given by M. S.S. Puri, Assistant
Di rector-CGeneral and FAO Representative for Asia and the
Pacific. He first pointed out that the Expert Consultation
woul d not only deal with dairy cows but also with buffal oes
whi ch are very inportant in Asia, especially in India where
they are nore nunerous than cows. He nentioned that in Asia
human diet is mainly dependent on rice/cereals which inplies
an unbal anced diet. Thus, in terns of non-cereal food diet,
there is a need for increasing mlk and nmeat production/
availability. About 40 % of the nunber of cows in the world
are in Asia, but they are only responsible for about 7 % of
the world m |k production. The productivity of the animals is
| ow and did not follow the rapid increase of cereal Yield in
the last 20 years. For these reasons, diets are stil
deficient in good quality proteins and particularly those from
mlk and mlk products. He also pointed out that in the
tropical areas, there is very little land still available for
pastures. For exanple, in India 96 %of the usable land is
already cultivated. There is a need to increase feed in
gquantity and quality for m |k production. Therefore this
Expert Consultation on feeding is of great inportance.

Techni cal secretaries were R Sansoucy and P. Hassoun.
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VEDI UM TERM OUTLOOK FOR DAI RYI NG I N THE DEVELOPI NG COUNTRI ES
by
W Krostitz

| NTERNATI ONAL BACKGROUND

M I k production and consunption have so far been concentrated in
t he devel oped regions - mainly Europe, the USSR, North Anerica and
Austral asia - though nore recently Japan has al so becone an inportant
m | k consum ng and producing country. |In contrast, the devel opi ng
countries, wth about three quarters of world popul ation, account for
just one quarter of world mlk output and, as net inports have risen,
for slightly over a quarter of global consunption of mlk and mlKk
products. However, since the 1970s, when their share was only
one-fifth, mlk production in the devel opi ng countries has grown
faster than in the devel oped regions.

This difference in production and consunption trends between the
two categories of countries is likely to accentuate in the nedi um
term As indicated in Table 1, the devel oping countries' share of
gl obal m Ik production could reach nearly a third by the end of the
century. Yet, as their population is projected to increase to 4.8
billion, or four-fifths of the world total, while their net inports of
dairy products wll probably decrease, average availability, at just
over 40 kg of m |k equivalent, will not be significantly higher than

at present and will be still merely one-seventh of the average | evel
for the devel oped regions. Mreover, this relatively |ow statistical
average will conceal w de differences between individual countries

and, within countries, anong inconme groups. Perhaps even nore than in
t he past, consunption of mlk and mlk products in the devel opi ng
regions will be concentrated anong m ddl e and hi gh-i ncome groups in
urban areas. However, dairy devel opnent could increasingly support
efforts to inprove rural inconmes and living standards in devel oping
countries with a reasonable potential for mlk production.

The difference in likely future rates of gromh in mlk
producti on between devel opi ng and devel oped countries reflects not
only trends in demand but al so recent changes in production policies.
In the devel oped narket economes, with the major exception of Japan,
per caput demand for mlk and m |k products overall seens to have
reached saturation point, while population growh is slow. In sone
Eastern European countries and the USSR there woul d appear to be scope
for rises in demand in the long run, but the mediumtermoutl ook is
for stagnating or even falling consunption owng to the effects on
consuner prices and inconmes of structural adjustnment programes.
Moreover, with non-food use, particularly feed use, decreasing average
availability per head of population in the devel oped countries as a
whol e is expected to fall by the end of the century.



Large-scal e, heavily subsidized use of mlk and m |k products in
livestock feeding was one of the main features of surplus disposal in
t he devel oped mar ket econom es over the past quarter century when mlk
out put increasingly exceeded effective demand. On average during the
1980s, governnments of West European and North American countries
subsi di zed the feed use of some 20 mllion tons of m |k equival ent per
year, nost of it in the formof skimmlk and skimm |k powder but
occasionally also butter, with the EEC accounting for the bul k of
this. At the sanme tinme, West Europe and North America exported | arge
quantities of mlk products, at reduced prices, or as food aid. Thus,
by the first half of the 1980s, alnost 20 mllion tons of mlKk
equi val ent annually or three-quarters of world exports of dairy
products were heavily subsidized. Confronted by this situation,
| ow- cost producers of traditional exporting countries in Australasia
were hardly able to maintain the volune of their sales abroad, despite
a grow ng international market, while nost suppliers anong devel opi ng
countries had to withdraw fromexport marketing. At the sane tine,
net inports of the devel oping countries, of which nearly 20 percent
was food aid, reached about one-eighth of their total consunption as
can be seen fromthe table.

Table 1. WORLD DAI RY SI TUATI ON AT A GLANCE - PAST AND PRQJECTED

$3333333333333333333333333333333333333333111133)))3)))))))

M Ik Net Availability 12
production inports 1 Tot al Per caput
(-------- mllion tons----------- ) kg

$33333333333333333333333333333333333333331111333))33)))))))

World total

1974-76 422 - 422 106
1986- 88 521 - 521 104
2000 585 - 585 95
Devel oped countries

1974-76 335 -8 327 292
1986- 88 388 -20 368 300
2000 400 -15 385 290
Devel opi ng countries

1974-76 87 8 95 32
1986- 88 136 20 156 41
2000 185 15 200 42

$3333333333333333333333333333333333333311111133)))))))))))

' MIk and mlk products in mlk equivalent.
2 Incl udi ng non-food use and waste.



Ampl e availabilities of relatively cheap, or entirely free, mlk
products in international markets supported policies ained at |ow
consuner prices in many devel opi ng countries which in turn discouraged
t he devel opnent of local mlk production. As a matter of fact, in a
situation of alnost chronically depressed prices in international
trade, the conparative advantage of m |k production in devel opi ng
countries was generally considered to be low. This was true not only
of the lending policies of national and multil ateral devel opnent banks
but al so of the investnment policies of transnational conpanies.

Al t hough such conpani es nade consi derable investnents in mlKk
processi ng and distribution throughout the devel oping regions, their
interest in the devel opnent of l|ocal mlk production | essened in view
of the cheap raw material supplies in international markets that could
be drawn upon for reconbi ning. Anmong the few devel oping countries

whi ch, notw thstanding this discouragi ng background, |aunched policies
of strong support to donestic dairying as early as in the 1960s and
1970s were India, the Republic of Korea, China, Cuba and, to a certain
extent, Venezuela. As in India, dairy devel opnment programes in Cuba
and Chi na have benefited substantially fromfood aid in the form of

m | k powder and butter oil which after reconbining have been sold in
the urban markets at prices equivalent to those obtained by donestic
producers. \Wile adding to local mlk supplies, the main purpose of
such commodity aid has been to generate funds for investnent into the
devel opment of local m |k production and marketi ng.

WORLD STOCKS AND EEC SURPLUSES

However, during the second half of the 1980s, the international
dairy situation changed significantly. The EEC, faced with ever
rising costs of its farm support policy, introduced quotas on the
mar keting of cows mlk in 1984/85 and has since then reduced out put
by about 10 mllion tons, or one tenth. Oher Wst European countries
and Canada have operated simlar supply nanagenent schenes. The
United States has repeatedly cut the ml|k support price, acconpanied
by direct nmeasures to reduce the dairy cattle population. In
addition, dairying in New Zeal and was affected by adverse weat her.

Hel ped by huge sales of butter at cut-rate prices mainly to the USSR,
wor|l d stocks of dairy products were reduced to rather |ow |l evels by
1989, while prices in international trade in dairy products rose
sharply. On the basis of c.i.f. prices of skimmlk powder and butter
oil prevailing during the first half of 1989, the cost of raw materi al
for the reconmbining of 1 tonne of mlk with 3 percent fat was about
US$260, al nost three tinmes as much as during the md-1980s. At this

| evel of international prices the conpetitive advantage of inports
over local dairy products had practically disappeared in countries
with a reasonable potential for dairying. As discussed in a second
paper submtted by FAOs Commodities and Trade Division to this
semnar, prices in international dairy products trade have decreased
again in 1989/90 though they remain well above the levels registered
in the mddle of the 1980s.



M| k production in Western Europe and, to a | esser extent, North
Anerica still exceeds effective demand. Hence, access to their
markets will remain restricted and sone subsidi zation of their
donesti c consunption and exports is likely to continue. However,
unl ess present production controls in these two regions are
significantly rel axed surpluses should remai n manageabl e and prices in
international dairy trade would not return to the very depressed
| evel s of the mid-1980s. !

EFFECTS OF H GHER | NTERNATI ONAL PRI CES ON DEVELOPI NG COUNTRY | MPORTS

In the USSR, Eastern Europe and the devel oping countries which
account for the bulk of world inports of dairy products,
self-sufficiency ratios wll probably increase in the nediumterm
Hi gher international prices and continued foreign exchange constraints
seem to have discouraged inports by the USSR and sone East European
countries and encouraged exports by others. For simlar reasons, nmany
devel opi ng countries have reduced inports, while several |ow cost
produci ng devel opi ng countries may expand or resune exports of dairy
product s.

In Argentina, Uuguay and southern Chile m |k production costs,
at about US$100 per tonne, are anobng the lowest in the world.
Al t hough shi pnents are small conpared with those of the big suppliers
in Europe, North America and Cceania, Uruguay has in recent years been
the | argest net exporter of dairy products anong the devel opi ng
countries. G ven supportive governnent policy, Argentina could regain
its position as the | eading exporter of dairy products anong
devel opi ng countries. Once a significant supplier of butter, cheese
and preserved m |k products, Argentina's dairy industry has reduced
its sales abroad over the past two decades, when the fall in export
returns was conpounded by taxes inposed by governnent on shipnents to
foreign markets. Elsewhere in Latin Arerica, Costa Rica has recently
begun to offer mlk powder in external markets as rising prices have
stinmulated ml k output and, reinforced by recession, curbed donestic
demand for mlk and mlk products. In the |onger run, N caragua m ght
beconme an exporter of m |k powder again, having been a net inporter of
dairy products throughout the 1980s.

In Africa, Zi nbabwe and Kenya are re-energing in their
traditional role as net exporters, nmainly of ml|k powder and butter to

lAssum ng continued restrictive production policies in Wst
Europe and North Anerica, dairy farners in Oceania will probably fee
encouraged to raise production for export though this is not likely to
of fset the reduction in West European and North Anerican supplies.
Japan, the only CECD country whose inports of dairy products could
grow over the nediumterm m ght absorb part of higher Cceanian
suppl i es.



nei ghbouring countries in southern Africa and the Near East. In the
mar kets of the Near East oil countries, Turkey also hopes to be able
to sell rising quantities of cheese and other m |k products, and there
could be interest in certain mlk specialities from South Asia. China
and Mongolia mght increase sales to the eastern parts of the USSR, a
nunber of devel oping countries in East and South East Asia and perhaps
to Japan. 2

FUTURE PROSPECTS

In the short termthe response of existing and potenti al
suppliers to higher international prices, both in the devel opi ng
regions and in Oceania and East Europe, could be through reducing
donmestic consunption rather than raising production. The |ong
depression in international prices has discouraged investnent into
dairy farmng in many | ow cost producing countries, reinforced by
general economc and financial difficulties including high interest
rates and shortage of foreign exchange. Because of the | arge anmounts
of capital and tinme required to raise mlk production and processing,
future prospects for dairy products exports are apparently assessed
W th caution

In fact, the largest part of the projected increase in mlk
production of the developing countries is likely to be for donestic
consunption and, as a group, the developing countries will probably
continue to have a sizeable net inport, as indicated in the table.
| mports will be increasingly concentrated in the petrol eum exporting
countries of Asia, North Africa and Latin Anerica but, unless oi
prices rise, even these countries may not maintain the volunme of their
inports at recent |evels. Mreover, sonme of them such as Saudi
Arabi a, have for some tine pronoted |ocal m |k production though in
such areas dairying is costly, and a country's dependence on inported
dairy products may just be replaced by dependence on feeds and ot her
inputs. Dairying based on inported feeds will therefore be the
exception rather than the rule in a situation where many devel opi ng
countries are heavily indebted and short of foreign exchange.

DEMAND AND PRODUCTION IN ASI A

One country which has been able to afford a rapid expansi on not
only of its mlk but also of its nmeat and egg production |argely based

’2In the longer terma general liberalisation of agricultural
markets and trade as a result of the GATT' s Uruguay Round woul d of
course greatly inprove the prospects for exports from | ow cost
produci ng countries such as Uruguay, Argentina, New Zeal and or
Australia. However, at this stage it would appear to be premature to
tal k about possible inplications of any agreenents reached under the
Uruguay Round.



on inported feeds is the Republic of Korea. 1In recent years this
country has purchased between 7 and 8 mllion tons annually of feed
grai ns and other concentrate feeds at a cost of roughly US$ one
billion. |In addition, the Republic of Korea where m |k production was
virtually unknown until the 1960s but reached 0.5 mllion tons in 1980
and over one mllion tons in 1985, based its dairy devel opnent
programme essentially on inported dairy cattle. The Korea Rural
Econom c Institute projects mlk production to rise to 1.5 mllion
tons by the early 1990s and nearly 3 mllion tons by the begi nning of
the next century. Wiile expensive in terns of foreign exchange and to
final consunmers, mlk production has been profitable to farners who
have specialized in this activity or added dairying to their
enterprise. The Republic of Korea, though not providing a nodel of

dai ry devel opnment which would be suitable for the majority of

devel oping countries, illustrates the change in food consunption
habits as a result of rapid econom c growth and urbanization. Unlike
nmost ot her devel opi ng regi ons, East Asia has no tradition of mlKk
consunption. If the above projections materialize, per caput
consunption of mlk and mlk products in the Republic of Korea which
was virtually nil before 1970, would reach over 30 kg of m |k
equivalent in the early 1990s and over 50 kg by the turn of the
century. However, notw thstanding its sizeable bal ance of trade
surplus, the country is becom ng preoccupi ed about its dependence on
inported feed and is now paying greater attention to the devel opnent
of donestic fodder resources.

China is another exanple of rapidly rising demand for and
production of mlk as a result of social and econom c change.
Traditionally the majority of Chinese did not consune mlk, but since
the late 1970s denmand for mlk and m |k products has experienced a
fast rise in urban areas around whi ch nodern dairying based on high
yi el di ng Chinese Black and Wite cattle (largely Hol stein-Friesian
bl ood) and, to a | esser extent goats, is being pronoted. By 1992
Chi nese plans call for an increase in per caput consunption of mlk
from3 to 5 kg. Wth nost mlk consuned by the urban fourth of the
popul ati on, average intake in urban areas would thus reach sone 20 kg
at the beginning of the next decade. MIk production in China has
risen at double-digit rates during the past decade but was still |ess
than 4 mllion tons in the late 1980s. Oiginal plans which indicated
a target of 30 mllion tons by the year 2000 have been revised
downwar ds as feed supply is |agging behind the requirenents of the
i vestock sector.

In South East Asia inported m |k products becane popul ar anong
urban consuners after the Second World War, but local mlk production
is a nore recent phenonenon, with Indonesia and Thail and experiencing
the nost rapid gromh. As in China, dairy devel opnent in these two
countries i s based on donestic feed and cattle of European or North
American origin and crossbreeds. However, whereas China shifted
enphasis fromdairying on |arge-scale state or collective farns to



m | k production by small holders in the 1980s, Thail and and | ndonesia
have right fromthe start given priority to small hol der dairying
within their rural devel opnent policies.

The sanme has been true of India, the biggest ml|k producer anong
devel opi ng countries, where mlk output is projected to rise by sone
40 percent to 61 mllion tons by 1995 with per caput consunption
increasing fromits present |level of 58 kg per year to about 68 kg.
Under the project "Operation Flood", the world' s |argest dairy
devel opnent project, a resource-conscious policy of production |argely
based on | ocal feeds and indi genous cattle and buffal oes and
acconpani ed by efficient marketing of mlk and m |k products has
benefited both rural producers, especially small- holders, and urban
consuners. The success of this project, not only froma technical but
al so froma soci o-econom c viewoint, has in the neanti nme aroused
increasing interest in dairy and agricultural devel opnent planning
t hroughout the devel opi ng countries.

As in South Asia, mlk production and consunption has a | ong
tradition in West Asia and nost parts of Africa and Latin Anerica.
However, in the latter three regions prospects for dairy devel opnent
appear to be | ess favourable than in South and East Asia. This
reflects not so nuch natural resource endowrent but rather the outl ook
for general econom c devel opnent. During the remai nder of the century,
econom c growh and rises in incones are likely to be considerably
hi gher in the eastern and southern parts of Asia than in the other
devel oping regions. Hence, as in the recent past, strong consuner
demand is likely to be a major stinulus to dairying in southern and
eastern Asia, an area which will conprise alnost half of the world's
popul ation by the turn of the century.

THE FUTURE FOR M LK | N DEVELOPI NG COUNTRI ES

However, although mlk production is a relatively efficient way
of converting vegetable material into animal food and dairy cows,
buf f al oes, goat and sheep can eat fodder and crop by-products which
are not eaten by humans, the loss of nutrients involved in production
and the | arge anmounts, often inported, of energy and equi pnent
required in mlk handling inevitably make m |k a conparatively
expensive food. Also, if dairying is to play its part in rura
devel opnment policies, the price to mlk producers has to be
remunerative. 1In a situation of increased international prices, |ow
availabilities of food aid and foreign exchange constraints,
| ar ge- scal e subsi di sation of m |k consunption will be difficult in the
maj ority of devel oping countries. Hence, in the foreseeable future,
mlk and mlk products in the majority of devel oping countries wll
not play the same role in nutrition as in the affluent societies of
devel oped countries. Effective demand will conme mainly from m ddl e
and hi gh incone consuners in urban areas.



There are of course ways to mtigate the effects of unequal
distribution of incones. In Cuba where the governnent attaches high
priority to mlk inits food and nutrition policy, all pre-school
children, urban and rural alike, receive a daily ration of alnost a
litre of mlk at a reduced price, and cheap mlk and m |k products are
made available to certain other vul nerable groups, while m |k products
outside the rationing systemare sold at a price which is well above
cost level. Until recently nost fresh mlk in the big cities of China
was reserved for infants and hospitals, but with the increase in
supply rationing has been relaxed. In other countries dairy industries
have attenpted to reach | ower inconme consuners by variation of
conpositional quality or packaging and distribution nmethods or
bl ending m |k and vegetable ingredients in fornmula foods for
vul nerabl e groups. For instance, pricing of products rich in butter
fat or in nore |uxury packagi ng above cost |l evel so as to enable sales
of high protein mlk products at a sonmewhat reduced price has been
wi dely practised in devel oping countri es.



THE LACTATI NG CON I N THE VARI QUS ECOSYSTEMS:
ENVI RONVENTAL EFFECTS ON | TS PRODUCTI VI TY

by
H. D. Johnson

CLI MATES OF THE WORLD

M|l k yields are a product of aninmal genetic and environnental
interactions. MIlk yield for a specific genotype, especially in
tropical environments or ecosystens, is a function of climte and its
interactive influences on the quantity and quality of feed, the presence
of disease and parasites and the utilization of technology to alleviate
nutritional, thermal and health limtations. Each climte zone and/or
ecosystemincludes variations in the environnmental conplex which
influences mlk yields and dairying practices in the tropics. Zones
of the world between the Tropics of Cancer and Capricorn include the
majority of the cattle and buffalo of the world and the climate in these
regions is especially imting to mlk vyields, growh and reproduction
when both the tenperature and humdity is high

Enphasis in this paper will be on the thermal or direct climatic
aspects of the environnental factors as they influence the cows ability
to eat, nmaintain heat balance, produce mlk and reproduce. O the
met eorol ogi cal factors (tenperature, humdity, wi nd, radiation
phot operiod and rainfall), the tenperature and humdity (i ncluding
rainfall) are the limting factors nost difficult to alleviate.

Figure 1 presents the average nonthly tenperature-hum dity-index
(TH') for nunerous tenperate zones and tropical countries. GCenerally,
the climate of the countries in the left section, depending on the
nunbers of nonths above 72 THI, does not preclude the use of Holstein
dairy cows. However, the introduction of Holsteins into the countries
on the right section (humd tropics) results in noderate to severe
[imtations in mlk yield due largely to the tenperature/humdity and
related nutritional factors. Adaptable but |ower yielding indigenous
cattl e have been used for centuries as a source of neat, mlk and fibre
in the tropical zones.

Figure 2 is an illustration of these cal cul ati ons show ng the
nunber of nonths throughout the year that THIs were greater than 72 (B)
TH average of nonths above 72 (C), which is a multiple of A x B, best
expresses the confort or adversity of climte zones. The annual THI
average also reflects the relative limtation of the various clinate
zones of the world for dairy cows (Figure 3). Table 1 |ists these
i ndi ces whi ch express the adversity or confort as indicated by Col unms
A, B, C and D



Figure 1
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Figure 3
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Tabl e 1. Tenperature Hum dity Index - THI.

TH = T dry bulb + (0.36 T dew point) + 41.2°C

Climte Zone A B. C. D.
Ave. No. Ti me Aver age
nont hs nont hs i ndex: Annual |y

above 72 above 72 A X B

1 Canada ( Ednont on) 0 42. 2

2 US A (Mssouri) 74.5 2 149 54.6

3 Japan ( Kyot o) 74.7 3 224 61.6

4 U. S. A (Phoeni x) 77.0 4 308 66. 6

5 Egypt (So. Delta) 76.5 4 306 68. 8

6 Costa Rica (Atenia) 71.9 2 144 69.5
(1 ow | and-dry)

7 Costa Rica (CATIE) 71.4 2 144 70.7
(md-altitude-hum d)

8 Saudi Arabia (Hufuf) 80.5 7 563 71.9
Mexi co 76.0 8 608 74.0
(Car denas, Tabasco)

10 Costa Rica (Cuapiles) 73.2 11 805 73.2
(1 ow hum d)

11 Bangl adesh (Dhaka) 75.8 10 758 73.9

12 Costa Rica (Linon) 74. 2 11 816 73.0
(1 ow hum d)

13 Puerto Rico (San Juan) 75.0 12 900 75.0

14 Thail and (Bangkok) 75.7 12 908 75.8

15 Dom ni can Republic 76. 2 12 915 76. 2
(Santi ago)

16 South Anmerica (CGuyana) 77. 2 12 926 77.3

17 Mal aysi a (Kual a Lunpar) 78.7 12 944 78.7




THE ENVI RONMENT, THERMAL BALANCE, FEED | NTAKE AND M LK YI ELD

A nodel of major factors of the ecosystem (not including other
ani mal s) which influence the ability of the cow or other livestock to
| actate, grow and reproduce has been described by Johnson, 1987b. The
nmet eorol ogi cal factors include tenperature and photoperiod and invol ve
physi ol ogi cal nechani sns; the nost inportant non-neteorol ogical factors
are quantity and quality of feedstuffs and di sease factors.
Envi ronmental tenperature (thermal factors) and possibly enotional
factors signal the hypothal anus and central nervous systemto alter feed
i nt ake, hornonal functions and heat production and/or loss with
resultant declines in mlk yield and fertility.

In a thermal environnment in which the aninmal's heat production
exceeds heat |oss, an increasing anount of heat is stored in the
animal's body, resulting in increased body tenperature. When the body
tenperature is significantly elevated, a nyriad of honeotherm c events
are initiated. These events include increases in evaporative heat | oss
by respiration and skin. However, when high tenperatures and radiation
| essen the ability of the animal to radiate heat fromthe body, feed
i ntake, netabolism body weight and mlk yields decrease to help
all eviate the heat inbalance (Johnson, 1980a,b). Even though tissue
substrates are nobilized, energy netabolism growh and | actation
decl i nes.

To avoid this excessive acclinmatization or adjustnent to an adverse
environnent or to alleviate the stressor effects on | ess adaptabl e
i ndi vidual s, various managenent deci sions and practices may be used to
alleviate the severity of the climatic influences on the animal. These
practices can help maintain the efficiency of production and prevent
di sintegration of the animal system

The |l evel of feed intake as indicated in Figure 4, is determ ned
partially by the thermal bal ance of the animal which in turn alters mlk
yi el ds and reproductive performance. Feed or hay intake declines in
relation to THI which is illustrated clearly in Figure 4. The decline
is about 0.23 kg/day for each unit increase in TH or increase in rectal
tenperature. The related decline in mlk yield with increasing TH's is
approxi mately 0.26 kg/day, mlk decline/unit increase in TH (Johnson et
al ., 1961, 1962; Johnson, 1987b). A nore recent study with 52 cows at
each stage of |actation denonstrated the relative tinme changes in rectal
tenperature and mlk yield and feed intake (Johnson et al., 1988).

MIk yields of Jerseys and Hol steins fromsone of the countries

previ ously discussed (Table 1) have been affected by the total

envi ronmental conplex. These declines in mlk yields for Hol steins or
Jerseys in a tenperate climte as conpared to the tropics are very great
(approxi mately half of genetic potential). The somewhat | esser decline
in Puerto Rico (half of genetic potential) nay be due to data fromthe
"hills" region, with i nproved genotypes and managenent practices (Table
2).



Figure 4. Regressions of mlk yield, rectal
on THI
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Table 2. Effect of tropical climte conplexes on m |k production
of Hol stein and Jersey cows.

Regi on Annual Lactation Dai | y THI
M | k Lengt h M | k Ani mal
Pr oducti on Pr oducti on (D)
kg days kg
Hol stei n
United States? 7715 " 305" 25 - -
Ari zonatl 8331 " 305" 28 66
M ssouri? 6972 " 305" 23 54
Puerto Ri co?! 4485 " 305" 14. 7 75
Mexi co, Veracruz? 3534 " 325" 10 73
Mexi co, Tabasco? 2745 " 305" 9 74
Egypt ---- ---- 9 69
Guyana ---- ---- 6 77
Jersey
M ssouri .- .- 16 54
Mexi co, Veracruz? 2537 "318" 7.9 72
Costa Rica, CATIE® 2218 "300" 7.7 71

Wggins, GR, CA Ernst, US D A Summry, 1987, Herd Averages,
Beltsville, Maryland. Oficial National Cooperative Dairy Herd
| mpr ovenent Program (NCDHI P), 1987.

Roman- Ponce, H 1987. Lactation of Dairy Cattle in Hum d Tropical
Environnents. Chapter 6, pp. 81-90. From Bioclimatol ogy and the
Adapt ation of Livestock. H D. Johnson, Editor. Elsevier Publishers,
Anst er dam

3Costa Rica, CATIE, 1986. Rolling Herd Average for Jersey.

M LK YI ELDS AND REPRODUCTI VE PERFORMANCE AS AFFECTED BY ENVI RONMENTAL
HEAT AND TH

The effects of TH on mlk yields of Holstein dairy cattle have
previ ously been summari zed by Johnson et al. (1961, 1962) and Johnson
(1987b). The influence of environnental heat and THI is especially
critical to conception rates of tenperate zone |actating cattle during
summer heat (Figure 5; Rabie, 1983) and in the subtropics (Ingraham et



al ., 1976). Most evidence suggests that reproductive failures
associated with hypertherma in cattle are due to enbryonic death

(That cher and Roman- Ponce, 1980; Putney et al., 1988) rather than
insufficient LH, high prolactin or progesterone, which are responsible
for ovulation and fertilization actions. Enbryonic death may be due to
thermal or uterine environnental changes (including hornonal or

i mmunol ogi cal changes; Spencer, 1988).

ALLEVI ATI ON OR PARTI AL ALLEVI ATI ON OF PRODUCTI ON LI M TATI ONS

Nutritional

Decreased feed intake and a resultant decline in netabolizable
energy (ME) intake is a major problemfor the exotic (tenperate) breeds
of cattle inported into the tropics.

Nutritional ©Modification

The conposition of the diet is believed to be inportant in
alleviating heat stress. There are, however, no reliable scientific
gui delines for feeding cows in hot climaites. MIk yields did not change
significantly in earlier studies where aninmals were forced to eat diets
containing various ratios of forage/concentrate or isocaloric diets in
which the ratio of fibre was varied (El-Khohja, 1979) or fat was added
(Moody et al., 1971). W do know that cattle under heat stress wll
reach a hyperthermc state and will refuse forage but continue to eat
concentrate.

M neral s

Since cows reduce their voluntary feed intake during hot tenperate

season weather and in the tropics (Collier et al., 1982), their m neral
intake may al so be |l ess than optimal in hot weather, adding an
additional limting factor in hot humd environnents. Kamal and Johnson

(1978) also found negative mneral balances of cattle in which ration
and total (urine and faeces) excretion were analyzed for Na, K Ca, M,
Zn, Cu, Fe, Co, Mo, and P.

Hor nonal

Nuner ous hornones that are depressed in hot or tropical climates
may warrant consideration as a neans to prevent or restore mlk yields
of dairy cattle. Most promsing is the bovine somatotropin (BST) which
may soon be avail able commercially as a reconbi nant hornone. Prol onged
heat stress was shown by our | aboratory to |lower plasma |evels of growth
hornmone. Thus, assum ng over-conpensati on nay have occurred, the
suppl enentati on of growth hornone would increase mlk yields and
efficiency of energy conversion in hot climates. Recently Johnson et
al. (1988), using the reconbi nant BST, increased m |k yields under
summer farm conditions by 18% and, in a subsequent |aboratory simulated



t hernoneutral environnent, by 25% and summer heat conditions by 26% over
controls (Figure 6). The increases in mlk, feed intake and netabolism
did not increase body tenperature nore than controls due possibly to

i ncreased heat | oss and/or efficiency of energy utilization (Johnson et

al ., 1987) (Figure 7).

Envi ronnental (Shelter) Mdification

Technol ogy to avoid solar heat | oads or increase heat |osses from
the animal to maintain heat balance is especially inportant for exotic
tenperate cows introduced into the humd tropics and during tenperate
zone summers. Shades have been shown by many scientists to mnimze
incom ng radiation as much as 30%for the dairy cow and thus reduce heat
| oads (Roman-Ponce et al., 1977; Wersma et al., 1984). Even in humd
climates water sprays and high intensity fans can greatly inprove mlKk
yields (lgono et al., 1987, Johnson et al., 1987).

The effects of various tenperature, humdity, w nd conbinations on
mlk yield and rel ated heat bal ance neasures were neasured on | actating
Hol stein cows (Figure 8).

CGenotype Modification: Production Adaptability Measures

Qur goals are to provide the optimal mcro-clinmate and m cro-
envi ronnment for the ani mal genotype, identify the genotype for
adaptability as well as production potential and nodify the genotype
ei ther by hornonal therapy (see above), or selective breeding. There
are nunerous exanpl es of individual cows that are nore heat tol erant and
producti ve when subjected to heat stress (Johnson et al., 1962; Johnson,
1965; Johnson et al., 1967; Johnson, 1967; Johnson, 1987). Thus,
selection can offer the potential to increase mlk yield/cowin an
existing mcroclimte, especially if selection includes production and
adaptability indices (Horst, 1983; Johnson et al., 1988). These indices
shoul d i nprove stress resistance and avoid producti on conpensati on and
excessive acclimatization.

A recent | aboratory study on 51 cows at each stage of |actation
denonstrated again a wide range of the ability of the individual cow
with simlar levels of mlk yields (at thernoneutral) to produce when
subj ected to heat stress (Johnson et al., 1987) (Figure 9). These data
clearly denonstrate that the mlk yield and food intake of animals
produci ng about 15-25 kg m | k/day at thernoneutral (18°C) and were in
the heat-tol erant portion of the population (Figure 9) declined |ess
than the cows in the heat-sensitive portion of the distribution curve.
This relationship of rectal tenperature to performance (mlk yield and
feed intake) clearly describes the functional significance of thermal
bal ance and energy-related functions.



Figure 6. MIk yields of control and BST-treated cows during sumer farm
and | aboratory sinulated TN and heat conditions.
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Figure 7. M1k production and rectal tenperature of control and BST-
treated cows.

Farm- TH FHear

38 loral
=5 H =4
- ]
a ' .

Contral

® a2 ]
- -
= W esT
2 3
=
]
& raft
=
X

20F

Recia! Temparaiura




Figure 8. Changes in rectal tenperature (°C) and % changes in mlk
yi el ds under | aboratory sinulated and vari ous conbi nati ons of
tenperature, humdity and wind. Control or base condition was
20°C, 40% RH and wind at 0.5 nmisec (M.YS)
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PHYSI OLOG CAL CONSTRAI NTS TO M LK PRODUCTI ON:
FACTORS VH CH DETERM NE NUTRI ENT PARTI TI ONI NG
LACTATI ON PERSI STENCY AND MOBI LI ZATI ON OF BCODY RESERVES.

by
Y. Chilliard

Bovine mlk yield is related to both intrinsic genetic and
extrinsic nutritional and environnental factors. M1k conposition is
related nore to genetic factors but is also linked, in part, to
extrinsic ones.

On a short-termbasis, the efficiency of nutrient use for mlk
production is primarily dependent on the m |k production level. As mlk
yield increases, a |lower proportion of total feed intake is used for
mai nt enance (a non-productive requirenent that is nore or | ess constant)
of the cow. A cow producing 12 kg/d of mlk is using about 50% of
avai l able nutrients for mlk synthesis, whereas the correspondi ng val ue
is 66% when mlk yield increases to 22 kg/d.

Thi s point needs however to be reconsidered in the context of
devel opi ng countries, especially in the hot and humd tropics. In these
countries, several factors [imt the use of high-yielding dairy cows :

- hi ghly digestible forages (and fertilizers used to produce then
are not avail abl e;

- cereal and other feeds of high nutritive value are not available in
excess of what is needed for human or nonogastric ani mal
consunption, or are not available at an econom c price;

- underfed specialised dairy cows decrease their m| k production, but
not enough to avoid excessive body weight |oss, health and
reproduction problens and even nortality;

- speci al i sed high-yielding dairy breeds are not well adapted to
climatic stress, to poor managenent and to endem c di seases and
parasitism

- zebu or crossbred dual - purpose cattle and buffal oes are well
adapted to tropical conditions, produce in sone cases 1000 - 3000
litres of high-fat mlk per |actation and can be used as draught
animal s (see Preston and Leng, 1986 and Roman- Ponce, 1987, for
conpl ete anal ysis).

The present paper focuses on current know edge of the physi ol ogi cal
aspects of nutrient partitioning in |actating cows. Mst data were
obt ai ned in high producing dairy cows fromtenperate countries.
Therefore they do not apply directly to nost mlking cattle that are
used in the tropics.
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BODY GROMH AND MAMMOGENESI S | N HEI FERS

Under feedi ng of fenale dairy calves between birth and the first
calving will decrease body growth, body reserves and will increase the
rate of culling of the cows |later (see also paper by J. Ugarte).
Underfeeding during the first 4 nonths is nore dangerous because there
is little possibility of conpensatory growmh (see Johnsson, 1988, and
Troccon and Petit, 1989, for reviews). On the other hand, both
under f eedi ng and overfeeding of heifers between birth and puberty can be
detrinmental to the mlk production of the future cow (Figure 1).

Figure 1. MIk yield in 250 days of first lactation in relation to
average daily gain before puberty (from90 to 325 kg !) and
after puberty (from325 kg to first calving * ). (Fol dager
and Sejrsen, quoted by Johnson, 1988)

T

The negative effect of overfeeding has been related to an excessive
devel opment of mammary adi pose tissue at the expense of parenchynal
tissue growh, which is allonetric during this period. Overfeeding is
al so known to decrease age at puberty, and thereby the length of the
all ometric phase of mammary devel opnent. These results have al so been
related to a decrease in somatotropin (BST or growth hornone) secretion
during overfeeding and there are data showi ng that injections of BST can
i ncrease the growh of mammary parenchyma in heifers before puberty.
There are, however, no data show ng that BST treatnent of heifers wll
increase the future mlk yield of the cow
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From puberty to first calving, an increase in feeding level is
generally favourable to subsequent mlk yield as well as to the overal
growt h and deposition of body reserves in heifers. After calving,
prim parous cows are sinmultaneously growi ng and producing mlk. This
coul d explain why body |ipid deposition after lactation peak is lower in
primparous than in nultiparous cows (Table 1).

Table 1. Body fat (kg) in Holstein and Friesian dairy cows?

Peri - Lactatio Md Lat e
partu n peak | actatio lactati
m n on
Dry
peri od
Sl aught er dat a? 122 41 - 35-122
Robel i n and 72 40 34-72 144
Chilliard, 1983
But | er-Hogg et al .,
1985
Dl ution space data®
Chilliard et al., 81-90 51-68 90- 96 -
1984
Martin and Ehl e, 89- 73 95 -
1986 123
Vérité and Chilliard 104 72 - 104
m
(unpubl i shed) 113 89 - 86
p

1See Chilliard (1987) for references.

2Di ssecti bl e adi pose tissues

3Lipids estimated in vivo from body wei ght and deuteriumwater dilution
space

m = nul ti parous cows

p pri m parous cows

PHYSI OLOG CAL ASPECTS OF MAMVARY SECRETI ON

Manmary secretion is a function of the nunmber of mlk secreting
cells and the synthetic activity of each cell.

The | ast phase of mammobgenesi s (| obul o-al veol ar grow h) essentially
t akes place during the second half of pregnancy. It is genetically
determ ned and control |l ed by oestrogens, progesterone, prolactin, BST
and ot her hornones that are also inplicated in the differentiation of
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the mammary cells into cells that are able to make m |l k (Il actogenesis
stage I). The onset of copious mlk secretion (|lactogenesis stage I1)
at parturition is due to elevated prolactin and adrenal steroids,

si mul taneous to progesterone wthdrawal (Forsyth, 1983).

After calving, the netabolic activity of secretory cells is
dependent on: (1) neuro-endocrine stinmuli which are partly linked to
suckling or mlking. BST seens to be particularly inportant for the
mai nt enance of lactation (galactopoiesis) in rumnants; (2) availability
in arterial blood of nutrients that are used for m |k synthesis (in nost
cases blood flow variations are consequences of tissue netabolic
activities, but cardiac output could also be increased by prolactin and
BST in non-lactating animals); (3) regular and conpl ete evacuati on of
al veolar mlk, to decrease intra-mammary pressure and to renove
inhibitors that are secreted into the m |k (feedback inhibition)
(Mepham 1983).

The decrease in mlk yield after |lactation peak (that determ nes
m |k persistency) results primarily froma decrease in the nunber of
secreting cells. There is little know edge on the possibility of
mani pul ati ng the nunber of secretory cells during lactation. During
extended lactation in the nouse, a stronger mlKking stimulus caused by
new younger pups was able to increase the longevity of secretory cells,
t hus mai ntai ning the nunber of cells at peak values and mlk yield at
two-thirds of peak val ues (suggesting that better m |k persistency was
due to cell nunber maintenance, whereas their netabolic activity
decreased) (Knight et al., 1988).

MIk yield of dairy cows is clearly greater (25-40 % when they are
suckling their calves twi ce daily than when machi ne-m | ked tw ce daily.
This could be due to a decrease of residual mlk and/or to a better
response of gal actopoietic hornones to suckling (see Perez et al.

1985). Interestingly, when dairy cows suckle only during the first two
mont hs of |actation, they maintain an increased mlk yield (above
controls) after weaning, suggesting that the nunber of secreting cells
was increased or that there was a carry-over effect on stinulating
mechani snms (Everitt and Phillips, 1971). This can be relevant to

si mul taneous m | ki ng and suckling in dual -purpose herds.

Hem - mast ectony during lactation is foll owed by conpensatory yield
that is partly due to an increase in cell nunbers in the remaining
gl and. During thrice-daily mlking in goats, mlk secretion was
increased in the short-term (hours or days) by renoval of chem ca
f eedback inhibitor and increased netabolic activity, and in the |ong-
term (nonths) by increased cell nunber (resulting either fromincreased
cell proliferation or fromdecreased cell death rate). The latter is
however in contradiction with results in cows previously mlked thrice-
daily over 20 weeks, in which the increased yield was not naintai ned
when they returned to twice-daily mlking. The sane observation can
al so be made after renoval of |long-term BST treatnent (Knight et al.
1988).
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During concurrent pregnancy and |lactation, there is a sharp
decrease in mlk yield during | ate pregnancy (after about 5 nonths in
the cow), due prinmarily to increased oestrogen secretion that inhibits
mlk synthesis (and to sone extent to conpetition for nutrients by the
foetus). There is however at the sanme tine a large proliferation of new
secretory cells that will produce nore mlk during the foll ow ng
| actation (Knight et al., 1988). This proliferative phase is probably
stinul ated by drying-off the animls before the next |actation (Mepham
1983). Hornonal induction of lactation in goats (w thout pregnancy)
| eads to lower mlk yield and higher persistency, wthout change in
mamrary cell netabolic activities (Chilliard et al., 1986), probably due
to | ower manmobgenesis and better cell naintenance.

M| k persistency between |actation peak and | ate pregnancy is al so
related to sustaining the nmetabolic activity of secretory cells (see
above) . It will be clearly related to adequacy of feeding (see bel ow)
and managenent (m |l king or suckling in good conditions) which enables
expression of manmmary cell secretory potential.

Under favourabl e conditions, unbred cows produce each nonth 94% of
their yield during the preceding nonth. During a 5-year lactation, the
yield of the 5th year was about 50% of that during the first (Smth,
1959). The sane annual yield could be perfornmed either wth higher peak
yield and | ower persistency, or the other way round. Low persistency
could be inherited or due to underfeeding or exhaustion of body reserves
(see below) or to other unknown nmechani sns that conpensate for the
hi gher solicitation of the manmary gl and at peak yield. Persistency is
i ndeed generally |l ower in higher producing animals, even if they are
well fed (see Broster and Thomas, 1981 and Faverdin et al., 1987).

BODY RESERVES AND LACTATION IN THE Dairy COW

Body fat at calving conprised 80-120 kg in "normally" fed Hol stein
X Friesian adult cows. The major part (but not all) of body lipids are
stored in adi pose tissues and can be | ost during prol onged underfeedi ng.
In well fed cows, the body fat that was |ost after cal ving can be
deposited again during declining lactation (Table 1).

Body proteins anobunt to 80-90 kg in Holstein cows, but nost of them
are structural conponents of the body and cannot be nobilized w thout
irreversi ble degradation of the cows potential. |In underfed |actating
cows, body protein loss estimated after slaughter or by deuteriated
wat er did not exceed about 15 kg (20% of body protein), half of which

was fromnmuscles (Chilliard and Robelin, 1983). Body protein deposition
in dry cows during fattening is |lower than body protein loss in
| actating underfed cows (Chilliard et al., 1987). This could explain

why the muscl e/bone rati o decreases in old cows (Robelin, unpublished
data). A great part of body water variations is |linked to body protein
variations. Liver glycogen reserves are very |imted and used on a
short-term (day-to-day) basis.
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The extent and duration of body fat and protein nobilization after
cal ving depends on mlk potential, feeding | evel and quality, and
initial body condition.

Effect of mlk potential:

When m | k potential increases (above 20 kg/d at peak yield), cows
eat nore feed but not enough to neet the mammary needs for nutrients,
even with high quality diets fed ad |ibitum Consequently, body wei ght
loss (including lipids, water and protein) increases. Energy deficit
| asted about 4 and 8 weeks in cows with peak mlk yield of 20 and 40
kg/d respectively (Faverdin et al., 1987). However, when conparing
different breeds of cows with the sanme mlk yield, it was suggested that
body wei ght | oss was lower in dairy breeds (Hol stein, Nornmandy,
Charol ai s) because of their higher feed intake capacity (Journet,
Col | eau and Piton, unpublished data). |In respiratory chanber
experinments with cows receiving 95% of their theoretical ad |ibitum
i ntake, body energy loss was linearly related to m |k production |evels
bet ween 20 and 45 kg/d (Vernorel, Rénond and Vérité quoted by Chilliard
et al., 1983).

In well-fed, high-producing dairy cows (nore than 30 kg/d at peak
yield), body fat |oss was 30-60 kg during the first two nonths of
| actation and body protein loss was 1-8 kg. In |ow producing (7 kg/d),
wel |l -fed Hereford x Friesian cows, there was no significant body reserve
nmobi li zation (review by Chilliard et al., 1987). Hi gh producing dairy
cows are able to maintain their mlk yield only if their calcul ated
protein deficit is lower than 10 kg during the first two nonths of
lactation. This is in keeping with body conposition data on body
protein losses during ad libitumor restricted feeding (see above).

Ef fect of feeding |evel:

The imedi ate m | k out put response to netabolisable energy intake
is curvilinear and follows the |aw of dimnishing returns (Figure 2).
When i ntake increases above nean theoretical requirements for cow mlk
potential, the mlk yield response is |ower and suppl enental energy is
stored as body reserves. I n underfed cows mlk yield does not decrease
in proportion to energy intake, due to the use of nobilized body
reserves for mlk synthesis. Curves in Figure 2 show that for fixed
(low) anounts of feeds, high-yielding cows (that are nore underfed) are
nmore responsive to supplenentary feeding than | owyielding ones. It is
al so probable that at a very low feeding level there is little
difference in the actual mlk yield of cows with different mlk
potentials, although further investigations concerning this point are
needed.
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In Holstein x Friesian cows with the sane m |k potential (28-29
kg/d) a feed restriction (25% bel ow ad |ibitumintake) decreased peak
mlk yield (about -2.5 kg/d) and increased body fat (-12 kg) and protein
(-5 kg) losses during the first two nonths. The sanme restriction in
cows with higher potential (33 kg/d) further decreased yield (-1.0 kg/d)
and increased fat (-10 kg) and protein (-7 kg) |osses, when conpared
wWth restricted cows of |ower potential (Chilliard et al., 1983).

Hereford x Friesian cows (11-13 kg/d at peak yield) in good body
condition that were fed at maintenance | evel for 6 weeks after 70 days
of lactation produced 7-8 kg of ml|k per day, and body fat |oss was
estimated to be 22-23 kg. Body fat could be deposited again, and mlKk
yield maintained, if cows were refed at 2 x mai ntenance requirenments for
6 weeks (Topps et al., quoted by Chilliard, 1987).

Figure 2. The response of | ow and high yielding cows to an additional
i nput of energy.

r, > r, (Broster and Thomas, 1981)

r 3 = r 4
High yigider
|
]
£33
| Low yieloer
b '
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')—.
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- ]
F ag hibiruem

F3 i feeding

ENERGY INTAKE

When cows are noderately underfed during early lactation, they are
able to produce again as nuch mlk as control cows after peak yield, if
feed all owances are sufficiently high (Broster and Thomas, 1981 ; Coul on
et al., 1987; Table 2), suggesting that mammary potenti al was not
irreversibly altered. More generally, mlk persistency is affected by
the |l evel of underfeeding after peak yield.
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Table 2. Effect of body condition at calving and feeding | evel on dairy
cow performance and body reserves (Rénond, Chilliard and
unpubl i shed).

Lar ni col

Body condition
at cal ving:

Fat

Lea

D etary energy Hi gh Low Hi gh Low
after cal ving?

Condi ti on score 3.6 3.5 1.4 1.6
at cal ving

Dry matter 19.8 15.1 18. 8 14. 7
i nt ake (kg/d)

MIlk yield 30.4 28.9 28.9 26.0
(kg/ d)

MIk fat content 40.8 43. 6 39.7 39.1
(g/kg)

MIk protein 32.2 30.4 32. 4 31.0
content (g/kg)

Ener gy bal ance - - +1.2 -
(Mcal /d) 0. 55 8.71 1 4. 49
Pl asma free

fatty acids (mv) 0.48 0.94 0. 47 0.63
Adi pose cel | -8 -21 -8 -15
di aneter (pm

Body wei ght -32 -59 +11 -11
change (kg)?

Condi ti on score -0.2 -0.6 +0.7 0.0
change

MIlk yield (kg/d 15.6 16.6 16. 2 14. 7

over
weeks 19-44) 3

Data are from51 cows (11 to 14 per group) between weeks 1 to 8 of

| act ati on.

Protein (PDI, protein digestible in the intestine) concentration was

increased in "low' energy diet

in order to achieve simlar

intakes in "high" and "l ow' groups.

2Corrected for differences in dry matter intake.

%45 cows only (8 to 14 per group)

PDI
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Ef fect of body condition at cal ving:

Body condition scoring allows the assessnent of subcutaneous fat
variations by feeling with the hand the tail head and the | oin areas.
Wth a 0-5 scale, in 49 Holstein x Friesian slaughtered cows an increase
of one unit of condition score was equivalent to 35 kg of body wei ght
(r=0.69) and 28 kg of body lipids (r=0.85) (Rénond et al., 1988).

Body condition at calving is the result of body reserve
nmobi |'i zati on and deposition cycles during the Iife of the cow, and nore
particularly during the previous lactation and dry periods. Increasing
the I evel of feeding before calving generally increases subsequent m |k
yield (Broster and Thomas, 1981). This could be due to better
manmmogenesi s and | actogenesi s during the |ast weeks of pregnancy and the
first days of lactation, to better digestive adaptation, as well as to
better body condition (availability of body reserves) of the cow.

In well fed cows, body condition at calving has little effect on
m |k production, if the condition score is above 2. Fat cows generally
have | ower voluntary feed intake but produce the sane anount of mlKk,
due to body lipid (and probably protein) nobilization (review by
Garnswort hy, 1988). These cows are however nore susceptible to
nmet abol i ¢ disorders (see foll ow ng sections) and reproductive probl ens.

Differences between fat and | ean cows are nore pronounced during
underfeeding. Underfed fat cows maintain their mlk and fat yields due
to a very high body lipid nobilization (Table 2). The decrease in mlk
protein yield and content is probably related in part to the low ability
of body proteins to be nobilized. On the other hand, underfed | ean cows
still nobilize body reserves but not sufficiently to maintain their
yield of mlk, fat and proteins. |In our trial they presented no higher
i nci dence of health problenms. Wen fed ad libitumfromthe 9th week,

t hey reproduced normally and produced as nuch mlk as fat cows fromthe
"hi gh" group during the second part of the lactation (Table 2). The
excel | ent performances of |ean cows that were well fed with high
concentrate diet should al so be underlined.

Body fat nobilization is also related to protein feeding. An
i ncreased supply of limting am no-acids to the mammary gl and can i ndeed
increase mlk yield and therefore the energy requirenent of the cows.
This can lead either to increased feed intake (with highly digestible
forages) or to increased body fat nobilization that will supply fatty
acids for fat synthesis and oxidative energy in the mammary gl and
(Journet and Rénond, 1981). These hypotheses are confirnmed by the fact
that mlk response to an increased protein supply was higher in fat than
in lean cows (Garnsworthy, 1988). Peak yield increase could be,
however, followed by decreased persistency (Broster and Thomas, 1981).

A know edge of body stores is very inportant for understanding the
| ong-termeffects of underfeeding during several |actations (see Broster
et al., 1984). |In Wktorsson's trials, underfeeding during the first
year did not affect peak yield but increased body wei ght | oss and
decreased persistency. On the contrary, continued underfeeding during
the second year decreased peak and total yield, w thout further body
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wei ght | oss (due to body reserve exhaustion, cf. Table 2). Wen cows
were refed during the third year, nutrients were directed primarily to
body gain and mlk yield was not fully returned to control |evel.

REGULATI ON OF NUTRI ENT PARTI TI ONI NG

Bot h exogenous and endogenous nutrients are used by the mammary
gland. They are nore available during | actation because of increased
i ntake and digestion, as well as increased endogenous nutrient
mobi | i zati on, or decreased conpetition, by other tissues and organs.
The liver plays a key role in glucose production. Adipose tissue
(muscles) can rel ease or take up fatty (am no) acids, glucose and
acetate. Mneral nmetabolismin the bones and gut is also involved.

During lactation, mammary netabolismis stinmulated by
gal act opoi eti ¢ hornones, anong them somatotropin (BST) plays a central
role. BST is also involved in the coordination of extra-nmamrary
met abolismin order to ensure the priority of the mammary gl and for
nutrients (tel eophoresis, see Bauman and Currie, 1980). Know edge on
t he nechani sns of BST action has increased very rapidly thanks to the
treatment of cows wth reconbi nant BST. Such a treatnent rapidly
increases mlk yield but the feed i ntake response is del ayed for 6-8
weeks. During this period body reserves are nobilized, but can be
deposited again after several nonths of BST treatnent in adequately fed
cows (review by Chilliard, 1988).

The primary effect of BST is to stinmulate the mammary gl and,
probably via stinulation of somatonedi n production. BST al so decreases
gl ucose and am no acid oxidation, at the expense of adi pose tissue |ong-
chain fatty acids, and stinulates |iver gluconeogensis. Part of these
adaptations is due to BST counteracting insulin effects in various
ti ssues. Lowered sonmatonedin secretion is partly responsible for "BST
resistance" in underfed animals (G uckman et al., 1987).

Insulin secretion and tissue responses to insulin decrease in early
| actating ani mal s whereas gl ucagon secretion is maintained or increased.
This favours liver glucose production and adi pose tissue nobilization
(that is also favoured by hi gher beta-adrenergic sensitivity) and
decreases gl ucose and am no-acid utilization in adi pose tissues and

nmuscl es, but not in the mammary gland (see Chilliard, 1987). Thyroi d
hornones are al so | owered during early |lactation, possibly decreasing
basal energy expenditure and protein turn-over (Aceves et al., 1985).

The respective effects of tel eophoretic hornones such as BST, and of the
mammary drain of nutrients in netabolic and endocrine adaptations to
| actation are not conpl etely understood.

Hi gh- produci ng dairy cows have been selected for their ability to
give a high netabolic priority to the manmmary gl and. | f tel eophoretic
mechani sms overdo honeostatic regul ati on, several netabolic disorders
can occur (mlk fever, ketosis, steatosis, infertility, etc.), even in
cows receiving high quality diets in tenperate countries. This can
partly explain why specialised dairy breeds are nore subject to health
probl enms under tropical conditions in devel oping countries, contrary to
| ocal or crossbred cattle whose mlk yield decreases nore rapidly when
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they are underfed (Preston and Leng, 1986). Low mlk potential could be
consi dered as one facet of genetic and phenotypic adaptation to
unfavourabl e conditions. Adaptation to heat stress is acconpani ed by
changes in nunerous | actogenic, gal actopoietic or honeostatic hornones
(Aceves et al., 1985; Johnson, 1987 and present neeting).

Efficiency of nutrient use for mlk yield depends on the bal ance
bet ween gl ucogeni c, |ipogenic and am nogenic nutrients that are absorbed
fromthe digestive tract and on absol ute needs of the mammary gl and for
each particular nutrient (see Preston and Leng, 1986 and present
meeting). It depends also on the effects of the absorbed nutrients on
t he endocrine state, particularly the insulin/BST ratio, and on the
physi ol ogi cal needs of the cowto recover its "normal" body condition
(see Chilliard, 1987). The efficiency of digestible energy utilization
is decreased by heat stress, resulting in increased nutrient requirenment
at the absorptive | evel under tropical conditions (Roman-Ponce, 1987).
As anbi ent tenperature increases above 21°C, the cow | owers heat
production by decreasing feed intake and mlk yield, although sone
i ndi vidual s are nore resistant (Johnson, 1987).

Mai nt enance requirenment represents a major portion of energy needs
for cattle production and is consequently a major factor in overal
energetic efficiency. Maintenance requirenent is higher in high-
producing dairy cattle breeds during wei ght maintenance periods w t hout
| actation. This is probably linked in part to the greater devel opnent
of visceral organs with high protein turn-over (digestive tract, liver,
heart, etc.) that are involved in handling | arger anounts of feeds,
nutrients and bl ood during lactation. This could also partly explain an
i ncreased mai nt enance requirenent in the sanme animal during | actation,
or according to previous higher feeding | evel (see Ferrell and Jenkins,
1985).
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CONCLUSI ON

Know edge of high-yielding dairy cow physiology and nutrition has
rapidly increased during the |ast decades. Al t hough not directly
useful for mlk production in tropical conditions, data on the effects
of suckling, mlking, underfeeding, body reserves, endocrine regul ation
and nutrient partitioning could probably be used as a basis for the
pl anni ng and di scussi on of applied research, as well as for devel opi ng
basic research, directly related to tropical conditions. |In term of
priorities, a particular attention has to be payed to feedi ng and
managenent of |ate pregnant-early |actating cows, since they are nore
responsi ve at this physiol ogical stage.
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| NFLUENCE OF NUTRI TI ON ON REPRODUCTI VE PERFORMANCE
OF THE M LKI NG GESTATI NG COVN I N THE TROPI CS

by
K- H. Lot t hammer

Good m | k production and nunbers of calves per unit tine are only
obt ai ned by achieving early conception in heifers and a short inter-
calving interval in adult cows. Factors affecting fertility in dairy
cows are nunerous (Table 1).

Table 1. Possible factors affecting fertility in dairy cattle.
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It is estimated that about 80 per cent of the variance in
fertility is due to environnental factors, of which nore than 50 per
cent is explained by nutrition, when severe infections and nale
fertility are excluded. Even predisposition to infectious diseases
can be caused or increased by nutritional failures. Therefore
bal anced feeding is fundanental to m |k production as well as health
and fertility.



The present paper is nostly based on data which were obtained in
dairy cows kept under tenperate climte conditions, because of a | ack
of know edge about rel ati onships under tropical conditions. Except
for some cases, the results should be seen as an indication of
possi bl e rel ati onshi ps.

In feeding dairy cows, three basic points nust be considered in
order to get good reproductive perfornmance:

1. Bal anced feeding is necessary throughout the year (lactation,
gestation, dry period).

2. Reproduction can be affected by both an excess as well as a
nutritional deficiency.

3. I nteractions exist between the factors affecting fertility so

that the conbined effects are additive.

The last point mainly applies to energy deficiency. Energy is an
inportant nutrient for dairy cows both before and after cal ving and
there is no substitute for energy in the diet of rumnants. A bal ance
of energy and protein is required, even before calving and in the dry
period (Table 2).

Table 2. Reproductive perfornmance and frequency of netabolic di seases
in dairy cows fed different |levels of energy and protein in
the dry period.

Goup 1 G oup 2 signif.

Feedi ng | evel: Mai nt enance Mai nt enance

+ 16 kg FCM + 2 kg FCM

HI GH LOW
% %

del ayed uterine 53.6 17.2 * %
i nvol uti on
puer per al 70.8 26.9 **
endonetritis
follicular 44. 8 18.7 *
cysts
conception rate 46. 4 74. 1 *
with
one or two
i nsem nati ons
paresis pueperalis 26. 2 6.3 *
subcl i ni cal 65.5 45. 5 *

acet onaemn a

Lot t hanmmer and Faries (1975)



As table 2 shows, all paraneters of reproductive performances in
Goup 1 (overfed during the dry period) pointed to |lower fertility
conpared to Goup 2 with restrictive feeding (for maintenance and 2 kg
mlk). Furthernore the incidences of sub-clinical ketosis and
parturient paresis were higher. MIk production after cal ving however
was not increased (difference 0.5 kg/day), but the mlk fat content
was significantly elevated by 0.9%in the overfed group due to
lipolysis. This effect, noreover, results in fatty liver. The
met abolic stress is caused by a decreased intake after cal ving.
Simlar results were also obtained by Boisclair et al. (1988) and
Flipot et al. (1988). There is a consensus anong the authors that
overfeedi ng should be avoided in the |ast stages of lactation to
prevent fattening. About two weeks before the expected cal ving date,
the cow s runmen shoul d be prepared by a gradual increase in
concentrates (0.5 kg per day nore).

On the other hand, an energy deficiency before calving (bel ow
mai nt enance) shoul d be avoi ded as well because this |eads already at
this stage to netabolic stress with subclinical ketosis and liver
damage, followed by a higher incidence of retained placenta,
endonetritis and | ow conception rates in the follow ng |actation.

The negative effect of an insufficient energy provision before
calving will be enhanced by an energy deficiency after the foll ow ng
parturition. Probably due to the |iver damage which occurs in this
case, there is also an inpact on fertility (Lotthamer, 1975; Reid et
al ., 1979). One also finds nore severe infections of the udder,
mainly fromE. Coli. Furthernore we found that, in herds with a high
i nci dence of |iver damage, the response to vaccination against |BR |PV
(BHV-1) was significantly depressed. These results suggest an
I mmunosuppressi on due to |iver damage.

The inportance of energy after parturition is well known.
Already in the first two to three weeks of lactation, energy from any
source is inmportant for the onset of ovarian activity (Butler et al.
1981; Terqui et al,. 1982; Villa-Godoy et al., 1988) and, related to
this, for uterine involution. Energy deficiency |leads to acyclia,
silent heat, delayed ovulations and follicular cysts. Significant
correlations exist between fertility and wei ght |oss or body
condition, as indicators of negative energy balance in the first weeks
after calving (Oxenreider and Wagner, 1971; Codfrey et al., 1982
Rutter and Randel, 1984). Weigelt et al. (1988) also report enbryonic
nortality in cows with energy deficiency. The effects of energy
i ntake on reproduction foll ow the pathway summarized in Figure 1
That even the result of therapeutic treatnents of reproductive
di sturbances such as endonetritis depends on the nutritional status is
denonstrated in Table 3.

Under tropical conditions in the dry period, energy provision is
insufficient and related to fertility problenms. This is suggested by



the field investigations of Betancourt et al. (1985) carried out in
Colunmbia with the dual purpose Zebu (Figure 2). Mre exactly, we
coul d denonstrate the correl ati ons between energy and reproduction in
relation to the seasonal conditions in Pakistan in m |k buffal oes
(Figure 3).

Figure 1. Effects of energy inbal ance and aci dosis ante- and post-
partum on health and reproductive performance in dairy cows
(Lot t hanmer 1987).
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Figure 2. Monthly amount of
per cent ages of static ovaries in dual
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I in Cordoba (Col onbia) and
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Table 3. Results in pregnancy, nunber of treatnents and insem nations
per pregnancy after treatnent of puerperal and postpuerperal
endonetritis and losses in cows with different nutritional
status and heal t h.

nutritional status/health
Par anet er nor mal ener gy ener gy
defi ci ency defi ci ency
excess of l'iver
protein damage
% of pregnanci es 94. 4 81.0 54.5
treatnents per cow 1.22 1.46 1.66
i nsem nati ons/ pregnancy 1.39 2.19 2.59
interval treatnment -
conception (days) 48. 50 66. 90 68. 30
costs of treatnent/
conception (%) 17. - 24. - 40. -
differences to "normal"
group by costs of
treatnent and | osses + 78. - + 100. -
per cow (%)
(Escherich and Lotthaner, 1987)



Figure 3. Monthly distribution of conceptions and concentrations of
gl ucose and urea in blood serumof mlk buffaloes in the
course of the year (Bode, 1989).
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As Figure 3 denonstrates, the glucose levels in the (dry) sumrer
are at a mninmumand they increase wth the beginning of rainfall in
the autumm. At the sane tinme, the percentage of conceptions increases
too. This suggests that, with better feeding conditions follow ng
rainfall, the energy supply is also inproved which results in a higher
conception rate. The high urea levels in the dry period indicate
i nmhal anced energy/protein supply too, due to an energy deficiency.

Figure 4 illustrates the problem of providing energy and protein
inregions wwth a dry and rai ny season. The nutritional conditions
are changi ng between hi gh intake and deficiency with consequences for
metabolism This mainly influences reproduction in the dry season.
To get better results, efforts should be nade to bal ance these
conditions. That means transferring part of the surplus fromthe
rainy season to the dry season by the follow ng activities:

1. Ensilage of well grown feed plants (king grass, corn, etc.)

2. I ntroduction of new feed plants (corn or other) (Lotthamer,
1982)

3. Irrigation of grassland to shorten the dry period and to extend

t he period of vegetation
4. Good grassl and managenent .



Figure 4. Schematic situation of energy and protein supply in regions
with a rainy and dry season.
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The i nportance of protein sonetines seens to be overestinmated, if
it is appreciated that rum nants are produci ng about 70% of their "own
protein" by nmeans of mcrobes in rumen. These need nmainly energy in
the formof carbohydrate. This neans that, with normal runen
conditions for the mcrobes, rumnants are already supplied with
protein and energy via gluconeogenesis. This could be denonstrated by
Kauf mann (1976) and is indicated by the positive correl ati on between
energy intake and protein content in mlK.

We found a curvilinear correlation between conception rate and
protein supply. Protein deficiency as well as an excessive protein
supply causes acyclia and | ow conception rates.

The negative effect of a relatively excessive intake of protein
i s enhanced by energy deficiency at the sanme tinme. Under these
conditions, a |arge anount of ammonia is flow ng through the liver and
causes |liver damage. In these cases we find static ovaries, silent
heat, anaphrodi sia, purulent endonetritis and enbryonic nortality.
This can be caused by alterations of uterine secretions (Jordan et
al ., 1981, Ferguson and Chal upa, 1989). Uerine treatnents with
antibiotics or other preparations in these cases are not very
successful until nutrition is balanced (see Table 4) and therefore
t hey are not econom c.



Table 4. Incidence of diseases in health and fertility post-partum
after grazing on pastures wth different concentrations of
nitrate in grass dry matter.

NO,. concentration in dry matter (%

Di sease < 0.30 0.30 - 0.50 > 0.50
Par esi s 0 6.1 17.2

Puer peral endonetritis 25.0 36. 4 44. 8

Ret ai ned pl acent a 0 13.6 10. 3

Abortions/stillbirths 7.1 6.1 3.4

M neral s

For many years, phosphorus deficiency was given as a main cause
of infertility. Legel (1970) denonstrated in a definitive experinent
t hat phosphorus deficiency decreased total intake which caused a | ower
energy supply and |l ower weight gain in heifers. A negative effect on
reproduction was not found. |In the case of stress, the negative
effect of P deficiency is enhanced. The Ca:P ratio also seens to be
inmportant. The results of our experinents show that the frequency of
non-i nfectious endonetritis is increased when Ca: P rati os decrease.
Furthernore a | ower content of manganese is found in uterine tissue.

This al so denonstrates the inportance of cal cium which has
functions for the uterine performance, especially after calving for
involution of the uterus. The advice is to keep Ca:P ratio in total
intake over 2:1 with marginal P supply which should be hi gher under
stress conditions. Depending on soil quality and fertilizer use, a
deficiency of sodiumand a correl ated excess of potassium can reduce
fertility by irregular oestrus cycles, endonetritis and follicular
cysts (Lotthamer and Ahl swede, 1973). The Na: K rati o should be kept
under 10:1. Sodi um suppl enentation by salt is very cheap and shoul d be
given ad |ibitum

O the trace mneral s, manganese and sel enium may i nfl uence
reproduction. Manganese supply is correlated with pH value of the
soi |l because high pH values inhibit uptake fromthe soil. A
defici ency of manganese produces anaphrodi sia, endonetritis and
abortions (Anke et al. 1987). Daily supply per cow should be 1000 ng.
Recently sel enium deficiency has been di scussed, in conbination with
vitam n E, producing retained placenta, endonetritis and cystic
ovaries (Harrison et al., 1986). The authors state that only a
conbined treatnent with seleniumand vitamn E inproves fertility.



Vitanins

O the vitamns, vitamn Ais seen nearly exclusively as the
factor affecting fertility. |In several experinents with heifers and
m | king cows, we could denonstrate a negative effect of R-carotene
deficiency on fertility, unrelated to vitamn A (Lotthamer, 1979).
The failures are silent heat, delayed ovulations, follicular and
| uteal cysts, early enbryonic nortality and diarrhoea in cal ves.

These problens occurred in spite of sufficient vitamn A The daily
supply needed is 125 ng for dry cows and heifers and about 300 ng for
m | king cows. The carotene status is easily observed by the col our of
t he serum

The effect of vitamn E deficiency cannot be separated from
sel enium deficiency (see above). Both nust be considered to prevent
fertility problens. The requirenent wll be supplied by green feed
or sil age.

O her factors

Under certain conditions, sonme substances in plants can affect
health and fertility. As pointed out above (Table 4), fertility
probl ens i ncreased with hi gher concentrations of nitrate in grass.
The content of nitrate in plants is positively correlated with dry
conditions and fertilization with nitrogen. Energy deficiency
enhances the negative effect. Also sone plants (e.g. Cruciferae) have
hi gh concentrations of nitrate.

O her substances in plants are oestrogenic. These substances can
be produced by plants thenselves (Trifoliunm) or by fungi on plants and
fungi cause problens in tropical areas. The oestrogeni c substances
influence fertility directly via the ovaries in a very severe way
(Kall ela, 1968; Lotthamer et al., 1970). Avoiding the growth of
fungi is the best way to prevent disturbances.

Concl usi on

More research is needed to increase our know edge of the effects
of nutritional factors affecting fertility and health. Furthernore,
nore work is needed to determne the contents of all nutrients in
| ocal feeds, in relation to season and soil conditions.
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THE ROLE AND MECHANI SM5 OF GENETI C | MPROVEMENT | N PRODUCTI ON
SYSTEMS CONSTRAI NED BY NUTRI TI ONAL AND ENVI RONMENTAL FACTORS

By
da Syrstad

| NTRODUCTI ON

One of the many constraints on mlk production in the tropics is
t he poor genetic potential of the indigenous animls. Tropical cattle
are nostly of zebu (Bos indicus) type. These cattle are well adapted
to the conditions prevailing in the tropics. Natural selection over
hundreds of generations has provided themw th a high degree of heat
tol erance, sone resistance to many tropical diseases and the ability
to survive long periods of feed and water shortage. However, their
dairy potential is poor; they have low mlk yield, they are late
maturing and usually do not let down mlk unless stinulated by the
sucki ng of the calf.

Genetic inprovenent alone mght not result in drastic increases
of mlk production in the tropics, but it is a prerequisite for such
increases. Cenetically nore productive animals are al so the best
incentive to inproved feedi ng and managenent .

GENOTYPE AND ENVI RONMENT

The performance of an animal is the result of the joint action of
its genotype and the non-genetic effects to which it is exposed. The
non-genetic factors are often collectively termed the "environnent".

The genotype is often conceived as a frame which restricts the
performance to a given level. Below this level, the performance is
determ ned by the environnent. This concept is visualized in
Figure la. Two genotypes, A and B, are considered. The superiority of
the better genotype, A 1is expressed only if the environnent is nore
favourabl e than that which is necessary to exploit fully the potenti al
of the poorer genotype, B. \Wen the environment is worse than this,
bot h genotypes would performsimlarly and genetic inprovenent beyond
the level of B would be of no use. According to this nodel both
genotype and environnent can act as bottl enecks which restrict
performance. Although this m ght seemreasonable, the avail able
evi dence indicates that the concept is in general not providing an
appropriate description of the interaction between genotype and
envi ronment .

The nodel illustrated in Figure 1b is much nore likely to be
correct in nost cases. Here the superiority of the better genotype,
A, is realized, regardl ess of the environnental conditions, but the



Figure 1. Different nodels of genotype x environnment interaction. For
expl anation, see text.

a)

Environment



di fference between the two genotypes increases as the environnent

i nproves. This neans that genotype A responds nore to inproved

condi tions than genotype B (indicated by the steeper slope of the
line), but the genetic difference is expressed al so under poor
conditions. Most research on genotype - environnment interaction in
dairy cattle supports this nodel (review by Syrstad, 1976). In
studies on field data, progenies of various bulls have been found to
rank very simlarly over a wide range of production |levels. The sane
was true when progenies of the sane bull in Mexico and U. S./Canada
were considered (McDowell et al., 1975). A recent review of dairy
cattle crossbreeding in the tropics (Syrstad, 1989) suggests that the
relative nerits of two genetic groups (1/2 vs. 3/4 exotic inheritance)
i s i ndependent of production |evel.

Figure 1c describes a situation in which the different responses
of the two genotypes to environnmental inprovenent results in reversed
ranki ng. GCenotype A is the better under good conditions, while Bis
superior when the environnent falls below a given level. This m ght
occur in cases when the environment varies over a very wide range. An
exanple frombeef cattle is presented by Hearnshaw & Barl ow (1982).
Crosses of Hereford with Friesian, Simental and Brahman (American
Zebu) were conpared under good, internediate and poor pasture
conditions. The Friesian and Simental crosses were the best on good
pasture, while Brahman crosses were superior on poor pasture. In dairy
cattle, Buvanendran & Petersen (1980) found al nost no rel ationship
bet ween the performance of daughters of the sane bull in Denmark and
Sri Lanka. However, the nunber of daughters in Sri Lanka was small,
and the |l ack of association m ght be incidental.

Model (b) suggests that the best breeding strategy is to select
breeding animals on their performance in a good environnent, as this
is when the genetic differences between animals is nost clearly
expressed. But this would be dangerous if nodel (c) should be
correct. The safest, and usually the nost efficient, approach is to
base selection on the nmerits of the animals as expressed under
environmental conditions simlar to those which their progenies wll
be exposed to.

METHODS FOR CGENETI C | MPROVEMENT

a) Selection within the |Iocal population

Cattle indigenous to the tropics have, except in very few cases,
been subjected to only little artificial selection for increased mlk
production. In view of the inpressive results achieved by sel ection
in many tenperate dairy breeds there should be good prospects for
inmproving the dairy potential of tropical cattle by the sane nethod.

CGenetic inprovenent per generation from sel ecti on depends on the
variability of the traits considered, their heritability (i.e. the



proportion of total variation which can be ascribed to genetic
differences), and the intensity of selection. Variability, in terns
of the coefficient of variation, is usually greater in tropical than
in tenperate cattle, but the variation in actual units is |ess.
Studies of heritability based on sufficiently | arge anobunts of data
are few, but estimates reported fall within the sane range as those
fromtenperate countries. Intensity of selection is restricted by the
reproductive rate, and is further reduced by early nortality, which
often is high under tropical conditions.

Many dairy cattle breedi ng progranmes claima genetic inprovenent
in mlk yield of one to two percent per year. O this inprovenent, 60
to 70 percent is derived fromthe selection of bulls on the basis of
the performance of their daughters (progeny testing). This is achieved
by a conbination of accurate progeny testing (i.e. many daughters per
bull) and intensive selection (many bulls tested per year). These
conditions can be fulfilled only in |arge popul ations, conprising tens
(1f not hundreds) of thousands of females, artificial insemnation,
and w despread m | k recording.
In nost tropical countries such popul ations do not exist, and are not
likely to be available in the foreseeable future. Instead a breeding
programme m ght have to be established in a single herd or a few
cooperating herds. |In order to nake progeny testing worthwhile, even
strictly on genetic grounds, several hundred fenmal es woul d be needed.
Still, the high costs involved m ght not make such a programre
attractive. But if the herd serves as a nucleus herd, also providing
bulls for breeding outside the herd, the benefit of genetic progress
Will inturn be transmtted to a nuch |arger nunber of aninmals, and it
m ght be justified to maxi m ze genetic progress in spite of high
costs. Thus a rather small breedi ng schene can have trenendous i npact
i f organi zed and operated properly.

b) Introduction of inproved tropical breeds

Sone breeds of tropical cattle, e.g. Sahiwal and Red Sindhi, have
been sel ected for increased mlk yield over a long tine and have
reached a nmuch higher dairy potential than nost cattle in the tropics.
This is a genetic resource which should be exploited for upgradi ng of
uni nproved stock. After a few generations of back-crossing to bulls
of the inproved breed, the inheritance of the |local cattle has been
al nost conpletely replaced by the inproved inheritance. The risk of
| osing adaptability to local conditions by this nmethod is small, a
breed |i ke Sahiwal has shown to adapt well to conditions in four
different continents. An inprovenment which would require ten
generations of intensive selection could be obtained in two or three
generations of upgrading with an inproved breed. Unfortunately the
nunmber of animals of inproved tropical breeds is small, and breeding
stock of high quality are not easily avail abl e.



c) Introduction of tenperate breeds

Reports on the high mlk yields in some tenperate countries have
spread the belief that the inportation of European-type dairy breeds
is the solution to the problemof |ow production levels in the
tropics. In sone cases introduction of tenperate breeds has been
successful but nmuch nore often the experience has been di sappointing
and sonetines al nost disastrous. Diseases, high nortality rates and
low fertility have been frequent problens anong the inported animals
and their progenies, and animals which have survived have failed to
reach the expected production levels. Ofspring born in the tropical
country have often produced nuch | ess than their danms, which were
inported as heifers. The lack of adaptation to tropical conditions
has been obvious. On the basis of experience up to this tine,
pur ebred European-type dairy cattle can be recomended in the tropics
only if climatic stress is noderate, health services are easily
avai | abl e and reasonably good feeding is practi sed.

d) Crossbreeding with European type cattle

Crossbreeding of tropical cattle with cattle of European-type
breeds has occurred for nore than one hundred years, and a | arge
nunber of reports has been published. |In nost cases, females of |ocal
stock have been mated to bulls of the inported breed or by the use of
i nported senen.

In al nost all cases, crossbreeding with a European breed led to a
dramatic increase in mlk yield in the first crossbred generation
(F1), conpared with the | ocal stock. The crossbred femal es cal ved at
a much younger age than native animals, produced two to three tines
more ml k and had | onger |actations, shorter dry periods and shorter
calving intervals. Mrtality and susceptibility to di sease were only
slightly higher than in native cattle.

These favourable results were, naturally, ascribed to the
superiority of the exotic inheritance, and it was tenpting to
introduce nore of it by backcrossing to exotic bulls. But the
expected further inprovenent did often not occur and in many cases a
decline in performance was observed. Problens of high nortality and
reduced fertility increased as the |evel of exotic inheritance
i ncreased towards 100 per cent.

When it had been found that upgradi ng towards the European breed
was not advi sabl e under nost conditions, the next step was to try to
stabilize the |l evel of exotic inheritance by mating F1 nmal es and
femal es together. But again the results were often disappointing. In
al nost all projects the performance of the second hal f-bred
generation, F2, has been nuch below that of Fl1. Age at first calving
and calving intervals have increased considerably and mlk yield has
dropped by up to 30 per cent.



A sunmary of results from54 sets of data reported from cross-
breedi ng experinents in various regions of the tropics is presented in
Table 1. The good performance of the first crossbred generation (F1)
and the deterioration in the next generation (F2) are clearly
denonstrated. The nost obvi ous explanation is the presence of hybrid
vigour (heterosis); this effect is maximzed in the F1 but half of it
is expected to disappear in the F2 and forward generations. 1In
addi ti on other genetic nechanisns m ght al so be invol ved.

The great effect of hybrid vigour in crosses of zebu x European-
type cattle mght be expected because of the w de genetic distance
bet ween the two types (Cunni ngham and Syrstad, 1987). Furthernore it
has been suggested that hybrid vigour is nore inportant under
stressful than under favourable environnmental conditions (review by
Barl ow, 1981). The breeding strategy for dairy cattle in the tropics
shoul d therefore also aimat exploiting hybrid vigour. Exactly how
this can be done under various conditions is still a question for
di scussion, and nore research is needed.

Table 1. Performance of zebu cattle, European type cattle, and their
crosses in the tropics. Summary of 54 sets of data. Source:
Syrstad (1988).
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Proportion Age at first M | k Cal vi ng
Eur opean cal vi ng, yi el d, i nterval,
cattle nmont hs kg days
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0 (i.e. zebu) 43. 6 1052 459
1/8 40.1 1371 450
1/ 37.5 1310 435
3/8 36.1 1553 435
1/2 (F1) 32.4 2039 429
5/8 33.8 1984 432
3/4 33,9 2091 450
7/ 8 34. 4 2086 459
1 (i.e. European) 31.6 2162 460
1/2 (F2, from F1xF1) 33.7 1523 449
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Table 2. Conparison of F1 and backcrosses (1/2 and 3/4 European
i nheritance) at low, internediate and high production
| evel s. Summary of 30 sets of data. Source: Syrstad (1989).
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F1 Backcrosses
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Low (<2000 kg) 1487 1605
| nt er redi at e (2000- 2405 kg) 2175 2218
H gh (>2405 kg) 2798 2698
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MATCHI NG LI VESTOCK SYSTEMS W TH AVAI LABLE RESOURCES
by
T R Preston

DEVELOPMENT MODELS

The Third Worl d

In the tropical regions of the Third Wrld in general and specif-
ically at the level of the small farm livestock production is in
crisis. This crisis is closely related with the production nodels
which were inplanted in Third World countries during the post-war
period and were intensified in the decades of the 60's and 70's. In
order to introduce these new technol ogies, nmany Third Wrld countries
established credit nechanisns, agricultural research programes, rural
extensi on schenes, and training programes ainmed at increasing produc-
tion by pronoting an increase in the productivity of crops and
ani mal s.

The nodel that was advocated for the agronom c sector ained to
bring about a "green revolution", specifically in cereal grain produc-
tion, that would solve the nutritional problenms and hunger suffered by
mllions of people in the Third Wrld. "lInproved" production systens
wer e pronoted, based on high performance germ plasm nonocul tura
practices and the intensive use of capital, machinery, and costly
inported inputs such as fertilizers, pesticides and herbici des.

In the livestock field, priority was given al nost exclusively to
the introduction of systenms, the technical and econom c bases of which
were derived fromexperiences in the tenperate, "industrialised"
countries, where enphasis had been on | ow | abour inputs, high use of
capital, and intensive specialised production nethods ai med at market
expansi on. For exanpl e:

- Cattle production systens were based on the Anerican and
Austral i an nodel s that enpl oyed extensive grazing on pastures
established in regions previously in natural forest. The result
has been an alarm ng increase in erosion and destruction of
ecosystens and wat er sheds.

- Pig, poultry and mlk production systens were based on "econony
of scale", involving an ever increasing dependence on "inported "
inputs (feed grains and protein neals, germ plasm drugs, equip-
ment and fossil-derived fuel), and an overall negative effect on
enpl oynent opportunities, especially in rural areas.



The result of these activities has been an increasing dependence
on inported inputs, increased costs of production, reduced rural
enpl oynent, contam nation of the environnent and destruction of
ecosystens, deforestation and under-utilization of avail able resour-
ces.

The industrialised countries

The transfer of livestock technologies fromindustrialised to

devel opi ng countries, has obviously been largely unsuccessful. Quite
apart fromthe reasons for such failures, it is relevant to question

t he basic concepts governing the nodels currently enployed in the

i ndustrialised countries. For, contrary to what is so often assuned,
it my not be desirable - even if it were technically and econom cally
feasible - to attenpt to achieve in Third Wrld countries the styles
and standards of living currently "enjoyed" (??) in the industrialised
countries. Leaving aside the social issues, an assessnent of the
present agricultural situation in nost industrialised countries shows
t hat :

- agricultural products - especially those of animal origin - are
expensi ve to produce and to buy,

- present production systens are wasteful and cause considerable
ecol ogi cal danage,

- the systens of production and the products that are produced are
frequently associated with stress both for animls and humans,
and

- the dependence on, and excessive use of, fossil fuel based inputs
is causing an alarm ng increase in atnospheric carbon dioxide
concentrations, which is the main contributer to the warm ng of
the earth's atnosphere - the "greenhouse effect.”

It hardly seens sensible to encourage the devel oping countries to
commt their scarce econom c resources to |livestock production
programmes which may eventually arrive at the same inappropriate end-
poi nt ..

Eco-devel opment and self-reliance

The concept of eco-devel opnent has been proposed by Third Wrld
econom sts as an alternative to the classical devel opnent nodel s
derived fromthe industrialised countries, which have proved to be
unsust ai nabl e when introduced i nto devel opi ng countries. The basic
feature of eco-developnent is that the neans of inproving the quality
of life of a community should be sought within a framework bounded by
the limtations - environnental, social and econom c - governing the
activities of the coomunity. The neans of achieving such ains should



be determ ned by the principles of self-reliance; in other words, the
t echnol ogi es used shoul d be deci ded and executed by the community and
shoul d not be dependent on outside events and forces.

DESI GN OF LI VESTOCK TECHNOLOG ES FOR THE TROPI CAL THI RD WORLD

Goal s and neans

| nproved technol ogies are essential tools in all fornms of devel -
opnent. Past m stakes in technology transfer can be traced to the
failure to understand the fundanental issues which nust be consi dered
bef ore enbarking on the design of technologies. O these, the mgjor
one is: what are the constraints governing the design of the tech-
nol ogi es? Are these the sane for both devel oped and devel opi ng
countries or are there basic differences that should be taken into
account? Experience fromthe Third Wrld tells us that while the
scientific principles which underly technol ogies are the sane, the
technol ogi es thenselves are likely to be quite different. Sone of the
reasons for this statenent are set out in Table 1.

These differences help to explain why there are conflicts con-
cerning the strategies that should be applied when nati onal
governnments, supported by international and bilateral technica
assi stance agencies (whose policies are |argely determ ned by profes-
sionals fromthe industrialised countries), attenpt to introduce
innovations in the field of |ivestock research, technol ogy transfer
and trai ni ng.

Tabl e 1: Design of |ivestock technologies for industrialised and
devel opi ng countries; goals and neans
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| ndustrialised Devel opi ng
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Cimte Mostly tenperate Mostly tropica
Rol e of |ivestock Speci al i sed Mul ti purpose
Tar get group The rich The poor
Resour ce base:

Feed Starch-protein Fi bre-sugars

CGenetic | mpr oved Native
Capi t al Hi gh Low
Labour Low Hi gh
Mechani sati on Hi gh Low
Agr ochem cal Hi gh Low
I nfrastructure Good Poor
Mar ket i ng Good Poor
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Experi ence has shown quite clearly that it is counter-productive
in devel oping countries to base these activities on the nodel s that
have been, or are currently being, applied in the industrialised
countries. The conclusions of a recent evaluation report on Dutch
assistance to the livestock sector in Third Wrld countries (Nethe-
rl ands Devel opment Cooperation, 1987) reveal how nuch tinme and effort
have been wasted in these endeavours:

..."The animals (Dutch dairy cattle) were generally unable to
adjust to local conditions; climate, feed and nmanagenent systens
all posed problens. The cattle were unsuited to small farners'
needs; they could not be used as draught animals and often
suffered fromdi sease stress, leg problens and infertility"

...."the experience of twenty years revealed that the route
(intensive livestock projects) had been ill-chosen”

THE " GREENHOUSE EFFECT"

Di scussing the issues of the world food crisis, population growth and
renewabl e energy, Dunont (1989) st ated:

"..Now an even nore form dable threat has appeared on the
horizon. Until recently, all forecasts (of crop yields) were
based on the virtually certain know edge that the world's various
climates were invul nerable to maj or neteorol ogi cal upheaval s.
That last lingering certainty has passed.....

....1t is now established beyond the slightest doubt that

i ncreased carbon dioxide levels in the air as a result of an
excessively rapid increase in the use of fossil fuels, anong

ot her things, has caused the world's climate to warm up since the
begi nni ng of the 70s.

....The warm ng-up process wll raise the level of the sea and
threaten the existence of all the great river deltas, especially
those in Asia..

...Increased tenperatures have aggravated droughts and thus
reduced the flow of the world's great rivers..

...Since the last ice age 18,000 years ago, the world tenperature
has risen by only four degrees. It is now feared that by the year
2050, only 61 years fromnow, the tenperature increase could be
bet ween two and si x degrees.”



TOMNMRDS A NEW STRATEGY FOR SUSTAI NABLE RURAL DEVELOPMENT

Mat chi ng production systens with avail abl e resources

The situation that has been described nakes it obligatory to
reorientate present production systens and to develop a new agricul -
tural policy based on optinal use (instead of m suse) of the earth's
natural resources. Such a policy nust be rural, rather than urban,
orientated and a notable feature of it will be the economc
strengt heni ng and i ncreased i ndependence of the small-scale farner.

It has been proposed (Preston and Leng, 1987) that such a
strategy be based on the devel opnent of agricultural systens which
i ntegrate production of food, fuel and fertilisers, and diverse
i vestock species, with enphasis on the utilization of:

- Existing under-utilised |ocal resources and wastes (e.g., crop
resi dues, |ivestock excreta and agroi ndustrial byproducts)

- New resources derived fromnore efficient agronom c systens based
on inproved utilization of solar energy, soil, water, genetic
diversity and people - which are the natural resources of the
tropics. Specific reference is nade here to the use of sugar
cane and forage trees and shrubs as the principal elenents in
such a schene.

In the long and short term it is hypothesised that the alterna-
tive to fossil fuel is in bionass derived fromsolar energy capture
and that this is nore viable and desirable than energy from nucl ear
sources, especially when environnental and social issues are taken
into account. Furthernore, it is proposed that there need be no
conflict, indeed the prospects are for conplenentarity, in the use of
bi omass to satisfy both food and fuel needs.

Such a policy presupposes a series of conditions, principal anpong
whi ch are the follow ng

- crops and croppi ng systens nust be chosen which permt nmaxi mum
capture of solar energy and its conversion into bionass;

- optimum fixation of atnospheric nitrogen in relation to the
nutrient needs of the selected crops and associ ated |ivestock
syst ens;

- fractionation of the crops to satisfy dual needs of food/feed and
fuel;

- the livestock conponents of the system should address the
conpl enmentary needs of nonogastric and herbivorous ani ma
speci es.



- The overall system shoul d:

- be at least self-sufficient in, and preferably a net ex-
porter of, energy,

- not contam nate the environnent,

- not destroy natural ecosystens,

- opti m se enpl oynent opportunities, and

- pronote a maxi num degree of self-reliance.

MEASURES THAT CAN BE TAKEN TO REDUCE EM SSI ONS OF CARBON DI OXI DE AND
METHANE

To the general policy described above, there nust now be added a
series of additional recommendations in order to address the specific
probl em of the "greenhouse effect”. The follow ng neasures can be
expected to |l ead to reduced em ssions of nethane and carbon di oxi de.
Not all are inmmediately executable, but they indicate what should be
the long termgoals in order to attain and maintain a bal ance between
sources and sinks of carbon di oxi de and net hane.

- Qving priority to the grow ng of crops which are nost efficient
in fixing carbon dioxide into biomass (eg: perennial tropical
forage crops and trees).

- Encouraging agricultural production in the tropics of the Third
World, instead of pronoting self sufficiency in industrialised
tenperate countries. This is because food production systens in
i ndustrialised countries are highly dependent on fossil fuel-
derived inputs. By contrast, nost Third World tropical country
systens enpl oy ani mal and human power, rather than machinery, and
t hey have a nmuch greater potential for devel opi ng bi omass-derived
fuels. Means to this end would be the elimnation of tariffs on
food inports fromthe tropics, and of subsidies to farnmers in the
i ndustrialised countries, and by applying an environnental tax to
the use of fossil fuel since this is the main cause of the
"greenhouse effect".

- In the tropical countries, wetland rice should be di scouraged and
nore enphasis given to dryland cereal production for human
consunption. Cereal growing for animal consunption in tropica
countries should be actively discouraged, and enphasis given to
perenni al forage crops and forage trees as the basis of intensive
ani mal producti on.



- Gazing systens in the tropics should be actively discouraged, in
favour of conplete or sem-confinenment of animals. This wll
permt planting of existing grazing |lands with forests (especia-
[y multipurpose forage trees) and favour the greater use of crop
residues as aninmal feed (instead of burning them.

- A nmassive programme i s needed to pronote strategic suppl enen-
tation of rumnant diets in Third Wrld countries in order to
optim se runmen function (which | eads to reduced net hane and CO,
production). This wll also |ead to increased production of
food, or the keeping of fewer animals.

- Non-rum nant species (especially pigs, poultry, rabbits) should
be favoured over rum nants as neat producers, since they produce
| ess net hane and carbon di oxi de per unit of product.

- Low cost biogas digestors nust be an essential elenent in al
units where |livestock are confi ned.

- Human organic food waste nust be recycl ed through pigs, and/or
earth wornms, instead of being allowed to fernent in land fills
(giving rise to nethane) or to be incinerated (producing carbon
di oxi de).

- Maxi mum support shoul d be given to research and devel opnent
efforts which will enable fossil-derived fuels to be replaced by
bi omass-derived fuels. Gasification of biomass to produce
hydr ogen and carbon nonoxi de (can be used directly as fuel or as
substrates for chem cal industry) would appear to be the nost
appropriate technol ogy to pronote.

REQUI RED | NFRASTRUCTURE

Political or Technol ogi cal Refornf?

It is usually assunmed that the first constraint to rural devel op-
ment is the need for reformof |and tenure. However, it is becom ng
i ncreasingly apparent that, wth or without agrarian reform there is
no way that farm ng systens can absorb the "l andl ess" | abour force
that exists in rural areas in nost of the Third Wrld. New solutions
are needed and these nust be based on proposals for technol ogi cal as
wel |l as political change.

Tropi cal countries offer exciting possibilities for technol ogi cal
reform because of the largely untapped potential for biomass
production in regions blessed wth abundant supplies of solar energy,
hi gh nean tenperatures and rainfall. However, the realization of such
potential wil require an original approach not only to the grow ng of
the biomass but also its utilization.



Energy (wth food as a byproduct) will be the key to such
schenmes, and the utilization of biomass as feedstock for a chem cal
industry will be as inportant as providing a substitute for present
fossil-based liquid fuels. Rural industries based on "bi omass
refineries" promse to solve problens which are i nmedi ate, such as
i ncreasing rural enploynent, and of longer term as is the prospect of
devel oping a viable and safe alternative to non-renewabl e energy
sources, both fossil and nucl ear.

The need to reverse the greenhouse effect, coupled with the
concern about the risks and the environnmental contam nation associ ated
with the nuclear option, is a golden opportunity for the tropical
regions to exploit their largely untapped resources inherent in the
opportunity to use solar energy throughout the year. Existing rates
of photosynthesis permt the capture of 10 tinmes nore energy than is
presently consunmed as fossil fuel (Hall, 1984: personal com
muni cation). This is being achieved wth an overall global efficiency
of only 0.2% By contrast, a perennial tropical crop such as sugar
cane fixes solar energy at 10 tines this rate (2% annually) (Bassham
1978). Tropical trees are alnost as efficient and nost have the added
virtue of being able to fix anbient nitrogen in their root system

STRATEG ES FOR M LK PRODUCTI ON SYSTEMS | N THE TROPI CS

Where, in the above schene, does tropical mlk production fit and
what strategy should be followed in establishing this kind of
activity? The starting point nust be an analysis of the actually and
potentially avail able resources. There are no specialised tropical
dairy animal breeds, other than the R verine type of bufffalo.
Furthernore attenpts to create them have not proved to be sustai nabl e.
The i npact of the Australian MIking Zebu and of the Jamai ca Hope, for
exanpl e, has been m ninmal outside the i medi ate areas where they were
devel oped.

The i medi ately avail able and nunerically inportant cattle
resources in the tropics are Bos taurus beef cattle. There are nmany
advant ages fromusing these as a basis for m |k production through
crossbreedi ng, forenost anong which is the increase in productivity
and in biological efficiency that results when m |k and beef produc-
tion are conbined in the same animal. Converting existing extensive
beef cattle systens in tropical countries into dual purpose m |l k-beef
enterprises will increase their productivity and biol ogi cal and
econom c efficiency. |In ecological terns, this neans a gl obal reduc-
tion in nethane production per unit of animl product, and the pos-
sibility of reducing total animl nunbers (fewer, nore productive
ani mal s consum ng the sanme basic feed resources).

Fromthe nutritional standpoint, the increase in productivity
required in a dual purpose, as opposed to a specialised beef aninal,



does not entail substitution of |local feed resources by exotic (usua-

I 1y grain-based) "bal anced dairy feeds" as is the case when

speci alised dairy breeds and systens are introduced (Netherl ands

Devel opnent Corporation 1987). What is needed is strategic suppl enen-
tation with runen activators and bypass nutrients, which can be net by
judicious use of nostly locally avail able tropical agroindustrial
byproducts (e.g., multi-nutritional blocks from nol asses and urea,
rumen mcro-nutrients and bypass macro-nutrients fromoil seed cakes
and tree foliages (see paper by Leng, this conference)).

CONCLUSI ONS

A new era is dawning in devel opnment strategy. Participation is
mandatory in the setting of goals and identification of neans. It is
al so becom ng apparent that, because both the goals and the neans are
not the sane, the initiatives taken by devel opi ng countries in es-
tablishing their own devel opnent strategies nust not only be
respected, but may al so serve as stimuli for nore effective
cooperation between devel oped and devel opi ng countri es.

| nadequat e human nutrition is still the nost imrediate problemin
nmost devel oping countries. But it is now being realised that the
solution is not sinply to increase productivity but to tackle nore
fundanmental issues, forenpst anong which is the warm ng of the earth's
at nosphere, caused by increased anbi ent concentration of carbon
di oxide (mainly due to increased use of fossil fuels). This threatens,
in the shorter term to reduce crop yields and, in the |onger term
heral ds unm tigated di saster through flooding of river deltas.

Reversing the "greenhouse effect” wll require pronotion of solar
efficient perennial crops, and forage trees, which sinulate forest
ecosystens and provide a sink for carbon dioxide. The bionass from
these crops should lend itself to fractionation into | ow and hi gh
fibre conponents, the former being the basis of intensive confinenent
production of nonogastric animals, while the latter can be converted
into versatile energy-yielding substrates suitable either as rum nant
feeds or, through the process of gasification, as the basis of a
chem cal industry (hydrogen and carbon nonoxide). Liquid and solid
wast es can be recycl ed through biodigesters and earthworns with nuch
reduced em ssions of methane and carbon di oxi de, conpared with proces-
sing themthrough conventional oxidation |agoons and land fills.

In the field of livestock production, increasing enphasis nust be
given to systens which reduce nethane em ssions per unit of |ivestock
product, at the sanme tinme permtting greater use of l|locally and
potentially avail able resources. |In this respect the two major
approaches are: giving greater enphasis to nonogastric species
(especially pigs) as neat producers, and adapting presently inef-
ficient extensive beef operations into dual purpose mlk-beef systens.



These technol ogi es, which are now being developed in Third Wrld
countries, will lead to nore sustainable systens of |ivestock produc-
tion, to enploynent generation, to increased availability of renewabl e
energy and - nost inportantly -to a reversing of the "greenhouse
effect”". The challenge facing governnents of industrialised and Third
Wrld countries alike is to be able to accept that devel opnent w thout
either fossil or nuclear fuels is not only technically feasible but
wll bring with it nmuch needed sociol ogi cal and ecol ogi cal benefits
through the greater role that will be given to rural areas as the
future source of both feed and fuel.

The i nplenmentation of these new strategies will require a greater
appreci ation of:

- Conmuni cation as a neans of pronoting:
- under st andi ng of changing priorities,

- awar eness of common probl ens and the neans of overcom ng
t hese, and

- Rel ationshi ps founded on technol ogi cal support rather than
econom ¢ dom nance.

- The concepts of ecodevel opnent and self-reliance when designing
and i npl ementi ng technol ogi es.
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NUTRI TI ONAL CHARACTERI STI CS OF TROPI CAL FEED RESOURCES:
NATURAL AND | MPROVED GRASSLANDS,
CROP RESI DUES AND AGRO- | NDUSTRI AL BY- PRODUCTS

by
M Chenost and R Sansoucy

| NTRODUCTI ON

Nuner ous studies and reviews have al ready been conpleted on this
topic, e.g. Gsbourn (1976), Mnson (1976), Stobbs (1976),
Bal ch(1977), Chenost and Meyer (1977), Jarrige (1979), Gbhl (1981),
Lane (1981), Preston (1982) and Devendra (1988). 1In the context of
the present consultation, we will therefore restrict ourselves to
reviewing the main characteristics of the tropical feed resources
whi ch shoul d be taken into consideration when defining diets and
feeding systens in accordance with the new principles of rum nant
di gestive physiology and nutrition.

RUM NANT | NTAKE AND DI GESTI ON

The individual cow s daily production depends not only on its
genetic characteristics and its stage of lactation but also a great
deal on the quantity and quality of nutrients to its internediary
metabolism This supply is the result of the voluntary intake and the
nutrient density of feed intake.

Vol untary intake depends both on:

- the appetite of the aninmal which varies according to the ani mal
itself (age, physiological stage, former nutritional status,
etc.) and to the environnental conditions (tenperature, humdity,
etc.) under which the animal is kept, and

- the specific characteristics of the feed.

The voluntary intake of feed depends essentially on the rate of
degradation of its digestible matter into particles of a size small
enough to enable their passage fromthe reticulo-runmen to the | ower
gut. This degradation is achieved by neans of the chew ng process
(eating and rum nation) and the mcrobial fernentation which takes
place in the reticulo-rumen. The cell wall content and the nagnitude
and nature of lignification of these cell walls are anongst the nost
i nportant factors which govern the degradability and the rate of
passage of a forage.

Good mi crobial activity will require:



- adequate nutrition of the runmen m croorgani sns: energy in the
form of ATP rel eased from sol uble and structural carbohydrates of
the plant, thanks to the anaerobic fernentation; nitrogen in the
form of ammoni a generated by the hydrolysis of the fernentable
nitrogen; mnerals and vitam ns;

- good chem cal and physico-chem cal runmen environnent: pH (which
shoul d be as constant as possible and not below 6.5 to favour the
cellulolytic mcroorgani sns) and a regular outflow fromthe
rumen. These conditions are not only dependent on the properties
of the feeds but also on their rationing (nunber and frequency of
nmeal s, physical formof their presentation).

Nutrients required at the tissue |evel for both maintenance and
mlk synthesis are supplied by the end products of runmen fernentation
(anmongst which are the volatile fatty acids (VFAs) and m crobial cel
proteins) and by the dietary nutrients which have escaped runen
degradation and are digested in the intestine. Depending on the |evel
of production of the host animal, it may be necessary to provide, in
addition to the forage, dietary supplenents in order to neet its
nutritional requirenents. These supplenents should be adm nistered in
a certain anount and shoul d possess characteristics, such that the
rumen ecosystemis not inpaired and generates the proper anount and
relative proportions of mcrobial protein, VFA energy and gl ucogenic
ener gy.

In order to define an optinumdiet it wll therefore be necessary
to choose the feeds according to the quality and quantity of energy
and nitrogen available. These characteristics cannot be determ ned by
the classical routine analysis. In addition to Crude Protein content
and Organic Matter (or energy) digestibility it is inportant to know

- an estimate of intake, nore particularly for those feeds which
conpose the basic part of the diet. A good indicator is the rate
of their dry matter degradability in the runen. This can be
approached through the nylon bag "in sacco" technique which uses
rumen-fistul ated ani mal s;

- an estimate of the respective parts of runmen degradabl e and
undegr adabl e ("by-pass") proteins avail able, respectively, for
the runmen m croorgani snms and the host animal. This can be al so
approached wth the nylon bag techni que which can give an
estimate of the extent and rate of protein fernentability. The
French PDI (Protein Digestible in the Intestine) system (I NRA,
1988) can distingui sh between the various parts which are finally
digested in the intestine, i.e. PDIA (Protein Digestible in the
Intestine fromdietary origin), mcrobial protein allowed by
avail abl e fernmentable N (PDIMN) and m crobial protein allowed by
avai l abl e fernmentable energy (PDIME). The sumof PDI A + PD M on
t he one hand, and the sumof PDIA + PDIME on the other hand give,



respectively, the PDIN and PDI E val ues of a feed. Balancing a

di et by supplenenting the basic feed with the appropriate

suppl enentary feeds is achi eved when PDIN and PDI E val ues of the
di et are equal and neet the production requirenents. This system
is being adapted, for instance, to the Cari bbean feedstuffs
(Xandé and Trujillo, 1985).

- Data on energy sources: rate (see above) and type of
fermentation. The slowy fernentable energy rel eased fromthe
structural carbohydrates or the nore easily fernentabl e energy
rel eased fromhigh digestible cell walls (e.g. citrus, beet or
fruit pul ps, which both favour a cellulolytic ecosystem The
fast degradabl e carbohydrates of "sugar type" (nolasses) or of
"starch type" (cereals, roots and tubers, banana) which both
hanper the cellulolytic ecosystem (drop in pH). The end products
of the fornmer are essentially C2 whereas those of the second
favour C3 VFA. Oher inportant information, but of course
difficult to predict, is the good timng of the rel ease of NH,
and ATP for optimum m crobial nutrition and thus synthesis and
m crobial activity. Finally, an assessnent of the undegraded
part of energy in the rumen (e.g. rice polishings or naize,
rat her than wheat or cassava) usable in the intestine for the
ti ssue requirements (glucogenic function) is also inportant
(Preston, 1982; Van Es, 1985).

All these considerations are undoubtedly nore inportant in
tropical than in tenperate regions even if the levels of aninal

production are lower. |In fact, shortages of nitrogen (tropical feeds
al so contain | ess by-pass protein) and of digestible cell-wall energy
may occur quite often in tropical countries. It is therefore

inportant to be able to choose the proper m ssing conponents anong the
other locally available resources. As already discussed in several

i nstances, supplenents of the tropical basic diets have often nore
than an additive effect on both intake and ani mal perfornances
(Preston, 1982; Van Es and Tam nga, 1987).

W w il briefly distinguish between the basic resources which
conpose the main parts of the diet and the other various resources
whi ch can suppl enment t hem

The former are pastures and green fodders which are of course the
princi pal natural rum nant feed. They are also crop residues,
including the fibrous agricultural residues (FAR) which can be used as
a substitute (partly or entirely) for herbage in those popul at ed
regions |ike South East Asia where land nust firstly be devoted to
production of food for man. Another group is the perennial food crops
(e.g. sugarcane, bananas), and also roots and tubers which were
formerly grown for man and are now nore and nore considered as feed,
either for the dry season or even as the basis of the diet for new
f eedi ng systens.



Table 1. Main nutritional characteristics of the principal categories
of tropical feed resources.
Feeds Rumen fermentation Observat 1 ons
Energy Mitrogen Utilization
Pastures slowly fermentable fair CP content -fair intake
Green fodders “Lignified
Farages WFA - I::z fermentable -rumen funct ion

and ruminat ion

Basis of diet

Crop residues: slowly fermentable wvery low CPF =increased OMD

content and intake with
STrows treatment
STOVErS need fermentable
cant ops H + FOLA
Basis of diet

Feed crops: -need fermentabl e
SO are slowly ) fermentable Low CP content + POIA nitrogen
(whole) guickly) Basis/supplement
Foliages - tree fermentable wery high CP rumen function
traps imeluding a8 sourcesiPOIA)
Leucaena, tl % CI me‘rlﬂ:ﬂtBblE* -good intake
Clyricidia, etc. [by-pass) Suppl ement fBas s
Agro-industrial byproducts:
Energy
molasses casily fermentable Low M

("sugar™ type) Supglement fRasis
pulps (citrus) easily fermenteble low N

("cell wall" type)
energy * N
bran/pol ishings fermentable + unfermentable Supo | ement

lipids LCFA N source POIA + bypass
0l brogen energy ,glucogenic
oil cakes + seeds high CP
animal /fish lipids PDIA a.a&. Supp | ement
Wiy - urea fermentable industrial WFM

"Further research is needed regarding the tannin effect on digestion
(enzymatic) in the intestine




The ot her category is roughly made-up of the agro-industrial and
vari ous by-products which can be utilized only as part of the diets.

W will now consider the way these feed resources can be utilized
in the appropriate conbination so that:

- intake of the basic conponents is maxim zed,
- animal performances are optim zed, and
- cost of diets is mnimzed.

Al t hough pastures and green fodders are the principal natural
feeds for rumnants, there are also other feed resources which can be
used as substitutes during the dry season (e.g., crop presidues),
suppl enments (agro-industrial by-products: cereal brans, nol asses,
oi | cakes, etc.) or as the basis of the diet (sugar cane, roots and
t ubers, bananas).

GREEN FODDERS, HERBAGES AND PASTURES

It is well recognized that the tropical herbaceous and shrub
pl ants beconme high in lignified carbohydrates and I ow in total
nitrogen when they mature. |In addition their mneral content is |ow
and unbal anced; phosphorous is anongst the nost frequent deficient
macr o- el enent s.

The digestibility of tropical forages decreases at a |lower rate
than that of tenperate ones but this decrease starts earlier and from
a |l ower value at the young vegetation stage (Chenost, 1975; Evans,
1977). As a result, tropical grasses, and to a | esser extent |egunes,
al ways have a |lower digestibility than the tenperate ones (M nson,
1976) as shown in Table 2. In fact, the high content and the type of
encrustation of lignin in the plant tissues and cell walls and the | ow
N supply to rumen m crobes are reasons which lead to a slow rate of
br eakdown and passage of particles to the |ower gut and reduced intake
of tropical grasses.

However, except in the case of natural pastures in dry tropical
areas, tropical pastures have a trenmendously high dry matter
productivity. This productivity enabl es mai nt enance of high stocking
rates (carrying capacity) as shown in Table 3.

The yields of tropical C4 grasses (e.g. Digitaria decunbens)
responds linearly to annual rainfall (or water supply when irrigated)
when fertilized with nitrogen up to 400 kg NNha (Salette, 1970).
Nitrogen fertilization however does not increase the animal's daily
production since it has very little or no effect on digestibility and
vol untary i ntake.

M I k production per area unit can thus reach high I evels, thanks
to the stocking rate, but with | ow individual production per aninmal,
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as shown by nunerous authors quoted by Evans (1977) (Table 4). Such
low daily m Ik production |evels (seldom higher than 12 kg) may hanper
the duration of the |actation curve.

Many studi es have shown that trying to increase individual
production by exploiting the grass cover at an earlier stage of growth
is wasteful and uneconomc. A recent study on buffal oes has also | ead
to the sanme concl usi ons (Wanapat and Topark-Ngarm 1985). In fact,
the loss in DM production/ha is not conpensated for by the very snall
benefit, in ternms of DOMi ntake, which could be expected froma faster
turn-over.

Whereas a 4,500 kg mlIk |lactation needs, in addition to a typical
tenperate forage-based diet, an average of 150 g concentrate for each
kg of mlk produced, the sane |level of mlk production requires an
average of 300 to 350 g concentrate in the case of a typical tropical
forage-based diet. Such anmpbunts are uneconom c (except when
concentrates are subsidized) and illogical (substitution effect of
concentrate depresses the DMintake of forage). It is therefore
necessary to resort either to an inprovenent of the basic diet or to
design a strategy of supplenentation taking into account other | ocal
feed resources (see bel ow).

In areas where rainfall is higher than 750 nm per year, it is
possi bl e to oversow natural pastures with | egunes which, nost of the
time, are not present in the primary grass cover. The effect of
| egunes is two-fold: firstly fixation of substantial amounts of N and
therefore increase of the production of the associated grasses, and
secondly an increase in the feeding value of the grass cover resulting
fromthe higher N content and by-pass protein, the higher OWD and
i ntake of legunes. A lot of research work has shown the inportance of
fodder | egunes (Table 4) on the individual cow s daily production.

The strategy to be finally adopted regarding the type of pasture (pure
grasses versus grass/legune association) is however not only a
nutritional problembut also an agronom cal and nanageri al one.

But tropical green fodder, which represents the cheapest sources
of forage, cannot in general ensure high individual mlk secretion
levels. The main limting factors are intake and N content and
qual ity.

CROP_RES| DUES

The fibrous agricultural residues (FAR) represent a considerable
potential forage resource in the popul ated countries where | and nust
be devoted to human food production as a priority. A conprehensive
review of their potential in the devel oping countries and of the
strategies for expanding their utilization has been achi eved
respectively by FAO (1985) and | DRC and | CAR (1988).



Table 3. Carrying capacity and m |k production per hectare from
vari ous pasture systens (from Stobbs, 1976, quoted by
Jarrige, 1979).

Pasture system Stocking rate M | k production
(cows/ ha) (kg/ hal/ year)

- unfertilized grass 0.8 - 1.5 1,000 - 2,500
- grass-|egune 1.3 - 2.5 3,000 - 8,000
- nitrogen fertilized grass

(+P, S, K) 2.5- 5.0 4,500 - 9,500
- nitrogen fertilized grass,

irrigated (+P, S, K 6.9 - 9.9 15,000 - 22, 000

Table 4. MIk production fromtropical pastures w thout supplenentary

feed (extracted from Evans, 1977)

S)3020030030000300300000003030030000300300000000000000000000300000))))).
Past ure Stocking rate Breed MIKk vield

(cow ha) kg/ cow day kg/ hal yr

S$33)331331331331131131131313131331331331331331131)3113))3)))))))))))))))
Unfertilized pastures

P. maxi mum 1.1 Jersey 6.8 2, 667
M mniflora
P. maxi mum 1.0 Jersey/Criollo 6.9 2,667
D. decunbens 1.5 Fri esi an/ Zebu 6.9 3,760
G ass-|l equne fertilized pasture
P. maxi num 1.3-2.5 Fri esi an 12.4-13. 7 4, 954-8,
d yci ne
D. decunbens/ 1.7 Fri esi an/ Zebu 7.3 4,530
Centro
Nitrogen fertilized pure grass
D. decunbens 2.5 Jersey 6.8 6, 014
D. decunbens 6.9 Fri esi an/ Zebu 10.9 17, 408
D. decunbens 8.0 Jersey 6.5 22, 466

$3333333333333333333333333333333333333333311111333333333333333)3)))))))
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Anmongst the world's total crop residues nmaize yields the | argest
anount and wheat, rice and paddy and pul ses each yield about half the
anmount of maize. The remai nder consists of sorghum stovers, barley
straws, sugarcane tops and | eaves, roots and tubers, oil plants
stovers and foliage (Kossila, 1985). They are still underutilized as
feed resources, except in Asia where they formthe first conponent of
the rumnants' diet.

Their feeding value is Iimted by their poor voluntary intake, |ow
digestibility and low nitrogen, mneral and vitamn content. |In
addition they are very slowy fernmented in the runmen. 1In fact, they
consi st essentially of lignified structural carbohydrates, since they
represent the dead aerial part of the mature plant after harvest.

The use of FAR as cattle feed has generated consi derabl e research
work in the last 20 years but unfortunately much | ess devel opnent
application. However, they can represent the basic part of rum nants
di et provided:

- conditions for their good cellulolysis are net (runmen activity),
and

- additional nutrients required for productive functions (host
animal ), e.g. PDI A and energy escaping runen fernentation are
properly supplied (do not inpair the above condition as stated in
para. 11).

Their better digestive utilization can be achieved either through
an appropriate supplenentation (legunes, nolasses, fruit pulps,
poultry manure, urea, etc.) or chemcal pre-treatnents (urea/ammonia
treatnments) which both facilitate the m crobial breakdown of the
cell-walls. Appropriate supplenments which enable a good cellulolysis
can be chosen anong the | ocal feed sources on the ground of the
characteristics listed in Table 1: the appropriate fernentable N
supply can be of natural (poultry manure) or industrial (urea) origin;
the fernmentable energy (of the "digestible cell-wall" type) is
typically fresh grass or good quality foliage and, of course, all the
easy digestible agro-industrial pulps, e.g. citrus, pineapple, etc.
The breakdown of FAR can al so be inproved by chem cal treatnents
(Sundst 6l and Oaen, 1984) anong whi ch urea-generated NH; i s probably
t he techni que which best fits in with the socio-econom cal conditions
found in tropical devel oping countries where inputs nust be kept at
the | owest | evel possible.

Treated or not, FAR nust be conbined with feed suppl enents which
provi de adequate nutrients to the runen m croorgani sns. The forner,
however, still require to be known with a better accuracy than at
present. Recent research works (Silva and O skov, 1988; Ram hone,
1987) have shown the inportance - in addition to NH;-N - of true
protein sources on the cellulolytic mcrobial growh. This is another
reason for supplying any cheap protected protein source (e.g. |egune
trees and foliages, ricebran), which, as seen above, are necessary for



t he production requirenents of the host aninmal.

FOOD CROPS

Various perennial food crops which were formerly grown only for
human consunption are now nore and nore considered as feed sources for
the dry season and even as the basis of feeding systens. The main
ones are sugarcane, cassava, banana, etc.

Anongst the various reasons for such their increasing use, two are
probably nost inportant. The first is the trenendous dry matter
productivity/ha of these crops. The second one lies in the fact that,
as opposed to conventional fodder crops, their nutritive value is not
affected by the age of the plant which has already reached its stage
of maturity. Their exploitation is therefore very flexible and easier
than that of herbage.

1) The nost typical exanple is probably the sugarcane, exploited as a
whol e plant. Sugarcane could play the sane role in tropical aninmal
production as the forage maize - whole plant - in the tenperate
countries. First considered in experinents by Preston in the 1970's,

t he sugarcane (whole plant) is typically the addition of two opposite
types of forage conponents: structural carbohydrates of |ow and slowy
di gesti bl e energy and sol ubl e carbohydrates (sucrose) rapidly
fermentable. In addition its N content is very |ow.

Whol e sugar cane- based systens have proven to be technically and
economcally a very attractive solution for small to average dairy or
dual purpose units in sugarcane producing countries where areas for
fodder pastures are limted. As described by Preston and Leng (1978)
the deficient nutrients may essentially be provided by locally grown
(or available) feed resources:

- fermentable N (PDIN) by green fodder or crop foliages and | eaves
(e.g. those of cassava) or by urea, (industrial NPN source);

- "by-pass energy" by rice polishings and/or roots, tubers
(cassava) and fruit (bananas - banana rejects);

- unfernentable nitrogen ("PDl A"/ "by-pass N') by | egune-trees,
nanmel y Leucaena | eucocephala, diricidia, Erythrina, and when
necessary by oil cakes, e.g. cotton seed cake.

2) Cassava (Mani hot esculenta) is another fodder crop of great

interest as a feed resource (Devendra, 1977). |Its tubers are a

val uabl e energy source which can al so provide glucose at the intestine
|l evel as its starch can partially escape the runmen fernentation. |Its
| eaves, exploited either as a green fodder (several cuts before
harvesting tubers have proved to be still conpatible with a

satisfactory tuber yield) or, at the tinme of harvesting, the tubers



are val uabl e sources of both PDIN and, to a reasonabl e extent, PD A.

3) Another interesting plant is the banana, either considered as a
whol e plant (when bl own down by tropical winds and hurricanes) or as a
fruit (starch source) when considering the di scarded bananas which
remai n avail able on the prem ses of the conditioning exportation units
(Le Dividich et al., 1976). The banana as a basis of the diet is nore
adapted to beef production in view of its high starch and poor N
content. As seen above it may however remarkably conpl enment

sugarcane. The whol e plant can al so be envi saged as the basis of the
diet for mlk produci ng ani mal s.

AGRO- | NDUSTRI AL _BY- PRODUCTS

They can be classified into 4 groups:

- By- products providing essentially easily fernentabl e energy
t hrough digestible cell-walls, starch or sugars. They may
constitute the basis or the nmajor part of the diet. They derive
mai nly from sugarcane, citrus, roots and tubers, bananas,
coffee. ..

- By- products which are mainly used as a source of supplenentary
protein: oil-seed cakes, aninmal wastes from sl aught erhouses and
fisheries, by- products from pul ses, single cell proteins.

- By- products providing both energy and protein: eg: cereal mlling
by- products, brewer's and distiller's grains and whey.

- ot her by-products comng fromfruit, bakery and other food
i ndustries which provide various kinds of nutrients.

Al'l these by-products have been reviewed by various authors
(Chenost and Meyer 1977, IDRC and | CAR 1988). W will therefore
restrict to a brief account of the nore inportant ones taken as
exanpl es.

Mbl asses

This is a feed which is rapidly and entirely fernented in the
rumen. Between 10 and 30% of the diet, as is traditionally the case
there is no particular problens with nol asses for all types of
i vestock. However when the diet is based on nolasses (eg: >70% the
behavior of cattle is different and the nanagenent of the herd nust be
nore careful (Preston and WIlis 1974). A small anount of fibre is
vital for ensuring the normal physical function of the runen. Non-
protein nitrogen is essential for the devel opnent of the m cro-
organi sns of the runmen. Furthernore the animal responds dramatically
to small anount of protein like fish neal, which can escape the runen
fermentation (Preston 1985).



However it has never been possible to incorporate as high |levels
of nolasses in the diet of lactating cows as in the case of fattening
cattle. The reason is that diets high in nolasses lead to insufficient
anount of glucose and gl ucose precursors (|l ow propionate and high
butyrate) in the end products of digestion (Leng and Preston 1976).

Mol asses which is an excellent carrier for urea as a source of
non protein nitrogen for rumnants can be nore easily used as a
suppl enment and distributed to snmall farnmers when is part of solid
mul tinutrient blocks (Leng 1984, Sansoucy 1986, Sansoucy et al 1988).

Citrus and sugarbeet pul ps

Due to the high digestibility of their non lignified cell walls
they favor, as opposed to nolasses, the cellulolytic activity of the
rumen. Due to the relatively noderate rate of fernentation (as opposed
to sugars) they al so represent good carriers of NPN and ensure an
efficient mcrobial synthesis (synchronization of both ATP and NH3
rel eases). They can constitute the major part of the diet as well as
an excell ent energy suppl enent for diets based on fibrous crop
resi dues.

O 1 cakes and seeds and by-products of animal origin

They have been conprehensively reviewed in the 1988 | DRC and
| CAR s publication. They constitute the |argest source of
suppl enmentary protein. As nentioned earlier in this paper, the
assessnent of their potential use as protein supplenent will be based
on the degree of degradability of their nitrogen in the runen.

As they represent a source of foreign exchange and of high
quality protein for human and non rum nant aninmals, their use as
protein supplenent for rum nants should be consi dered agai nst the
| ocal availability of |egunes and or | egune trees.

Cereal mlling by-products

They are very well known and their use is expanding. Their major
asset is the fact that they supply at a tinme, noderately fernentable
energy, dietary protein and neoglucogenic nutrients. As an exanpl e,
rice polishings can play a remarkable role in bal anci ng sugarcane
based diets.

CONCLUSI ONS

As a main concluding remark and as clearly observed by Preston and
Leng (1987), the tropical basic feed resources have in common the fact
that they are poor in nitrogen (nanely in protected dietary PD A and
rich in carbohydrates. These carbohydrates are however either



structural and slowy fernentable or too easily fernentabl e conpared
to those of the tenperate fodder plants, rich both in cell wall type
and in less fernmentable type of energy. As a result, taken al one or
in conbination with each other, they will be fernmented in the runen at
very different rates. |In addition there is another drawback in that
fermentable N (predominant in the main tropical feedstuffs) may al so
be rel eased too quickly and not in time with the energy.

Suppl ementing tropical feeds with crop residues, feed crops and
agro-industrial by-products, will therefore have to take into
consideration not only the above described characteristics but al so
the kinetics of release of the various nutrients. Attention to the
rationi ng aspects will be of major inportance.
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FEEDI NG STRATEG ES FOR | MPROVI NG M LK PRODUCTI ON OF DAI RY
ANI MALS MANAGED BY SMALL- FARMERS | N THE TROPI CS

By
R A. Leng

| NTRODUCTI ON

MIlk is an inportant conponent of diets for all humans as it is high
in essential amno acids that are nost likely to be deficient in diets
based on vegetable protein. Although mlk is a high-cost source of
protein and fat relative to vegetable sources, it is readily sal eable
particularly in the nore affluent urban areas of devel oping countries.
| mproving mlk production is therefore an inportant tool for inproving
the quality of life particularly for rural people in devel oping
countries.

M| k production systens in tropical countries are diverse. At the
one extreme the systens are simlar to those in nost industrialised
countries and are based on cows of high genetic potential given "high
qual ity feeds" which include fodder crops/silages and grain and protein
concentrates. M1k production per cowis extrenely high and
technol ogi cal inputs are high. At the other extrene are systens which
are used by the vast majority of small farmers in devel opi ng countries
and are based on low inputs and productivity per cowis relatively |ow
These smal | -farnmer systens vary fromones in which cows or buffal oes are
fed on crop residues, agro-industrial by-products and roadside grass to
beef cattle grazing tropical pastures that are m | ked once a day, with
the calf having access to the damfor the other half of each day. In
the latter systens, the pastures available to these "dual purpose
animal s are typical of nost tropical grasslands and are relatively | ow
in protein and digestibility.

Every concei vabl e system between these extrenes is used in various
parts of the world. However, the small farnmer on |low m |k production
systens are those with the greatest potential for inprovenent and are
the target of nost aide programmes. In the discussion presented here,
the strategies for inproving mlk production from cows/buffal oes fed
tropi cal pastures, crop residues or fibrous agricultural by-products are
di scussed.

On these feed resources, overall productivity is low, aninmals reach
puberty at a |late age (often 4 years) and inter-calving interval is
often 18-24 nonths, resulting in a small nunber of dairy animals in a
national herd being in mlk at any one tinme. A strategy for inproving
m |k production in these systens has therefore two conponents. The
first is to inprove reproductive efficiency of the dairy aninmals and
secondly to inprove mlk yield and persistency.



The greatest scope for inproving a country's mlk production is
through a strategy which targets inprovenent of reproductive
performance. This cannot be achi eved however w thout increasing mlk
production per animal. Reducing age at first calving from5 to 3 years
and inter-calving interval from24 nonths to 12 nonths by better feeding
managenent will at |east double the nunber of animals being mlked at
any one tine. |In addition, because the sanme feeding strategy that
i nproves reproductive performance al so increases m |k production, the
i nproved production per animal is also increased.

FEED RESOURCES AVAI LABLE TO SVALL DAI RY FARMERS

The smal | farnmers of devel opi ng countries have Iimted resources
avai lable for feeding to their rumnant |ivestock. They do not have the
| uxury of being able to select the basal diet but use whatever is
avail able at no or low cost. The avail able resources are essentially
| ow digestibility forages such as tropical pastures (both green and
mature), straws and other crop residues and agricultural by-products
whi ch are generally low in protein.

The major criterion for inprovenent in production is to optimse the
efficiency of utilisation of the available fodder resource and not to
attenpt to mexi m se ani mal production. There is little point in know ng
the "energy" requirenents of a cow or buffalo for m |k production, whose
requirenents are to be net fromwhatever crop residue is available. It
is inperative, however, to understand the requirenents for suppl enments
that will provide nutrients that will optimse the efficiency of
utilisation of that feed resource.

THE BASI C CONCEPTS

When considering howto optimse the utilisation of the available
forages for dairy animls, two basic concepts nust be applied as
fol | ows:

- To make the digestive systemof the cow as efficient as possible by
ensuring optimum conditions for mcrobial gromh in the runen.

- To optim se production by balancing nutrients so that these are
used as efficiently as possible for mlk production w thout
j eopardi sing the reproductive capacity of the cow.

Any further increases in production nmay be obtai ned by the use of
suppl enments of protein, starch and lipids to provide nutrients for mlk
producti on above those obtained when the efficiency of utilisation of
the basal feed has been optim sed. These suppl enments should be
processed and nust by-pass the runmen and becone avail able for digestion
in the intestine and in this way provide the nutrients in exactly the
correct balance for additional m |k production.



The two concepts can be inplenented by feeding a conbi nation of
non-protein nitrogen (NPN), mnerals and by-pass protein. The third
conponent is a relatively new concept which suggests that m |k
production, once the efficiency of utilisation of the basal feed
resource has been optim sed, depends upon providing nutrients needed for
t he conponents of mlk, e.g. the quantity and bal ance of glucose (for
mlk |actose), protein and fat, in a formthat will by-pass the runen.

AN APPROACH TO | MPROVI NG NUTRI TI ON OF LACTATI NG ANI MALS

In this paper, research work |leading to the application of feeding
strategies that enphasise optimal utilisation of available resources for
m |k production in the tropics are reviewed.

The approach taken has been one in which ureal/nol asses bl ocks (UVB)
have been provided to lactating rumnants to allow a slow, continuous
i ntake of nutrients needed to optimse fernentative digestion in the
rumen. By-pass protein supplenentation is used to optimse the
efficiency of use of absorbed nutrients. The devel opnent of both these
strategies has gone along simlar lines with testing under |aboratory
conditions being followed by testing on well nmanaged farns and eventual
trials under village conditions (see Leng and Kunju, 1989).

Over the last year, all Friesians inported into India and pl aced
under the care of NDDB have been fed according to the strategies
proposed (see Leng and Kunju, 1989). The 300 day | actational yield has
been, on average, 6000 litres.

In addition, several thousand tonnes of a by-pass protein have been
fed to cattle and buffalo under village conditions in various climatic
zones. On the basis of this research and the experience gained, the
| argest feed mlIl in India producing 300-600 tons of feed per day (Amul
Feed M 11, Anand) commenced the production of a new pelleted feed
suppl ement containing 30% protein and with approximtely 75% of the
protein in a formlikely to by-pass the runen.

BACKGROUND - THE USE OF NPN AND BY- PASS PROTEIN I N RUM NANT DI ETS

Definition

- By-pass proteins are defined here as those dietary proteins that
pass, intact, fromthe runen to the | ower digestive tract.

- Digestible by-pass protein is that portion of the by-pass protein
that is enzymatically hydrolysed in, and absorbed as am no acids
from the small intestine.

- Over-protected protein is that protein of the by-pass protein that
is neither fernmented in the runmen, nor digested in the smal
i ntestine.



- Metabolisable protein is the digestible by-pass protein plus the
digestible protein in the mcrobes that enter the small intestine.

- Fernent abl e carbohydrates are those parts of the feed carbohydrate
that are degraded by mcrobial action in the runen to volatile
fatty acid (VFA) plus that entering into the mcrobes that grow
with the energy (ATP) rel eased when VFA are produced.

Protein digestion in rum nants

In different production systens, rum nants consunme many types of
carbohydrates, proteins and other plant and ani mal constituents. Al
di gesti bl e carbohydrates are fernented to volatile fatty acids (VFA)
pl us nmet hane and carbon di oxi de by m crobial action. Proteins are
degraded by m crobial enzynes in the runmen to give the sane three
end- products (i.e. VFA, CO, and CH,) plus ammonia (see Figure 1). In al
cases a proportion of the substrate netabolised by mcrobes is used for
synthesis of the m crobes.

The mcrobial fernentation of soluble protein in the rumen is an
unavoi dabl e consequence of the rum nant node of digestion. |In the
absence of other forms of N, it ensures a supply of ammonia nitrogen for
m cro-organi snms fromwhich they synthesize the protein in their cells.
Under many circunstances, it is a wasteful process because high quality
proteins are broken down to anmmoni a, absorbed as such, converted to urea
inthe liver and this is excreted in the urine.

EFFI G ENCY OF M CROBI AL GROMH ON PROTEI N

Protein degradation to VFA leads to a relatively low availability of
ATP ( energy') to rumen mcrobes and therefore protein that is degraded
inthe runmen is inefficiently used for the growh of m cro-organi sns.
In conparison with carbohydrate when protein is degraded in the runen,
only half the ATP (the energy currency of the mcrobes) is produced in
fermentation of protein relative to the sanme anmount of carbohydrate.

The breakdown of carbohydrate in the presence of adequate anmoni a
and sul phur and other mnerals supplied by, for instance ureal/nol asses
bl ocks, results in nore mcrobial protein being produced than from an
equal anmount of protein fernented in the runmen. This is shown
diagramatically in Figure 1 and indicates that froma highly sol uble
protein such as |leaf protein, less than 10% of the protein in the diet
is avail able to the aninal.



Figure 1. The breakdown of fernentable carbohydrates and protein in the
rumen with the production of VFA and m crobial protein.

1000g 1000g
Fermentable carbohydrate
as fibre Fementable Protein
0 196gNH 3¢
CHy — 00H 4
«—30g(NHN)3
—— 515gVFA ——— 600gVFA
(70% HAC, 20% HPro, (70%HAC,
10% HBLt) 20%HPro,
10% HBut)

188 g Microbial Pratein 90 g Microbid Protein
(or 310 g Microbes) (or 155 g Micrabes)

Where HAC = acetic acid
HPro = propionic acid
HBut = butyric acid

Quite clearly therefore with readily soluble and fernentabl e
protein; whilst little escapes the runmen if the protein is in high
concentrations the protein to energy ratio in the nutrients arising from
the rumen may be decreased.

Factors that influence the availability of by-pass protein

For a variety of reasons a proportion of the dietary protein passes
fromthe runen into the small intestine without alteration. On reaching
the small intestine this by-pass protein is digested by enzyne
hydrol ysis and absorbed into the body as am no acid.

The conditions under which sone dietary protein may escape the runen
for digestion in the |ower alinentary tract include:

- When a protein neal has been nade highly insoluble by heat
treat ment.



- The protein neal contains tannins (2-4% which bind to nmake an
i nsoluble tannin - protein conplex (Barry, 1985) which is not
degraded in the rumen but is degraded in the abomasum smal
i ntestine.

- Chem cal treatnent has been applied, e.g. fornmal dehyde treatnent
(Scott, 1970).

- Wien a relatively soluble protein neal is fed in very high
gquantities and is either in a finely ground formor is rapidly
fragnmented into small particles which nove quickly through the
rumen. For exanple, when clover or lucerne (that do not contain
tannins) are fed at |evels below 2.5% of |iveweight (on a dry
matter basis), it is probable that no dietary protein escapes to
the lower tract. However, at |evels above this, sonme protein
escapes because of the rapid novenent of digesta out of the runen.
The anount of by-pass protein can be as high as 30% of the total
protein in the feed if this is highly digestible (D. Dellow & J. V.
Nol an - unpublished; Nolan and Leng, 1989.).

- When heat is applied to a m xture of soluble protein and xyl ose,
when a nodified browning reaction can insolubilise the protein.

M crobial protein synthesis in the runen

Ammoni a, peptides, am no acids and am nes formthe nitrogenous
substrate for the synthesis of mcrobial cells but anmonia is the nost
i nportant source of N for the mcrobes that fernent forages. Ammonia is
used by many species of rumen mcro-organisns as their sole source of
nitrogen for protein synthesis (see Leng and Nol an, 1984).

This assessnent of the role of anmonia in the rumen can be
msleading if it is unqualified. Firstly some species of bacteria and
prot ozoa commonly found in the runmen cannot grow or survive unless smal
quantities of peptides, am no acids or branched chain fatty acids are
provided in the diet and are present in |ow concentration in runmen fluid
(Hungat e, 1966).

A high level of runen degradable protein in the diet may support
high levels of all N-nutrients needed by bacteria and nay cause specific
popul ati ons of mcrobes to develop in the rumen as conpared to diets
where urea al one supplies the fernentable N

A deficiency of rumen ammonia results in a low mcrobial gromh rate
whi ch may reduce digestibility of fibre and | ower intake of feed.
The requirenents for ammonia for mcrobial activity

Estimates of the critical |evel of ammonia in the runen fluid for
efficient digestion has been reported to be as low as 50 ng NI or as



high as 200 ng NVVI. However, recent studies have shown that, when
ammoni a concentrations fall bel ow about 200 ng NI, the runen, mcro-
organisns are inefficient and are likely to respond to dietary NPN
suppl enents particularly to UVMB (Krebs and Leng, 1984; Boniface et al.
1986; Sudana and Leng, 1986; Perdok and Leng, 1989).

| nt ake of straw by cattle has been shown to be increased by
increasing urea levels in the diet until the | evel of ammoni a reaches
200 ng NI (Boniface et al., 1986; Perdok and Leng, 1989).

Recent studies with buffaloes fed forage based diets showed that,
given a period of access to nol asses/urea bl ocks, these animals learn to
nodi fy their intake according to the protein content of the basal diet
(Table 1).

Table 1. The influence of N content of the basal diet given to
| actating buffal oes on the intake of a block lick based on
nmol asses/ urea (Leng and Kunju, 1989).
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G oup No. Diet N | nt ake of M | k Li vewei ght

cont ent bl ock Iick pr oduced changes
(gN) (g/d) FCM (kg/ d) (g/d)
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1. 0 586 4.3 - 357

2. 30 256 5.7 - 455

3. 83 293 6.3 + 276

4. 111 173 6.1 + 89
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Can the runmen m crobes supply all the protein needs of the runi nant?

Even when ammonia and other nutrients are supplied, the quantities
of m crobes that |eave the rumen in digesta do not supply sufficient
protein to neet the needs for productivity in rumnants (i.e. noderate
to high growth rates and mlk yields). |In such a situation, the
deficiency synptons indicate an insufficient supply of essential am no
acids to the tissue. Under these conditions supplenentation with a
protein nmeal (which has a high content of by-pass protein) to supply



additional dietary amno acids increases both the |level and efficiency
of animal production (see Preston and Leng, 1987).

Protein (or Amino Acid) Requirenments of Rum nants

In the past, the protein requirements of rum nants and eval uati on of
the protein value of feeds for rum nants have been based on digestible
crude protein (N x 6.25). This is now recogni sed as a m sl eadi ng
concept. The use of digestible crude protein has arisen |argely because
it was considered that cattle and sheep could obtain their essenti al
am no acids from m crobes produced in the runmen. This in turn led to
suggestions that extensive use could be nade of non- protein nitrogen in
hi gh carbohydrate feeds and that a special role of rum nants could be to
convert non-protein nitrogen to high quality aninmal protein.

These have now been superseded by new concepts which take into
consi deration that when am no acid requirements are high, insufficient
digestible mcrobial protein is available fromthe runmen to neet these
needs. It is now necessary to assess the requirenents for N by
rumnants in terns of the anmount of ammonia (or NPN) and am no acids
needed by the runen m crobes, and the anmount of digestible by-pass
protein needed by the animal to augnment the total protein (am no acids)
avai lable to the animal and to create an efficient netabolism The sum
of the two sources of digestible protein represents the netabolisable
pr ot ei n.

Protein or amno acid requirenents relative to energy requirenments
of rum nants are, however, influenced by a nunber of factors and cannot
be stated with any degree of accuracy. The requirenents are influenced

by:

- physiol ogical state of the animal,

- rate of gromh and m | k production,

- body conposition as influenced by previous dietary and health
hi story,

- basal feed (particularly fat content),

- proportions of the different am no aci ds absorbed,

- patterns of runmen fernentation (i.e. acetate:propionate ratio),

- availability of volatile fatty acids,

- requirenments for glucose for essential purposes,

- environmental heat or cold stress, and

- the extent of the work | oad of the aninmal.

Wth all these unknowns, the need for by-pass protein under
conditions pertaining to small-holder cattle can only be assessed in
feeding trials ained at devel opi ng response rel ati onships. The effects
of physiological state of the female goat on the utilisation of protein
and, therefore its requirenents, is well illustrated by the data shown
in Figure 2.



Met abol i sable Protein Avail able to Rum nants

Met abol i sable protein available is the sumof digestible dietary by-
pass protein plus digestible protein fromm crobes reaching the | ower
tract. On nost straw based diets the netabolisable protein is mainly of
m crobial origin (i.e. there is no by-pass protein in the diet). The
anount of protein available therefore depends on the efficiency of
m crobial growh in the runen.

This in turn depends on several factors:

- the presence of all the essential nutrients in the bal ances and
anounts needed by the runmen mcrobes to grow e.g. ammoni a, sul phur,
phosphorus, trace mnerals, am no acids, peptides, etc.,

- a source of fernentable dry matter, i.e. the feed consuned,

- to a small extent the rate of digesta turnover and therefore feed
i ntake. However, this depends on degradability of the feed, type
of carbohydrate and the physiol ogical status of the aninal.

- buffering capacity of the runmen and pH of the runen fluid which
| argel y depends on diet, and

- the balance of mcro-organisns in the runmen. |f supplenentation
w th carbohydrate pronotes protozoal population this can actually
decrease the protein to energy ratio in the nutrients avail able
fromthe runen (see Bird and Leng, 1985).

As an exanpl e of how the bal ance of mcrobial protein to VFA energy
can be altered in a cow given a straw based diet, the effects of an
inefficient rumen (low runen ammoni a supply) and an efficient runen
(optimum runmen anmmoni a) are shown in Table 2. (see Leng, 1982 for the
assunptions and cal cul ati ons).

The point is that the PEratio in the nutrients absorbed is altered
according to how efficiently the runmen organisns are digesting the feed
or how nmuch by-pass protein there is in the diet.



Figure 2. The effects of physi ol ogical

Table 2

state on the intake and retention
of nitrogen in goats fed oaten hay/lupins (11% crude protein)

(Hal ai s, 1984)
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The theoretical effect of feeding urea and urea plus by-pass
protein on the P:E ratio in cattle. The values were

cal cul ated for a bovine consum ng 4 kg of digestible organic
matter without or with urea or with urea and 400 g of a by-

pass protein source.
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Runmen condi tion M cr obi al Tot al VFA "P/IE ratio
protein protein pr oduced (g protein
synt hesi sed avai |l abl e (MI/ d) / M/ VFA)
(g/d) (g/d)
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Deficient in

ammoni a 500 500 41 12: 1
Sufficient in

ammoni a 1010 1010 30 34: 1
Ammoni a suffi ci ent

+ 10% of the diet

as by-pass protein 1010 1410 30 47:1
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" no consideration is taken here of the digestibility of the m crobial

or dietary by-pass protein



Ef fect of increasi ng ammpbni a concentrations in the runen of cattle on N
deficient diets

In nost situations, adding urea to a |low protein diet, such as that
based on a cereal crop residue, increases intake of the basal diet in
addition to inproving mcrobial gromh and digestibility (Table 3).

Table 3. The effect of infusing urea into the runmen of a cow given
straw based diets (Canpling et al., 1962).

$33333333333333333333333333333333333331111133333333333)3)))))))

D et Straw DM | nt ake of Theoretical”
Digestibility Straw P-Eratio
(% (kg/ d) (mg protein/M VFA

$33333333333333333333333333333333333331111333333333333)3)))))))

Straw 39 5.6 12:1
Straw +
150 g urea 47 7.9 34:1
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" taken from Tabl e 1.

The potential effects of providing a UMB to rum nants on | ow protein
forages (which is intended to provide urea and other nutrients) include
the foll ow ng:

- Increased digestibility of straw

- Increased feed intake

| ncreased absorption of total nutrients

- Increased P:E ratio in the nutrients absorbed

The effects of supplenentation of by-pass protein

Suppl ementing a diet of crop residues fed to cattle with a by-pass
protein inproves the P.E ratio in the nutrients absorbed (see Table 1
and 2). This has a large influence not only on the | evel of production
but on the efficiency of feed utilisation (i.e. the anmount of feed
required per unit of mlk production or growh, is lowred). Stated in
anot her way, aninmals produce |ess netabolic heat when P.E ratios are
wel | bal anced to requirenents. This is well illustrated by research
shown in Table 4 where straw i ntake has been maintai ned constant and




efficiency of utilisation of the feed is inproved by supplenentation. In
ot her studies the increased efficiency is not readily discernible as the
effect of such supplenents is to increase forage intake (see Preston and
Leng, 1987).

Table 4. The growth rate of calves (live weight 150 kg) given rice
straw and supplenented with an oil seed neal Saadul | ah, 1984).
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Dai |y Straw Li vewei ght - Feed conversion
Suppl enent i nt ake gai n ratio
(g/d) (kg/ d) (g/d) (kg feed/ kg gain)
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0 3.8 84 46: 1
200 3.8 371 11:1
400 3.8 373 12:1
600 3.8 508 9:1
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RESEARCH | LLUSTRATI NG THE RESPONSES OF CATTLE TO UREA/ MOLASSES BLOCKS
AND BY- PASS PROTEI N MEAL SUPPLEMENTATI ON

G owt h studies

Jersey bulls (350 kg live weight) fed rice straw plus a concentrate
(lowin true protein i.e. about 15% trebled their rate of weight gain
when fed a nol asses/urea block in conjunction with 1 kg of this
concentrate (Table 5).

Studies with lactating cows/buffal oes

In ten villages, the average mlk sold in the collection centres
increased by 0.4-1.1 litres/day when the farnmer made a nol asses/ urea
bl ock available to their diary buffaloes (Table 6). Oher trials showed
that concentrate suppl enentation could be reduced without [oss of mlk
producti on when a nol asses/urea bl ock was given.



Table 5. The effects of supplying nolasses/urea blocks to cattle fed
rice straw plus 1 kg 15% concentrate (Kunju, 1986).

$3333333333333333333333333333333333331111133333333333)))))))))))Q

Straw Bl ock Live W. Feed cost/ kg
i nt ake i nt ake change gain
(kg/ d) (g/d) (g/d) (Rupee/ kg)
S)3000000030000000000300000003000 0000000000000 0000000))18
No bl ock 6. 4 0 220 9.3
Wth bl ock 6.8 530 700 3.7
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Tabl e 6. The observations on response of feeding block licks in
villages (Kunju, 1986). The results show the mlk or
mlk fat sold to the I ocal collection centre (Kaira
District Co-operative MIk Producers' Union Ltd., Anand,

I ndi a) .

Vill age MIk (kg/d) MIk fat (g/d)
SODIIIIIIIIIIDLL, SIIIIIIIIIIDD) I
pre lick with lick pre lick with lick

Al wa 4.8 5.9 300 450
Punadhar a 4.0 4.8 270 340
Ful genanuwada 2.4 3.5 160 280
Hi r apur a 4.2 5.2 350 480
Banroli (N) 3.6 4.2 270 380
Dehgam 4.3 4.7 310 350

More recently it has been denonstrated that feeding a nmeal high in
by-pass protein (lowin grain) as conpared to a cattle feed concentrate
based on traditional requirenments increased m |k production and
live-weight gain wthout substantially influencing basal feed intake
(Table 7).

The cattle were each fed 40 kg of green forage daily. The forage
consi sted of 60% | egune (nostly |ucerne/ cowpea) and 40% non-| egune
(mai ze, sorghum oats). The concentrates for cattle in group 1 were fed
according to NRC recommendations. The cattle in group 2 were fed a



protein concentrate based | argely on solvent extracted protein neals
denonstrated to have a high by-pass protein content. A major point here
is that the animals in group I disposed of nutrients equivalent to 20-25
M) of energy presumably through "futile cycles of netabolismi. This
addi ti onal netabolic heat production could have increased body
tenperature by 16.5°C if the aninmal had been in an environnment where
this extra heat could not have been dissipated. The feeding trial was
conducted during the cool season but

Table 7. The effects of replacing balanced concentrates with a high by-

pass protein pellet on |live-weight change and mlk yield of Jersey x
Kankrej cows (M G P. Kurup, G Kunju NDDB, India - pers. comm).

S)300000003000030000 0030000000000 0000000000000 000D
G oup No./group Crude Protein |Intake of M I k Li ve- wei ght

in suppl enent supplenent Yield change
(% (kg/d)  (kg/d) (g/d)
$333113313331333133133313313331333133133313313311)31))11)))))))))Q
1 75 18 4.7 8.0 - 210
2 75 30 2.6 8.8 + 202

$33333333333333333333333333333333333311111333333333333))))))))))Q

clearly in the hot season feed intake could not have been naintai ned.
Put another way, if the environnental tenperature was critical for
cattle in group Il then the animals in group I would have needed to
reduce their feed intake by 20 M ME

CONCLUSI ON DRAWN FROM STUDI ES I N | NDI A

The efficiency of feed utilisation is enornmously inproved if the
rumen of the animal has a healthy m crobial popul ati on adequately
suppl enmented by providing a nol asses/urea bl ock which often increases
the intake of a basal diet. Adding a by-pass protein supplement wll
further inprove the efficiency of utilisation of the basal feed
resources but will also allow animals to maintain feed intake at high
environnmental tenperatures and humdity. Conversely, the productivity
of lactating animals can be maintained at a | ower feed intake provided
the runen is made efficient and the animal's netabolismis nmade
efficient by supplenenting with a nol asses/urea bl ocks and by- pass
protein nmeal respectively.

CONSTRAI NTS TO APPL| CATI ON OF THE BY- PASS PROTEI N TECHNOLOGY

Even though the application of UMB/ by-pass technology is highly
promsing, a few constraints are still to be overcone before it can be
wi dely applied with confidence. Sone of these are given bel ow and
indicate areas for intensive research



1. The information regarding the degradabilities of protein in all raw
materials used in cattle feed are not yet avail able and may be
qui te vari abl e dependi ng on source, manufacturing conditions and
presence of other conpounds.

2. Easy | aboratory tests for protein degradability are still not
avai l able and there is still sone considerabl e disagreenent as to
whi ch nethod provides the best indication of the content of by-pass
protein in a protein neal.

3. There are insufficient data fromfeeding trials available on mlk
production per unit input of by-pass protein under the systens
comonly used by small farners.

4. There are no response relationships for mlk production for
econom ¢ anal ysis of the feeding of by-pass proteins which covers
at least two lactations. This is inportant as by-pass protein
suppl ementati on on these diets often inproves the body condition of
cattle and therefore reproductive performance. The second
| actation after introduction of these systens nay show t he greatest
econom ¢ response.

5. Many protein neals are undegradable in the runen. However, their
digestibility in the intestines may be very low This applies
particularly to protein meals with high tannin content. Such
protein neals are not good sources of protein to the animl since
much of the protein is lost in faeces.

6. For the nost efficient utilisation of by-pass protein for
production, the essential amno acid to total N ratio nust be high.

7. The limts of responses to by-pass protein resides in the
di gesti bl e energy content of the diet and at |ow digestibilities,
hi gh | evel feeding of a by-pass protein neal will result in amno
aci d degradation as an energy supply.

PRACTI CAL APPL| CATI ON OF BY- PASS PROTEIN I'N VI LLAGE SOCI ETI ES

Feedi ng Friesian cows of high genetic potential for mlk production -
The National Dairy Devel opnent Board of |India (NDDB) experience

Friesian cows of German origin were inported into India as
potential nmothers for the next generation of bulls for cross-breeding
w th indigenous cows. These aninmals were distributed to (1) NDDB farns
w th managenent and accurate recording of mlk yield and (2) individual
village farners in cool environnments. The NDDB farnms, which are
situated at Anand and Bidaj in Gujarat, are in areas with extrenely high
summer tenperatures which often exceed 40°C and may at tinmes exceed 50°C.



All animals are fed whatever forage is avail able and were provided
wi th ureal/ nol asses bl ocks and fed only a by-pass protein concentrate
(30% CP) at 300-500 g/litre of mlIk production. All animls have
thrived, nost are nowin their second | actation and where accurate
records have been kept have produced between 6000- 6900 litres of mlk
per 300 day lactation with peak daily |l actations often exceeding 30
| / day.

The point that has to be enphasised is that these aninmals were
apparently relatively unaffected by the hottest period of the year and
mai ntai ned mlk production at a tinme when there is usually a marked
reduction in mlk yield. They were fed the avail able forage which
varied fromm xtures of rice straw and green oats/crops through to a
m xture of rice straw and tropical grass. The practical observations
support the nore controlled research under institutional/ |aboratory
conditions and indicate a major influence of balancing nutrition on
anelioration of heat stress in lactating ani mals.

Amelioration of Anoestrous in Village Buffalo/Cattle

A maj or problem associated with mlk production in village
societies is that the "non-descript” animals which are by far the
majority of dairy animals are often fed the poorest feeds particularly
inearly life and between | actations. The reason for this is that
w thout the cash flow that conmes frommlk and with no rapid cash return
on their outlay, village people (who al ways experience cash fl ow
probl ens) are not prepared to purchase suppl enents.

In general, in developing countries, cattle and buffalo often cal ve
for the first time at 4-5 years of age and have an inter-cal ving
interval of up to two years. Infertility is therefore a nmajor problem

The i nprovenents in growh rates nedi ated by the feeding strategies
di scussed here al so suggest that reproductive rate may be simlarly
i nproved. A denonstration trial was established to test this
hypothesis. Wthin two village societies, cattle and buffalo were
sel ected that had exhibited (over an 8-12 nonth period) either infantile
genitalia (buffalo heifers) or no ovarian activity in mature
cows/ buffal oes. These animals were provided with nol asses/urea nulti-
nutrient blocks over the hot summer nonths and 90% of these aninmals cane
into oestrous after 3-4 nonths (Table 8). These studies have al so been
supported by studies of grazing cows supplenented with nol asses/ urea
bl ocks in Africa which have shown a marked decrease in the |actational
anoestrous period (Table 9).

The inplications for inproving mlk production of these discoveries
is extrenely large. Decreased age at first calving, together with
decreased inter-calving interval, may increase the total nunber of
animal s lactating at any one tine by 2 or even 3 fold, this in turn wll
increase mlk production fromthe national herd by the sane increase.
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Table 8. The effects of providing nolasses/urea blocks to cattle and
buffal o on reproductive activity (John, NDDB, personal
communi cation). The animals were owned by small-farners and
had been di agnosed as anoestrous (adult animals) or having
infantile genitalia (buffalo heifers) and had been in this
condition for 8-12 nonths. The farnmers were given
nol asses/urea nmultinutrient blocks at no cost. The period
covered was the hottest part of the year.
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No. No. of animals comng into oestrus
S)))331331331331331)31))))3))3)))))))))))))Q
before 120 d after 120 d never
S)3)331331331131131131131313131331331331)31)31)3)))))))))))))))))Q
Cr ossbred
cow 12 11 1 0
Adul t
buffal o 18 17 1 0
Buf fal o
hei fers 39 28 6 5
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Table 9. The effect of providing a nolasses urea block (UMB) to grazing
cows (Gobe Ranch, Ethiopia) on the length of the post- partum
or |lactational anoestrous period (ILCA ,1987).
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Post - part um anoestrous period (days)
$3222313313313313133133131)31))13)1))))))))Q

No suppl enent + UMB Dff.
S)300000003000030000000300000003 0000000000000 0000000 000))18
Suckl i ng cal ves 132 199 67
Restricted suckling 114 159 46
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TREATMENT OF CROP RESI DUES TO | MPROVE DI GESTIBILITY

The treatnment of crop residues with alkalis to inprove digestibility
is a well researched and established technique. Feeding treated straw
as conpared to untreated straw considerably inproves rum nants
productivity (see Sundstbl and Onen, 1984).

Si npl e techni ques based on ensiling the wet straw (50% noi sture)
wth 3-4% urea are well established and could be applied under vill age
conditions. However, these techniques are only being accepted slowy or
are unacceptable to small farmers for a variety of reasons which vary
fromcountry to country and within districts in the same country. The
mai n constraints to inplenenting straw treatnment as a neans of inproving
m |k production in small-farnmer systens are econom c, sociological and
| ogi stic.

Econom ¢ consi der ati ons

Smal | farnmers invariably have a cash flow probl em and purchase of
urea is restricted generally for crop production. Oten plastic covers
for the straw are costly and inpractical. 1In addition, the returns for
use of urea on a rice crop nust be offset against the incone frommlKk.

Soci ol ogi cal consi derati ons

Oten the nost appropriate time for treatnent of crop residues is
at harvest tinme, when nost the famly are involved in |long hours of work
and have no tine to treat straw. The availability of water is often a
constraint. In nost countries this would be carried in urns by the
wonen froma distant source. These w ves/daughters of small farners
generally have very full working days. Oten, for security or
conveni ence purposes, strawis stored in or close to the residence of
the famly and the snell of ammonia is highly unacceptable and may | ead
to eye disorders particularly in children. Finally, wet straw is nuch
more difficult to store, preserve and feed to the cattle.

A major constraint is that farmers, from experience, have a fairly
accurate annual feed budget. The main benefit fromtreated straw cones
fromincreased feed intake and therefore the budget has to be adjusted.
Failure to do this often results in the farmer having to purchase
expensi ve straw which wll be econom cally di sadvant ageous.

Concl usi on

For straw treatnent to be successfully accepted by small-farners in
devel opi ng countries the nethods nmust be made easy, |ow cost and nust
have | ow | abour inputs. It seens that, for the foreseeable future,
straw treatnment is unlikely to develop as a national strategy but wll
be used by the larger farners particularly those that can afford to buy
| abour .
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RESEARCH NEEDS

For the inplenentation of the new feeding system nore feeding
trials need to be carried out in which response relationships of mlk
producti on/ wei ght change can be correlated with | evel of by-pass protein
feeding. However, sone of this can be left to individual farnmers who
can be instructed to slowy increase the |level of protein neal until
they are satisfied with the response. They will automatically take the
nost econom ¢ option and the inportant point to stress is that farmers
nmust have access to the suppl enents.

The influence of these feeding strategies on reproductive
performance needs further research as it is likely to have the greatest
effect wwthin a country.

The feed processing technol ogy should be nodified in view of the new
systemwith a view to increasing, in processing, the by-pass protein
content of a pelleted feed. A suitable feed fornmula based on the
nutrient supply, processability and econom cs of feeding needs to be
devel oped, for use with the inportant basal feeds available to
smal | -farmers.

There is a wide gap today in this technol ogy between the research
nutritionists who use only single ingredients or a conbination of two or
three protein nmeals and the practical feed manufacture who uses a
vari ety of feeds conpounded on | east-cost basis. Since many devel opi ng
countries have large quantities of protein neals in the country then
t echnol ogy devel opnent to ensure its efficient utilisation should be a
matter of priority. |In countries where the oilseed neals are
unavail abl e, the potential of forage trees containing tannins, or the
treatnent of forage tree |l eaves to protect the protein need to be
devel oped.

THE FUTURE

The chal l enge for the scientist in many devel oping countries is to
how best conbine in a diet for dairy animals the avail abl e green forage,
crop residues and agro-industrial by-products with the avail able protein
resources and nol asses/urea block to optimse mlk production. It is
likely that the availability of protein for dairy animals is likely to
be the primary economi c constraint, it is therefore necessary to devel op
new protein resources (e.g. aquatic plants, tree crops) and to find ways
and neans of protecting the protein fromdegradation in the rumen whil st
remai ni ng of high digestibility is an urgent priority.
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| ncreasing ml k production following optimsation of the efficiency of
utilisation of the basal feed resource

The "G eenhouse effect”, that is the warmng of the Earth's
at nosphere because of increased content of carbon di oxi de and net hane,
Wil in the future require a reduction in production of these gases.
Met hane produced by rum nants probably contri butes about 25% of the
i ncrease in global nmethane concentration in the atnosphere (which is 1%
per year at present) and this source of nethane can be reduced by
decreasing the nunber of rumnants in the world. This will necessitate
a nove to increase production per animal to maintain and increase this
source of human food. This increase per animal wll need to be nade
within the constraints of the avail able feed resources.

MIk is essentially water, lactose, protein and fat. To boost
production of mlk fromanimls fed avail abl e forages above that
stinul ated by the optinmum | evel of by-pass protein plus ureal/nol asses
bl ocks, it will be necessary to supplenment well balanced m xtures of
am no acids (from by-pass protein) and lipids (as unreactive LCFA
conbined with calciumto form soaps) and by-pass starch

The role of dietary fat in the nutrition of rum nants has
traditionally been | ooked upon as a neans of increasing the energy
i ntake of rum nants without a proportional increase in the quantity of
feed consunmed. A strong case for inclusion of fats in rumnant diets
was made by MIligan (1971) on the basis of the energetic efficiency of
incorporation of dietary long chain fatty acids (LCFA) into tissue LCFA
of fattening animals. Kronfeld (1976,1982) proposed that an opti mal
bal ance between am nogenic, glucogenic as well as lipogenic nutrients is
required for maxi mal efficiency of mlk production and prevention of
ketosis in highly productive dairy cows. Theoretically, this should be
achi eved when, anongst others, exogenous LCFA contribute 16% of the
total ME intake (Kronfeld, 1976). Simlar levels of LCFA inclusion in
the diet of lactating cows, was determned to result in an optinma
efficiency of nutrient utilization for mlk production by Brunby et al.
(1978).

Very little information is available, however, on the influence of
dietary LCFA on the efficiency of nutrient utilization by grow ng and
| actating rum nants, especially when they are fed roughage-based diets.
Al though results reported in the literature are highly variable,
generally it is believed that the inclusion of nore than 4-6%fat in the
diet will result in a reduced digestibility of fibre in the runmen and
sonetinmes a reduced DM (Kronfeld, 1982; More et al., 1986), unless
these lipids are offered in a formwhich nakes themrelatively inert in
t he runen.

Calciumsalts of LCFA (Ca-LCFA) are such a source of rumnally inert
LCFA (Pal nmgui st and Jenki ns, 1982; Jenkins and Pal mqui st, 1984) and have
been shown to increase m |k production by dairy cows when used as a feed
suppl enent (Pal ngui st, 1984). Interactive effects of dietary LCFA with
nutrients other than fibre have received little attention.
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An interaction between dietary LCFA and protein neals has been found
and on low protein diets, the benefits of dietary fat are only apparent
when a by-pass protein is fed (van Houtert and Leng, 1986).

The quantitative inportance of these possible nutrient interactions
is unknown in dairy animals fed forage based diets but since the
nutrients in mlk arise fromlong chain fatty acids, am no acids and
gl ucose, research is now being ainmed at devel opi ng a suppl enent which
provides directly to the aninmal.
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FEEDI NG RI VERI NE BUFFALCES FOR M LK/ DUAL PURPOSE PRODUCTI ON
by
A.M EL-Serafy

| NTRODUCTI ON

O the world total of about 138 m|lion buffal oes (Jasiorowski,
1988), riverine buffal oes represent 70% with the concentration in
India (76 M Pakistan (14 M and Egypt (2.4 M. Jasiorowski (1988)
and Mudgal (1988) point out an increase of about 11.2%in the nunber
of the river buffalo type between 1983 and 1986, indicating an
i ncreasi ng awareness by farners of the inportance of the animal in
their economc life and as an integral part of the farm ng system

Proportions of buffalo mlk and neat respectively in the world
total production increased from5.5%and 0.8%in 1976 to 6.8% and 1. 0%
in 1986. In Asia and the Pacific countries, total mlk production from
buffal oes in 1985 was about 31 mllion tonnes (91% of total) (Midgal,
1988) with India al one producing about 22 mllion tonnes.

Correspondi ng val ues for neat production are 1 mllion (80% and 0.3
mllion tonnes in Pakistan. In Egypt, buffal oes produce 65-70% and
45-50% of total mlk and nmeat respectively, (Central Agency for
Statistics, 1986).

For many decades however, research for devel opnent was sl ow,
scattered and uncoordi nated and failed to achi eved nmeani ngful results.
Consequently, it was believed that the low fertility and | ow
production levels are inherent traits of the species. Fortunately,
coordi nated research in the past 25 years in Egypt, India, Japan and
Tai wan supported the theory that |ow production levels are related to
poor managenment and to poor nutrition in particular.

The main ainms of this paper are :

a) to conpare the characteristics of the digestive physiology and
nutrition of the buffalo and the cow, and

b) to describe an inproved feedi ng/ managenent package for enhanci ng
the production of mlk and neat.

COMPARATI VE DI GESTI ON AND NUTRI TI ON OF RI VERI NE BUFFALCES AND CATTLE

There is no difference in the digestive tract between the buffalo
and the cow, the four-pouched stomach and the rest of the gastro-
intestinal tract being the sane in both species. The runmen in cows
and buffaloes is well adapted to utilize the cellulosic matter and the
mai n fernmentative conpartnent proceeds the main site of digestion
all ow ng the maxi mal use of fermentation products.
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From a functional point of view however, there m ght be a
di fference between the riverine buffalo and the cowin ability to
di gest poor quality roughage, e.g. rice straw (Ranjhan, 1988). The
reason for this difference, reported fromfeeding trials, is not quite
under st ood al t hough differences in runmen bacterial growth rate between
species were reported by Zaki El-Din et al. (1985) as a result of
feeding the same roughage diet wwth or wi thout added urea and/ or
nol asses. The ability of the buffalo to consune nore DM fromrice
straw than the cow could further explain the difference in digestion
(Devendra 1987).

I n Egypt, research on conparative digestibility and efficiency of

feed utilisation between buffaloes and cows is |imted. It has been
reported that |ocal buffal oes and cows di gest concentrates and good
qual ity roughages, |ike berseem hay, equally well. Wth poor quality

roughages like rice straw however, the buffalo excelled the cowin
digesting DM and CF (El - Ashry 1988; Sai ed Mahnoud, personal

communi cation). Wth regard to the efficiency of feed utilisation for
meat production, the buffalo steer calves produced nore neat per unit
of feed intake than either | ocal steers of native or Friesian breeds
(El -Ashry et al., 1975).

Research reports fromindia indicated the superiority of riverine
buf fal oes over cows in lignin turnover and that was due to ani mal size
bei ng responsi ble for greater digestion in buffal oes than cows
(Mudgal, 1988). The results also show that TDN output/input ratio
varied from6 to 30% and protein output/input ration fromb5 to 40%
indicating that buffal oes fed on straw and a grai n-based diet were
nore efficient than cows. Wth regard to conparative utilization of
energy for mlk production, it has clearly been shown that maintenance
and production requirenents were higher in Murrah buffal oes than in
Brown Swi ss x Sahiwal cows, indicating that cows were nore efficient
in utilizing nmetabolizable energy for m |k production than buffal oes
(Mudgal , 1988).

FEEDI NG MANAGEMENT OF RI VERI NE BUFFALCES

Feeding frombirth to weani ng

A project was started in 1973 and continues at A n Shans
University, Faculty of Agriculture to study the effect of inproved
f eedi ng nmanagenent on the perfornmance of buffal o calves during pre-
and post-weani ng phases of growmh. The accunulated results fromthis
project (El-Bassioni, 1983; El-Serafy et al., 1982) and from ot her
research stations in Egypt were summari zed by El-Serafy and El - Ashry
(1989).

In general it was concluded that, to achi eve maxi num benefits
fromrearing calves on mlk replacers, a package of managenent is
required, nanely to feed restricted anmounts of replacers (4 kg liquid
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divided into two neals), to have fresh water available, to avoid using
antibiotics in mlk replacers, to introduce a nash starter fromtwo
weeks, to offer good quality berseem hay | eaves ad |ibitumand to rear
calves in a well ventilated barn, always using a dry bed of rice
straw.

Feedi ng buffalo males for growth

From weani ng to about 150 kg body wei ght, nale calves require
special attention in fornmulating rations to pronote maxi numtissue
growh. A highly digestible pelleted starter (70 to 75% TDN and 15 to
17% DP) is essentially required to achieve about 0.7-0.8 kg ADG ( EL-
Ashry et al,. 1981). The ratio concentrate to roughage ranges between
50: 60 or 60:40 on a DM basis, wth good quality berseem hay maki ng up
at least half of the roughage (El-Koussy 1981). Conparabl e ADG val ues
for buffalo calves at the sane age/weight reported in the fifties and
sixties were nuch | ower (400-600 g: Ragab et al., 1966).

D fferent roughages fed to male cal ves during growh have shown
the superior effect of rice straw, conpared to wheat or bean straws
(Afifi, 1977). Their results showed that calves required 4.42, 4.68
and 4.80 kg feed DMto produce one kil ogram gain.

Ri ce straw contains nore |igno-cellul ose bonds and ash than wheat
or bean straws (Van Soest, 1987, personal comrunication) and its TDN
value is less than the other two straws (Abou Raya, 1967). A possible
expl anation for better efficiency of utilization by buffalo calves is
that the runmen cellulolytic mcro-organisns in buffal oes are nore
capabl e of breaking these bonds, neking hydrol yzed gl ucose units
avai |l abl e for VFA production (Abou Akkada and El - Shazly, 1966; Zak
Eldin et al., 1985)

Feedi ng for fattening of buffalo nmal es

Two fattening practices of male buffalo calves are recognize in
Egypt :
a) Fattening from 200 to 350 kg, over a short fattening period of
about 4 nonths, and
b) Fattening from 250 to about 500 kg over a relatively |onger
period of 10 to 11 nonths (called bitello).
The first practice produces relatively juicier meat but the second is
the main practice because of its high dressing yields.

The overall ADG during fattening is usually between 800 to 900
g/ d, depending on the | evel of concentrates, being higher with
concentrates level in ration over 50% of the diet in which the main
roughage as rice straw (Afifi, 1977). |In feedlot fattening operations
(Shehata et al., 1973), ADG was 800 to 1000 g when the concentrate
portion of the ration was 75% and when 1 kg concentrates was offered
for each 50 kg live body weight.
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Carcass neasurenents

Al though in fattening trials different ratios of concentrates to
roughages were used, the dressing percentage ranged from50 to 60%
dependi ng on the wei ght at slaughter, being higher than 52% at
sl aughter wei ghts above 400 kg. Al so, high dressing percentages,
nmeat : bone ratios and carcass-fat are usually associated with high
| evel s of concentrates (Table 1).

Table (1) Dressing and bone-Iless neat percentages of buffal o cal ves
sl aughtered at different weight categories.

$322331333333313333313113313313133131133133131331311331)3131))))))))))
Feedi ng groups’

ltem 222331)333113331133311333)033))0)3)))0))))))
| I 11 |V \/ Over al |
aver age

S$3223313333333133333133133133131331311331)3131)31311331)3131))))))))))
Cal ves sl aughtered at 300 kg

Dressing % 53.3 53.5 57.4 50.2 47.1 52. 3

Bonel ess neat % 83.2 81.7 82.8 79.9 81.7 81.8
Cal ves sl aughtered at 400 kg

Dressing % 57.1 54.7 54.1 54.0 57.6 55.5

Bonel ess neat % 81.2 82.5 82.7 81.9 83.4 82.3
Cal ves sl aughtered at 500 kg

Dressing % 59.8 60.2 59.7 60.6 54.4 59.9

Bonel ess neat % 79.3 82.1 84.0 83.0 78.2 81.3

$333333333333333333333333333333333333333111113333333333333333)))))))

" Feeding groups | to V corresponds to |levels of Napier grass of 5,
10, 15, 20 and 25% respectively on DM basi s.
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I n conclusion, the recommended feeding regime for growi ng nmal e
buffal o calves from90 to 200 kg live body wei ght consists of a 50:50
concentrate to roughage ratio on a DM basis. The concentrate portion
shoul d be highly digestible pellets containing 65-70% TDN and at | east
15% DP, while the roughage portion is made up of 2-cut berseem hay and
rice straw (50:50 ratio). Intake in this growi ng period was cal cul ated
as 3% of body weight. For fattening purposes, the rations should
contai n between 65-80% concentr at es.

Feedi ng of qgrow ng/pregnant heifers

Rai sing of a good buffalo heifer is a prerequisite for achieving
a high-yielding buffalo cow The characteristics of a good heifer in
Egypt (El -Ashry, 1988: El-Fouly and Afifi, 1977) are to wei gh 350-370
kg at 16-18 nonths of age at which the heifer reaches sexual maturity,
exhibit regular oestrus cycles and to be ready for mating in order to
deliver her first calf at 27-28 nonth of age (460 to 480 kg wei ght).

From weani ng to about 180 kg, heifers require the sanme speci al
attention as was described in feeding males. About 2 kg/ 100 kg body
wei ght of the pellet starter are required to achieve about 700 g ADG
A typical ration during this grow ng phase (average wei ght 125 kg) is
conposed of 2.5 kg of starter concentrate and 1 kg each of berseem hay
and rice straw. Calculated intakes of nutrients in this ration are as
follows: DM 4.1 kg, DM % of body weight 3.2, TDN 2.5 kg, DP 0.455 kg,
ME/ kg W-7> 229 kcal. Midgal (1988) reported ME for nmintaining
buffal o heifers as 188 kcal/kg W- ", while Arora (1988) reported a
val ue to 206 kcal/kg W-® for nmintenance and grow h.

It has been shown that | ate-pregnant buffalo heifers need an
extra 0.5 kg corn per day, in addition to the previously nentioned
requi renents. Aboul Ela (1988) concluded that resunption of cyclic
activity post-partumin buffalo cows is influenced by feeding in late
pregnancy and early lactation.

Feedi ng | actati ng buffal o cows

On a DM basis, buffalo's mlk contains about 41% of total
ingredients as fat and is thus characterized by a relatively high
energy content, which should be carefully considered in the ration
fed. A standard water buffal o cow wei ghing 500 kg, in her 3rd
| actation, producing 7 kg/d mlk for 300 days with average 7% f at
requires 2 kg TDN and 400 g DP for mai ntenance plus 750 g TDN and 80 g
DP per kg m |k produced.

In Egypt, different concentrates and roughage ingredients are
used to make up rations for lactating buffalo cows. Conmmon
concentrates which have been exam ned include cereal grains, cane
nol asses, cotton-seed cake, horse bean, soybean, |inseed neal and sun-
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fl ower seed. Common roughages include berseem hay; rice, wheat and
barl ey straw, wheat and rice brans; rice hulls and water hyacinth hay
or silage. The main green forage in winter is berseem (Trifolium

al exandrinum and its hay in summer.

In practice, a mxture of concentrates (60% TDN, 14% DP) is
prepared in a cube formand conprizes yellow corn 23-25%
undecorticated cotton seed cakes 25-40% wheat bran 10-15% rice bran
10- 15% sugar cane nol asses 3-6% and common salt plus linme stone 1.5%
2.5% In winter, the feeding systemof dairy buffal oes depends on
green berseemand rice straw for dry, non-pregnant or early-pregnant
buffalo cows. In sunmer, on the other hand, berseem hay repl aces
green berseem and green nai ze (darawa) is offered as a source of
avai l able vitam ns (El -Ashry, 1988).

Several research trials were conducted to eval uate different
roughages and concentrates for |actating buffalo cows. The ultinate
goal of these trials was to introduce cheaper feed ingredients at
maximumrate in the rations. The relatively cheaper roughages,
mechani cal | y-treated non-cl assi cal roughages |ike cotton stal ks and
corn cobs, were sprayed with sugar cane nol asses to inprove their
utilization by lactating buffalo cows (El -Serafy, 1968). Although
hazar dous and expensive, NaOH treatnment significantly inproved the
utilisation by lactating buffalo cows of poor quality roughages (rice
and wheat straws and cotton stal ks) (Abou Raya, 1967). The |evel of
roughages in rations for |actating buffal oes has been generally
accepted as 50% of total DM

Research on the use of cheaper sources of nitrogen indicated that
the urea can replace up to 50% of total nitrogen of rations for
| actating buffaloes with no adverse effect on mlk or fat yield
(Khattab et al., 1981).

The | evel of concentrates in rations for mlk production from
buffal oes has a significant effect on mlk and fat yields and the
efficiency of dietary energy utilization (El -Ashry et al., 1975; the
results are summari zed in Table 2. Their data indicate that the
efficiency of dietary utilization for m |k production was
significantly greater in winter than in sumer. The |evel of 50%
concentrates was nore efficiently utilized for mlk energy or protein
but nore than 60% concentrates in the ration reduced mlk fat.

When intake is equal, the efficiency of utilization of the above
feed ingredients for mlk production is not different within a class
of feedstuff. Mudgal (1988) discussed several factors affecting feed
requi renents and utilisation by buffalo cows and indicated that in dry
subtropic regions tenperature, shade, water requirenent and di sease
are nost inportant factors.
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Table 2 Ef fect of level of concentrate and season on efficiency of
dietary energy utilisation for mlk production

$322331333333313133131133133131331331331)3131)3131131))))1))))))))))Q
Feedi ng Concentrate Net efficiency of use

season | evel % of dietary energy %

$333333333333333333333333333333333333311111133333333))33)3))))))))Q

0 65. 2

W nt er 25 68.0

50 67.6
S$331331331331)31131131131313131331331331331)31)31)31)3))))))))))))))Q

0 60. 2

Sunmer 25 60. 9

50 62.0

$333333333333333333333333333333333333311111133333333333))3))))I))))Q

Feedi ng bulls for production and draught

Feeding riverine buffalo bulls for production and draught is not
common practice in Egypt. For doing sone light work and for exercise,
5-6 year old breeding bulls are used to operate waterwheels ("sakia")
for irrigation. The share of buffaloes in farmwork was cal cul ated as
| ess than 8% of annual working hours regardl ess of farmsize (Soliman,
1985). Requirenents of breeding/draft bulls were cal cul ated by
Ranj han & Pat hak(1983).

OTHER MANAGEMENT ASPECTS | N REARI NG RI VERI NE BUFFALOES

The followi ng practices are used in inproved managenent systens
in Egypt:

- supplenentary mnerals and vitam ns when ani mals are consum ng
dry feeds (summer feeding),

- spraying animals with water twice/d in sumrer (June-August),

- tethering fattened cal ves or lactating buffal oes and | oose-
housi ng for heifers,

- use of locally available materials for making sheds (the roof for
sheds is made of rice straw sandw ched between two |i ght-wood-
framed banboo mats),

- detecting oestrus with the bull tw ce daily,

- artificial insem nation (using fresh senen) 10-12 hrs fromthe
first natural mating,

- using nechanical m|lking machi nes, and

- regular (weekly) veterinary checks and assi stance of the
veterinarian in heifers delivering their first calf.
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FUTURE OUTLOOK

Research shoul d concentrate on bi otechnol ogy aspects such as
super ovul ation, enbryo transfer, hornonal treatnents to increase mlKk
production and mani pul ati on of rumen m cro-organisns for better
utilisation of ligno- cellulosic bonds in high-fibre-containing
roughages. Wth increasing demand for mlk and the noticeabl e
decrease in the area of forage every year, there is an urgent need for
cross breeding, possibly with a smaller but nore productive strain.

O herwi se buffal oes could | oose ground to the efficient crossbreds
fromexotic cattle.
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FEEDI NG SWAMP BUFFALO FOR M LK PRODUCTI ON
by
S. Khajarern and J.M Khaj arern

| NTRODUCTI ON

I n Sout h-east Asia, the water buffal oes are predom nantly of the
swanp type. They are raised in small herds of 1-5 on small farnms (2
to 5 hectares). Buffalo raising in this region cannot be considered
as a distinct enterprise, rather it is an integral part of crop
(mainly rice) production. Apart fromserving as the main source of
farmpower, their integral roles in the small farm systemincl ude
bei ng the producers of farm manure, the renovers of farm wastes, the
living noney savers (which act as the nost reliable alternative source
of farmincone) and to exhibit the social status of the owners. Beef
is no nore than a by-product from buffal oes which are too old or not
fit for work. M1k hardly plays any significant role in the snall
farm syst ens.

Traditionally, care of buffaloes is the responsibility of farm
children. The animals are kept within the village, usually under the
house, at night and spend the day-tine hours grazing in the harvested
paddy fields, along roadsides and on the edges of cultivated plots.

In the rainy season, the animals are tethered on a small plot of Iand
set aside for this purpose and supplenented with cut-and-carry grasses
and/or rice straw. Mnerals, except salt, are not generally offered.
Wat er supply, for both wall ow ng and drinking, becones a problemin
many areas, particularly in Northeast Thailand during the dry season.

Breeding of village buffaloes is acconplished w thout human
pl anning. It may occur at night or during the daytinme when the
aninmal s are released and begin to mx with the village herd, as they
do at the grazing or watering sites. This inplies that mating does
not generally occur during the rainy season when nost of themare
engaged in |land preparation. This, along wth other unfavourable
factors such as the typical |ow reproductive rate of the species, high
calf nortality and insufficient feed supplies, nakes the herd
productivity low and has led to a gradual decrease in size of the
nati onal herds in various countries (Bhannasiri, 1980; Toeli here,
1980). In order to cope with the increasing demands for draught power
and beef, Frisch and Vercoe (1984) have outlined a strategy to
i ncrease both nunbers and productivity of the herd in the region.
Anmong t hese, ways of inproving reproduction efficiency, draught
output, growmh rate and mlk yield are discussed, taking into account
the limtations set by the fact that the main feeds are nade up of
cereal straws and crop by products.
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REG ONAL | NTERESTS I N | MPROVI NG BUFFALO PRODUCTIVITY IN SVALL FARM
SYSTEMS

The i nportance of buffalo as the indi spensabl e support to crop
production in small farm systens and the need to inprove its
productivity have been well realized by researchers and adm nistrators
of various institutions since the early seventies. A conprehensive
overview, highlighting such interests, has been given by Soni (1985).

I n Thail and, the Cooperative Buffal o Producti on Research Project,
which was initiated in 1971 to join the inter-institutional efforts in
solving two key problens of the decrease of buffalo nunber in the
nati onal herds and the reduction of mature body wei ght and size, has
subsequent |y becone the National Buffalo Research and Devel opnent
Center, jointly undertaking research responsibility for severa
aspects for inproving the buffalo productivity under small farm
condi ti ons.

The research thrust includes health care, reproductive physiol ogy
and artificial insem nation, genetic inprovenent, nutrition and the
integration of mlking buffaloes into the farm ng systemin sone
specific regions. The research results are regularly published inits
annual reports and exchanged with its regional counterparts by neans
of regul ar publishing of "Buffalo Bulletin" under the support of the
International Buffalo Information Center and the Regi onal Buffalo
Devel opment Network or through the "Buffalo Journal” of Chul al ongkorn
University. Recent technical information obtained, particularly on
the digestion of fibrous residue feeds and on the feeding and
managenent of buffaloes for mlk production, will be highlighted in
the foll om ng sections.

COMPARATI VE CHARACTERI STI CS OF THE PHYSI OLOGY OF DI GESTI ON AND
NUTRI TI ON OF BUFFALO AND CATTLE

As with other rumnants, the buffalo has a remarkable ability to
refine coarse roughages through runen fernmentation, |eading to the
formation and utilization of various essential netabolites for its
nouri shnment. Anatomcally, the runmen and reticulumof the buffalo are
simlar to those of cattle. However, the runen of the buffalo,
accounting for over 80 percent of the stomach capacity, is heavier
than that of cattle and is 5-10 percent nore capaci ous (Sengar and
Singh, 1969). The buffal o omasum has | ower tissue wei ght and capacity
but the sane nunber of |am nae, having a narrower inter-|am nar space
than cattle. The abomasum of buffalo differs slightly in the
distribution of cellular elenents in the nucosa and its digestive
ability is adversely affected by high air tenperature than in the case
of cattle (Chalners, 1974). Wth respect to conparative physiol ogy of
di gestion of buffalo and cattle, agreenent has been reached in results
fromseveral studies in the particul ar aspects of:
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1) the runmen of the buffalo calf beconmes functional at an earlier
age;

2) the m crobial popul ations, bacteria and protozoa, are nore
numerous in the buffal o runen;

3) the changes in the m crobial populations, as affected by changes
in season and thus proportions of food constituents, are nore
mar ked in the buffal o runen;

4) the rate of passage of feed through the runmen of the buffalo is
slower, allowing a longer retention tine and exposure to nore
m crobi al action;

5) ammoni a and sol ubl e nitrogen di sappear fromthe runmen fluid of
buffalo nore rapidly than fromthat of cattle, suggesting that
the former utilizes protein nore efficiently than the latter.

Al'l of these characteristics tend to indicate that buffal oes have
a higher efficiency of digestion than do the cattle. 1In his review of
research results, derived froma |arge nunber of studies in the Indian
subcontinent, Gupta (1988) concluded that buffal oes were nore
efficient converters of coarse roughages than cattle. Hi s conclusion
has been substantiated by the results of a nunber of trials which have
shown hi gher concentrations of sone netabolites in the runmen of the
buffal o and higher digestibilities of dry matter, organic matter and
crude fibre when conpared to cattle. However, contradictory findings
have al so been regularly reported by a nunber of researchers such as
Moran (1983). Chal ners (1974) expressed her doubts on such the clains
due to the facts that

1) a nunber of trials were involved wth inadequate nunbers of
experinmental animals;

2) studi es should take into account differences in the kind of
feeds, feeding levels, age and type of animals, runen vol une,
rate of passage of feed, adequacy of water supply, deficiencies
of vital feed constituents, managenent practices and so forth;

3) rumen content of various netabolites is always dynamc, with
synt hesi s and breakdown occurring all the time. Variations in
techni ques used in sanple preparation and/or chem cal analysis
woul d | ead to different concl usions.

In her view, enough evidence indicates that there were only snal
differences in the efficiency of runmen digestion of fibre in cattle
and buffal oes. However, she agrees that buffalo can utilize poor
qual ity roughages nore efficiently than cattle. A limted nunber of
studi es along these |ines have been recently conducted wth swanp
buf f al oes conpared to Zebu cattle. Wnapat (1984) conpared the dry
matter degradability of 7 intact protein feeds by using the nylon bag
techni que on swanp buffal o and Brahnman cross bulls being fed rice
straw or urea-treated rice straw with 200 g/d fish neal. It was found
that the DM degradability in buffalo was slightly higher than that in
cattle, regardless of types of rice straw fed, at any 4-hour period
ranging fromO to 24 hours after suspension (Table 1).
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Table 1. Dry matter degradability (% of protein sources in the runmen
of cattle and water buffalo.

$333333313313331333333133133313313311333133133113313311))11)1)))))))))Q
Duration (h.)

S$33)3313313313311311311313131313131331331331131131)31)3)))))))))))))))))Q
Sour ce 0 4 8 12 24

RS uTs RS uTs RS uTs RS uTsS RS uTs
S))%3))))?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
Fi sh nea
Buf fal o 14.9 15.7 16.7 33.1 24.4 27.1 31.5 29.6 37.7 41.5
Cattle 15.5 16.3 26.3 29.0 25.3 27.1 29.4 27.9 36.0 39.6

Soybean neal

Buf f al o 23.5 33.9 29.4 44.5 34.2 31.3 33.8 38.5 66.7 66.1

Cattle 25.8 28.9 31.4 39.7 29.5 37.0 42.1 42.4 54.5 63.1
Leucaena | eaf neal

Buf f al o 11.4 25.3 20.3 22.9 23.5 20.1 28.1 30.7 32.0 48.6

Cattle 9.0 23.3 26.5 26.1 23.521.9 26.0 35.2 32.5 44.9
Wat er hyacinth | eaf neal

Buf f al o 24.9 27.6 21.4 27.5 27.5 23.3 28.7 32.4 29.9 41.7

Cattle 24.3 27.8 26.3 31.3 28.3 24.8 24.7 29.0 30.3 36.1
Cassava | eaf neal

Buf f al o 11.4 21.8 16.9 20.5 19.2 19.2 24.6 27.5 34.0 43.1

Cattle 14.7 16.9 19.2 21.1 22.4 21.8 21.5 24.7 35.2 45.2
Sunnhenp | eaf neal

Buf f al o 13.0 15.6 17.8 22.4 16.4 16.1 20.1 23.6 30.8 36.0

Cattle 10.2 21.9 13.1 20.1 20.1 18.4 21.0 22.1 24.5 27.7
Ri ce bran

Buf f al o 8.3 15.8 18.5 37.5 24.9 30.6 29.3 39.7 45.3 49.6

Cattle 8.7 10.8 18.2 28.5 26.4 28.4 32.4 33.7 40.3 47.5
Buf f al o 15.3 22.2 19.5 29.8 24.3 24.1 28.0 31.7 39.5 46.7

+6.4 7.1 5.0 9.0 5.8 5.9 +4.5 +5.8 #+13.9 +9.7
Cattle 15.5 20.8 23.0 28.0 25.1 25.6 27.9 30.7 36.2 43.5
+7.1 6.6 +6.3 +6.6 +3.3 #6.1 7.3 #6.9 +9.4 +11.0

$333333333333333333333333333333333333333111113333333333333333))))))))Q

RS = rice straw, UTS = urea-treated rice straw

From Wanapat (1984)
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The sane group of workers (Chanthai et al., 1986) neasured the
nmetabolites in the runmen of a buffalo and a bullock being fed rice
straw or urea-treated rice straw. It was shown that the rumen NH;-N
and rumen pHin the buffalo were higher than those of bullock (5.81
V. 4.49 mg %and 7.31 v. 7.01). The total VFA s were, however,
significantly lower in buffalo than in cattle regardl ess of dietary
treatments (Table 2).

Table 2. Conparison of NH;-N, pH and total VFA between cattle
and buffalo fed on rice straw (RS) and urea-treated
rice straw (UTS).

$333333333333333333333333333333333333311111333333333333))))))))))Q

Feed
I 'tem S3)3)333)3))))3)3)))))))))))))Q X+SEM
RS UTS
S3)3)331313)313131331313133131313313131131313131)1313))))))))))))))Q
NH;- N, mg %
Cattle 0. 47 8.51 4. 49+0. 262
Buf fal o 1.28 10. 34 5. 81+0. 26°
X+SEM 0. 88+0. 262 19. 43+0. 26°
pH
Cattle 7.06 7.04 7. 05+0. 022
Buf fal o 7.24 7.38 7.31+0. 02P
X+SEM 7.16+0. 022 7.21+0. 022
Total VFA, nol e/l
Cattle 68. 86 87. 86 78. 33+1. 402
Buf f al o 58. 72 72. 38 65. 55+1. 40°
X+SEM 63. 76+1. 402 80. 12+1. 40°

$3333333333333333333333333333333333333111111333333333333))))))))))Q

a,b Value in the sanme row or colum under appropriate headings with
di fferent superscripts differ (P<O0.05).

From Chant hai et al. (1986)

Wth a higher quality roughage, Mahyuddi n and Jal al udin (1986)
conpared the runmen netabolites and dry matter and nitrogen
di sappearances by nyl on-bag techni ques in 4 Kedah-Kel antan cattle and
4 swanp buffal oes being fed guinea grass (Pani cum nmaxi mun) ad |ibitum
with free access to mneral blocks. It was denonstrated that the
rumen pH was lower in buffalo while the VFA s | evel was higher than
those in cattle. The rumen NH;-N levels were simlar in both species
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and stayed at a low level after reaching a peak at 3 hours after
feeding. The in situ degradability of DM and N of gui nea grass showed
an increasing trend throughout the first five 10-hour incubation
periods and levelled off afterwards to 72 hours of incubation. The DM
and N degradation rates of buffaloes (4.00£0.40, 3.90%0.55%h) were
significantly higher than those of cattle (3.59+0.37, 2.83+ 0.50% h).

On rice straw based conplete diets containing a 2% increnent in
crude protein ranging from6 to 22 percent, Devendra (1985) conpared
the nitrogen utilization in 4 buffalo bulls and 5 Kedah Kel ant an

cattle by a balance trial. It was found that the buffal oes had hi gher
N retention due to a significantly |ower urinary nitrogen excretion
than did the cattle. |In both species, N intake was significantly

correlated to apparently digestible nitrogen and N bal ance. The
aut hor stated that the DCP requirenent for maintenance were 1.50 and
1.37 g/ W-"°kg/ day for the buffalo and cattle, respectively.

No firm conclusion can be drawn fromthe avail able data on
whet her or not buffalo can digest crude fibre nore efficiently than
cattle. The state of know edge, however, strongly indicates that
buf fal oes can perform better on the poor quality roughages such as
those that are available in small farns throughout Asia, nanely the
fibrous crop residues. |In addition, the avail able data indicate that
the buffalo utilizes protein nore efficiently than cattle. This
indication lends itself well to the possibility of inproving buffalo
productivity under the limted resources of small farns.

FEEDI NG AND MANAGEMENT OF BUFFALCES FOR M LK PRODUCTI ON

The swanp buffal oes are generally recognized as poor m |l kers when
conpared to the riverine breeds. The average mlk yield ranges from
1.0 to 1.5 kilograns per head per day over a 270 to 305 days |l actation
(Castillo, 1978; Wejaratwinmon et al., 1979 and Thaw nprawat et al.
1985). Their potential for mlk yield seens not to be greatly
i nproved by inproved feedi ng and managenent conditions (Frisch and
Vercoe, 1984). However, they are of great value as the basic genetic
stock fromwhich animals with a greater potential for neat, mlk and
draught may be devel oped. Cross breeding of the swanp with the
riverine buffal oes has been one of the ways to exploit the mlKking
potential of the existing neat/draught animals in Thailand as well as
in other Asian countries (Table 3). Tumnasorn (1981) conducted a
conprehensive review on ml k production and draught ability of the
swanp- Murrah crossbred and reported that the average mlk yield of the
crossbred was 4 kg/d (2.0-6.3 kg/d) over the 256-day average | actation
period. 1In his separate case study covering 6 herds of the Mirrah
crossbred cows in a village, he reported an average mlk yield of 6.9
kg/d over a 242-day |actation. Wrking ability of the crossbred has
been indirectly reported in terns of body weight and is not very
meani ngf ul .
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Table 3. Mk yield of different buffalo breeds.

Br eed Lactation Aver age daily Not e
| engt h (days) mlk yield (kg)

Local (Swanp)? 236 1.94 Partly work
Murrah x | ocal? 277 3.73 Partly work
(Mx L) x Murraht 292 5.20
Mur r ah? 237 6. 60
Swanp x Mirrah? 256 4.00
Swanp x Mirrah? 242 6. 90

From Xi ao (1988)
2From Tumwasorn (1981) - see previous page.

Konanta et al. (1984) conpared the working ability of 16 Murrah
crossbred with 16 swanp buffal oes being supplenented or not with 1.5
kg/d a 3:1 mxture of cassava chips and ipil-ipil leaf nmeal. It was
denonstrated that the swanp buffal oes had a higher work ability in
terms of being able to plough nore |and per unit of time but at a
simlar speed when conpared to the crossbred. In addition, the groups
that were fed the supplenentary diet could plough at a significantly
hi gher speed and gai ned nore wei ght than the non-suppl enented ones.

Not many studi es on feedi ng and managenent of buffaloes for mlKk
production have been conducted. Dairy farmers in the region generally
t ake the conventional feeding system good quality forages with
concentrate feeds supplenentation, for granted and the avail abl e
resources may not always be used at their nmaxi mum econom c efficiency.
Taking into account the limted availability of good quality forages
under small farmconditions, the | ow producing mlking buffal oes of
the multi-purpose crossbreds nay have to produce on crop residue-based
feeds. An alternative approach, enabling a nore efficient utilization
of such feeds, has to be fornmulated, tried out and inpl enented.

One of the alternative approaches to achieve a better utilization
of fibrous crop residues as feeds for mlking buffaloes is pre-
treatnent prior to feeding. A nunber of studies have been done, in
Sout h Asian countries, on evaluating the feeding value of urea-treated
rice straw for dairy buffal oes.
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Positive responses have been reported by Khan and Davis (1981)
and Perdok et al. (1982 and 1984) (Table 4). Once such pre-treatnent
has proved soci o-econom cally acceptable to small farnmers, nuch
benefit can be gained. This remains to be proven.

Table 4. The perfornmance of Surti buffal oes given untreated or urea-
treated straw based diets, with concentrates and with or
wi thout Gyricidia leaves.

UTS+C UTS+G+C TS+C TS+G+C

MIlk yield (kg/d) 2.17 2.56 2.97 3.35
MIlk fat (g/d) 146 178 224 256
Mlk fat (% 6.71 6. 94 7.54 7.62
Cows in mlk after 10 wks 6 9 10 9

W gain of calves (g/d) 165 265 295 344
W change of cows (g/d) -93 +59 +59 +126
DM i ntake (g/ kg W-7) 119 123 163 178
UTS = untreated straw, TS = Treated straw;, +C = + 1 kg concentrates/d

+G + 6 kg Gyricidia |l eaves per day

From Perdok et al. (1982)

Suppl enent ati on of crop residue-based feeds with a nore
nutritious locally avail abl e by-products is another alternative for
better utilization of the available feed resources in the small farm
system Preston (1986) and Preston and Sansoucy (1987) fornulated a
met hod of strategic supplenentation in the feeding system by taking
into account the ecol ogical manipulation of rumen m crobes so that the
maxi mum di gestion of dietary fibre can be achieved. |In addition,
suppl enentati on of the by-pass nutrients required to correct the major
constraints of m |k production has been included in their
recommendation. Wth respect to managenent, "restricted suckling" of
t he dual - pur pose cow by her calf, enabling both calf growh and m |k
production to benefit, has been recomended. This appears to fit well
with the small farmsituation and remains to be tried out on Sout h-
east Asian small farns.
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RECOMVENDATI ONS FOR FUTURE RESEARCH AND DEVEL OPMENT

In order to maxim se the production potential of swanp buffal oes
i n Sout h-east Asian small farns, work on crossbreeding with the dairy
breeds is needed. Well-planned breedi ng programres, ainmng to produce
mul ti - purpose crossbreds, should be done in order to nmake full use of
the animals which are normally engaged in crop cultivation for only
130 days a year. Performance testing of the crossbreds needs to be
undertaken on farns in order to sinultaneously assess their
suitability under the socio-economc setups of the small farmers.

A village survey which ainms to assess basic data on the
acceptance by small farners of changing the pattern of raising the
draught to multi-purpose buffaloes in their systens is greatly needed.
Reorientation of their attitudes toward maki ng use of their female
buffal oes for both work and mlk should be advocat ed.

On feeding and managenent, work on the assessnent of crop
resi dues and farm by-products avail able as feeds should be initially
eval uated. The inprovenent of their utilization whether by nmeans of
pre-treatnent and/or suppl enentation should be investigated and
further tested on farnms in order to formul ate practicable and
accept abl e recommendati ons, enabling a sustainable m |k production
system based on the small farmers' avail able resources. A conparative
study on the conventional rearing and restricted suckling of calves
shoul d be conducted in order to assess the econom c gains, taking into
account the inprovenent in both calf growh and mlk yield.
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FUTURE PROSPECTS FOR FODDER AND PASTURE PRODUCTI ON
By
A. Am nah and C. P. Chen

| NTRODUCTI ON

In the wet tropical environnent, there is no distinct seasonal
noi sture deficiency and the foliage is green throughout the year. The
potential production of tropical forage both native and inproved
species, in ternms of protein, netabolisable energy and mlk
production, has been favourably assessed (Lane and Mistapha, 1983;
Luxt on, 1983).

The tropical dairy breed, which is basically a Bos indicus
animal, has a |low potential for mlk production which is between
500-950 kg/l actation (Sanuel, 1974; Sivarajasingam 1974), whereas the
m | k production potential of the crossbred (Bos taurus x Bos indicus)
is inproved, giving 1,200-1,900 kg/lactation (Sivasupramani am and N k
Mahnood 1981). Due to the overall feed constraint and environnental
stress, purebred dairy cows such as Friesian and Jersey are nerely
able to produce half of their mlking potential (1,150-2,200
kg/lactation) (Wan Hassan et al., 1981; Sivasupramani am and N k
Mahnood, 1981), conpared to those of simlar breeds in a drier
environment. The expected mlk yield is estimated to be 2, 700-4, 000
kg/lactation for the Friesian and Jersey (Cowan et al., 1975). Hence,
the genetic expression of m |k production of the dairy cowis
conf ounded by tropical environnents.

Thi s paper attenpts to present the status, constraints, potential
producti on and managenent of tropical forages in relation to the
feeding of dairy cattle in the tropics.

NUTRI TI ONAL VALUE OF TROPI CAL PASTURES

It is conmmonly believed that the contribution in mlk production
due to genetic factors of animal is about 25% A greater
sustainability of production is produced by better feeding. Pasture
can be a major source of feed for dairy cows but there are sone
limtations to its use. Energy and protein supplies are the nost
essential conponents in animal nutrition and, in many tropical
countries, these conponents are often the critical Iimting factors to
ani mal producti on.

Most of the tropical grasses (either native or inproved pastures)
have netabolisabl e energy values ranging from7.0 to 11.0 M)/ kg DM
when cut between 2-8 weeks (Table 1), and energy concentrations for
natural forages were found to be simlar (7.1 to 10.1 M} ME/ kg DM .
Lane and Mustapha (1983) also reported that broadl eaved speci es and
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nmet abol i sabl e energy val ues and their
crude protein and crude fibre was superior to natural
solely on the netabolisable energy available fromthe existing forage
on offer, Lane and Mustapha (1983) estimated the potenti al

kg/ cow day dependi ng upon the types of pastures.

Table 1 .

Mean cheni ca

grass

es. Based

m |k

cows in md-lactation to be 12-16

conposition and esti mated ME val ue of

sone inproved tropica

pastures (Wan Hassan,

1987)
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Protein content varies wth age, part of the plant and species.
Most of the tropical pastures have crude protein contents ranging from
7 to 12% for grasses and nore for |egunes |ike Leucaena, which has 25%
protein content. Protein content of tropical pastures decreases
rapidly as growth progresses.

As a general guide, 10% crude protein on a dry matter basis is
adequate for fattening cattle but about 15% crude protein or nore is
required for high producing mlking cows. The critical |evel of crude
protein required in the pasture before intake is reduced by a protein
deficiency has been estimated at between 6.0 and 8.5% (M Iford and
M nson, 1966; M nson, 1967). The deficiency of crude protein in
pasture can be corrected by the use of tropical |egunes or nitrogen
fertiliser on pure grass pastures.

The digestibility of cultivated tropical grasses |lies between 50
and 65% whereas tenperate grasses range from65 to 80% (De Cues,
1977). Thus it is necessary to utilise immture herbage in order to
obtain a high netabolisable energy intake. MIford and M nson (1966)
showed that the decline in digestibility with age was nore rapid in
tropi cal grasses conpared with tropical |egunmes, which retained
relatively high digestibilities at maturity. Values recorded for a
nunber of different tropical grasses indicate that there is a decrease
of 0.1 to 0.2 digestibility units/day with increasing maturity
(M nson, 1971). This explains why tropical |egunmes are particularly
valuable for animals in the dry season

PASTURE SPECI ES SELECTI ON AND PRODUCTI ON

Speci es Performance and Adaptati on

Sel ection of pasture species should take into account the
nutritional requirenments of different classes of |livestock, as well as
the suitability of the plant for different animal production systens
such as large scale or snall hol der production.

Lately, inproved species which had gone through the screening
process in the wet tropics are the follow ng genera:

G ass: Brachiaria, Digitaria, Panicum Setaria and Penni setum
Legune: Centrosema pubescens, Desnodi umovalifolium Pueraria
phaseol oi des and Leucaena | eucocephala (Wng et al., 1982).

The performance of the above nentioned species eval uated under
different soil types are listed in Table 2. In general, on sedentary
soil and peat soil, dry matter production ranged from15.0 to 30.0
ton/ ha/yr, whereas the sanme species grown on coastal marine sand
dropped to alnost a third or a half of their normal yields.
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Table 2. Dry matter yield (ton/ha) of grasses and | egunes under
cutting in three regions in Mlaysia

$3223313313333313133133131331331331331311331)3131)3)1))131))))))))))Q
Speci es Sedentary soil Peat soil Sandy soi

S$33)3313313313311311313131313)31331331331131)31)31)31))))))))))))))Q
G asses:

Brachi ari a decunbens 24.7 26. 3 16.5
Brachi aria brizant ha 19. 4 24.5 11.8
Digitaria setival va 20.5 25. 4 3.8
Digitaria pentzii (Sl enderstem 18.2 23.1 11.8
Pani cum maxi num ( Col oni ao) 17.0 20. 2 3.1
Pani cum maxi mum ( Typi ca) 26.1 - -
Setaria sphacel ata (Kazungul a) 20.6 15.8 6.7
Setaria sphacel ata (Spl endi da) 18.6 16.6 -

Penni set um pur puruem 30.0 16. 3 3.4
Legunes:

Centrosema pubescens 6.0-10.0 5.0- 8.0 3.0
Desnodi um oval i fol i um 5.0- 7.0 7.0- 9.0 3.0
Styl osant hes gui anensi s(Schofield) 7.0-15.0 5.0- 7.0 7.0-10.0
Leucaena | eucocephal a 8.0-20.0 10.0-15.0 5.0- 6.0
$333331331333331313313313133133131331311331)3131)31)))31))))))))))Q

Adapted from Wng et al., (1982).

Fertiliser applied at 300-400 kg N ha/yr; cutting interval of 4-6
weekl y.

The grass species Napier, and to certain extent Cuinea, are
nostly used for cutting while the rest are neant for grazing. In view
of the grass-|legune conbining ability, it is proposed that the grasses
with erect and clunpy characteristics such as Pani cum maxi nrum Setaria
sphacel ata can conbine well with all the prom sing tropical |egunes,
especi ally Desnodi um oval i folium and Centrosema pubescens, which need
a shady canopy. Sonetines, |egune species which are not that
pal at abl e, such as Cal opogoni um caerulum C. nucunoi des and S. scabra,
may have to be included in the pasture systemso as to serve specific
obj ectives such as preservation of feed for drought and nitrogen
fixation for soil inprovenent. Care is required wth aggressive
grasses with prostrate rhizonmes which forma thick mat on the ground
surface which may i npede the | egune. Selection of shrubby | egunes for
this system coul d be probably the best way out, for instance, the L
| eucocephal a and B. decunbens past ures.

Cutting and grazing

It is inportant to note that for nost grasses and | egunes, forage
yield increases as cutting frequency decreases while forage quality
declines. The digestibility of both grasses and | egunes decreases with
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maturity, inplying that forage should be fed at a younger stage for
maxi mum energy digestibility. A wde range of digestibility occurs
both between and within pasture species. One has to conprom se between
maxi m sing forage yield and quality and try to inprove the latter by
using better species for m |k production.

In general, defoliation affects the both above ground growth and
t he underground rooting system In the case of |egunes, it affects
al so nodul ati on and nitrogenase activity. Wen sufficient fertilizer
and noi sture are available, a 6 to 10 weeks regrow h interval should
be the practice to obtain optimal yield and quality of forage, except
in the dry season, when the cutting interval may inevitably be
pr ol onged.

In the case of grazed pastures with defoliation by dairy cows,
ei ther by continuous or rotational grazing, the optimal |leaf to stem
rati o should be maintained at close to 1, giving forage availability
of about 2500 kg/ha of dry matter at any tinme (Cowan et al., 1977)

Response to Fertiliser

In tropical regions, where |light and noisture are non-limting,
soil nutrients are the major factors affecting the production of
forage. Due to highly weathered soil conditions, deficiencies of
macro- and mcro-nutrients in ultisol, oxisol, peat and mari ne sand
were reported (Coulter 1972; Chew et al., 1981; Tham and Kerri dge
1979, 1982). Nutrient deficiencies nay |lead to the non-persistence of
the species, especially with | egunmes which are sensitive to
nmol ybdenum copper, magnesi um boron and cal cium They may eventual ly
af fect ani mal production, e.g. cobalt deficiency both in soil and
pasture (Mannnetje et al., 1976b). There is a response of pasture
grow h and ani mal performance to the application of phosphorus
fertilizer (Eng et al., 1978).

A high rate of nitrogen fertilizer is necessary to maintain high
productivity of fodder grasses. The dry matter yields of sone of the
i nproved and native species in response to nitrogen fertilizer are
docunented (Ng, 1972, Vincente-Chandler et al., 1959. Dry matter
yi el d responses have been recorded up to as high as 1,600 kg N ha/yr
(Tham 1980). Even though high rates of nitrogen increase dry matter
yield, the efficiency of use of nitrogen was found to decrease with
increase rates of nitrogen applied. The nitrogen efficiency drops
from23.0 to 20.1 to 17.6 to 16.8 kg DM kg N as nitrogen rate
i ncreases from200 to 400 to 600 to 800 kg N ha/yr respectively.
Wereas at the sane rate of application, the nitrogen recoveries were
30.3, 38.4, 41.9 and 42. 7% ( Chadhokar, 1978).

Simlar results on napier and signal grass were recorded at rates
of 42.0, 34.2 and 25.2%nnitrogen recovery as the nitrogen application
rate increases from 200-400, 400-800 and 800-1600 kg N ha/yr (Tham
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1980; Amnah et al., 1989). It inplies that the nost efficient
nitrogen fertilizer rate should be around the | evel of 200-400 kg

N ha/yr. This further confirmed an earlier finding that nitrogen
concentration in the forage had a limted effect on increasing the
nutritional value (Mnson 1973) and that nitrogen fertilizer at 250 kg
N ha/yr was sufficient for the attainnent of crude protein for optinmm
digestion by the animal in the wet tropics (Mistapha et al., 1987).
Furt hernore, excessive crude protein in tropical grasses follow ng
heavy application of fertilizer nitrogen may al so adversely affect
intake. MIlford (1960) recorded a depression of 33%in the intake of
Chl ori s gayana when crude protein content increased from8 to 13.5%
due to high nitrogen fertilizer application. A simlar case was
reported that the intake of young, heavily fertilised pasture with 20%
crude protein was 28% 1l ess than the intake for the sanme pasture after
growing for a further 28 days when the crude protein had fallen to
11%

There are interaction of N, P and K fertilizers on forage
production. Wth application of N, P and K fertilizer at the rates of
421, 196 and 1004 kg/ ha/yr respectively, the yield of fresh napier
grass increased by 74.5% over the yield of unfertilised grass. It is
recommended for a broad range of soils in the humd tropics that
fertilizer rates of 300-600 kg N, 100 kg P and 50 kg K/ ha/yr should be
sufficient for forage production under cut and carry system (Robbi ns,
1986). Based on research work and experience on grazed pastures,
Glbert (1984) has attenpted to recommend fertilizer for different
soils derived fromgranitic, metanorphic, basaltic and marine sand
(Tabl e 3).

Table 3. The fertilizer rates for grazed pastures on different soi
types (G lbert, 1984).

$33333333333333313333333333333333333331111113333333333))3)))))))))Q

Fertilizer Ganitic Met anmor phic Basaltic Marine

soi | soi | salts sand
$321331331313313133133131331331331331311331)3131))1)))31))))))))))Q
Super phosphat e 300 kg/2yrs 300 kg/2yrs 300 kg/yr 150 kg/yr
Muriate of Potash 100 kg/4-5yr 100 kg/ 4-5yr - 50 kg/yr
Copper sul phate 8 kgl 4yr - - 8 kgl 4yr
Zi nc sul phate 8 kg/ 4yr - - 8 kg/ 4yr

Sodi um nol ybdat e 0.5 kg/ 4yr 0.5 kg/4yr 0.5 kg/2yr 0.5 kg/4yr

Li me 500 kg/ ha - -
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q



- 1338 -

On a pure grass sward grazed by dairy cattle, it is advisable to
split the amount of 300 kg N ha/yr of nitrogen fertilizer into five
equal applications. The econom c aspects of fertilizer use has to be
assessed in relation to the increased dry matter yield and its
subsequent effect on aninmal carrying capacity.

Lequne in the Pasture

To mai ntain high productivity and forage quality for dairy cows,
it may be better to include | egum nous species in the pasture
production systemrather than rely on nitrogen fertilizer. The
advant ages of legunes in the system are:

(1) inprovenent of soil conditions due to nitrogen built up in the
soil fromaccunul ation of organic matter,

(1i) fixation of nitrogen by the | egune through Rhizobi um synbi osi s,
and

(tit)increased ani mal production due to the higher nutritive val ue of
| egunes and shorter digestive passage tine in the gut that
enhance vol untary intake.

Usual Iy, the crude protein content of |egunes (at about 25% is higher
than that of grasses at simlar ages and stages of growth and shows
l[ittle fluctuation during the growi ng process. Apart from hi gher
nitrogen content, tropical |egunes generally maintain higher sul phur
(0.07-0.21% and calcium (1.13-1.93% in the plant tops (Andrew and
Robbi ns, 1969) as conpared to that of grasses (0.09-0.15% and
0.17-0.41% respectively). Simlarly, the values of phosphorus in

| egunes are expected to be higher than grasses despite great
variability between species and plant age. The additional role of

| egunes in increasing the mneral content of pastures has an additive
effect on aninmal nutrition and production.

Legune viability and persistence on acidic soil are always
probl ematic. The inclusion of |ocal |egunmes or well-adapted species
as one of the | egum nous conponents in the pasture is highly
recommended. Because of specific requirenments for certain elenments
for nitrogen fixation, the |l egunme may be nore sensitive to sone
m neral s such as phosphorus, sul phur, cal cium magnesium nolybdenum
and cobal t.

There are many factors affecting | eqgune conponent in the tropical
pastures. The nost inportant but controllable factors are the
defoliation, grazing managenent and fertilizer. Very little is known
about the optinmum Il evel of |egume content in the tropical pasture.
Results from grazi ng pangol a-|1 egune pasture have shown that the live
wei ght gain of beef cattle was linearly related to | egune content of
t he pasture (Evans, 1970).
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PASTURE MANAGEMENT AND M LK PRODUCTI ON

Aver age production per cow fromtropical pastures is in the range
of 10 to 12 kg/day for Friesian cows, 7 to 9 kg/day for Jersey and 6
to 10 kg/day for crossbred cattle. The potential of these pastures
for mlk production was suggested to be 4,000 kg/lactation for
Friesian and 2,700 kg for Jersey (Cowan et al., 1974). Production per
hectare varies from 2,600 to 8,300 kg/ ha/yr. Gass and | egune systens
have produced up to 8,000 kg/ ha/yr, but these stocking rates caused
degradation of the pasture due to | oss of |egune (Cowan et al., 1975).
A production |level of 5, 000 kg/ha/yr is the potential of stable grass
and | egune m xed pastures. (c)

Conti nuous G azi ng

Cows grazing tropical pastures require about 10 to 12 hours a day
of grazing to satisfy their nutritional needs (Cowan, 1975). Oten
they are reluctant to do a lot of grazing during the day as the
tenperature are high. In Northern Queensland during sumrer, about 80%
of grazing are done during the night. Obviously, night grazing or
feeding in the tropical environment, nust be encouraged.

There is linear increase in mlk output per hectare with increase
in stocking rates but m |k production per cow al so decreases linearly
(Cowan, 1984). There are a wide range of stocking rates tested for
m |l king cows on different types of pastures (Table 4). The opti nal
stocking rate for Friesian mlking cows on Cui nea-d yci ne m xed
pasture was 1.6 cows/ha to produce 5,351 kg/ha/yr (or 3,345 kg/cow yr)
of mlk, whereas on nitrogen fertilised Guinea was 3.5 cows/ha to
produce 8,880 kg/ha/yr mlk yield. Both stocking rates were able to
mai ntai n stabl e pasture of about 2,500 kg DM ha on offer, the anount
of forage considered to be m ninmum for dairy production.

For practical purposes, when advising a farnmer on the basis of
experinmental results, it is best to be conservative at 20-30% | ower
stocking rates than those used in the research.

Rot ati onal Grazing

On reviewi ng over 16 grazing experinents, Mannetje et al.
(1976a) concluded that there is no definite advantage of rotational
grazing over continuous grazing system However, in the hot humd
tropics where even rainfall is available, the rotational grazing
system has a 25% hi gher in beef production than that of the continuous
(Chen and Othman, 1986). This is attributed to a higher anount of
forage on offer rather than forage quality in the rotational grazing
system The practice of rotational grazing (or strip grazing) may
help to ease the forage problem particularly during a prolonged dry
spel | .
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Table 5. MIk production fromN-fertilised and | egune-based tropi cal
pastures w thout supplenentary feed

$323333313331333133333313333331331333133133113331)3113)31))11)))))))))Q
Past ure St ocki ng Breed MIk yield

Rat e SIIIIIIIIIIIIIIDDLL, Ref erences
kg/ cow /day kg/ hal/yr

$33333333333333333333333333333333333333111111333333333333333))))))))Q

Unfertilised pastures

P. maxi mum

M mnutiflora 1.1 Jersey 6.8 2667 Tol edo 1968
D. decunbens 1.5 Friesian/Zebu 6.9 3760* Serpa et al.
1973

Nitrogen fertilized pastures

D. decunbens 2.5 Jersey 6.8 6014 Tol edo 1973

D. decunbens

(irrigated) 8.9 Jersey 6.5 22466 Thur bon et
al ., 1973

P. maxi mum 2.5 Holstein 11.3 8488 Vi ncent e-
Chandl er

et al., 1974
G ass-| eqgune pastures

B. decunbens/

Leucaena 5.0 Sahi wal - 5.7 8580 Wng et al.
Fri esi an 1987
P. maxi mum
d yci ne 2.5 Friesian 12. 7 8221 Cowan et al.
1975

$32233133333331333313113313313133133133133131)331)3131)31)11)1))))))))Q
*Cal cul ated yield

Cut and Carry System

The "cut and carry"” (or zero grazing) system nmeans that the
fodder is cut and renoved for stall-feeding to animals. This system
has been wi dely adopted by small holders in dairy farm ng. The reasons
for this practice are the shortage of Iand, small scale of farm size
(0.3 -2.0 ha), abundance of cheap |l abour, Iimted forage resources and
strict control of animals.
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Usual Iy, when cut forage is given, the nutritive value of forage
is inferior to that received by grazing animals. The protein content
of napier grass by cattle was 17.1% while that of the sane forage
being fed to stall kept animal was 7.4% (Vi ncente-Chandler et al.
1964). G azing aninmals are able to choose their own forages. G azing
cows tend to produce nore mlk and obtain better reproductive
performance than stall-fed cows. MIk production in the stall-feeding
system was 8,577 kg/ ha/lactation while rotational grazing w thout
suppl enents yielded 9,180 kg/ha (Wng et al., 1987). A simlar
finding was obtained with 20% hi gher m |k production for grazed cows
(10, 203 kg/ ha/yr) than that of stall-fed cows (8,134 kg/kg/yr)
(Soetrisno et al., 1985). This may explain the low mlk yield of the
smal | hol der s.

Li ke grazing animals, stall-fed mlking cows need ni ght feeding.
In order to have a near-bal anced diet, sone broadl eaved weeds such as
(Asystasia intrusa and others) or | egum nous shrubs (such as Leucaena
and Gyricidia species) in place of a high protein supplenent, should
be included. Protein is an expensive supplenent at snmall hol der |evel.

Frequent defoliation of herbage is a threat to the persistence of
sward and it may result in the need to replant the pasture. If it is a
machi ne-cut, the nortality of forage plants will be higher than hand-
cut materials. Experience shows that Napier grass cut by forage
harvester has to be replanted every three years. The severity of
forage di e-back may be reduced if a reciprocal cutting machine is
used.

Repl eni shnent of soil fertility is essential wwth the cut and
carry system It was estimated that to be able to produce 150 t/hal/yr
of fresh Napier/Quinea fodder, a fertilizer programe of 880 kg N, 252
kg P and 756 kg K/ ha/yr (or 6.3 ton of 14:14:12 conpound fertilizer)
is needed. On the highly-leached acidic soils of the tropics, "soi
exhaustion" may be experienced, despite the frequent application of N,
P, Kfertilizers. The consequence is the rapid die-back or retarded
grow h of forage sward. It may be due to the follow ng factors:

(1) high hydrogen ion concentration (urea source),
(1i) toxic level of alum niumand manganese, or
(ti1) induced deficiency of nolybdenum

Correction of such a problem probably requires the incorporation
of organic matter or aninmal waste into the soil, as well as the
application of recommended fertilizers. Oganic matter which is the
source of nuch nitrogen, and to a certain extent phosphorus and
sul phur, inproves soil condition. Organic matter inproves also the
inorganic particles (the clay colloids) which are the main reservoir
of cationic nutrients such as K, Ca, ng, Fe, Zn, M and Co.

Sonme micro-el enents which are not essential to plant growth such
as sodium and cobalt are critical to animal performance. Even the
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maj or nutrients such as phosphorus, potassium calciumand nitrogen if
they are low in fodder plants, wll affect m |k production.

Suppl enentation of mnerals to aninmal to correct the imredi ate need
nmust be given.

For age- based Suppl enment ary Feedi ng

In areas where dairy cattle are kept near a pineapple factory,
palmoil mll, sugar-cane plantation or in any major agriculture
operation fromwhich crop by-products are plentiful, a conplete year
round feeding systeminvol ving these by-products coul d be established.
By- products do not provide a bal anced feed on their own, being either
excessive or deficient in certain mnerals, but they are good roughage
wi th high nmetabolisable energy. They may be avail abl e or harvested
only in a certain period of the year, nostly approaching the dry
season when shortage of green forage is experienced.

Besi des the agriculture by-products, the conservation of feed in
the formof silage or hay may be another alternative to ease the
situation of feed shortage on the farm Due to low |leaf:stemratio or
high fibre content, tropical pasture nmay not be that good for silage
and hay making, but with sone additional mxing wth | egum nous
shrubs, good quality feed can still be maintained. Hence, using
forage as a basic diet, supplenentary feeding of formulated
by-products in the ration, may possibly be able to maintain full mlk
production throughout the year.
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FORAGE AND LEGUMES AS PROTEI N SUPPLEMENTS FOR PASTURE BASED SYSTEMS
by
F. A Mog

| NTRODUCTI ON

Maj or enphasis for pasture inprovenent in the tropics has been
pl aced on grass-|egunme pastures. The grass-|egunme approach in pasture
devel opnment is based on the know edge that tropical soils often |ack
nitrogen and on the general philosophy that the | egunme-Rhizobi um
synbi osis can provide a nore econom cal source of N The ability of
| egunes to fix nitrogen fromthe atnosphere, in association with the
Rhi zobi um bacteria, gives the plants a dual-role of providing an
inproved diet to growi ng animals and of increasing soil fertility
t hrough rel ease of nitrogen.

Legunes provide high-quality protein and energy, often critical
during the dry season when aninmals, feeding solely on grass, |ose nuch
of the weight they gained during the wet season. Pasture scientists in
the tropics had shown the potential and value of grass-I|egune pasture
and an increasing nunber of cattle raisers are appreciating it.

CHARACTERI STI CS OF TROPI CAL PASTURES

Most of the native pastures in the tropics are dom nated by
grasses |like Inperata, Theneda, Chrysopogon and Aristida which have a
short growi ng period or mature very quickly conpared to the tenperate
pasture species. Protein deficiency is very comon in tropical
grasses, particularly the native species (Hunphreys, 1972). Crude
protein of native pastures is usually below 3% particularly during
the dry season and, when crude protein levels fall below 7 to 8%
ani mal production would be imted by protein deficiency (Evans,
1968). In addition, nost of the grasslands in the tropics are found
in marginal areas with low fertility status and are i nvaded by non-
pal at abl e speci es which dom nate the area with increasing grazing
pressure.

The val ue of | egunmes in pasture

The nutritive value and digestibility of tropical |egunes is
hi gher than that of tropical grasses and the quality of herbage from
grasses rapidly declines with increasing maturity. |In contrast,
herbage fromthe | egunes renmai ns good t hroughout the grow ng period,
except for the fodder trees which becone woody as they nmature,
al t hough such a situation is easily overconme by regul ar | opping of the
pl ant s.
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In addition nost of the tropical |egunes are nore productive than
the grasses during the dry season, making them nore val uabl e as
sources of additional high quality feed during this period, thus
i ncreasing the year-round carrying capacity of pasture.

Lequnes in native pasture

A nunber of studies showi ng the value of tropical |egunes to
grazing ani mal s has been done in Australia and recently several
results have been reported from nunerous grazing trials conducted in
Thai | and, Mal aysia and the Philippines, wth nost of the studies done
on |iveweight gain of beef cattle. Mst of the studies however are on
beef production from | egune-based pastures invol ving Centrosenma
(Centrosema pubescens), Townsville Stylo (Styl osanthese humlis),
Siratro (Macroptilim atropurpureum, Schofield and Cook Stylo (S.
gui anensi ), Seca Stylo (S. scatia),, Verpuo Stylo (S. hamata) and
Ipil-ipil (Leucaena |eucocephal a).

Table 1 shows the summary of |ivewei ght gain data obtained from
various studies in the Philippines. The data indicated that aninmal
production from native pastures can be increased two- to four-fold by
i ncorporating suitable pasture | egunmes, particularly with the Styl os
which thrive well in dry acidic conditions. |n Mabate, |nperata
pastures overseeded with Centro or Stylo can easily support 1 ani nal
unit per hectare with nore or less 100 kg |ivewei ght gain per hectare
per year, while pure Inperata pasture stocked at 0.5 and 1.0 anina
unit per hectare produced only 22 to 25 kg LWG per year, coupled with
the animal loss in weight during the dry season.

Tabl e 2 shows beef production on inproved grass/|egune pastures
in the Philippines. Napier/Centro pasture fertilized wth 65-45-45
NPK produced 128-148 tons of fresh herbage per year in a study
conducted at ANSA farns. This pasture safely carried three animls
per hectare with beef production of 475 kg |ivewei ght gain per hectare
per year. Wth four animals, the pasture had 806 kg |ivewei ght gain
per hectare but ran out of grass for 37 days and corn-stover
suppl enmentati on was carried out.

Cowan (1986) summarised the |levels of m |k production that have
been obtained fromtropical pastures in Table 3. The grass and | egune
m xed pastures gave hi gher production per cow than nitrogen fertilized
grass pastures. However, they cannot carry as heavy stocking rates as
nitrogen fertilized grass and production per hectare is |ower.

Aver age production per cowis of the order of 10 to 12 kg/day for
Friesian cows, 7 to 9 kg/day for Jersey and 6 to 10 kg/day for
crossbred cattle. Production per hectare varies from2,600 to 8, 300
kg/year. Gass and | egune systens have produced up to 8,000 kg/ ha/yr,
but | oss of |egune was observed at high stocking rates (Cowan et al.
1975)
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Table 1. Live weight gains on Inperata and | nperatal/l egunme pasture.

Location/ Pasture St ocki ng ADG LWE hd LWH ha
ani mal rate (kQg) (kQg) (kQg)
(a.u./ha)
Masbat e | nper at a 0.5 0.12 43. 2 21.6
(cattle) | nper at a 1.0 0. 07 26. 6 26. 6
| nperatal/ Styl o 1.0 0. 32 116. 6 116. 6
| nperatal/ Centro 1.0 0. 25 91.8 91.8
Buki dnon | nper at a 1.0 0.21 77.4 77.4
(cattle) | nperatal/ Centro 1.0 0. 26 94.1 94.1
Bohol | nper at a- Theneda 0.5 0. 24 85.4 42.7
(Carabao) | nperata- Theneda 1.0 0. 22 78.9 78.9
| nper at a- Theneda/ 0.5 0. 35 127.0 63.0
Stylo
| nper at a- Theneda/ 1.0 0. 25 92.2 92.2
Stylo
Bohol | nper at a 0.75 0. 22 68.1 51.1
(Carabao) | nperatallLeucaena 1.5 0. 35 111.9 167.9
| nper at a/ Leucaena 2.0 0. 28 87.4 174.8

Tabl e 2. Livewei ght gain production on inproved grass/|egune pastures.

Locati on Past ure Fertilizer Stock- ADG LW hd LWH ha
rate i ng kg kg kg
(kg/ hal yr rate
N- P- K) (au/ ha)
Buki dnon Para grass 0-50-0 2.0 0.423 155.9 311.8
/Centro
Para grass 0-50-0 2.0 0.419 150.9 305. 8
/Centro
ANSA Farm Napi er/ 65- 45- 45 2.0 0.428 156.5 313.0
(Sout h Centro
Cot abat o) Napi er/ 65- 45- 45 3.0 0.431 158.0 474.0
Centro
Bohol Qui nea/ 24-24-24 2.0 0.240 86.4 172.8
Cook Stylo
Qui nea/ 24-24-24 2.5 0.280 100.8 252.0
Cook Stylo
Qui nea/ 24-24-24 3.0 0.220 79.2 237.6

Cook Stylo
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Table 3. A Summary of m |k production per cow and per hectare from
cows grazing tropical pastures.

Br eed St ocki ng MIk yield MIk yield
rate (kg/ cow day) (kg/hal/yr)
(cows/ ha)
Uni npr oved Jersey 1.1 6.8 2660
past ures Guer nsey 1.5 6.9 2670
Jersey/Criollo 1.0 6.9 2660
Fri esi an/ Zebu 1.5 6.9 2760
| mpr oved Jersey 1.0 8.5 -
grass-| egune CQuernsey 1.8 9.3 4700
past ur es Fri esi an 1.6 12. 4 5350
Fri esi an/ Zebu 1.7 7.3 3720
A F. S 1.6 8.0 3840
| mpr oved Jersey 2.5 6.8 5250
nitrogen Guer nsey 2.5 7.8 5350
fertilized Fri esi an 2.5 11.0 8250
past ures Fri esi an/ Zebu 2.2 8.7 5200
Jersey/Criollo 2.6 6.7 4100
A F. S 2.5 7.0 4800

TREE LEGUMES

Shrub and tree | egunes are a good source of protein and have been
gai ning inmportance for |ivestock production in S.E Asia and ot her
tropical countries. Fodder tree |egunmes have several attributes that
make their potential use in the tropics very high. The |egunes have
deep root system and can w thstand drought and often serve as the main
source of forage during the dry season. Sone of the tree | egunes are
mul ti pl e purpose plants and are often grown for fuel wood, tinber,
pol es and even a source of food, in addition to fodder. Tree |egunes,
once established, are easier to maintain in association with tropical
grass conpared to conventional creeping | egunes and they can be grown
as an upper story on land used for growing crops at |ower |evels.

Sone of the |l egunes with known use and potential as a source of
fodder are species belonging to the genera of Al bizzia, Callandra,
diricidia, Mnosa, Leucaena, Samanea and Acacia. Anong the |egunes,
Leucaena | eucocephela is nost well studied while the value of
diricidia maculata is now being recognised, along wth other species
as a source of fodder.
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In the Philippines, Ipil-ipil or Leucaena is the nost popul ar
| egune and has been given a great deal of attention since the early
seventies, with people in the livestock sector |ooking at it al nost on
a 'cure-all' for the grow ng animal industry. This bias worked
agai nst the sector because, in 1985, Leucaena was infested by a
"junmping lice' or psyllid (Heteropsylla cubana) and we were not
prepared with an alternative species. Currently, the infestation is
still around but not as destructive as in 1985-1987 when the intensive
cattle-fattening, small holder farns were badly affected, forcing them
to reduce ani mal hol dings or stopped operations.

The infestation also affected the feed mlling industry which
utilized Leucaena as a source of xanthophyll and carotene in m xed
feeds. Likewse, it also affected the small hol der farmer who grew,
harvested and sold the |l eaves to the feed nerchants and feedm || s.

Smal | hol der dairy farners raising Sahiwal-Hol stein Friesian feed

their animals with 5 to 19 kg fresh Ipil-ipil |leaves in conbination
with fresh grass fodder and obtain 4 to 7 kg m |k per cow per day.
Ipil-ipil is planted in hedges around the hone-lots and farm ots, and

in evenly spaced rows (1Imto 2m under coconuts.

Li yanage and Jayasundera (1988) reported that several trials
conducted by the Coconut Research Institute in Sri-Lanka have
denonstrated the value of Giricidia as an aninmal feed. diricidia
| oppings mxed with Brachiaria mlliforms in 50-50 ratio and fed to
crossbred heifers resulted in an average |live weight gain of 700
g/ head/ day. |In another trial, a mxture of Giricidia and Leucaena
was planted alternately 1.5 mapart along the fence in a pasture/
cattl e/ coconut integrated system and produced nore than 2 MI/ ha/year
of fresh green matter. This, when fed to heifers at the rate of 6 kg
along with a pasture during the dry season, produced average |ive
wei gh gains of 300 g/ head/day. Freshly chopped Qiricidia |leaves can
al so reduce the duration of urea-treated straw from21 to |less than 6
days.

diricidia |l eaves are succulent but may not be very pal atable to
animal s when first introduced. However, l|ivestock freely eat when
t hey becone accustoned to the taste. Table 4 shows that diricidia,
when fed with Siguaue (Brachiaria brizantha) grass fromO to 100% for
one nonth to Jersey mlch cows, had no adverse effect on their health
or mlk production and was very pal atabl e (Chadhokar and Lecanwasam
1982). However, tainting of mlk when Giricidia is fed above 50%
suppl ement ati on | evel has been reported but this nay be avoided if
feeding of this material is stopped a few hours before m | king.
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Tabl e 4. Effect of Airicidia maculata in a m xture with Brachiari a
brizantha on mlk yield and its conposition

$33333333333333333333333333333333333333311111133333333333333))))))))))Q

Tr eat ment Average M1k Yield Average M|k Conposition
(l'itres/cow day) (Per cent age)
$33313331333133313333331331333133133113331331133113313311))11)1)))))))))Q
Per cent age Fat Sol i ds
Giricidia Pre-exptl. Expt| . Pre-exptl. Expt| . not - f at
$33313331331133313313331331333133133113331331133113313311))11)1)))))))))Q
0 5.5 5.8 4.8 4.7 8.3
25 5.2 5.8 5.2 5.1 8.6
50 6.5 5.7 5.7 5.8 8.8
75 3.8 4.6 5.1 5.3 8.4
100 6.7 7.6 5.3 5.8 8.6
$33333331333133313333331331333133133113331331133113313311))11)11))))))))Q

SUMVARY AND CONCLUSI ONS

Vine and tree | egunes are very val uabl e conponents in |ivestock
feeding systens in the tropics. Increasing population trends indicate
that nore of the grassland areas will be diverted to crop production

and will limt the use of pasture |egunes to margi nal areas where crop
production is economcally less or not feasible. Smallhol der
i vestock production will increase in proportion and fodder trees wll

be socially and econom cally viable.
Li vest ock research and devel opnent programmes shoul d focus on

utilisation of tree | egunmes relevant to existing farm ng systens in
smal | hol der farnms in the tropics.
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THE DEVELOPMENT OF DAI RY FARM NG | N THAI LAND
by
S. Pichet

BACKGROUND

Al though dairy farmng in Thailand began around 80 years ago, the
i ntroduction of extensive dairy devel opnment took place in the early
1960s. It started with the establishnment of the Thai Dani sh Farm and
Training Centre (TDDF) at Miak Lek, as a joint venture between the
Thai and Dani sh Governnents. The approach was the clearing of |and,
purchase of cattle, construction of farm buil dings, training of
farmers, devel opnent of a dairy colony, provision of extension
servi ces and devel opnent of a small dairy plant, as well as a
mar keti ng system for pasteurized mlk production. |In 1971, the Thai
Gover nnment took over responsibility and the project was organised
under the managenent of the newy established governnent enterprise,
under the nanme of "The Dairy Farm ng Pronotion O ganisation of
Thailand (D.P.O)"

The objectives of D.P.O are to pronote mlk production, to
process mlk and to sell mlk products. Several inportant activities
have been enployed by D.P.O to pronote dairy farmng. These include
of fering crossbred heifers at cost price to newWy established dairy
farmers, training of people wanting to becone dairy farmers, provision
of extension services including artificial insem nation, veterinary
services, mlk recording, farm managenent advice, a mlk collection
centre and the buying of mlk at guaranteed prices.

M| k production in the Nong Pho area started al nost at the sane
time as in Miak Lek, but in a different way. The farners were already
established there, with smaller pieces of |and, but they were nore
progressive and had the assistance of the Departnent of Livestock
Devel opnent (D.L.D.). Crossbreeding was successfully enployed through
the use of artificial insemnation. |In 1971, a cooperative dairy
pl ant was built and the m |k production, the organisation of mlKk
processing and m |k marketing have all been nost inpressive.

The Thai -German Dairy Trai ning and Processing Plant in Chiang Mi
was established in 1968 and operated as a joint venture until 1977, at
which time it was taken over by the Departnent of Livestock
Devel opment (D.L.D.). Since 1979, D.P.O has been responsible for the
processi ng and marketing functions.

In 1982, D.P.O started the dairy farmng project in the South,
whi ch included construction of a dairy plant for UHT m |k at Pranburi,
Prachuab Kiri kan. The purpose of the project was to reduce the area
used for grow ng pineapples, because farners were earning inadequate
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i ncones due to over-supply of the product. |In addition, waste from
t he pi neappl e canneries could be used as a cheap roughage for dairy
cattle.

GOVERNMENT POLI G ES FOR DAI RY FARM NG

Current dairy policies approved by the Agricultural Policy and
Pl anning Comm ttee on 20th February, 1987 are as foll ows:

- to pronote the expansion of raw m |k production in order to
reduce inportation of dairy products,

- to increase the efficiency and quality of dairy farmng, mlk
collection, mlk processing and m | k marketing,

- to strengthen dairy cooperatives as profit oriented
or gani sati ons,

- to encourage the private sector to be involved in dairy
devel opnent, and

- to organise an independent M|k Board with representation from
all sectors of the dairy industry which woul d execute policy on
an i ndustry-w de basis.

The Governnent's plan for the devel opnent of dairying is ainmed at
a reduction of foreign exchange for the purchase of inported dairy
products but also to provide the farners with the opportunity to earn
i ncreased and nore regul ar i ncones and generate enpl oynent
opportunities in farmng, mlk processing and manufacturing
i ndustries. The target is to produce 328,000 tons of raw m |k by
1996, which can neet half the demand for dairy products. To achieve
this, it will, for instance, be necessary to increase the nunber of
dairy cows to 117,000, which will require a growh rate of 18% per
annum (Table 1). The goal could be reached in two ways: by increasing
the local supply of dairy cows through the insem nation of |oca
Brahman-cross cows and by purchasing from overseas.

THE GROMH OF THE RAW M LK PRODUCTI ON FROM 1982 TO 1987

Over the past 25 years, the Governnent's support to dairy farmng
through D.P. O and ot her key governnent departnents has been
successful. For instance, in the period from 1982 to 1987, the
production of raw m |k has increased annually by alnost 24%to 79, 000
tons by the end of the period. The nunber of dairy cattle has, over
the same period, increased by approximately 20% annually to 75, 500
head in 1987 (Table 2).

Ever since its establishnent, the D.P.O has, together with the
Nonh Pho dairy cooperative, dom nated the production and utilisation
of rawmlk. In 1985 D.P.O had a share of 66%of the raw m |k
production, 66.8% of the dairy cattle population and 58. 4% of the
dairy farmers are suppliers.
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Table 1. Plan target for raw m |k production 1988-1996

$333333333333333333333333333333333333311111)33)))))))))

Year Nunber of cows Raw m | k Produced
$3)3)331313131313131313131331313133131311313)3)))))))))))
1988 40, 840 91, 000
1989 46, 680 109, 000
1990 51, 880 125, 000
1991 59, 850 147, 000
1992 68, 800 174, 000
1993 78, 660 204, 000
1994 89, 840 240, 000
1995 102, 900 281, 000
1996 117,130 328, 000

$3333133133313331333333133133313313311331)311))1))1)))))
Aver age growth

rate Per Annum (% 14 18
$3333133133313331333333133133313313311331))11))1))1)))))

Source: O fice of Agricultural econom cs

Table 2. Dairy cattle nunbers and raw m | k production in 1982-1987

$3333333333333333333333333333333333333311111)33333333333)3)))))))))Q

Year Total Fenal e Cal ves and Dairy cows MIk Production
cattle hei fers
(head) (head) (head) tons/yr t ons/ day
$32333133333331333313313313313133133133133131)331)3131)31)1))1))))))))Q
1982 30, 046 16, 280 13, 766 27,027 74
1983 39, 426 20, 233 19, 193 36, 030 99
1984 48, 489 24,639 23, 850 46, 197 127
1985 50, 988 26,410 24,578 54, 560 149
1986 69, 907 36, 479 33,428 69, 175 190
1987 75, 500 39, 300 36, 200 79, 100 210
S$32233133333331313313313313313133133131331311331)3131))1)1))1))))))))Q
Aver age
i ncrease 19.87 19. 82 22.22 23. 87 23. 87
per year

$3333333333333333333333333333333333333311111133333333333333)))))))))Q

Source : Ofice of Agricultural Econom cs
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DEMAND FOR RAW M LK PRODUCTI ON

The scope for devel opnent of the dairy industry is excellent,
because the production of rawmlk in 1989 is still only a fraction of
the total demand. If all m Ik products consuned in 1986 had been made
in Thailand, at |east 500,000 tons of raw m |k would have been
requi red. The actual production of raw m |k was 69,000 tons or 14% of
t he demand.

The raw mi |l k collected by D.P.O and the cooperatives is
processed into ready to drink (RTD) mlk or sold in bulk to private
dairy conpanies, and the latter also use the raw mlk for RTD m Kk,
whi ch includes pasteurized mlk, UHT. mlk, canned sterilized mlKk,
etc. In the first instance, the raw m |k production could be used to
nmeet the demand for RTD m | K.

Tabl e 3 shows how the position would be then: the production of
raw mlk in 1986 was 69, 200 tons (14% of the total demand, while RTD
m | k consunption was 81,600 tons or about 17% of the total denand. It
is interesting to note, that the consunption of RTD mlk went up to
126,300 tons in 1987. This increase is the result of the mlk
consunption pronotion canpai gn supported by the Governnent and the
private dairy conpanies

Table 3. Raw M Ik production and consunption of Ready-to-Drink M1k
in 1982-1987.

$3333333333333333333333333333333333333331111113333333333333333))))))))Q

Year Raw M Ik Production RTD mlk Consunption Deficit of Raw mlk

' 000 tons ' 000 tons ' 000 tons
$33333333333333333333333333333333333331113313333333333333333)))))))))Q
1982 27.0 44. 4 17. 4
1983 36.0 58. 4 22. 4
1984 46. 2 62. 4 16. 4
1985 54.6 66. 0 11. 4
1986 69. 2 81.6 12. 4
1987 79.1 126. 3 47. 4

$3333333333333333333333333333333333333331111113333333333333333))))))))Q
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CONSTRAI NTS ON RAW M LK PRODUCTI ON

One constraint on the raw m |k production is the high costs of
sone inputs required in the production, in particular concentrate
feed. The percentage contribution to the total variable costs in the
period January - June 1986 were: concentrates 60% roughage 16%

di sease 2% | abour 15% and others 7% (Source: O fice of Agricultural
Econom cs) .

Anot her constraint is shortage of dairy cattle: the growth in the
nunber of |ocal crossbreds is insufficient and inported cattle are
rat her expensive. The price (CIF) of inported New Zeal and crossbred
heifers (5-7 nonths pregnant), in 1987 and 1988, was 860 and 910 US
dol lars respectively. Early in 1989, the cost clinbed further to 960
US dol | ars.

VWays to increase the productivity and reduce costs of production
woul d be to:

i nprove feedi ng managenent. This woul d i nvol ve nore use of

i nproved grass/| egune pastures, which could result in a reduction
of the need for concentrates, as well as reduce the |evel of
nitrogen fertiliser use. Furthernore, the pasture conservation
could be inproved and the use of by-products fromcrop production
and/ or agro-industries could be increased.

- inprove managenent of the animals to inprove the conception rate
and reduce health problens, in particular mastitis.

- inprove farm advi sory services. The farm advi sers shoul d be
famliar wth progress in research and technol ogy and shoul d
advise the farners on the application of new techni ques.

- inproved breeding programmes. For instance, a national progeny
test schenme for locally selected bulls should be devel oped and
t hereby reduce the need for expensive overseas senen.
| npl enent ati on of better breeding programes would also result in
hi gher m |k yields.

- inprove systens for handling excess stock (bull cal ves, excess
femal e calves and cull cows). Bull calves could be raised for
dai ry beef production.

COSTS OF RAW M LK PRODUCTI ON

Much greater enphasis nust be placed on devel oping the required
knowl edge and skills to introduce and nmanage high quality inproved
pastures successfully. Farners shoul d understand and appreciate that
there is a great deal of basic scientific evidence frommany overseas
countries show ng that animal performance, and especially mlk
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production, is much nore dependent on the quantity and quality of feed
eaten rather than on the genetic nmake-up of the animal. It is only
when the |l evel of feeding is high, in both quantity and quality, that
the value and inportance of good breeding generally becones apparent.
In other words, while dairy farnmers should certainly give sone
attention to their breeding programme and the selection of senmen, much
nore attention should be given to devel oping and inproving their feed
quantity and quality, particularly of their pastures which are the
cheapest and nost common source of feed for dairy cows in Thail and.

This view is supported by data obtained froma recent experinent
at D.P.O (Miak Lek). The cows involved were all 62.5 to 75%
Hol st ei n-Fri esian or Red Dane crossbreeds in their 1st, 2nd or 3rd
| actation and fed different |evels of concentrate according to mlk
production, ranging frominproved pasture only (no concentrate) to ad
[ibitumconcentrate feeding, with 10 cows on each | evel of feeding.
Detail ed neasurenents of m |k production, mlk fat, animl health and
pasture utilisation were made during both early and late | actation.
Prior to the experinent a total of 50 cows were bal anced across the
five treatnents, in order to ensure that there was no bias in
production which mght unfairly favour one treatnent over another.

In this exanple, three conparisons were made: of cows fed
i nproved pasture only; of cows fed 1 kg of concentrate to 3 kg of mlk
(3:1) plus inproved pasture; and of cows fed ad |lib. concentrate plus
i nproved pasture. It is assuned that the cows ate approximately 4 kg
DM per 100 kg body wei ght daily, which nmeant that the average 350 kg
i vewei ght cows each ate approximately 14 kg of pasture DM on the
pasture only treatnent, approximately 10-11 kg of pasture DM plus 3-4
kg of concentrate in the 3:1 treatnent and approxi mately 13-15 kg of
concentrate plus negligible pasture in the ad |ib. concentrate
treat ment.

These data plus the nore obvious econonic paraneters are
presented in Table 4. It is clear that dairy farners can achieve a
hi ghly econom c return fromcows fed pasture only, provided that the
pasture is properly managed, |eafy and hence of high quality. A
production of 2,400 kg of mlk can be obtained fromjust "average"
cows and up to 3,150 kg from "good" cows, yielding an estinmated
"profit" of 14,400 Baht and 20,420 Baht respectively per |actation.
When a relatively small input of concentrate was also fed along with
i nproved pasture, mlk production was increased and nore inportantly,
profitability was al so increased. Wen cows were fed to appetite on
meal concentrate of 15.5%crude protein and an estimated TDN of 70%
m | k production was further increased but profitability was decreased.
Qobviously with the present price of neal concentrate farnmers wll
achi eve greater profit by relying on inproved pasture as their main
source of feed for dairy cows plus a small input (3:1) of concentrate,
rather than striving for higher mlk production fromonly concentrate
but at higher cost.
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Table 4. Estimated returns and costs of production from "average" and
"good" cows on different feeding regines.

"Aver age" " Good" Cows
Cows
| nproved pasture only:
MIk yield/ cowd kg.? 8.0 10.5
Total |actation kg. 2400 3150
M1k sal es (Baht)? 16080 21105
Cost of grass (Baht)?® 1440 1440
Profit per cow (Baht) 14400 19605
3:1 concentrate + inproved
past ure:
MIk yield/ cowd kg.? 10 13
Total |actation kg. 3000 3900
M1k sal es (Baht)? 20100 26130
Cost of concentrate (Baht)* 3300 4290
Cost of grass (Baht)?® 1220 1220
Profit per cow (Baht) 15780 20620
Ad lib. concentrate:
MIk yield cowd kg.? 13 17
Total |actation kg. 3900 5100
M1k sales (Baht)® 25740 33000
Cost of concentrate (Baht)* 12870 14850
Profit per cow (Baht) 12870 18150
1300 day lactation 43. 30 Bht/kg
26.70 Bht/kg (6.50 + 0.2 for fat% °10.5 kg DM day, 0.4 Bht/kg
314 kg DM day, 0.4 Bht/kg 56.60 Bht/kg (6.5 + 0.1 for fat%

CONCLUSI ONS

The efforts of the Government in the devel opnment of dairy farm ng
in Thail and have been successful. There has been a satisfactory
increase in mlk production and in the nunber of dairy cattle and
dairy farnmers, so that today Thai farnmers produce 15% of the raw mlk
needs for all mlk products. By 1996, they could be produci ng 50%
Such a rapid growh requires great investnents in facilities for the
farmers. For instance, it will be necessary to inport dairy cattle to
get enough animals and to get the right stock. Furthernore, training
of farmers and good extension services are inportant factors,
especially in making dairy farmng into a good business. Serious
efforts nust be nmade to reduce the costs of mlk production and, as
concentrates are expensive, it would pay to | ook for better
utilisation of pastures and fodder crops.
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M LK PRODUCTI ON SYSTEMS BASED ON PASTURES I N THE TROPI CS

by

Roberto Garcia Trujillo

THE LATI N AMERI CAN REG ON

The hum d and sem -hum d tropical areas of Latin Anerica conprise
approximately 70% of the total area of the region and are where 60% of
the cattle are concentrated. Four different sub-areas exist, these
are: a) native savannas, b) the "cerrados", c) tropical humd and
sem-hum d forests with fertile soils and d) tropical humd and sem -
hum d forests with non-fertile soils.

80% of the soils in these zones are barren, especially those of
t he savannas and "cerrados" where inproved pasture establishnment
requires high levels of fertilizers and soil inprovenent. Rainfall is
alimting factor for pasture devel opnent, due to the unequal
di stribution throughout the year and the fact that the dry season can
| ast for al nost seven nonths, except in the humd forest area. There
are dairy cattle in the region (3-11 cows/ 100 i nhabitants) but,
because of the | ow productivity (750-1700 litres/cow year), |arge
anmounts of mlk and mlk products are inported.

The present situation in the foreign market, the general economc
crisis and different aspects of agricultural policy in the countries
of the region are against the devel opnent of m |k production and
cattle production in general. These problens were exhaustively
anal yzed in the First Meeting of Cattle Devel opnent in Latin Amrerica
and the Cari bbean, sponsored by FAO in Septenber 1988 in Mntevideo.
There are many different m |k production systens in the region, but
t he non-intensive pasture systenms with |ow m |k producing cattle
predom nate, while the nost productive and the nost intensive systens
are mainly found in the high tropical areas or in production systens
using mai nly European breeds, where cattle remain housed or sem -
housed and are fed forages, hay or silages and a high proportion of
concentrates, supplemented with inported raw materi al s.

In Cuba, mlk production is based on the utilization of pastures
in the rainy season and green and preserved forages and sugar industry
by-products in the dry season. Holstein dairy cows and their
crossbreds with Zebu cattle are enpl oyed.

Al t hough research on pasture production, feeds, production
systens and ot her aspects is scarce, results are avail able which show
that it is possible to considerably inprove mlk production in the
tropics. The objective of this paper is to offer the results of sone
studies carried out in Cuba.
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M LK PRODUCTI ON SYSTEMS BASED ON PASTURES

In the humd tropics, where rainfall is not limting and declines
to critical levels for only 2 to 4 nonths, m |k production based on
pastures is limted by the quality of pasture and the direct or
indirect effects of the climate on the nore productive animals. In
the sem-humd tropics, the lack of rainfall during the dry period
(lasting from5 to 7 nonths), seriously limts pasture production and
quality. Under these conditions, which prevail in the majority of the
cattle breeding regions in the tropics, the devel opnent of a nore
productive m | k production system should consider the equilibrium
bet ween the needs of the animals and feed production. The basic
el ements are pasture managenent, fertilizer use, stocking rate, forage
production and suppl enentation, all being related to the ani ma
potenti al .

Nat ural grassl ands and their productivity

Natural or sem -natural, non-fertilized grasslands in areas with
soils of lowfertility allow a | ow stocking rate which, in general
does not exceed 1 cow ha and is frequently about 0.5 to 0.8 cattle
units per ha. MIKk production recorded in the sub-hum d area does not
exceed 4 kg m | k/cow day and 300 kg of m |k ha/year when Zebu cattle
are used, as in the case of the western plains of Venezuela (Capriles,
1982), or from5 to 7 kg mlk cow day and 1600 kg m | k/ ha/ year when
crossbreds are used and the animals are fed nmediumto |low quality
forage in the dry season, as reported by Blydestein et al. (1969) in
Costa Rica or in certain dairy areas of the eastern provinces of Cuba
(Table 1). 1n general, these herds are characterized by short
| act ati ons, poor calving rates and | ow percentages of cows in mlKk.

The low m |k production of the animals in the grazing systemwth
natural or sem -natural pastures is not only a consequence of this,
but of the poor resources, operations and techni ques with which these
ani mal s are managed and where suppl enentary feeds play an inportant
role in their survival on account of the poor pasture quality or
anmount .

Under these conditions, |egunes could be one of the nbst econom c
ways to inprove the production |level of these herds. |In this sense,
Monzote et al., (1985), with the introduction of Aycine into natura
pasture in areas of lowrainfall (800 miyear), found an increase in
m |k production from 1041 to 1684 kg/lactation, conpared to cows on
natural pasture. 1In the rainy season, the association produced from3
to 5 kg of mlk/cow day nore than with natural pasture although
during the severe nonths of the dry season, this difference was only
0.3 to 1.2 kg of m | k/cow day.

Anot her alternative under these conditions could be the use of
forage areas of sugar cane as a supplenent during the dry season
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| nproved pastures

The utilization of inproved pastures and fertilizers markedly
i ncreases stocking rate capacity, mlk production per ha and
i ndi vi dual yield, especially when breeds and crossbreds of nmediumto
high ml|k potential are used.

In general, stocking rate is increased to 2.2 - 4.5 cows/ha in
t he sub-hum d regions according to the type of pasture and the |evel
of fertilizer. MIlk production/cowis increased to 6 - 8.5 kg/cow day
and up to 2500 kg/lactation with crossbred aninmals and from 10 to 14
kg of m | k/cow day (3000-4000 kg/l actation) w th European breeds.
M | k production/ha could reach or exceed 12000 kg/ ha/year (see Table
1).

In the humd regions, the stocking rate of the grassland coul d
reach 6.5 cows/ha with 14000 kg of m | k/ha/year and 8.5 to 9
kg/ cow day, as denonstrated in sone areas of the region (Cubillos et
al . 1975, Mifioz et al. 1988b).

The effectiveness of the systens based on inproved pastures
depends on the equilibrium between pasture selection, the | evel of
fertilizer use and stocking rate. An inbalance in this sense could
ruin the systemand the stocking rate is a decisive factor in the
productivity of dairy herds. Different trials have denonstrated that,
when nedi um potential animals are used, the production per hectare can
be enpl oyed as an indicator of productivity but when high potenti al
cows are used and a hi gher production per hectare is obtained, the
potential of the animals is only exploited to the extent of 50 to 60%
(Figure 1), provoking a negative effect on reproduction and ani nal
heal t h.

The |l evel of stocking rate and N fertilization are closely
related. Qur results showthat from50 to 100 kg N ha/year, according
to the stocking rate and system enpl oyed, are needed for soils of
mediumto low fertility per cow A reduction in stocking rate, under
Cuban conditions, has markedly inproved individual m |k production,

w thout affecting mlk production per ha, fertility, survival and
health (Table 2).

The nost productive pastures found are coastal bernuda grass with
| ow stocking rates (2 to 2.5 cows/ha), common gui nea grass and |ikon
for nmedium stocking rates and star grass with high stocking rates (4
to 5 cows/ha). Coastal bernuda grass requires a high | evel of
fertilizer, irrigation in the dry season and careful managenent.

Al so, short grazing rotations in the rainy season (12 to 18 days),
together wth night grazing, allow anple selection, availability of
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Figure 1. The effect of stocking rate and the type of pasture on mlKk
production per cow and per hectare (from Pérez Infante, 1971
and others in Cuba).
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Table 2. Stocking rate (SR) reduction and performance of various
dairy herds in Havana Province (Martinez, 1980; Sali nas,
1988, unpubl i shed).
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SR | mpr oved MIk yield (kg) Fodder Animal Birth

cows/ ha pasture % /cow /hectare suppl- | osses rate
enent % %
DM cow/ d
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Case A Three dairy units

Unit A 2.84 33 1082 3078 4.2 3 58
Unit B! 2.26 38 1650 3741 3.8 6 67
Unit C 2.24 73 2102 4624 2.2 4 76

Case B: Dairy enterprise (15000 cows) then reduce stocking rate

Previous 2.9 - 2428 7043 - 11 68
After 2.5 - 2662 7037 - 9 72

Case C. Dairy district (3800 cows) then reduce stocking rate

13.8 -

Previous 3.3 - 2203 7279 6.
4. 10.0 -

4
After 2.2 - 2844 7580 4

$33331331333333133333313333331331331133133113331)3113331))1))))))))))Q
1St ocking rate reduced one year previously.
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pastures (50 kg DM cow day) and good m |k production in European
breeds. In the dry season, overgrazing should be avoided by restrict-
ing grazing tine (3 to 4 hours/day) or housing sone of the aninmals.

FORAGE PRODUCTI ON

In the sub-hum d tropics, |arge anbunts of forage are used daily
to make up for pasture deficiency in the dry season. In Cuba, various
al ternatives have been studied and used to this end. They can be
classified as foll ows:

I Sowi ng areas of forage with irrigation so as to produce silage in
the rainy season and green forage in the dry season.

|1 Conserving pasture surplus in the rainy season to produce sil age
and hay supplies for the dry season.

1l Sow ng forage areas with sugar cane which is harvested 12 nonths
| ater during the dry season.

IV  UWilization of coarse by-products of the sugar industry (bagasse
-nol asses-urea, pre-digested bagasse).

The main forage used in Cuba is king grass, which under
production conditions, yields from97 to 130 t/ha/year when fertilizer
(300 to 350 N kg/ha) and irrigation in the dry period are used. The
application of manure (25 to 30 t/ha/year) favours forage stability,
decreases the need for N fertilizer (100 to 150 kg H ha/year) and the
use of P and K. Because this forage has a | ow DM content (18% when
it has a good nutritive value (from1l0 to 11% CP), it IS necessary to
pre-wilt it so as to obtain a good quality sil age.

Star grass and guinea grass are also used as the main forage with
good yi el ds and suppl enentary forages such as sorghum and sunfl ower
are used as pure crops or are intercropped with pastures, new sow ngs
or forage areas during the dry period.

In general, green forage is not used as the sole source of
roughage in the dry season, except for sonme high producing herds or
hi gh produci ng groups of cows and when there is great availability,
bei ng enpl oyed as a supplenent to silage diets and sugar cane (30%
green forage: 70 % sugar cane or silage) (Esperance and Perdonp, 1978,
Mufioz et al., 1988a).

Medi um qual ity silages, which are nore abundant in commerci al
units, when supplied together with grazing on non-irrigated pastures,
produce from3 to 5 kg of m |l k/cow day, but the animals |ose weight
and have short lactations. |In order to obtain an average of 8 kg of
m | k, supplenentation of 1.2 - 2 kg of concentrate is required with
the addition of 30 - 40% of total roughage as green forage. Above
this | evel of supplenentation, a response of 1.5 kg of m | k/kg of
concentrate could be expected (Gutierrez et al., 1988) (Figure 2).
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Figure 2. MIk production fromtropical silage or forage of nedium
quality (adapted fromGQutierrez et al., 1988).
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M | k production under non-irrigated conditions wth animals fed
silages is strongly related to the DM percentage of the silage and its
consunption, an increase of 0.3 kg of mlk and 0.37 kg of DM consuned
per percentage unit increase in dry matter being reported.

Another difficulty with tropical silages is the loss of nutrients
and materials produced during silage processing, when silages are not
made wi th adequate techniques. Low capacity silos with |ong cut
forage and high humdity could | ose al nbst 60% of the material.
However, when high DM and finely cut forages are used and the materi al
is placed in adequate places or bunker silos, the | osses could be
di m ni shed to 15% at the nost.

Sugar cane is characterized by its high yields (up to 170 t fresh
matter/ha with low N fertilization (100 to 150 kg N ha/year) and is
harvested during the dry period, thus there are no conservation
expenses. Al though used as forage, |ow consunptions are observed,
particularly when it is not adequately m xed with other forage feeds
and suppl enented with NPN and m nerals. Wen using sugar cane for
animal diets, the material should be finely cut and 1% urea (Perez
Infante and Garcia Vila, 1975), 0.12 to 0.15% sul phur (Ruiz, 1979)
shoul d be added and also it should be conbined with 30% f or ages,
pastures or both (Mifioz et al., 1988a), and the necessary concentrate
suppl enentation to cover the animal requirenents.

Experiments carried out in the Caribbean area (Garcia and
Neckl es, 1983; Perez Infante, 1975; Garcia Trujillo et al., 1981
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unpubl i shed; Senra et al., 1988 unpublished) show that as the
percentage of sugar cane in the DM of the ration is increased, mlk
producti on decreases by approximately 1.46 kg mlk for each 10% of
sugar cane inclusion, yielding from7 to 10 kg of m | k/cow day when
50% of sugar cane is added. This indicates that feeding factors and
the animal potential could vary the response (Figure 3).

Figure 3. Sugar cane forage level in the diet and mlk yield.
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The sugar cane industry produces various fibrous by-products for
animal feeding. The nost widely used in Cuba is bagasse, pre-digested
with 2 - 3% sodi um hydroxi de, to which 15% nol asses and 10% urea are
added, and which finally contains 8. 37 MJ] ME/fkg DM and from 11 to 12%
CP. This feed is used as forage in the dry season and consuned at a
rate of 6-7 kg/cow day.

At Indio Hatuey Branch Station, a conparison between the forage
systens |, Il and IIl (see above), crossbred (3/4 Holstein, 1/4 Zebu)
cows on pasture without irrigation for 3 years showed higher mlk
production per lactation than on the sugar cane system (2565 vs 2427
kg), but the sugar cane system produced hi gher fertility (80 vs 67-72%
cows pregnant per year), lower cullings (11 vs 22-25% and thus the
m | k production/ha was higher (7704 vs 6640 kg) (Table 3).

In a later study where systens Il and Ill included a protein
suppl enment and stocking rate decreased to 2.5 cows/ha, mlk yield per
| actation was increased by 150 and 424 kg for the conservation and
sugar cane systens, respectively. Protein supplenentation resulted in
calving intervals of 393 days on the sugar cane system and reduced
both the use of concentrates and the cost of production in 10%
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The conparison of systeml, IIl and IV with Holstein cows at | CA
showed a higher mlk production per cow on the silage systemthan on
t he sugar cane or bagasse pith systens (3553 vs 3100 kg/l actation and
birth rate (87 vs 83%, but the production cost was slightly higher
(0.22 vs 0.20 Cuban pesos/kg of mlk).

SUPPLEMENTATI ON

Commerci al concentrate supplenentation is practised in dairy
units using nmediumto high potential cows. The response to
concentrates obtained, in terms of mlk production, ranges fromO0.2 to
Table 3. Conparison of three milk production systens (Garcia

Trujillo, 1981, unpublished).
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Wt h Ki ng G ass Sugar Cane
conservation forage areas forage areas
ar eas

S33)3313313311311311311313131313131331331331131131)31)3)))))))))))))))))Q
M I k production

kg/l actation 2537 2594 2427
kg/ cow year 2219 2209 2348
kg/ hect are 6657 6727 7044
Fertility

cows pregnant/year % 67 72 80
Culled cows %

reproductive probl ens 14 22 11
t ot al 22 25 11

Feedi ng cost
(pesos/ kg m | k) 0. 088 0. 084 0. 083
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2.3 kg of mlk/kg concentrate. This response nainly depends on the
differential between the production potential of the basic diet and
the cow s potential (Garcia Trujillo, 1988). Qur experience recomends
the use of |imted anobunts of the avail abl e concentrates 21 days
before calving and in cows producing nore than 12 kg of m |k per day,
al though if basic diets of poor quality are used, econoni c responses
to suppl enentati on can be obtained but foreign currency wll be

wast ed.

Legunmes are the main crops available for total or partial
substitution of concentrates in diets for dairy cows. Pereiro (1985)
denonstrated, in a series of experinents, that with 30-38% of the
total area in Gycine wightii with fertilized and irrigated coasta
bermuda grass, irrigated in the dry season and grazed daily or on
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alternate days (3 hr daily), with 3.8 kg concentrate/ cow day,
production of 13 kg mlk with 2.8 cow ha was achieved. MKk
productions from 12 to 14 kg/cow day were al so obtai ned when d ycine
was used as a protein supplenment given to cows consum ng diets of
forage, silage and hay.

In the Institute of Animal Science in Cuba, Leucaena and d ycine
have been used with 3.2 and 2.7 cows/ha respectively, with a 50%
reduction in the concentrates needed to produce approxi mately 14 kg of
m | k/ cow/ day. Furthernore, good quality mlk, a high calving rate
(86% and no health problens were observed in these cows.

O her alternative suppl enents have been devel oped usi ng sugar
cane by-products and sugar cane (Table 4). Mufioz (1982) worked with
ni trogenous activator supplenents (NAS) fornmed by filter cake nud
(459, nolasses (40%, urea (11% and mnerals (4%, supplied to a
dairy herd consumng fertilized pasture in the rainy season and non-
irrigated pasture plus silage in the dry season, and produced 10.3 kg
m | k/cow day with a calving rate of 83% NAS increased the
digestibility and consunption of | ow and nmedium quality basic diets.

Table 4. Some suppl enments produced from by-products of sugar cane
i ndustries or sugar cane.

$33333333333333331333333333333333333333333)1111)3))))))))))))Q

Product s Formul as %

1 2 3 4 5( NAS) 6
Sacchari na 90 70 - - - -
Sun-dried sugar - - 50 - - -
cane
Dried Filter Mid - - - 30 40 -
Mol asses 5-6 5-6 15 15 35 69
Cereal s - 10 20 41 - 21
Prot ei ns - 10 10 10 0-10
Ur ea 0-1 0-1 1 1 10
M neral s 4 3 4 3 5

NAS: Nitrogen activated suppl enent Supply: 350 g/ kg mlk
Except NAS (1.5-2.5 kg cow)



- 166 -

Sugar cane dehydrated in the sun (50% or dry filter cake nud
(30% have been used at | CA to produce suppl enents where the renaining
conponents were nol asses, cereals and mnerals. These suppl enents are
supplied at a rate of 300 g per kg of mlk and all owed the production
of 9 to 10 kg of mlk during the dry season. More recently, a new
product obtained from clean sugar cane, w thout |eaves, enriched with
protein, has been obtained by an aerobic fernmentation process. This
new product was devel oped by Dr. Arabel Elias at our Institute of

Ani mal Sci ence and has been naned "Saccharina". Saccharina can have
between 9 to 11% of CP and approximately 10.4 M} ME/ kg DM for
rumnants. It is used to supplenent all animal species and from 10 to

12 kg of mlk per cow per day have been obtained in dairy cows
suppl enmented with this product.

CONCLUSI ONS

In the system based on pastures, stocking rate adjustnent is of
vital inportance so as to have a stable and productive system 90% of
the animal potential should be obtained from pastures and suppl enents.
St ocking rates should al so be adjusted to avoid surplus forage supply
during the rainy period and the surplus conserved for the other
mont hs. Pasture availability of 50 kg DM cow day should al |l ow t he
exploitation of the nost productive pastures.

In the sem-hum d areas of the tropics, the production of
forages to cover pasture deficiency in the dry season i s necessary.
There are various options and one of themis to use sugar cane for
crossbred cattle in small units. In large units or with cattle with a
hi gher potential, silages and green forages should give better
results, if these are of good quality.

Legunes are essential conponents of any system of dairying. The
grass-|l egune pastures are better with | ow stocking rates, while with
medi um and highly stocking rates, forage | egunes are preferred.
Legunes save concentrates and fertilizers and i nprove the productive
performance and health of the herd.

Commerci al concentrates are very expensive thus these nust only
be used in those animals with the required physiol ogical status (Euro-
pean breeds, end of the pregnancy, beginning of |actation).

Low producing crossbred cattle (10 kg m | k/cow day) can be fed
W th by-products obtained from sugar cane.
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DAl RY PRODUCTI ON I N THE SEM - ARI D RANGELANDS OF WEST AFRI CA
by
Modi bo Tr aor é

| NTRODUCTI ON

The sem -arid zone of West Africa covers nearly 1.5 mllion kn?
between the arid Sahara desert in the north and the Sudanese savannah
in the south. It includes a small fringe of the Sahel and a | arger
Sahel o- Sudanese area in the south. There are two main seasons a year:
a short (3-5 no.) rainy season starting in June and a |longer (7-9 no.)
dry season. Annual rainfall varies from500 mmin the north to 900-
1000 mMm i n the Sahel o- Sudanese sout h.

THE ENVI RONMENT

The soils are generally sandy and of w ndblown origin in the
north. Their organic matter content is low. On the rocky outcrops
and on the laterite crusts, one finds shall ow skeleton soils, rich in
maj or mnerals. The dunes, the rocky outcrops and the laterite crusts
constitute the higher areas, whereas the valleys with clay-loamsoils
formthe lower parts. Slopes of varying degrees, with internediate
soils, make the transition between the two types. The rainwater runs
in streans down fromthe heights to the valleys where it sonetines
forms tenporary | akes. The intensity of run-off varies with the
t opography and the texture of the soil, but in general only 75% of
precipitation penetrates the soil (Penning de Vries and Djiteye,
1982) .

VEGETATI ON

Two principal types of vegetation are found in the region. The
northern part (Sahel) is the area of steppe and shrubl and, nmade up
essentially of annual grasses and woody plants of the genera Acaci a,
Bal anites, Zi ziphus, etc. In the south, savannah repl aces the steppe;
the grass canopy inproves with the appearance of tall perennial
grasses. The woody vegetation becones nore and nore di verse and dense
as one goes sout h.

The steppe is an open formation. The rate of recovery of the
her baceous stratumis poor; the xerophytic character of the grasses is
very pronounced: short grow ng season grasses with narrow | eaves in
circles or basal rosettes. Depending on the density of the different
el enents, the steppe takes the formof trees, shrubland or grassland.
The spatial distribution of these different forns is a function of the
nature of the soil and of the topography. The sand dunes, w th poor
wat er hol di ng capacity, and the slopes rarely have woody plants but
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t he herbaceous stratum nmade up of annual grasses, is well devel oped.

The nost comon species are Cenchrus biflorus, Schoenefeldia gracilis,
El i onorus el egans, Borreria spp., etc. The inportance of the

her baceous stratumis a function of the devel opnent of the trees and

shrubs. The perennial grasses with | onger grow ng seasons which

appear include Andropogon gayanus and Di het eropogon hagerupii. The
transition zone between a dune area and an adjacent valley is
generally formed by a conpacted soil, inperneable and unsuitable for

t he establishnment of vegetation. The last type is found locally

bet ween the dunes and val |l eys, separated by bare strips where only a
few species with very short cycles (Zornia, Dactyloctanium are still
able to survive. The poor nature of the soil and the irregul ar
rainfall inpose an inportant restriction on production.

Penning de Vries and Djiteye (1982) estimate the total herbaceous
bi omass production of this region as 1000-2000 kg dry matter per
hectare. Although the energy value of this biomass is satisfactorily
mai ntained up to the mddle of the dry season, it nust be enphasi zed
that the nitrogen content becones insufficent fromthe end of the
rainy season, with the flowering of the grasses. The contribution of
edible material fromthe forage trees in this period (|leaves, flowers
and pods) partially conpensates for the poor quality of the herbaceous
bi omass. Neverthel ess, many areas renai n unexpl oi tabl e because of the
| ack of water.

Li ke the steppe, the savannah can take various forns: grassy
savannah, shrubby, woody and forested. The dom nant species in the
sout hern part of the sem-arid zone are the annual grasses with | ong
cycl es: (Penni setum pedi cel |l atum Andropogon pseudapri cus,

Di het er opogon hagerupii) and the perennial grass Andropogon gayanus.
The bi omass production of the grass canopy reaches an average of 3.5
tonnes per hectare. The extent of this production explains why this
zone can burn each year during the dry season. The bush fires destroy
the reserves of dry grass, reduce the seeds and nodify the formof the
trees. As a general rule, the areas in the north part are of better
quality than those of the south, where in addition, the tsetse fly
appears in the region of the 14th parallel.

The sem -arid zone of West Africa is crossed by two of the major

rivers of the continent: the Niger and the Senegal. Along the route,
these rivers overflow their banks and flood entire regions in which
i nportant aquatic grasslands devel op. 1In the Echinochl oa stagnina

flood plains of the central delta of the Niger, biomass production can
reach 6-17 tonnes per hectare (Boudet, 1975).

The stocking capacity of the pastures of the sem-arid zone is
strongly related to the rainfall (northern part) and the pattern of
fires (southern part). Boudet (1975) calculated it at 50-60
kg/ ha/year in the steppe and 80 kg on average in the savannas.

Furthernore, the state of the areas of the sem-arid zone is
subject to major variations. |If during the rainy period (3-5
nmont hs/year) the animals have at their disposal relatively abundant
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and good quality forage, the situation rapidly reverses in the dry
season; in the north, pastures which are still of acceptable quality
have to be abandoned through | ack of water, just as in the south, a
great part of the biomass is w ped out by the fires.

THE SYSTEMS OF PRODUCTI ON AND THEI R CONSTRAI NTS

The sem -arid zone of Africa supports 60 to 70% of the nationa
cattle popul ations of the countries concerned. Except for sone
establishments of an experinental nature (state ranches, pilot farns,
etc.), livestock managenent is conducted according to traditional
systens. Two main systens of production can be identified:

The pastoral system

This systemis found in the northern part of the zone where the
irregularity of the rains prevents the establishnment of crops. The
principal product is mlk and the main function of the cattle is to
nmore or |ess provide for human subsistence. The pastoral systemis
characterized by tenporal and spatial nobility. The periodic
m grations here take the form of nomadi sm between water holes in the
dry season. The livestock involved are relatively few (less than 10%
in Mali).

The herds are conposed of cattle, small rum nants (notably goats)
and canels, all contributing to mlk production. |In addition, the
small rum nants provide neat to the herders and the canels are used
for transport. Crops (mainly mlo) provide inportant conpl enentary
foods; the herders obtain this in exchange for cattle or mlk fromthe
settl ed population. The |evel of commercialisation of the cattle is
m ni mal, but occasionally two or three old bullocks or infertile cows
can be sold in order to neet tax obligations or for the purchase of
consunmabl e goods. As well as their econom c functions, the |ivestock
dom nate all aspects of social |ife.

Jahnke (1984) identified three fundamental principles of herd
managenent in the pastoral system

- adaptation to the natural environment: the availability of water
and the quality of pastures determ nes the mgration of the total
or part of the herd over distances and tines in different years.
The overall size of the herds and the distribution of species
have the objective of guaranteeing regular provision of mlk by
the best utilization of avail abl e vegetation;

- the prevention of risks: the animals are divided up into
different groups in order to divide the risks of disease and to
adapt to the requirenents for distant pastures in case of
prol onged drought. The tendency for the herders to increase
nunbers and keep old females is also part of this sanme strategy.
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- adaptation to the institutional environnment, characterized by a
met hod of collective responsibility for pastures; increasing
production by increasing nunbers results from collective
expl oi tati on of pastures.

The productivity of livestock in the pastoral systemis |ow (see
Table 1), varying fromone region to the other and between years.
Canmel s and small rumnants are 1.5-2 tinmes nore productive than the
cattle; but, on average, the annual productivity of the area varies
from26.2-31.4 kg/ha for mlk and 2.6-3.1 kg/ ha for neat (Jahnke,
1984) .

Since the drought which started in the 1970s, there has been a
maj or di sturbance of the pastoral system Faced with environnental
degradation, an effort to adapt has resulted in certain cases in the
settlement of sone of the herders around permanent waterholes. At the
sane tinme, the distances involved in transhumance have been extended
for the others. The proportion of cattle has been reduced in favour
of small rum nants and canels, but overall, the equilibrium between
present nunbers and avail abl e forage resources renmains precarious.

Table 1. The productivity of |livestock in the pastoral production
systens of tropical Africa.

Production Cattle Canel s Sheep & M xed
goat s her ds
M1k
kg/ head 66 248 22 -
kg/livestock unit 95 248 220 161
Meat
kg/ head 9.6 7.4 3.5 -
kg/livestock unit 13.7 7.4 34.5 16. 3

The agropastoral systens

These are the systens in which |ivestock production is practised
in association with agriculture. This association may be close and
conpl ex, or livestock and crop production may, on the contrary, be
parallel activities in their owm right and can even belong to
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di fferent managenent units. |In this case, the association cones down
to geographical proximty. Two principal sub-systens of managenent
can be distinguished according to the nature of cultivation practised:
rain-fed farmng (mainly mlo) and irrigated farmng (rice).

In the rain-fed mxed farm ng system a m ninum of agricul tural
activity is carried out near to the dwellings, to provide crops for
famly consunption. The mlk also contributes to the food supply but
may al so obtain sone (variable) inconme for the farmer. Wthin the
sanme production unit, the livestock can provide the neans of
production as ani mal power and manure. They generally benefit from
the crop residues and, nore rarely, fromagro-industrial by-products
whose distribution is limted to draught animals.

Conpetition exists, however, between the two activities in the
use of land; it is accepted that it is the crops and not the |ivestock
whi ch provide the principal basis for subsistence. The latter do not
usual ly benefit fromthe right to graze during the cropping period.
The m gration of zebu herds towards the north occurs regularly and is
sonetimes seen as inevitable. At the southern limt of the region
where the trypano-tolerant animals are found, this transhumance is not
general ly practi sed.

The irrigated m xed farmng systemapplies to the central delta
of the Niger and of the Senegal. The income derived fromlivestock
rearing is relatively imted. Transhumance takes place, as a rule,
in the rainy season towards the Sahel, but a mlking herd of females
remai ns permanently near the dwellings to provide mlk. It is in the
dry period, after the wetland grazing and crop residues have been used
up, that the greater part of the herd descends towards the sem -humd
zone to the south in search of pasture.

The exi stence of belts of traditional dairies around the big
towns of the sem-arid zone is well known. Wth the growth in demand
for mlk and the progressive transfer of animals fromthe hands of the
traditional herders to the new breeders (businessnen, civil servants,
etc.), arapid evolution is taking place anong these establishnents.
Production of mlk for the market and the high demand for rentable
| and are profoundly nodifying the feeding techniques. There is an
i ncreased tendency to keep exotic breeds with higher potential and
massive utilization of agro-industrial by-products takes place.

The productivity of livestock in the agro-pastoral systens varies
greatly fromone region to the other. As a general rule, however, it
remai ns | ow, but output is still higher than that of the pastoral
system In all situations, it appears that the genetic potential of
the animals is not achieved in the traditional system The production
of mlk and neat is clearly inferior to that obtained fromthe sane
animals placed in controlled managenent conditions with inproved
nutrition and health.
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Wth the drought of the |last two decades, the evolution of agro-
pastoral systenms has not favoured |ivestock production; the wetlands
have been transforned into rice paddies and entire regions that were
traditionally devoted to pasture have been put into crops. The
weakening of the traditional policies for utilizing the resources and
t he absence of pastoral codes in the different countries has led to
poorer and poorer managenent of pastures, notably around the towns and
in the flood areas.

STRATEGQ ES FOR | MPROVI NG PRODUCTI ON

The i nprovenent of feeding systens ainmed at increasing dairy
production in the zone should be based on:

1. In the pastoral system of the northern area:

- a proper bal ance between the stocking rate and the carrying
capacity of the pastures;

- a rangel and wat er devel opnent policy that respects
requi renents for rational rangel and managenent;

- i nprovi ng i npoverished rangel ands by restoring vegetation
where it has died out and by enriching cover with, for
i nstance, | egunme crops;

- controlling major epidem c di seases to overcone the herders
obsession with disaster and pave the way for new attitudes
in favour of smaller, nore productive herds.

2. I n agropastoral systenms and peri-urban dairying:

- the preparation of pastoral codes that describe grazing
rights in order to curtail agricultural encroachnent and
allow for better resource managenent;

- closer integration of agriculture and |ivestock production
t hrough the introduction of fodder crops, such as cowpea, or
the application of nore fertilizer (including manure) to
i ncrease crop yields and, consequently, crop residues that
can be fed to animals;

- better use of locally available agro-industrial by-products
(bran, polishings, nolasses as urea-nol asses bl ocks, etc.)
t hrough the preparation of supplenents formulated to neet
t he needs of the aninmals and adapted to rangel and
condi ti ons;
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- gradual intensification in peri-urban |ivetsock devel opnent
projects to neet market needs. Mdre inportance should be
given to experinents and the devel opnent of fodder crops as
such, wherever conditions all ow

Any i nprovenent ained at increasing dairy production should
consi der the sociol ogical aspect, which is closely related to
livestock in this region. Sone sol utions have been proposed here to
increase the mlk production in the different production systens.
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FEEDI NG SYSTEMS AND PROBLEMS | N THE | NDO- GANGES PLAI N: CASE STUDY

by
V. C. Badve

I ndi a has the | argest bovine population in the world, with 191
mllion cattle and 69 mllion buffal oes, of which 80-85% of aninmals
are nondescript. The nunbers of mlch animals are 50.7 mllion cattle
and 28.3 mllions buffal oes (Livestock Census, 1982). The Nati onal
Comm ssion on Agriculture, inits report in 1976, nentioned an annual
mlk yield of 157 kg and 504 kg from cows and buffal oes respectively.
The | ow productivity of Indian animals is attributed to inadequate
avai lability of feeds and fodders. The annual requirenent of feeds
and fodder are estimated to be 25.4 mllion tonnes concentrates, 353.0
mllion tonnes dry fodder and 308.1 mllion tonnes green fodder.
However, only 16.5 mllion tonnes concentrates, 300.5 mllion tonnes
straw and 261.0 mllion tonnes green fodder are avail able. The gap
between availability and requirenment of feedstuffs is wide, resulting
in a large scale shortage. The occurrence of drought and fl ood has
beconme a constant feature in nost parts of the country. This creates
serious problens with respect to |livestock feeds.

In spite of all these problens, mlk production in the country is
showi ng an increasing trend. Currently, mlk is the second nost
i nportant agricultural comodity after rice. A decade ago m |k
production was hardly 30 mllion tonnes, while it reached 43.9 mllion
tonnes in 1986-87. It is expected to exceed 50 mllion tonnes by
1990. The target set for 2000 ADis 65 mllion tonnes (Tables 1 and
2) (Chatterjee and Acharya, 1987). The increase in production is due
to a nassive cross-breeding programme, especially in cattle, and the
use of inproved quality feed and fodder. The popul ati on of crossbred
cattle is estimated to be 12-13 mllions, of which nore than half
woul d be breeding females with 1800-2400 kg m | k production per
| act ati on.

CURRENT PATTERN OF UTI LI ZATI ON OF FEED RESOURCES

Crop residues

Crop residues and other cellulosic materials are staple feeds for
dairy animals in India. The nost abundant residues are cereal
straws, sugarcane tops, sugarcane bagasse, pulse straws, mll et
straws, etc. According to Singh and Rangnekar (1986), the
availability of dry fodder/straw fromgrain and groundnut crops is
estimated to be 302.39 mllion tonnes (Table 3). These feeds are
unabl e to neet the maintenance requirenment of aninals because of the
| ow digestibility, influenced by high fibre, lignin and silica
content.
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Table 1. Trends in mlk production, per capita availability,
processing and mlch ani mal popul ati on since 1951 and
projected to 2000 AD.
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(IN M LLI ONS) PRODUCTI ON (M LLI ON TONNES) AVAI LABI LI TY
(IN M LLI ONS) ( GRAM / DAY)
COW  BUFFALCES

$333333333333113333333333333333333333)33111113333333333333333)))))))))Q

1951 361 46. 37 21.01 17. 4 132
1961 439 51.01 24. 24 20. 4 127
1971-72 546 53.41 28.61 22.5 112
1981- 82 685 54. 37 28. 65 34.5 136
1983- 84 720 - - 37.1 141
1985- 86 751 55. 45 33. 07 42. 3 154
1986- 87 766 - - 43. 9 157
1989- 90 812 - - 51.0 172
(Proj ected)

2000 AD 986 51.25 30. 59 65. 0 180

(Proj ected)

$333133313333331333333133133313313311331133113311331)311))13)11))))))))Q
Source: Dairy India (1987).

Table 2. Trends in mlk production by region in Sixth and Seventh
Plans (production in mllion tonnes)

$3333333333333333133333333333333333333313111))13333333333)33)))))))))))Q
Regi on 1984- 85 1986- 87 1987- 88 1989-90

Target Achieved Anticipated Tar get Target (%
achi evenent

$3333333333333333133333333333333333333331111)1133333333)3333)3)))))))))Q

1. Northern 18.17 17.77 19. 53 20. 56 22.96 (44.8)
Regi on

2. Central 7.69 8. 43 9.42 9.79 11. 27 (22.0)
and Eastern
Regi on

3. Western 4.73 5. 48 5.73 5. 94 6.23 (12.16)
Regi on

4. Sout hern 7.61 8. 49 9.22 9. 64 10. 79 (21.04)
Regi on

$333133313333331333333133133313313311333133133113313311))13)11))))))))Q

Tot al 38.20 40.17 43. 90 45. 93 51.25 (100)

$3333333333333333333333333333333333333331111113333333333333333))))))))Q

Source: Dairy India (1987).
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Reqgions referred to in Table 2.

Nor t her n Regi on: Har ayana, Hi nachal Pradesh, Jammu and Kashmr,
Punj ab, Rajastan and Utar Pradesh.

Central and

Eastern Regi on: Arunachal Pradesh, Meghal aya, Sikkim M zoram
Nagal and, Madhya Pradesh, Bi har, Oissa, Wst
Bengal , Assam Mani pur, Tri pura.

West ern Regi on: Goa, Qujarath and Maharashtra.

Sout hern Regi on: Andhra Pradesh, Karnataka, Kerala, Pondicherry,
Tam | nadu, Andaman and N cobar.
Table 3. Estimated availability of dry fodders/straw fromgrain and

groundnut crops in India in the year 1983-84.

$3333333333333333333333333333333333333333111133)333333333333)))))))))Q

Crops Area Production Ratio Estimated dry
mllion ha. mllion G ai n/ straw f odder
t onnes mllion tonnes
$333333133331333313333133331333113331133311333113331133)111)))1))))))Q
Paddy 40. 99 89. 57 1:1.5 134. 35
Wheat 24. 39 45. 14 1:1.5 67.71
Sor ghum 16. 26 11.93 1:3 35.79
Pearl ml| et 11. 81 7.62 1:3 22. 86
Finger mllet 2.60 2.99 1:3 8.97
Small mllet 3.61 1.71 1:3 5.13
Mai ze 5. 88 7.92 1: 2 15. 84
Bar | ey 1.37 1.78 1:1 1.78
Pul ses 23.41 12. 65 1: 0.5 6. 32
G oundnut 7.64 7.28 1:0.5 3. 64

$3333333333333333333333333333333333333331111113333333333333333))))))))Q
Tot al 302. 39

$333133313333331333333133133313313311333133133113313311))13)11))))))))Q
Source: - Singh & Rangnekar (1986).
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As feed supplies to the aninmals are closely tied to the | ocal
cropping pattern, variation in feeding regines are observed from
region to region. 1In the Northern part of the country, wheat straw
(bhusa) is nore intensively utilised, while feeding paddy straw is
common in Eastern and Sout hern regions and part of the Western region,
particularly in coastal areas. Sorghum stovers are fed in the Centra
and Western regions and in parts of the Southern region. Feeding
mllet and pulse straw is also observed in certain localities.

I n sugarcane grow ng areas of the country (part of Utar
Pradesh, Maharashtra and Gujarat), sugarcane tops are extensively fed
to dairy animals during the harvesting season from Cctober to Muy.
During the sumrer nonths, they constitute the bul k of green nateri al
available to animals in these regions. A survey was conducted with
farmers of different size categories and in three different seasons in
three villages from Wstern Maharashtra whi ch showed seasona
variation in the feeding of cane tops (Table 4). Maxi nrum use of cane
tops (up to 52% of total dry nmatter) was observed with snall farners
in the summer season (Thole et al., 1988).

Tabl e 4. Seasonal changes in forage availability (% in different
farmer categories (dry basis)

$3333333333333333133333333333333333333333111)113333333333333333))))))))Q

Farm si ze Lar ge Aver age Smal |
$3233133133313331))Q 5)11333133113331))))Q S))11))11)))))))))Q

Season Summer Rainy Wnter Summer Rainy Wnter Summer Rainy Wnter

$3333333133333313333331331333133133113331331133113313311))13)1)))))))))Q

MAI ZE 4 7 1 19 19 6 14 1 0

SORGHUM 7 21 9 15 41 23 7 36 6

CANE TOPS 21 9 17 31 9 33 52 11 34

LUCERNE 17 15 11 21 15 10 4 4 2

GRASS 7 13 11 2 3 2 2 16 11

DRY 13 15 8 8 8 8 19 30 44

$33333333333333331333333333333333333333331111113333333333333333))))))))Q

Source: Thole et al., (1988).

Feedi ng concentr at es

The use of agro-lndustrial by-products, either as individual
concentrates or as a part of balanced concentrate mxture, is a wdely
observed practice all over the country. |In places, farnmers m x by-
products with conventional feed ingredients |ike brans and oil cakes,
sprinkle sone water on the m xture and feed animals at the tine of
mlking. Salt or mneral mxture are often added to such feeds. It
has been generally observed that concentrates are fed only to
| actati ng ani mal s.



- 180 -

Wth the increasing popularity of dairying, conpound feeds are
bei ng adopted. Because of organised mlk collection through dairy
cooperatives, the supply of inputs to farners has been nade possi bl e.
In 1977, total conpound feed production was 400, 000 tonnes and this
had increased to 1.56 mllion tonnes in 1987 (Figure 1). Today, there
are 71 feed mlls in the private sector and 44 under dairy
cooperatives, with a total capacity of 2.7 mllion tonnes/annum In
Qperation Flood 111, Programe 10, additional cattle feed plants with
100 tonnes/day capacity will be installed. To keep the cost of
conpounded feed down, the technique of |east cost formul ation needs
to be adopted wi dely.

Figure 1. Trends in cattle feed production in India.
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Feedi ng green forage

Al t hough forage based feeding systens help |ower feed costs, the
scope for such systens is limted in India because of the need to give
priority to food crops. The average cultivated area under fodder
crops is estimated as 4.4% In areas with better irrigation
facilities, intensive fodder production is practised and in the
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Nort hern Region, particularly Punjab and Haryana, 10% of the
irrigated land is allocated to fodder cultivation. The major part of
the ration of dairy animals in this region consists of |ucerne,
berseem nmaize, oat, sorghum etc. |In other parts of the country,

al t hough the area under fodder crops has not increased, the technique
of a m xed cropping systemof forages with other cash crops |ike
veget abl es and sugarcane is wi dely adopted by farnmers. G ow ng mai ze
W th sugarcane, brinjal, cabbage, etc., is a common practice in
irrigated tracts of Maharashtra. Table 5 shows the crop rotation in
different agro-climatic zones of India.

Table 5. Intensive fodder crop rotations for different agro- climatic
zones of India.

$3333333333333333333333333333333333333331111113333333333333333))))))))Q
ZONES CROP ROTATI ON GREEN FODDER

Yl ELD T/ ha/ annum
S33)33133133133113113131313131313131331331331131131)31)3))3))))))))))))))Q

NORTHERN Hybrid napier intercropped with berseem 211. 7
Hybrid napier + |lucerne 176.0
Ber seem + Japan rape - Jowar + cowpea 170.5
Mai ze + Cowpea- Mai ze + Cowpea - Turnip-Gat 190.0
CENTRAL &
VESTERN Hybrid napi er + cowpea-berseem + nustard 286. 3
Mai ze + cowpea-M P. Chari -berseem + nmustard 197.2
M P. Chari -t urni p- oat 192. 3
M P. Chari + cowpea- berseem + nust ard-
Jowar + cowpea 168. 6
Mai ze + cowpea- mai ze + cowpea- oat -
mai ze + cowpea 168.5
EASTERN Mai ze + cowpea-oat-bajra + cowpea 102. 6
Jowar + cowpea- berseem + nust ard-
mai ze + cowpea 96. 0
Mai ze + ricebean-berseem + nustard 111.5
Hybri d napi er al one 144. 2
SOUTHERN Sor ghum + cowpea- mai ze + cowpea-
mai ze + cowpea 110.7
Mai ze + cowpea- nai ze + cowpea-
mai ze + cowpea 106.0
Qui neagrass round the year 93.5

$3331333133313331333333133333313313311333133133113313311))13)1)))))))))Q
Source: Lal M and Tripathi S.N (1987)

Growi ng short duration forages in the gap period of the preval ent
crop sequence is a standard practice in irrigated areas. For exanple
i n the wheat-sorghum nmai ze- baj ra sequence, a gap period exists between
April and June which is utilized for growi ng forage crop m xtures |ike
mai ze + cowpea, sorghum + cowpea or bajra + cowpea wth a yield of
35-40 tonnes/ha, w thout affecting main crop.
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TECHNOLOGY OPTI ONS AVAI LABLE TO THE FARMERS

Suppl enent ati on

Suppl enentati on of crop residues with fresh grasses and | egunes or
concentrate feeds significantly inproves feed intake and the
performance of animals. Feeding wheat straw with berseem or | ucerne
is common practice in the Northern region of the country. In dryland
farm ng systens where forages are scarce, crop residues are
suppl emented wth concentrate feeds. Supplenentation of the basal
diet with good quality forage or concentrates helps to overcone the
probl em of |ow palatability. The role of agro-forestry systens in
augnenting the supply of green forage needs to be enphasized to
farmers

Urea treat nent

Treating crop residues with 4 percent urea and 45-50 percent
noi sture inproves the nutritive value by increasing digestibility,
pal atability and crude protein content. The process is sinple and can
easily be practised by the farners. Feeding treated wheat straw
suppl emrented with berseem (90: 10 m xture on a dry matter basis) ad
lib. was shown to support a mlk production |evel of 6 kg/head/day
w t hout concentrates (Agarwal et al., 1988). However urea treatnent
is not yet used on a wide scale by farnmers because of i nadequate
extension efforts to popularise the technology and the limted
avai lability of liquid cash for farnmers to purchase urea.

St eam tr eat nent

According to Rangnekar et al. (1982, 1986), steam ng under high
pressure has been found to be effective for inproving palatability as
well as digestibility of sugarcane bagasse. |t has been denonstrated
that it is possible to utilise this process in sugar factories, since
steam can be nade available at a very low cost. Field trials with
steamtreated material have shown good results and acceptance by the
farmers. In sone areas, this material has been used as an alternative
roughage source during feed scarcity to maintain animals while, in
other areas, it has been used in conplete feeds for lactating cattle.

Ur ea- mol asses bl ocks

Ur ea- nol asses bl ocks provide nitrogen to the m cro-organi sns in
the rumen and thus inprove the digestion of straw. They can al so
supply am no aci ds which can by-pass runen fernentation and be
absorbed in the ower gut of the animal. Cattle and buffal oes fed
t hese suppl ements showed i nproved body condition, increased conception
rates and increased mlk yield. The National Dairy Devel opnment Board
(NDDB) has | aunched a programme to popul arise the feeding of urea-
nol asses bl ocks.
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FUTURE DEVEL OPMENT

In India, nutrition research shoul d enphasi ze the devel opnent of
feedi ng systens based on existing feed resources, under farm
condi ti ons.

A feed security systemfor animals needs to be devel oped to neet
the requirenents of livestock in famne and fl ood prone areas.

Evol ving new varieties of cultivated fodders which have high
yields, respond to inputs and are di sease resistant is also a
priority.

The identification of non-conventional feeds for |ivestock and
devel opi ng processes for inproving their nutritive values needs to be
undertaken on | arge scal e.
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FEEDI NG DAI RY CATTLE I N TROPI CAL REG ONS OF CHI NA
by
Cheng Nangi ng

| NTRODUCTI ON

Guangdong Province is in the tropical zone of China with an
annual average tenperature of 19-26°C. The | owest nonthly average
tenperature is 7-12°C and the warnmest nonthly tenperature is 27-29°C
The amount of sunshine is 1600 to 2600 hours and accumnul at ed
tenperature i s 6000-9500°C. Average rainfall is 1000 to 2300 mm and
non-frost days in 1986 where 346.

There are about 23,000 black and white cattle in the province,
wi th about 12,000 (52% on the state operated farnms, about 5,000 on
the collective farnms (21% and about 6,000 (26.2% in the farners'
hands. There are about 2,000 water buffalo in mlk, nost of them
bel onging to farners. Local water buffalo can produce about 800-1200
kg mlk per year. The crossbred of |ocal and Murrah or |ocal and
Ni I'i -Ravi can produce about 1500-1800 kg m |k and the hi ghest can
produce about 1800-2000 kg per year.

Besides selling fresh mlk in the province, there are sonme mlk
processing plants. They produce yoghurt, vita mlk, citrus fruit
m | k, condensed m |k, etc.

In order to neet the people's ml|k demand, between 1980- 1985,
this province inported 3,318 black and white dairy cattle from New
Zeal and, Denmark, the USA, Canada and Australia. The m |k productivity
and managenent of these cattle and the original |ocal black and white
are as foll ows.

PRODUCTI VITY OF LOCAL AND | MPORTED DAI RY CATTLE

Adaptation to |l ocal conditions

Cattle from New Zeal and are better adapted to the Guangdong
Province conditions than cattle fromother countries. In the first
year of their inportation, those cattle suffered serious heat stress.
In the Chu-Cuen dairy cattle farm anong 675 cattle inported in 1985,
18. 7% of them had to be slaughtered in the first year because of foot-
rot, septicaema, nmastitis, pneunonia, dystocia, uterine prol apse,
ruptured uterus and other diseases. |In the second and third years,
they had to cull only 5.8% and 1.9% of the total cows, respectively.
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M | kK production

From Table 1, it can be seen that the m |k production of cattle from
New Zeal and is nearly equal to that found in their home country. The
m | k production of the cows fromother countries, although it is

i ncreasing each year, is still |ower than the production in their hone
countries (although higher than the New Zeal and cows). The mlk
production has increased rapidly every year. Sone of the cows
produced 6000 kg of mlk in a 305 day |actation and the highest one
achi eved 9327 kg of mlk in 305 days.

Table 1. Mk production.

Country of Lactation No. of Average m |k Aver age
origin cattle pr oducti on butter fat
kg %

New Zeal and 1 541 2948 4.3

2 594 3580 4.3

3 532 4003 4.3

4 159 4257 4.3

5 222 4187 4.3
USA 1 482 3013 3.2-3.7

2 357 4280 -

3 252 5405 4.4
Denmar k 1 119 4434

2 64 5123
Australia 1 6 4472 -

2 3 4058 -
Guangdong 1 984 4238
bl ack and 2 710 4797
white 3 656 5110

4 422 5146

Repr oducti ve perfornmance

Tabl e 2 shows that the reproductive performance of inported and
| ocal cattle are not very different.
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Body wei ght of the cattle

The birth weight is smallest in New Zeal and cal ves and their is
not much difference between the others (Table 3). The body wei ghts of
hei fers are highest in the American Hol steins.

Tabl e 2. Reproductive performance.

Oigin Number of Conception rate Conception rate
cattle at one heat % per year %

New Zeal and 1132 57.2 91.7

Denmar k 499 56. 4 89.8

USA 1816 41.5 81.1

Guangdong 1639 56. 9 86.7

bl ack and white

Tabl e 3. Body wei ght (kg).

Oigin Birth 3 nont hs 6 nont hs 12 nonths 18 nonths
wei ght of age of age of age of age
New Zeal and 31.1 107. 8 154. 2 251.5 316.7
Denmar k 35.6 - 138.9 267.9 340. 9
USA 35.8 92.2 185.9 281.6 415.5
Guangdong 34.5 - - - 345. 7
bl ack and
white

GUANGDONG DAI RY CATTLE MANAGEMENT

Most of the dairy cattle are fed in-doors. |In order to let the
cattle adapt to the tropical climte and also to give high mlk
production, people have paid nuch attention to site selection, housing
construction, dairy cattle managenent and di sease prevention and cure.
Dairy cattle farmsite selection

In the selection of farmsites, they have not only to consider
those itenms such as prevention of sickness, transportation and
comruni cations, water supply, excrenent and urine managenent and so
on, but they specially select and construct a farmon the top of a
hill, where the air flowis good and the manure, after fernentation in
a manure pit, can be used to irrigate grassland around the farm
automatically by gravitation through irrigation canals.
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Housi ng desi gn

In the past, nost of the cattle houses had walls wth doors and
w ndows. Now, nost of the cattle houses are open and they have only a
bi g roof made of alloy, which is good for heat radiation. |In w ndy
areas, the roof nmay be nmade of cenent.

Feed and feedi ng

El ephant grass is nost inportant for cattle in Guangdong province
because it can produce 8, 000-15,000 kg of grass per Mu (1/15 of a
hectare). Sone of the farnms plant a small area of stylo for cal ves.
In the winter and spring season, they supply corn and el ephant grass
silage, and sonetines they al so supply Chinese cabbage and sweet
potatoes. Sone of the farnms supply grass hay the whole year round. In
the concentrate, corn makes up about 40-50% and by- product feed
i ngredi ents such as wheat neal and soyabean neal nake up about 30-50%
They al so supply sufficient amounts of mnerals, salt and sone
necessary trace elenents. Mst of the dairy cattle farns feed their
cattle according to the feeding standards provi ded by the governnent.
Sin-Tun dairy cattle farmuses a conplete diet self-feeding system and
gets very good results.

Dairy cattl e nanagenent

The farmers do their best to avoid heat stress and foot rot in
the cattle. Sone of the farns lay bricks on the ground in the yard
and sonme of them put sand down. Most of the cows' bedding is nade of
cenent. Sone of the farnms have fixed bedding, with about 20 cm depth
of sand in it, and sone have a carpet on the bed to nake the cattle
confortable. They put a water supply in the house, as well as
outside, so that water is available all the tinme. Most of the farns
have electric fans in the mlking parlour as well as in the cows
beddi ng area. Most of the farns |l et the cows have a shower once or
tw ce a day and, in hot seasons, they use the shower two or three
times a day.

Many dairy cattle farns are using mlking machines to mlk their
cows. Chu-Cuen, Kwan-M ng and Sin-Tun dairy cattle farnms are using
herring bone mlking parlours wth fully automatic m | ki ng machi nes
and the mlking time per cowis only 8 mnutes. They can machine-mlKk
12 to 20 cows at one tinme and have therefore raised their |abour
efficiency and produce very hygienic mlKk.

Managenment of bull cal ves

In many countries, young calves are sold for veal during the
first few days of life but in our province, because the price of mlk
is very high and because nost of the people cannot afford very
expensi ve veal neat, nost of the bull calves are slaughtered at birth.
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DAl RY CATTLE PROQIECT DEVELOPMENT AND | NCREASED M LK PRODUCTI ON

Tent ati ve i deas

In the past 10 years, thanks to the open door policy, the incone
of urban and rural people has increased remarkably and personal
pur chasi ng power has been raised in our country. The demand for nore
and nore mlk supply is a great problemfor us to sol ve.

First of all, a better plan for dairy cattle distribution needs
to be nmade and to increase the nunber of mlking cattle. At present,
nost of the big dairy cattle farnms are inside Guangzhou City or very
cl ose to Guangzhou. It is easier to transport mlk to the consuners
but there are many problens such as feed, especially forage and
roughage supply, and pollution problens. So many people think that
the distribution of dairy cattle should be changed.

a) Those farnms in the city or very close to the city should raise a
limted amount of good quality, high production cows, because
they have a long dairy cattle-raising history, their technicians
are good and so they could nmake good use of high quality cows.

b) Those farnms in rural areas should raise cows that are better
adapted to the conditions. |In this area, it is easier to nmanage
forage and roughage supply and the cost of labour is |ower. Wth
the inprovenent in transportation, it is not a problemto send
mlk to the city from 100 mles away in the rural areas. This is
the area to develop nore dairy cattle farns in the future.

c) There is a need to get nore mlk fromwater buffalo. In Nanhai
and Ji ashe County, there are about 2000 m | ki ng buffal oes. They
produce about 2392 tons of mlk per one year. Farnmer who raise
one buffalo for mlk can earn 1200 - 1500 yen of per year. Qur
province has nore than three mllion water buffaloes. If 5%to
10% are mlked, it will not only provide nore mlk to the people
but will also increase the econom c incone of the farners.

From a genetic point of view, in order to raise nore good
quality, high production dairy cattle and have good quality bulls from
t hose high production cows, we are trying to make use of enbryo
transfer techniques. In the past few years, we used Chinese-produced
FSH t o super-ovul ate donor cows and obtained 5 - 6 viable enbryos on
average per cow. The transfer success rate of fresh or frozen enbryos
was about 40-50% W are also planning to do sone experinents using
i njection of reconbi nant DNA growt h hornone products and try to nake
use to bio-technol ogy nethods to increase m |k production.
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M LK PRODUCTI ON SYSTEMS | N TROPI CAL LATI N AMERI CA!

by

J | Restrepo, E Murgueitio and T R Preston

| NTRODUCTI ON

I n many devel opi ng societies, cattle are nore inportant as a
source of manure - for fuel and/or fertiliser - and power, than of
mlk and neat. For the rural poor, they are nore secure than the
bank, as a nmeans of safeguarding savings frominflation and deval ua-
tion.

In this paper, it is argued that it is nore economcal, in terns
of national resource utilization, to satisfy the demand for mlk and
beef by conbining both activities in the sane aninmal. The

justification for this approach is that: (i) the target |evels of
production - 2,000 litres of mlk and 300 kg of beef per cow per year
- are closely related to national demand ratios which vary from4 to 5
litres mlk per 1 kg of beef; (ii), as a result of (i), larger

national cattle herds can be supported which increases enpl oynent
opportunities and enables nore efficient use to be made of presently
under-utilised locally avail able feed resources, which are usually | ow
in protein and high in cell wall material; (iii) advantage can be
taken of inportant physiological traits, previously disregarded in

i ntensive specialised systens - for exanple, the effect of suckling in
stinmulating mlk yield, reducing stress in both cows and cal ves and
permtting the calf to use supplenentary feed of |ow protein content,
nore efficiently.

O special inportance to devel oping countries is that breeding
programes for dual purpose m | k-beef systens permt a much greater
degree of self-reliance (i.e. reduced dependence on expensive
(it mported) inputs), the technology is sinpler and therefore nore
easily applied and with greater chance of acceptance than for
speci al i sed systens, especially m |k production.

DUAL PURPOSE CATTLE PRODUCTI ON SYSTEMS

Dual purpose cattle production systenms are those in which incone
is divided approximately equally between mlk and beef. They are
predom nant in many parts of Latin Anerica (see Table 1).

Parts of this article were taken from "Dual Purpose Cattle
Production Systens" by T.R Preston and Lucia Vaccaro, published in
"New Techni ques in Cattle Production"” (Editor, C J.C Phillips).
Butterworths, London. Chapter 2: 20-32.
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Table 1. Cattle production systens in the coffee-grow ng region of
Col onbi a

S)D300300000030000000000000000000000300000000000000000)))
Al titude (m above sea | evel)

>2,000 1, 250-2,000 <1, 250

Tot al

Type of farns % % % %
S)DD200000300000003000030000000000000030030000300000))))).
Speci al i sed beef 8 2 10 20
Specialised mlk 9 9 2 20
Dual purpose 25 22 13 60

S)3)33)3313311311313131313131331331331331131)31)))))))))))))
Source: Suarez and Jaram ||l o 1988

Their salient characteristics are that, alnost invariably, the
cal ves are raised on the cow by sone formof restricted suckling.
Usually mlking is only once daily and the major feed resources are
pasture or fibre-rich crop residues and by-products with m ni nrum use
of suppl enents.

The genetic resources vary enornously but the nost popul ar
animals for this systemare crossbreds, derived from European Bos
taurus types (Brown Swi ss and Hol stein predom nantly) and Bos i ndicus
(Zebu). Typical performance data froma nunber of countries are
summari sed in Table 2.

Table 2. Typical performance data for cattle managed according to the
dual purpose system on denonstration or experinental farns
in a nunber of tropical countries

$33333333333333333333333333333333333333111113)3))))))))))

M | k/ year Weani ng Cal vi ng
------------- wei ght i nterva
Sal eable Calf (kg) (days)
(ka) (ka)
$3313333313113333331313333333133333333133333333333333)))))))
Dom ni can
Republic (1) 1, 750 470 165 380
Mexi co (2) 1, 400 450 150 401°
Costa Rica (3) 1,300 400 155 400°
Mal aysi a (4) 1, 860 ? ? 438"

S)2300300000000000000000000000000000030003000000000000))))
"Excl usively with Al

(1) Fernandez et al 1978; (2) Alvarez et al 1980; (3) ME Ruiz,
personal comrunication; (4) Cheah and Kunar (1984)
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The dual purpose system arose through the need to increase the
income fromtypically extensive beef production systens. Oten the
first stage is the mlking of a proportion of the cows, those with
appropriate genetic potential and tenperanent being chosen for this
purpose. The next step is usually to introduce a sire froma
recogni sed dairy breed, in order to increase dairy traits. Further
i nnovations may follow, such as pasture inprovenent, supplenentation
of cows and cal ves, twice daily mlking and occasionally machi ne
m | ki ng.

More recently (Preston, 1977), dual purpose systens have been
advocated as an appropriate way to integrate cattle into intensive
m xed farns, especially in the wet tropics. The argunents used are
t hat such systens enable better use to be nmade of avail abl e resources,
that they are well understood by farmers (who devel oped themin the
first place) and that they satisfy the demand ratio for m |k and beef.

Asi de fromthese econom c considerations, there are distinct
bi ol ogi cal advantages intrinsic to dual purpose systenms. These
features are not well known and even | ess well understood. It is
inportant to describe them and what is known about them so that
those scientists that are in research centres in industrialised
countries, who have the necessary | aboratory resources and experti se,
may feel stinmulated to direct sonme of their attention to these areas
with a view to establishing the underlying nmechani sns.

RESTRI CTED SUCKLI NG

Ef fects on the cow

Use of the calf to stimulate mlk let-down is the traditional
techni que enpl oyed to coax beef animals to surrender a part of their
m | k out put for human consunption. In crossbred cattle derived from
Zebu (Bos indicus), typically used in dual purpose systens, there
appears to be a negative |linear relationship between the proportion of
genes derived fromthe Bos taurus parent and the incidence of short
| actations (Table 3).

Table 3. Effect of genetic makeup on incidence of short lactations in
Hol st ei n: Zebu crosses in México

Per cent age of Hol stein genes I nci dence of short
| actations (<70 days) (%
S$33333133331331331331313313313133131)331)3131))1)1))))))))))Q

25 76
50 40
75 10
100 None

$333313313331333133113331331333133133313313331)31))1))))))))Q
Source: Alvarez et al (1980).
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In an unselected F1 herd (derived by crossing Zebu females with
Hol stein and Brown Swiss sires), mlked by machine (Table 4), half the
animal s had | actations |lasting | ess than 70 days when the calf was not
present at mlking. |In their second |actation, those cows which had
short lactations previously, mlked normally when the calf was used to
stinulate |l et-down. By contrast, the cows which mlked normally in
their first lactation (wthout calf stimulation), regressed to the
mean in their second | actation, half of them becom ng dry before 70
days.

Table 4. MIk production from Fl European (Hol stein or Brown
Swi ss)/ Zebu crosses mlked with and without calf stimulation

S$)3)3313313311311311313131313)31331331331331)31)3)))))))))))))))))Q
33 first-cal vers

First lactation Wt hout calf-stimulation
+3))))))3)))))))))))))).,
16 m | ked 17 became
adequatel y dry <100d
R R
Second | actation: Wt hout calf Wth calf
stinmul ation stinmulation
Prematurely dry <100d 8 0
Lactation | ength” (days) 216 270
Total mlk* (kg) 590 1680
Sal eabl e m | k* (kg) 590 1000

S32233133333331333313313313313113313313133133131))1)1)3)1))))))))Q
"For the cows which mlked nore than 100 days

Source: Alvarez et al., 1980.

As well as ensuring normal length |lactations in crossbred cattle,
restricted calf suckling brings other benefits. In a recognised dairy
breed (e.g. Holstein), cows that suckled their calves after mlking
gave nore m |k during the period that suckling was practi sed and
subsequently after the calf had been weaned (Table 5). There is |less
mastitis in cows that are ml ked and al so suckle their own cal ves or
calves fromother cows (Table 6), conpared with cows that are m |l ked
by hand or machi ne but do not suckle.

| f cows which suckle their calves give nore mlk than those which
do not suckle, it would be expected that either they nust eat nore
food or nobilise nore body tissue. However, in an experinent designed
to test this hypothesis (Table 7), Holstein cows that suckled their
cal ves after machine m | king, gave nore mlk and | ost | ess weight
i medi ately after calving than cows which had their cal ves renoved
permanently 3-5 days after birth. The differences in body wei ght
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continued to be mani fested at |east through the first 3 nonths of

| actation. Feed intake was naintai ned constant in both groups. The
inplication is that the stress on the dam caused by taking away its
offspring led to adrenalin-stinmulated demand for glucose and resulting
i ncreased nobilization of body reserves.

Table 5. Effect of two systens of restricted suckling on mlk yield
of Holstein cows and mlk intake by their cal ves.

$3333333333333333333333333333333333331111113333333333))3)))))))))Q

Cont r ol Suckl ed
(did not  $))))))))))))))0000))))))))Q
suckl e) 2xdaily 2xdaily

for 70days for 28days
then 1xdaily
for 42days

$321331313333313333313133133131331311331)3131)3131))1))))1)))))))))Q
Saleable mlk (kg/d)

5-28 days 12.5 9.7 9.5
29-70 days 11.5 9.5 13.5
71-112 days 10.0 11.8 12.9
Consuned by calf (kg/d)

5- 28 days - 5.8 5.4
29-70 days - 6.3 2.5
Total mlk yield (kg/d)

5-28 days 12.5 15.5 14.9
29-70 days 11.5 15. 8 16.0
71- 112 days 10.0 11.8 12.9

$333333333333333333333333333333333333311111333333333333))))))))))Q

Source: J. Ugarte and T.R Preston, unpublished dat a.

Table 6. Effect of suckling on incidence of sub-clinical mastitis
(expressed as % of all quarters examned) in F1 (European x
Zebu) and Hol stein cows in the tropics.

$33333333333333333333333333333333333)333311111133)3))))))))))Q

Aut hor s: Br eed Cal f suckling
SIS
No Yes
$32133133333331333313113313313133133131)3131))1))))1)))))))))Q
Al varez et al., 1980 F1( EXZ) 21 6
Ugarte and Preston, 1972 Hol stein 6 2
Ugarte and Preston, 1975 Hol stein 8 2

$33333333333333333333333333333333333333331111133)3))))))))))Q
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Table 7. Effect of suckling on mlk production and bodywei ght change
in Hol stein cows in Venezuela (The control cows had their
cal ves renoved permanently after the first 4 days; the
experinmental group suckled their own calves for 20 mnute
periods twice daily imedi ately after the cows had been
machi ne- m | ked)

S$)3)331331331131131131131313)31331331331131)31)3))3))))))))))))))Q
Cont r ol Restricted

(no suckling) suckling SEx

S)DD00000000000300000 0030000000000 0000000000000 000D
M I k production (kg/d)

Sal eabl e 7.9 9.0 +0. 8
Consuned by cal f 4.0 6.1

Tot al 11.9 15.1

Li vewei ght change (kg)

Pre- to 7 days post-partum -72 -46 +15
From 7 to 84 days post-partum +15 +3 +5
$322331331331331333313313133131133133131331)31313)1))))1)))))))))Q
Source: Vel azco et al., 1982.

Table 8. Calves use mlk nore efficiently by suckling rather than by
bucket feeding (calves were crossbred European x Zebu raised
frombirth to 84 days of age either by bucket feeding of
whole m Ik or by restricted suckling for 20 m nutes
foll ow ng m | ki ng.

$3333133133313331333333133333313313331331)3113331))1))))))))))Q

Bucket Suckl i ng SEx
$333313313333331333333133133313313331311)3113331))1))))))))))Q
Condi ti on Score* 1.61 1.35 +0. 04
M Ik intake (kg/d) 3.08 2.73 +0. 12

M I k conversion
(kg m 1 k/ kg LW gain) 9.7 4.9 +1.0

$33333331333133313333331331331133133113)1)311331))1))))))))))Q
*Belly girth (cm/liveweight(kg): |ow value = nore tissue

and less gut fill

Source: Fatullah Khan and T.R Preston, unpublished dat a.
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Effects on the calf

Efficiency of mlk utilization is higher in calves that are
suckl ed than when they take the sane anobunt of mlk froma bucket
(Table 8). This is understandable in the Iight of O skov's work
(Orskov, 1983) which denonstrated that psychol ogical stinmuli, rather
t han physical factors, were the nechani sns which controlled the
cl osing of the oesophageal groove which directs mlk to the abomasum
Bucket feeding, by contrast, results in much mlk spilling over into
the runmen where the fernentative node of digestion |leads to | osses in
both the quality and quantity of nutrients available to the aninal.

O her benefits are a reduced incidence of diarrhoea and
el imnation of navel sucking, as a result of which suckled cal ves can
be housed in groups, permtting |lower investnent in housing, sinpler
f eedi ng and managenent and | ess stress on the cal ves.

DI SADVANTAGES OF RESTRI CTED SUCKLI NG

Poorer fertility is generally ascribed to calf suckling, due to
extension of the interval between calving and conception. It is
generally believed that this is due to delay in initiation of ovarian
activity. However, there is some evidence that the inpaired fertility
is due not to delay in ovarian activity but to poor manifestation of
oestrus (silent heats) due to a reduced anplitude of the progesterone
peaks which regul ate ovarian cycles (Velazco et al., 1982).

Use of natural mating rather than artificial insemnation is
therefore advocated in dual purpose systens. This is substantiated by
observations in a dairy enterprise in Mauritius where cal ves were
rai sed by restricted suckling. Wen there was exclusive use of Al,
calving intervals were long and variable; running bulls with the herd
reduced both the average calving interval and variability (Nai doo et
al ., 1981).

RESTRI CTED SUCKLI NG I N BOS TAURUS HERDS

Modi fications to the nanagenent of cows and cal ves may be needed
when cal f suckling is introduced into herds in which the cows are
mai nly of Bos taurus origin and therefore do not need the physical
presence of their calves to stinulate mlk let-down. |In such cases
the cal ves are suckled when mlking is conpleted, either in the shed
where the cows are mlked or in a pen designated for that purpose. It
has been observed that, in this system up to 20% of cows may w thhold
nost of their mlk during mlking, retaining it for their cal ves.
Thi s probl em can be overcone by cross-suckling, in a way which does
not allow cows to suckle their own offspring (E. Mirgueitio,
unpubl i shed data). For exanple, the cows in early |actation suckle
the calves fromcows in late lactation, and vice versa.
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BREEDI NG PROGRAMMVES FOR DUAL PURPOSE SYSTEMS

There is now broad agreenent that in the humd tropics, the nost
appropriate animals for dual purpose systens are those derived by
crossing native cattle (usually Bos indicus) with any of the
recogni sed dairy breeds and that the optinmm proportion of European
genes wi |l vary according to the harshness of the environnent
(McDowel |, 1985). The results fromthe on-farmevaluations in Brazil,
made by Madal ena et al. (1982), show that there are few advantages and
many di sadvant ages when the proportion of genes froma specialised
Eur opean dairy breed exceeds 50%

The nost popul ar crossing sires are Hol stein, Brown Sw ss,
Nor mandy and Simmental. Few breed conpari sons have been nade but the
nore reliable data indicate a significant advantage to the use of
Hol stein sires conpared with Browmn Swi ss (Vaccaro, 1984). Wiile there
are many who advocate the nerits of the native Criollo breeds in Latin
Anerica, their nunbers are small and there are al nost no data which
permt valid conparisons to be nade with other breeds and crosses
(Vaccaro, 1987).

It is frequently argued that it is difficult to stabilise a
cattle population in order to maintain approxinmately equal
proportions of Bos taurus and Bos indicus genes. However, in practice
this is not a najor problem once it is accepted that the appropriate
way is by using F1 bulls. The recomended systemis to "manufacture”
such bulls by crossing native "adapted" fermales with inported senen
from progeny tested sires of the sel ected European breed (Vaccaro L.
per sonal communi cation). Hardiness and fertility are ensured by
selecting the female parent for these characteristics. A sustainable
| evel of mlk production (1,000 to 1,500 kg per lactation) is
guar anteed by choosing senen froma bull with a proven capability to
mai ntain yields (in purebred dairy femal es) of about 5,000 kg per
| actation (the potential yield of the F1 offspring is then at | east
2,500 kg, ignoring both the dami's contribution and the effects of
heterosis). Alnost all dairy bulls presently standing at approved
insem nation centres in the industrialised countries have this
capacity. F1 bulls can be run with the herd which facilitates natural
mating. This is recomrended in view of the difficulties of heat
detection in cattle that raise their calves by restricted suckling
syst ens.

CONCLUSI ONS

The basic justification for the dual purpose concept is that the
target levels of production - 2,000 litres of mlk and 300 kg of beef
per cow per year - are closely related to national demand rati os which
vary from4 to 5 litres mlk per 1 kg of beef. The total cattle
popul ation required to support these yield levels is no higher than if
the mlk and beef were produced in separate herds, but with the
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addi tional benefits (for nost devel oping countries) of supporting nore
enpl oynment opportunities and enabling greater and nore efficient use
to be nade of presently under-utilised |ocal feed resources.

Anot her inportant issue is that advantage can be taken of
i nportant physiological traits, which have been di sregarded in
i ntensi ve speci alised systens - for exanple, the effect of suckling in
stimulating mlk yield, reducing stress in both cows and cal ves and
permtting the calf to use nore efficiently supplenentary feed of | ow
protein content.

Breedi ng progranmes for dual purpose m |l k-beef systens are sinple
and | ow cost because they take advantage of F1 sires produced by
conbi ning inported "proven" (for mlk!) semen with the adaptability
and fertility of native females. This avoids the need to set up
nati onal progeny testing schenes which besides being expensive are
al so unreliable due to the difficulty of obtaining the necessary herd
records.
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RESTRI CTED SUCKLI NG | N DUAL PURPOSE SYSTEMS
by
J. Ugarte

| NTRODUCTI ON

In the majority of the countries with a high I evel of
agricultural devel opnment, the feeding of dairy calves is based on
artificial rearing. The availability of mlk substitutes based on by-
products fromthe dairy industry has stinulated artificial rearing.
This is not so in devel oping countries where there is a |ack of fresh

mlk. In this case, artificial rearing nust be based on fresh mlk.
Thus it is not logical to mlk by hand or machine and | ater give part
of the mlk to the calf. It is better to make use of the calf's

ability to extract mlk fromthe cow.

Traditional rearing of dairy calves is characterized by the
presence of the calf with the cow during mlking to stinmulate m |k
| et-down and it stays with her after mlking to consune the mlk
remaining in the udder. The tine the cowis with the calf varies
between 1 and 12 hours and is inversely related to the age of the
calf. Age at weaning is rarely |less than 6 nonths.

However, in dual purpose herds, natural (traditional) rearing
does not allow efficient use of the cows' potential for the production
of mlk for the market. Hence, a variant of natural rearing was
devel oped, called restricted suckling, characterized by the reduction
inthe time the calf remains with the cow each day, which is that
strictly necessary for suckling, and in the age at weani ng onto ot her
feeds. This allows a greater econom c effectiveness since:

1) it uses the maximum m |l k potential of the cows through the
consunption by the calf of the residual mlKk.
2) it achieves high mlk yields at m|king and good cal f grow h.
3) it attains satisfactory reproductive performance and a | ow
i nci dence of mastitis
4) it maintains a lowcalf nortality rate.

RESULTS OF RESTRI CTED SUCKLI NG

Resi dual ml Kk

15% of the mlk in the udder at the start of mlking remains at
the end as residual mlk, containing 3 tines nore fat content than
normal mlk (Lane et al., 1970).

The amount of residual mlk has been correlated to total mlk and
with the interval between mlkings. It varies throughout the
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lactation from9.1 and 23.5% of total production in the first and
tenth nonths of |actation respectively (Marx, 1971). Only snall
anmounts of residual mlk have been found in the udder of cows after
the cal ves have suckled (1.2 - 3.49%, always less than in hand or
machi ne m |l ked cows (Kreilis et al., 1971).

Considering that the rate of m |k secretion is nore intense
imedi ately after mlking and that the anount of residual mlk remins
relatively constant, it is expected that, by delaying the suckling
time, this recently secreted mlk would al so be consuned by the calf,
Wi th a possible reduction in the anount of mlk to be obtained in the
followng mlking. M1k consunption rose from3.8 to 5.2 litres on
increasing this interval from20 mn to 2 hours while production
obtained at m |l king was reduced from13.9 to 12.4 litres for a total
production of 17.6 litres. By this nethod, the producer may obtain a
certain amount of mlk for the calf without affecting the total
production of the cow.

The frequency of sucklings also affects the destination of mlKk
produced. Thus, conparing suckling once or twice a day, Ugarte and
Preston (1972) found that m |k consunption did not differ between
mat er nal breeds but was 50% greater for twice a day, while total
production (mlking and calf consunption) remained equal (Table 1).
In the experinental cows, the decrease in mlk production during the
m | king of Hol stein cows suckling calves twice and once a day was 3.5
and 0.4 litres respectively, while in the F1 (Holstein x Zebu) it was
of 3.6 and 1.2 litres. Suckling once or twce are equally effective
met hods of taking the maxi num advantage of m |k production in cows of
this potential.

Table 1. Effect of suckling once or twice daily on m |k production
and calf gromh (Ugarte and Preston, 1972).

Litres of mlk daily
$32311331331133313313331)31))1))))))))Q

Consuned Dai | y
At m | king by cal f Tot al gai n kg.
$33313331333133313333331331331133133113331331133113313311))13)11))))))))Q
Once daily x 60 m 7.2 5.4 12.6 0.72
Twice daily x 30 m 4.5 8.1 12.6 0.94
Cont r ol 8.0 8.0 0.54

$3333333333333333333333333333333333333331111113333333333333333))))))))Q

A satisfactory variant was the conbination of different nunbers
of sucklings (Ugarte and Preston, 1973) (Table 2). On reducing it
fromtwo to one fromthe fourth week of age to weaning (10 weeks),

m | k consunption was reduced by 54% (3 litres per day), as was the
daily gain of the calf, although this was acceptable (478 g/day) and
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resulted in an average of 535 grans over the whole period 7 - 70 days.
The production obtained at mlking increased by 4.2 litres (31%,
while the cunulative total to weaning was simlar to the control

(wi thout calves) and total production was 28% hi gher.

Table 2. Effect of reducing suckling to once daily after the 4th week
on mlk yield and calf grow h.

$323313333331133313333331331333133133113331)313311)313311))13)11))))))))Q
MIk yield (litres) 1-70 days

1- 28 days 29-70 days 1-70 days
S)233333133)0))Q  S)))))))1)))))Q  S)))))))IIIIQ
SUCKLI NG MIlk To TOTAL MIk To  TOTAL MIlk To  TOTAL
TREATMENT -ing calf -ing calf -ing calf
23331331333133313331333133333313313331331)3113331)313311))1))1))))))))))Q
2x daily to 70 9.8 5.8 15.6 9.0 6.8 15.8 9.3 6.4 15.7
days

2x daily to 28
days and 1x from 9.4 5.6 15.0 13.4 2.6 16.0 11.8 3.8 15.6
29-70 days

CONTROL 12.6 - 12.6 11.5 - 11.5 11.9 - 11.9

S33)33133133133113113131313131313131331331331131131)31)3)))))))))))))))))Q
MIKk vield (litres) 71-112 days by mlKking

2x daily to 70 11.8
days

2x daily to 28

days and 1x from 12.9
29-70 days

CONTROL 10.0

S33)33133133133113113131313131313131331331331131131)31)3)))))))))))))))))Q
Daily gain of calves (kq)

1-28 29-70 1-70 70- 154
$3223313313313313333133131))1)3))1)))))))))Q
2 x daily to 70 0.735 0. 954 0. 865 0. 705
days
2 x daily to 28
days and 1x daily from 0. 624 0.478 0. 535 0.718

29-70 days
$32333133331331313313313313313113313313133133131)31311331))1)1))))))))))Q
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It should be noted that the intervals between m | kings were 15
and 9 hours and that restricted suckling took place after the mlKking
with the shortest interval (afternoon), when the cows produced | ess
mlk. To increase consunption by the calf, suckling should take place
in the norning, since differences of 0.8 and 1.0 litres were found on
suckling the calves in the norning, conpared to the afternoon, with
intervals between mlkings of 15:9 and 16:8 hours (Table 3).

Table 3. Effect of suckling after nmorning or afternoon m |l king on
m | k production and consunption by the calf (litres).

S$33)3313313313311311311313131313131331331331331131)31)3)))))))))))))))))Q
At mlKking Cal f Tot al

Mor ni ng Afternoon Tot al Consunpti on

S33)3313313313311311311313131313131331331331131131)31)3)))))))))))))))))Q
Experiment 1

Mor ni ng 7.71 2.40 10. 11 4.40 14. 54
Af t er noon 5.94 6. 75 12. 69 3.59 16. 21

Experi ment 2

Mor ni ng 12. 87 4.28 17. 15 2.98 20. 18

Af t er noon 11. 06 7.15 18. 21 1.99 20. 23

$333333333333333333333333333333333333333111111333333333333333)))))))))Q

Age at weani ng

This has usually ranged between 4 and 8 weeks. However, in
systens of natural rearing, weaning ages have generally been high
since it is not common practice to use sufficient amounts of
concentrates. The calf nust receive mlk in the early stages to avoid
seriously reduci ng perfornmance.

When cal ves suckling once a day were weaned at 35, 56 and 70
days, no significant differences were observed in weight at weaning
and at 154 days (Ugarte, 1977) (Table 4). On the other hand, total
m | k consunption increased with age at weaning. Total production
(mlking + consunption) over the period 7 - 70 days was apparently not
af fected by age at weani ng. As particularly careful nanagenent is
needed when cal ves are weaned at 35 days, 56 day weaning is
recommended.
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Table 4. Effect of weaning age on mlk production and calf grow h.

$32333133331331333313313313313313313313133133131)313113)1))1)1))))))))))Q
Weani ng age, days

SIDIIIIIIIIIIIIIIIIIIIIIIIDN

Peri od 35 56 70

$3333333333333333333333333333333333333331111113333333333333333))))))))Q

M| k consuned (litres) 48 135 241
Net mlk (litres) 1, 210 1, 242 1, 088
Total mlk (litres) 1, 258 1, 377 1, 329
Li vewei ght gain of cal ves (kg)
7 - 70 days 0.23 0. 18 0.31
71 - 154 days 0. 80 0. 85 0. 67
7 - 154 days 0. 56 0. 57 0.52

$3333333333331333333333333333333333333331111113333333333333333))))))))Q

M | k production throughout | actation

A study carried out by Ugarte and Preston (1975) wth 60 cows and
cal ves suckling twice a day and an equal nunber w thout cal ves showed
that fromweaning (70 days) until cows were dried off, mlk production
did not differ significantly between treatnments (6.1 and 5.7 litres
per day, respectively). Lactation length did not differ either and
total daily production throughout the lactation of cows suckling
calves (mlking + consunption) was 8.28 litres, while in cows w thout
calves it was 7.35 litres (Table 5).

Table 5. Saleable m |k, calf consunption and total production
t hroughout the lactation (I/day).

$33333333333333333333333333333333333)33311111133333)333333)333))))))))Q

First 10 weeks From 10 Lactation
No. of MIlk To Total weeks to Total | ength
animals -ing calf drying off days

$333333333333333333333333333333333333333111111333333333333333)))))))))Q

Restricted 57 6.2 6.9 13.1 6.1 8.3 262
suckl i ng

Cont r ol 58 10. 7 - 10. 7 57 7.4 258
SE + 0.4 - 0.3 0.2 0.2 8

$333333333333333333333333333333333333333111111333333333333333)))))))))Q
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These results agree wth those obtained at a commerci al |evel
(with 97,678 cows mlked twice a day for one year (Ugarte, 1977)).
Daily mlk production during m|lking was hi gher without the calf but,
since about 332 litres were consuned by the calf, the F1 and F2 cows
in restricted suckling produced 1.3%and 9% nore mlk in total (Table
6) .

Table 6. Daily mlk production (during one year) of Fl1 and F2
(Hol stei n-Zebu) rearing calves by restricted suckling or
artificially (litres).

$33333333333333333333333333333333333333311111133333))333333333))))))))Q
CONG

Wt hout calf Wth calf
BREED (restricted suckling)
no. litres/d no. litres/d

$333333333333333333333333333333333333333111113333333333333333)))))))))Q

F1 (50% H x 50% Z) 26902 5.91 54165 4.74
F2 (75% H x 25% 2) 9194 6. 49 7417 5.73
Tot al 39096 6. 05 61582 4.85

S33)3313313313311311311313131313131331331331131131)31)3)))))))))))))))))Q
Mastitis

A study of 61 herds in tropical areas revealed that the incidence
of mastitis represents 12.6% of m|king cows (Fustes et al., 1985). A
| ower incidence of clinical and subclinical mastitis was found during
the suckling period. After weaning, no significant differences were
found between rearing systens (Ugarte and Preston, 1975) (Table 7).
This is due to several factors, such as the nechanical effect of
suckling, the cleaning effect of the saliva and a nore conpl ete
enptying of the udder.

Table 7. Mastitis incidence in suckling cows.

$33313331333133313333331333333133133113331)313311331)311))13)1)))))))))Q
HERD 1 Quarters affected by clinical and subclinical mastitis

during the first 10 weeks of lactation (nunber).

Cows cinical Subcl i ni ca
S33)3313313311311311311313131313131331331331131131)31)3)))))))))))))))))Q
Restricted suckling 36 5 14
Cont r ol 36 18 52

$3333333333333333333333333333333333333331111113333333333333333))))))))Q
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Tabl e 7 (continued).
$32333133331331313313313313313313313313133133133133131)3)1)31)1))))))))))Q
HERD 2 Quarters affected by clinical mastitis throughout the
|actation %
Weeks after calving

Cows 1-10 11- 20 21- 30 31-drying
$32133133331331313313313313313113313313133131131)31311331))1)1))))))))))Q
Restricted suckling 56 0.5 11 11 4
Cont r ol 58 2.0 14 11 4

$333333333333333333333333333333333333333111111333333333333333)))))))))Q

Repr oducti on

It is accepted that natural rearing produces |ong calving
intervals and this has been nore evident on increasing the age at
weani ng. However, when the animals are early weaned (70 days) these
consi derations are not valid.

This was confirnmed in a popul ation of F1 and F2 (Hol stein x Zebu)
cows, w thout calves or suckling calves until 90 days (Table 8).
I nterval s between cal ving and conception were slightly longer with
restricted suckling conpared to artificial rearing, but considerably
|l ess than with traditional rearing. |n another study, Rodriguez
(1987), on analyzing nore than 120,000 cows, reported intervals of
109, 151 and 218 days to first insem nation and 128, 166 and 240 days
to conception for artificial rearing, restricted suckling and
traditional rearing systens respectively.

Table 8. Interval between cal ving and conception of cows under
di fferent managenent systens.

$3333333333333333333333333333333333333331111113333333)33333)3)))))))))Q

Nunber of Artificial Restricted Tradi ti onalP®
BREED cows rearing suckl i ng? rearing
$333113313331333133133313313331331331133113313311331)311))13)1)))))))))Q
F1 (50% H x 50% Z) 27628 126 166 237
(8524) (16461) (2643)
F2 (75% H x 25% Z) 5680 136 163 178
(3179) (2334) (667)
O her st 54141 129 175 254
(17257) (29245) (7639)

$32133133331331333313313313313113313313133133131)31311331))1)1))))))))))Q
IMai nly Zebu x Brown Swiss in different proportions

( ) Nunber of cows on each system
a\WWeaning at 3 - 4 nonths of age
P\Weaning at 6 - 8 nonths of age
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Mrtality

On anal yzi ng deaths occurring in 195,000 births during a one year
period, values found were of 9.9% 6.5%and 7.2%nnortality for cal ves
reared artificially, by restricted suckling and by natural rearing
(Table 9).

Table 9. Calf nortality in different rearing systens.

$32333133331331313313313313313313313313133133131)31311331)31)1))))))))))Q
Rearing system No. of cal ves Mrtality %

$333333333333333333333333333333333333333111111333333333333333)))))))))Q

Artificial 3820 9. 87
Restricted suckling 75937 6. 54
Q her systens 116153 7.21

$333333333333333333333333333333333333333111111333333333333333)))))))))Q

Cost of rearing

The cost of a calf reared artificially was 115.59 Cuban pesos,
while, with restricted suckling, it was of 82.89 Cuban pesos, giving a
di fference of 32.70 Cuban pesos (Ugarte, 1977). Rodriguez (1987) also
found a favourable difference for calves reared by suckling of 55.24
Cuban pesos (142.15 and 86.94 Cuban pesos in artificial rearing and
suckl i ng respectively).
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HElI FER REARI NG I N THE TROPI CS
by
J. Ugarte

| NTRODUCTI ON

It is generally recognized that dairy heifers have | ower growth
rates throughout their life in tropical areas than in tenperate ones
(Figure 1). The pattern of growh is the traditional curved shape
with a high growh rate and body devel opnent in the early stages of
life, followed by a continuous slow increase as the animal gets ol der
(Vaccaro and Rivero, 1985) (Figure 2). Liveweight differences between
heifers reared in tropical and tenperate areas are greater in animls
over 18 nonths of age. These results suggest that nore attention
must be paid to this aspect, because of the positive relationship
bet ween mature wei ght and m |k production.

These problens are not related to the genetic potential of the
breed but are due to the environnmental conditions, particularly
feeding | evel (Menéndez, 1984).

PUBERTY

Age at first calving is basically determ ned by age at puberty.
Aver age age at puberty is one of the nost inportant conponents of the
herd net reproduction because of its relation to the nunber of cal ves
obt ai ned each year and to the feed intake up to cal ving.

It is generally accepted that [ive weight is the nost inportant
factor affecting puberty. Heifers of |arge breeds usually reach
puberty at 270 kg and smaller ones at 240 kg. In normally fed
heifers, live weight is | ess variable and age at puberty tends to be
relatively uniform according to the breed.

LI VE VWEI GHT GAIN AND AGE AT MATI NG

There is general agreenent that it is econom cally advantageous
to mate the heifers at early ages, no older than 15 nonths. This
means daily liveweight gains frombirth of 650 to 800 g. Hi gher gains
of over 900 g/day, from3 to 12 nonths of age, are undesirabl e because
t hey decrease the growth of secretive tissue and increase fat
deposition in the devel oping mammary gland. Mre difficulties at
calving in over-fed heifers have al so been reported (Janes and
Tom i nson, 1988).

Unfortunately these |iveweight gains and mati ng ages are not
feasible in tropical areas because they depend on feeding cereals.
Hence, it is necessary to ook for alternatives that may not achieve
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Figure 1. Liveweight of female Hol stein cal ves.
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t he performance obtai ned in devel oped countries but are adjusted to
the prevailing conditions and naturally avail abl e resources of
tropical countries.

It is well known that heifers in these areas are comonly
underfed and receive poor managenent. Usually they graze on poor
quality soils and receive small anmounts of supplenents or none at all.
This could explain the | ow productivity and efficiency of cattle in
such regions and the great nunber of unproductive animals in the herds
(0.6 to 1.0 heifer/cow). O der ages at calving are mainly responsible
for the latter results.

In the long term insufficient feeding or seasonal scarcity of
nutrients, affects reproductive performance in such a way that, even
supplying high value diets afterwards, it is inpossible to re-
establish normal performance, even if the heifer weight is apparently
hi gh enough for normal reproductive activity (Perdn 1984) (Table 1).

Table 1. Effect of nutritional |[evel on reproductive behavi our
(Pero6n, 1984).

S33)3313313311311311311313131313131331331331131131)31)3)))))))))))))))))Q
Nutritional |eve

Medi um Low* - ©Medi un?

S){?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
Puberty

Age (days) 595 764
Wei ght (kg) 290 278
Average daily gain (g) 443 295

Progesterone level (ng/m)

Bef ore puberty (35 d.) 1.06 0.77
During oestrus cycle 7.42 5. 04
Feedi ng cost/ heifer (9$) 68. 08 193. 76

$323331333313313133133133133131133133131)313313133131)331))1)1))))))))))Q
1406 days at a live weight gain of 173 g/day

2118 days at a live weight gain of 525 g/day
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This latter author used low nutritional levels in 3/4 Hol stein,
1/2 Hol stein and 1/4 Hol stein x Zebu heifers for 406 days and then a
medi um hi gh |l evel for 118 days. He noticed that heifers reached
puberty at higher ages and wei ghts and the feeding cost was three
times nore than for those normally fed.

The effect of growh rate on age at first service and cal ving age
was determ ned by Rosete and Zanora (1985) (Figure 3). They fixed 320
kg as service weight and daily gains varied from 350 to 600 g. For
t he hi ghest gain, calving occurred at 27 nonths of age and, for the
| onest, at 39 nonths.

The former age (27 nonths) is higher than previously reported for
i ntensively managed herds in tenperate areas but is nore feasible to
achieve in tropical conditions. 27 nonths is the age consi dered nost
adequate at calving for nornmally reared heifers (Ponce de Lebn 1988).

The effect of age at first calving on total nunber of calvings is
shown in Figure 4.

VEI GHT AT CALVI NG

It is not possible to anal yze age and weight at first cal ving
separately. Roy (1978) suggested different weights for Hol stein
heifers with different ages, according to the daily |ivewei ght gain.
He pointed out that |iveweight before calving nust be over 500 kg for
2 to 3 years old heifers.

Hei fers must have good body condition at calving, with a high
liveweight. This is reasonable, considering the relationship between
wei ght at calving, m |k production and wei ght changes in the first
stage of lactation.

Low wei ghts at calving are closely related to cal ving
difficulties and subsequent reproductive disorders. This is the main
reason for the high percentage of heifers which never reach the
second lactation in tropical areas (48 to 63%

UTI LI ZATI ON OF NATURAL RESOURCES

It is a fact that farmers in tropical areas nust base their
ani mal production on the utilization of natural resources, basically
grasses and sugar cane, and on the agricultural and industrial by-
products (Preston and Leng, 1987).

The possibilities of achieving an adequate wei ght (300-320 kg)
and age (16-18 nonths) of heifers at mating on pasture were di scussed
by Zanora (1983). However, limted availability of irrigation and the
hi gh cost of fertilizers nake it inpossible to allow an adequate
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Figure 3. Effect of gromh rate on breeding age (Rosete and Zanora,

1985) .
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quantity of good quality pasture throughout the year. Hence, it is
necessary to use other sources of nutrients in order to supplenent the
basi c diet seasonally or throughout the year. There are |arge anounts
of by-products and other materials that can be used for this purpose.
By- products of the sugar cane industry are of major inportance in nost
of countries, together with animal wastes such as poul try manure.

M xtures of these products, as supplenments to pasture, have increased
the heifers' daily gains to over 500 g (Perdén 1984 and Rosete 1989).

On the other hand, sugar cane (whole plant) is successfully fed
in the Cari bbean area and South America but hitherto mainly with mal e
calves, bulls and cows. |In the future, heifer rearing could also
depend on sugar cane during part of the year.

The use of |egunes, fed as supplenmentary forage with pasture or
sugar cane diets, has increased rapidly in the last 5 years.
Rel atively high weight gains (600 g/day or even nore) have been
obt ai ned (Marrero, 1989).

It is not usually considered necessary to manage heifers

separately fromolder cows in small dairy units. |In mediumand | arge
dairy herds, poor body condition in heifers is frequently found, due
to feeding conpetition. Increases of 10%of total mlk yield (0.86

litres/ day), 6%l ess abortions, 7%l ess total aninmal |osses and 1.4
months less in calving interval were reported when heifers were
managed separately from ol der cows during their first lactation (R bas
et al., 1989).

REFERENCES

James, R E. and Tominson, D.J. Debenbs observar que tan rapido
1988 crecen |l as vaquillas. Mxico-Hol stein nov. 42-43.

Marrero, D. Sistemas de alinentaci 6n de gram neas y | egunm nosas para
1989 henbras bovi nas de reenpl azo en condi ci ones de secano.
Tesis Cand. Dr. Cs. | CA La Habana, Cuba.

Menéndez, A. Meétodo sinple para evaluar henbras | echeras. Rev. ACPA
1984 3. 15-19.

Peron, N. Efecto del nivel y tipo de alinmentacion en el

1984 conportam ento reproductivo de las novillas. Tesis Cand.
Dr. Cs. Centro Investigaci 6n Mejoram ento Animal, La Habana,
Cuba.

Ponce de Leén, R Efecto de la edad al prinmer parto en |alongevidad y
1988 supervivenci a del Hol stein. Tech. dep.|CA La Habana, Cuba.



- 214 -

Preston, T.R and Leng, R A Matching |livestock production systens
1985 with avail able resources in the tropics and sub-tropics.
Penanbul Books, Arm dale, Australia.

Ri bas, M Pérez, B., Guzman, G and Mora, M Inforne Final de |la
1989 etapa. Mneo. Institute of Animal Science, La Habana.

Rosete, A. Contribucion al estudio del valor nutritivo de |a
1989 gallinaza y su aplicacién a la alinentaci 6n de novillas
| echeras. Tesis Cand. Dr. Cs. |ICA, La Habana.

Rosete, A. and Zanora, A Indicadores para la alinmentacioén y
1985 manej o de novillas | echeras de reenplazo. M neo, |SCAH La
Habana, Cuba.

Roy, J.H Rearing dairy herd replacenents. J. Soc. Dairy Tec.
1978 31: 73-83.

Vaccaro, R and Rivero, S. Gowh of Holstein Friesian females in the
1985 Venezuel an tropics. Anim Prod. 40: 279-285.

Zanora, A. Crianza de novillas |echeras de reenplazo en pastos
1983 tropicales. Tesis Cand. Dr. Cs. Institute of Animal Science,
La Habana, Cuba



- 215 -

FEEDI NG COA5 FOR M LK PRODUCTI ON I N THE ARUSHA/ KI LI MANJARQO
COFFEE/ BANANA BELT OF TANZANI A.  FAO PRQJECT: ASSI STANCE TO
SVMALLHOLDERS | N DAI RY DEVELOPMENT. CASE STUDY

by
L. S. Morungu

| NTRODUCTI ON

The feeding of dairy cows for mlk production is a major problem
in many tropical countries. The problemis even greater where limted
areas of land are available for intensive pasture or fodder
production, as is the case in the Arushu/Kilimanjaro coffee/banana
belt of Tanzania. This paper seeks to describe the farm ng systens of
the area in question and the initiation and inplenmentation of a
project to try to help dairy farnmers in that area.

ARUSHU/ KI LI MANJARO REG ONS

Backgr ound

Arusha and Kilimanjaro regions, with a total area of 96,000 kn?,
are located in the north-eastern part of Tanzania and are bordered by
Kenya on the northern and north-eastern sides. The popul ation of
these two regions is estimated to be 2.6 mllion people, 80% of which
live in the rural areas while 20% are found in the urban centres of
Arusha and Mbshi. There are three main agro-ecol ogical zones:

i) The | owl ands zone is characterised by unreliable rainfall and | ow
popul ati on density. Drought is not unconmon and average annual
tenperatures are nore than 30°C. The annual crops include maize,
sorghum cassava and, in the irrigated areas, one finds paddy and
sugarcane. Extensive livestock keeping is practised in this zone
the cattle grazed are predom nantly, the Tanzania Shorthorn Zebu

(TSZ) .

(ii) The mddle belt zone is characterised by a high popul ati ondensity
and a high rainfall, with tenperatures rangi ng between 25 and
30°C. In this zone, one finds intensive farmng of coffee, grown

under bananas. Wile coffee is the main cash crop, bananas form
the staple food. The |lowest extreme of this zone is climatically
simlar to the | owl ands and here one finds beef cattle production
and the growi ng of annual crops, mainly naize and beans. In the
cof f ee/ banana belt, inproved dairy cattle and also the (TS2)
traditional cattle are kept under zero grazing. This systemis
necessitated by the fact that farm hol dings are very smal
(average 1 hectare) so that there is no spare | and forgrazing.
This belt is found on the slopes of Mounts Meru, Kilinmanjaro and
t he Pare Muntai n Ranges.
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i1i) The upper belt has very high rainfall, very high altitude and
tenperatures below 20°C. In this zone, there are nationa
forests at the | ower extrenes and scant vegetation at higher
altitudes. This zone is neither suitable for arable agriculture
nor |ivestock keeping. This zone is mainly on the higher slopes
of Mounts Meru and Kilimanjaro and to a | esser extent on the Pare
Mount ai n ranges.

The project area covers a total area of 11,294 kn?*, has a total
popul ation of 1,178,000 and a cattle popul ation of 500, 327 (of which
399,933 are indigenous and 87,197 are dairy cattle).

PRODUCTI ON SYSTEMS | N THE COFFEE/ BANANA BELT

Categorisation of the farm ng systens has equi pped the project to
understand the farners and their problens and in planning a strategic
i npl enment ati on programe. The main production systens are:

Category I. The farmer in this category has a small plot surrounding
t he honmestead, mainly grow ng bananas. Sales of coffee are very | ow.

I n nost cases, the farnmer has no plot in the owands and, if any, it

is difficult to cultivate. Capital availability is non-existent, due
primarily to low coffee sales fromhis plot in the coffee/banana belt.
The other characteristic is the absence of cattle, often coupled with
t he absence of small rum nants.

Category Il. In this category, one sees a conparatively |arger plot
surroundi ng the honmestead under bananas and coffee but the absence of
a plot inthe |owands for annual crops and, if any, difficult to
cultivate. Incones in this category are mainly fromthe coffee sales
while famly | abour only is available. The cattle found in this case
are the local zebu (Tanzania Shorthorn Zebu - TSZ).

Cateqgory Ill. This is characterised by a piece of |Iand around the
homest ead under bananas/coffee, as well as a piece of land in the

| owm ands, but difficult to cultivate due to |ack of |abour, distance
and | ack of or cost of transport to the | ow ands. The source of

| abour is famly |abour, which in nost cases consists of old people.
Cattle are either the local cattle or up-graded dairy ani nals.

Category IV. This is characterised by a plot surrounding the

homest ead, al so under bananas and coffee, as well as a plot of land in
the |l owl ands. The source of inconmes is mainly fromthe sal es of
coffee, mlk and surplus bananas. The source of |abour is the famly,
coupled with hired | abour at certain tinmes. The type of cattle are
mainly dairy grade animals. There is no real accumul ation of capital
in this category.
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Category V. This category is nore or the |l ess the sane as Category |V
above in terns of |and ownership, source of inconme and | abour, with
the differences that there is sonetinmes accunul ati on of capital
(purchase of land). Famly |abour is used part-tinme, including use of
hired | abour. The cattle are inproved dairy cows.

Category VI. This category consists of farnmers around or close to
urban centres with very small plots. The source of inconme is from
sal es of specialised products |like mlk, chicken, pigs, etc. The

source of labour is mainly hired | abour, supervised by the famly.
Cattle, if any, consists of inproved dairy cows.

| NTEGRATED ASSI STANCE TO DAI RY DEVELOPMENT I N THE ARUSHA/ KI LI MANJARO
AREA

Since the inception of the FAO International Schenme for the
Coordi nation of Dairy Devel opnent (1SCDD), m ssions were sent to a
nunber of menber countries who had expressed interest in devel oping or
strengthening their dairy industry. Such a mssion visited the
Arusha/Kilimanjiro area in 1985 and recomended a dairy devel opnent
programme based on an integrated approach, paying special attention to
smal | hol der s.

The probl ens of devel opnent are both of a technical nature and
al so constraints on inputs, facilities and services. The latter
i ncl ude feeding, breeding and Al; animal health and veterinary
services; the dairy activities of the rural cooperatives - mlk
col l ection, processing and marketing; and also the training of both
dairy farmers and techni cal personnel.

The progranme was divided into nine sub-projects:
(1) Assistance to small holders in dairy devel opnent.
(2) Devel opnent of dairy activities in rural cooperatives.
(3) Fodder production on |large scale farns.
(4) Expansion of the heifer breeding programme in Arushu/Kilimanjaro
ar ea.
(5) Strengthening of the veterinary services.
(6) Assistance to the vaccine production at ADRI in Dar-es-Sal aam
(7) Expansion of the Al services.
(8) Renovation of TDL operated collection/cooling centres and
equi pnent of new centres at cooperative societies.
(9) Support to the rehabilitation of the TDL plant in Arusha.

ASSI STANCE TO SVALLHOLDERS | N DAI RY DEVELOPMENT - FAO PRQJECT
URT/ 86/ 013

This is the first of nine sub-projects and is currently being
i npl enented and | argely financed by FAQ UNDP; other donors include
France, HPT, WFP, EEC, etc. It is a "transition project”, due to the
nature of its objectives (general and specific) and al so because it
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| ays the ground for the inplenentation of the other sub-projects. The
general objectives of this project include strengthening of extension
servi ces, devel opnent of dairy activities in the rural cooperatives
and thirdly the coordination of dairy devel opnent.

The specific objectives, which seek to deal with certain

techni cal roles, include:

(1) to strengthen the extensive services of the regional and district
livestock authorities in the project area, including farners'
trai ni ng,

(2) to investigate and popul arise the treatnent of roughages with
urea to inprove its feeding value for snall hol der farners,

(3) to increase the quality and quantity of fodder grown by
smal | hol der farners,

(4) to increase the quality and range of inputs and services required
by the small hol der dairy farmers, which are provided through the
rural cooperative societies,

(5) to inprove the nutrition of the animals by increasing the quality
of nol asses/urea m xtures fed,

(6) to procure suitable breeding bulls for use by snall hol der farners
in areas where Al services are not readily avail abl e,

(7) to investigate the econom cs of baling roughages (especially
mai ze stover) to reduce transport costs, and

(8 to assist in the coordination of various conponents of the
integrated plan through support to the Dairy Devel opnent
Coordi nation Comm ttee.

PRQIECT | MPLEMENTATI ON

Strengt heni ng of the extension services

The extension services in Tanzania are centralized under the
M nistry of Agriculture and Livestock Devel opnent. The scale of the
project area, with 80,000 dairy farmers having a m xture of inproved
cows and m | king zebu cows, makes it al nost inpossible to have an
effective extension programe, considering the |imted nunber of
extensi on workers, especially when one thinks of individual visits as
t he sol e extensi on nethod.

It was therefore advised that group activities, including
nmeetings, sem nars, denonstrations, study tours, farmvisits and field
days, be carried out with farmers. An intensive training programme
was initiated for training |ocal extension workers in two specific
fields: specific technical nessages and comruni cation skills.

| nvol vemrent of wonen

The project has recognised the inportance of wonen in dairy
devel opnent. They are the ones that are attending the aninmals while
the nmen are el sewhere. However, attendance by wonen at sem nars has
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been mnimal and this pronpted the introduction of specific progranmes
(sem nars) for wonens' groups. Even though there has been sone
positive steps in this direction, nore effort to involve wonen in
extension semnars i s being encouraged. To date, about 4% of those
attending field days and sem nars are wonen; contact is also nmade with
wonen's groups in rural areas and also with other groups working with
programmes which are in contact with the wonen in the vill ages.

Devel opnent of dairy activities in the cooperative societies

The rural cooperative societies are multi-purpose, with the main
activity being marketing of cash crops, mainly coffee, and provisions
of agricultural inputs to farmers. Since the farners are also the
cattle owners, the cooperatives have been encouraged to stock the
inputs required by the dairy farnmers, which include the concentrate
feeds (wheat feed, maize bran, cotton seed cake and ot her cakes,
etc.), nolasses/urea mxture (MJM, dairy equi pnent, veterinary first
aid kits and drugs.

The cooperatives have al so been advised to formlivestock
commttees to oversee this work, but this has not been effected to any
substantial extent. Efforts have al so been extended to advise the
cooperatives to train their own personnel and, up to 1988, fifty-seven
out of seventy MJUM centres of the cooperative societies had sent their
enpl oyees for training at the Livestock Training Institute, Tengeru.
The cooperatives paid 50% of the course fees. Efforts are al so under
way to involve the cooperatives in Al field services for their
farmers

Dai ry devel opnent coordi nati on

The need for coordination arose fromthe fact that the project
involves a lot of donors, including France, Britain, EEC, WP, HPT,
FAO UNDP, etc. To coordinate all these donors and the different
activities, the project has helped to forma Dairy Devel opnent
Coordi nating Commttee which is mainly charged with coordination and
monitoring of the inplenmentation of the integrated dairy devel opnent
pl an.

The work of the commttee is carried out by a series of technical
sub-comm ttees which in turn nonitor the activities within their
fields of conpetence. The sub-conm ttees which have been formed under
the coordinating comnmttee include:

(1) Extension, Research and Training Sub-Committee

(2) Heifer Production and Distribution Sub-Commttee

(3) Fodder Production and Distribution Sub-Committee

(4) Veterinary Services and Breedi ng Sub-Comm ttee

(5 Wbnen's Activities Sub-Commttee

(6) M1k Collection, Processing and Marketing Sub-Committee



- 220 -

Feedi ng

Feeding is the nain problemin the coffee/banana belt and this
has been mainly due to scarcity of |and. What the snall hol der has
tried to do to maintain his dairy animls has included the feeding of
banana pseudostens, banana | eaves, banana peelings, weeds and roadsi de
gr asses.

Except for the green feed which is grown on the edges of the
cof f ee/ banana plots, one will note that the rest of the feed resources
are limted in ternms of nutritive values which, in turn, affects DM
i nt akes.

Efforts by the project have been directed towards increasing the
gquantity and quality of roughages produced by the small hol der farners
and al so the introduction of |egunes into the pastures and forage
trees |ike Leucaena spp. Eight legume nultiplication plots have been
establ i shed and vegetative materials have been distributed to farners.

Efforts to inprove the feeding value of mai ze stover have been
directed towards treatnment with urea solution. Trials over the |ast
three years have indicated that the nmethod works and the extensionists
have advised farners to apply it by the pit method. Trials are
underway to try large-scale treatnment of maize stover at cooperative
level. This will be undertaken, together with a study of ways of
reduci ng transport costs of maize stover by baling, since nmaize stover
and ot her roughages are transported fromthe | ow and zone to the
cof f ee/ banana belt in | oose form

J.M Centres has studied the inpact of roughage treatnent using
the pit and basket nethods (Table 1). Increasing the quality of maize
stover at farmlevel has not been w thout problens (see bel ow),
despite the fact that practical guidelines were established for
roughage treatnment in terns of quantity of urea, nmaize stover, etc.
Sonme positive aspects of roughage treatnent have included increased
i ntakes and particularly mlk yields, and reduced wastage of the maize
stover; 110kg of treated maize stover was enough to feed one cow for
two weeks (with other feeds).

Table 1. Conparison of nethods of treating nmaize stover with urea
(J.M Centres, 1989, unpublished data).
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Feed Eval uati on

This has been concerned with collection and eval uati on of the
feed resources currently used by the farnmers. The feeds collected
i ncl ude banana | eaves and pseudostens, el ephant grass, guatenal a
grass, roadside hay, weeds fromcoffee plantations, bean straw, naize
stover and even bean trash.

Description of the nutritive value of feeds used in the project
area will provide information for adequate feed fornul ation.
Determ nati on of changes in nutritive value as a result urea treatnent
will provide information on the econom cs of treatnment. Determ nation
of differences in nutritive values of different varieties of maize
stover and bean straw wi |l help to advise farners (and even pl ant
breeders). Determ nation of optimumIlength of tine for treatnent of
stover/straw with urea and opti mum quantity of urea is being carried
out under farmconditions. Lastly, neasuring the changes in
production of mlk follow ng introduction of new technol ogi es woul d
help to evaluate their inpact.

The feed eval uati on aspect has been done and will continue to be
done jointly by the project, the Sokoine University of Agriculture and
| NRA- Fr ance.

PROBLEMS AND ACHI EVEMENTS

J.M Centres (1988) has anal yzed the data on extension. The
nunber of sem nars has increased 460% bet ween 1986 and 1988, while the
i ncrease between 1987 and 1988 was 170% 40, 354 farners have been
contacted since 1986 through sem nars/denonstrations. |In 1988, only
18,773 farnmers were contacted through 638 sem nars/denonstrations.
Assum ng farners attend nore than one sem nar or denonstration, the
reports say that only around 15,000 farnmers will have been contacted
in three years.

This figure is | ow considering the total nunber of around 80, 000
farmers in the project area. The frequency of the sem nars/
denonstrations needs to be increased in the villages and adjusted in
relation to the dairy cattle population. Efforts to get nore farners
attendi ng these sessions need to be pronoted. Enphasis should be put
on wonen involvenent. Field staff involvenent needs to be revi ewed,
together with nore followup of the farners after denonstrations.
Timng of sem nars/denonstrations should coincide with topics.

Ext ensi on Materials

To aid in the extension programre, a nunber of extension
mat eri al s have been prepared, distributed and used both by farnmers and
ext ensi on wor kers.
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Handouts. These have been prepared on 16 different topics including:
Desnmodi um Siratro, Leucaena, establishment of Desnodi um cutti ngs,
"Grass equals M1l k', feeding of dairy cattle, feeding of pregnant
cows, nol asses/urea m xture feeding, roughage treatnent, dairy cattle
breeding, m |k production fromzebu cattle, calf rearing, calf

housi ng, housing of dairy cattle, m|lking hygi ene, etc.

Bookl ets. These have been prepared and distributed. These include
calf-rearing (6040 copies), dairy cattle breeding (4670), mlking
hygi ene (1430), diseases of dairy cattle (3920), roughage treatnent
(1020), feeding of dairy cattle and wonen in dairy devel opnent.

Slides and filns have al so been prepared on the topics nentioned
above.

Bet ween July 1988 and March 1989, a total of 59 sem nars and 115
denonstrations were carried out, including 31 with audi o-visual
support. Around 3800 farners attended these sem nars and
denonstrati ons.

Past ure establi shnent

The main problem here has been seed availability. The project
has been trying to conbat this problemby using the limted seed
avai l abl e to establish pasture seed nultiplication plots in different
| ocations. It is hoped that, when this is achieved, there will be seed
available to farnmers. Another problemrelated to this is the problem
of seed-setting with Desnodium It is not known as yet why this
| egune is not producing seed. The project has therefore been
distributing cuttings to farners and the results are encouragi ng.

Roughage tr eat nent

The project has conducted roughage treatnent (mainly naize
stover) canpaigns at farnmers' level (small scale), advocating the pit
met hod mainly and the basket nethod since 1986. Technically, the pit
method is a good one in terns of practicability, reduced wastage and
i ncreased yields. Problens encountered in 1986/87 have included
moul di ng during treatnent, storage of the treated product, |ack or
[imted anount of maize stover, insufficient |abour during treatnent
and transport of the maize stover in sufficient quantities. These
probl ens have been conpounded in 1987 by the interference of the
Ri nder pest Canpai gn, abnormal rain distribution and drought, and a
shortage of the roughage treatnent booklets.

J.M Centres has also | ooked at the percentage of farners who
have repeated the roughage treatnents after the one they did during
t he denonstration and al so through attendance at the opening of the
pits. The nunbers of farners using the treatnments were 28 and 76 in
1986 and 1987 respectively, and the nunbers repeating the treatnment in
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1987 and 1988 were 12 and 17.

Large scal e treatnent

This started this year, 1989, but on a very limted scale due to
the rains. Baling was done on only 4 farns in the Ronbo District due
to di stances between farns and the bad roads. It is expected that
| arge scale baling and treatnment will begi n August/ Septenber, 1989.

Mol asses/urea ni xture feeding (MM

The i dea of using nolasses fromthe Tanganyi ka Pl anti ng Conpany
(TPC), which is a sugar factory in the project area, goes back to
1976. The plans for the schene, as it is currently being devel oped,
were drawn up in 1980 but inplenmented only in 1982. At that tine it
was estimated that initial demand would be in the region of 3,000
tonnes per year wwth a long termpotential of 10,000 tonnes. At that
time nol asses was plentiful and the project was assured of its short
termrequirenents.

The m xing plant was conpleted in 1984 and the first sales of MUM
were in 1985. Initially there were village tanks served by a tanker
lorry. 1In 1986, plans were drawn up to increase the nunber of
villages tanks from 20 to 70 and conm ssioni ng of the new tanks
started at the end of 1986, and by 1986/7, 40 were in operation. New
tanker lorries were also nmade avail abl e.

The initial price was 700 Tanzani an shillings (Tz) per ton. This
was cal cul ated on the basis of Tz 450/- for raw nol asses and a further
Tz 250/- for the urea and m xi ng charges. However when the tendering
system was introduced at the start of the 1986/ 87 season, the price of
MUMto the project was kept at Tz 750/- to help establish the use of
this feed by dairy farnmers. In md-1987, the project was inforned
that it would have to pay Tz 3,500/- per ton and that the quantity
all ocated to the project was 3000 tonnes for the 1987/88 season.

While the price to farmers had been 2.00 Tz per litre in the past it
had to be 8.00 Tz for the sane quantity. This had a very serious
effect on the sales and use of MUM by the farners in the project.

Experience to date shows that farners cannot conpete in terns of
price wwth other users of MUM even if demand was i ncreased. Sal es of
MUM have therefore decreased due to prices.

The tendering systemhas therefore priced the MJUM out of reach of
many of the small scale farners. Scarcity of other feeds nakes MUM an
extrenmely inportant conponent of the programe to raise mlk yield.
The project is still fighting for a price policy to be based on either
the price of mlk, the price of other livestock feeds (e.g. cottonseed
cake, maize bran, etc.), TPC s costs of production or national
inflation.
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M LK MARKETI NG IN THE PROJIECT AREA

Commercial mlk nmarketing

In the project area is a mlk processing plant situated in Arushu
town, the Tanzania Dairies Ltd (TDL), which is one of seven in
Tanzania. This plant collects mlk fromboth |large scale farns and
smal | hol der farnmers. It operates over 9 collection and cooling centres
in the project area; the distance between TDL and the cooling centres
varies from30 to 100 kil onetres.

The plant is faced with a problemthat not all the cooling
centres are in working order and therefore the plant does not work to
capacity, as it cannot collect all the mlk available and hence
depends a |l ot on reconstituting and marketing reconstituted mlk. The
constraints that the plant is experiencing renders it ineffective in
organi sing coll ection, processing and marketing of mlk. The result
has been vending of mlk by m ddl enen and the establishnent of dairy
cooperatives in rural areas.

There are in the project are 3 dairy cooperatives in Kilimnjaro
area where 2 are transporting and selling mlk to Moshi town, while
one is processing mlk into cheese and markets it in Arusha and Mosh
townshi ps. These dairy cooperatives and other small hol ders have found
it a good business to sell the mlk on their own, rather than to sel
to TDL, because the price paid by the latter is |lower than that which
coul d be obtained by selling direct to consuners in town or their
nei ghbours.

Comrerci alisation of mlk has been growi ng over the years due to
an increasing consunption pattern. This has resulted in small hol ders
investing in concentrate feeds, mnerals, vitamns and drugs. This is
due to high prices paid for mlk and dairy aninmals, and the fact that
farmers have realised for a long tine that mlk is nutritious and al so
an econom c use of scarce |and.

CONCLUSI ON

The feeding of dairy cattle for mlk production in the Arushu/
Kilimanjaro area is the biggest problem due to scarcity of |and which
necessitates zero-grazing and the use of diverse feeds from various
sources. This requires, anong other things, an efficient systemto
i ncrease the quantity and quality of agricultural by-products and,
nost of all, an efficient extension programme. |nvolving the rural
cooperatives in dairy activities wll help farnmers in obtaining the
necessary dairy inputs locally. There is considerable potential for
increasing mlk production fromthe dairy and | ocal cattle popul ation,
as the demand for mlk is still far from being satisfied.
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M LK PRODUCTI ON FROM TROPI CAL FODDER AND SUGAR CANE RESI DUES
CASE STUDY: ON FARM RESEARCH I'N MAURI TI US

by
A. A. Boodoo

| NTRODUCTI ON

The cattle population in Mauritius amounts to about 35, 000 head,
made up of various breeds. O this, approximtely 7,000 are femnales
of producing age. The cattle industry in general can be described as
being a low i nput system The local cattle are called Creole; they
are Bos taurus type and of nedium size, 300-450 kg adult weight,
pol |l ed and hunpl ess. They are predom nantly white or white-brown with
dun, black or brown characteristic spots (Bennie, 1956). Cross-
breedi ng programmes, using Al and bulls, have resulted in various
| evel s of Friesian-Creole crosses. Qher exotic breeds and their
crosses exist in smaller nunbers.

The small farnms in the villages consist of 1 - 4 cows per
househol d. These cows have a mlk yield of 1200 - 1500 litres per
| actation, short lactations (225 - 250 days), long calving intervals
(15 - 18 nonths) and they first calve at 3 - 3% years of age. The
cows are hand-m | ked twice a day, generally before sunrise and at
sunset. All cattle are kept indoors and fodder is brought to them
The stables vary fromvery sinple ones built of poles with a thatched
roof to inproved ones with concrete walls and a roof of iron sheets.

Feed resources

The traditional practice of cowkeepers (snall cattle owners in
the villages) is to feed their cows mainly on sugar cane tops, which
are abundant during the sugar cane harvest season (June to Novenber),
together with sonme sel ected grasses and crop residues. During the
rest of the year, they feed a m xture of various grasses, creepers,
shrubs, twigs and crop residues; these forages are available in
varying anounts all the year round. Mst of themare highly fibrous
and contain 4 - 12%crude protein in dry matter. Al forages are
collected free fromthe nei ghbourhood and none are cultivated, at the
cowkeeper level, for use as cattle feed.

Soci 0-econom ¢ i nportance of cowkeepers

The cowkeepers form an inportant socio-econom c group as they
supply about 95% of the fresh mlk produced in the country. This is
equi val ent to about 12% of the total consunption of mlk which anmounts
to about 90 mllion litres per year (fresh mlk and inported mlk
powder). Cattle rearing in the village smallholdings is a famly
busi ness and generally a part-tinme activity. This nmakes the business
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a flexible one in the sense that, depending on circunstances, the
smal | hol der can add or sell one or two head of cattle quite easily.
This is perhaps one inportant factor contributing to the fact that,
despite the recent wave of industrialisation with its acconpanying

m gration of |abour fromagriculture to the factories, the cowkeeper
community has continued to be in business, although their nunber has
decreased conpared to a couple of decades ago. The cowkeepi ng
tradition is still present in the rural areas and people still like to
invest in this famly business. There is a continuing demand for
fresh mlk both in the urban and rural areas.

BACKGROUND

In 1971, the M|k and Meat Project (FAO diagnosed that |ack of
suppl enentation [imted mlk production. However, it was not
specified whether it was energy or protein in the supplenent that was
inportant, and the basal diet of cane tops and grasses was not
eval uated. This FAO study al so proved technically that mlk yield
coul d be increased considerably by better feeding and nmanagenent.

Recent research findings (Ma Poon et al., 1977, Gaya et al.
1982), obtained by the Mnistry of Agriculture on Governnment farns,
poi nted out that one inportant [imting factor regarding mlk
production was the role of appropriate supplenents which can stinul ate
consunption and utilization of roughages rather than depress roughage
i nt ake.

On the basis of these findings, the need was felt to further
investigate the m |k production potential of cows in the country. As
the cows in the village small hol dings make a maj or contribution to the
nati onal production of fresh mlk, it was decided, wthin the context
of a project funded by the UNDP, to carry out the on-farmresearch
described here in these small holdings. This was deci ded because it
was possible to have access to a | arge nunber of pregnant cows
(experinmental units) in a relatively short tinme and at al nost no cost
in the villages, whereas it would have been very difficult to obtain
simlar facilities on state farns.

OBJECTI VES

The objectives of this study were to:

a) investigate the effect on mlk yield of supplenmenting the village
cows with two types of concentrate, the traditional dairy
concentrate (cowfeed), consisting of about 45% 1 ocally produced
i ngredients, and inported cottonseed cake;

b) describe the forage feed base at the cowkeeper |evel;

c) eval uate the performance of the |local Creole breed, Friesians and
their crosses.
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ORGANI ZATI ON CF ON- FARM TRI AL

Mul ti-disciplinary approach

The Animal Nutritionist was the team | eader. The Extension
O ficer organized the evening neetings with the cowkeepers. Extension
Assi stants residing in the villages made daily visits to the farns and
hel ped in data collection. They travelled on bicycles. Notebooks
were kept at the cowkeepers' hones for recording animal weights, mlKk
production, fodder offered, etc. The Veterinary Oficer |ooked after
the health of the cows and assessed pregnancy.

Equi pnent used

This consisted of a van for transporting staff, concentrates and
an electronic cattle scale; a bathroomscale to neasure birth wei ght
of calves; a spring balance to neasure the quantity of forage; and a
kitchen scale for concentrates and m nerals.

Specialized facilities

A chem stry | aboratory was avail able for chem cal anal ysis of
feedstuffs and cannul ated animals for nylon bag study of forages.

PROCEDURE

Concentrates

The cowfeed had 17% crude protein and was made up of 30% cane
nmol asses, 30% cottonseed cake (or groundnut cake), 5% wheat bran,
11.5%rice bran, 20% nmai ze, 1% common salt and 2.5% cal ci um car bonat e.
Cott onseed cake had 44% crude protein and was fed together with a
m neral supplenent of 15 g conmmon salt and 50 g cal ci um carbonate per
day. It was chosen for conparison with cowfeed because the Mnistry
proposed to use it later as a straight protein supplenent, thus
sparing m xing and transport costs.

For ages

The cowkeepers fed their cows forages ad |ibitumaccording to
normal practice. Regular visits, 3 tines per week, were nmade to the
cowkeepers' farnms and observations were nade of managenent practices
and ani mal behavi our associated with the supply and consunption of
fodder. Measurenents were nmade of total feed intake on 30% of the
total nunber (88) of cows participating in the project.

The cane tops were first separated into two fractions, sheath
bundl e and | eaf blade, with a large knife before analysis. For nylon
bag work, two mature Friesian x Creole steers fitted with permanent
rumen cannul ae were used. They were fed a m xture of 20 - 25 kg
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Setaria sphacelata and | schmaenum ari statum and 1 kg cottonseed cake
pl us m nerals.

Choi ce of cows

Cowkeepers who were willing to participate in the project
voluntarily registered their nanmes at their |ocal Extension Ofice.
When their cows were seven nonths pregnant, they started to receive
the concentrates. Each cow was allotted in turn to either the cowf eed
or cottonseed cake treatnent.

Tabl e 1 sunmarises the pattern of feeding the supplenents which
were given in two feeds daily.

Table 1. Daily levels of supplenentation during the |ast 3 nonths of
pregnancy and during |lactation (Boodoo et al., 1988a)
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Cowf eed Cot t onseed cake
$333133333331133333331133333331113333331113333331113333)))))))))))Q
7th month (kg/d) 2 1
8th and 9th nonth (kg/d) 3 1
Lactation (kg/l mlk) 0.5 0. 25
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The amount of cowfeed fed was tw ce that of cottonseed cake,
because it had |l ess than half the amount of protein as conpared to
cottonseed cake. Supplenentation started at the end of pregnancy to
make sure all the cows participating in the trial had adequate
nutrition for fetal growth and | actation.

Managenment of cal f

Only one aspect of the traditional managenent of the cowkeeper
was interfered with during this study; anyone who used to allow his
calf to suckle its damwas required to feed it froma bucket fromthe
7th day after calving until weaning at three nonths. This was
necessary to neasure total mlk yield accurately.

RESULTS

The trial was conducted in 2 different climatic areas, with 3000
and 1450 mmrain per year respectively. The nmean m |k production of
the cows (all breeds together) on the two types of supplenent is
summarized in Table 2. M1k conposition was determ ned from nonthly
nmorning mlk sanples.
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Table 2. Mean m |k production and mlk conposition data, 22 cows per
concentrate in each area (Boodoo et al., 1988a).
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Wet upl ands Dry Northern Si gni ficance
Area
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Cowfeed CSC Cowfeed CSC Area  Feed
M | k production (kg)
301 day |l actation 3023 2871 2538 2649 P<.05 NS
SE 146 104 139 129
M1k conposition
Mean fat (% 4. 08 4. 57 4. 31 4.61 NS NS
SE 0. 222 0.164 0.183 0.192
Mean protein (% 3.41 3.58 3. 47 3.40 NS NS
SE 0. 149 0.118 0.061 0. 089

There was no significant difference between cowf eed and
cottonseed cake in ternms of mlk yield. However, supplenentation
i ncreased m | k production by about 1400 kg per lactation, conpared to
the traditional yield of about 1200 - 1500 kg. Supplenentation al so
prol onged lactation fromthe national nean of 225-250 days to 301
days. The lactation curves (Boodoo et al., 1988a) were of the
cl assical shape with peak lactation (14.7 and 11.3 litres/day, for the
wetter and drier areas respectively) occurring in the second nonth.
The upl and cows produced significantly nore mlk but there were no
significant differences in mlk fat and in mlk protein due to the
di fferent areas and concentr at es.

The effect of breed on m |k production

The cows were classified on the basis of their phenotypic
appearance into (1) the local breed, Creole (23 cows), (2) Creole x
Friesian (47 cows) and (3) Friesian (18 cows). Table 3 summarises
their mlk production data. There were no significant differences in
total m |k production between breeds. These yields conpare with
national yields of up to 1500 kg for cows receiving little or no
suppl enent and inply a response to suppl enent ati on.

Ef fect of harvest season on nmilk production

The average m | k production of cows cal ving during the sugar cane
crop season (June to Novenber) was 2950 +92 kg and was significantly
(p<0.001) higher than the average for cows cal ving outside the
croppi ng season (Decenber to May) which was 2705 +76 kg. There was
not a statistically significant interaction between area and tine of
calving on the total m |k production per |actation.
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Table 3. M1l k production data (kg) by breed (Boodoo et al., 1989).
(SE i n brackets)

S33)33133133133113113131313131313131331331331131131)31)3)))))))))))))))))Q
Creol e Cr ossbred Friesi an

$3333333333333333333333333333333333333331111113333333333333333))))))))Q

Upl ands 301 days 2788 (232) 2958 (115) 2899 (176)

Peak! 13.0 (0.2) 14.5 (0. 4) 13.0 (0.8)
Nor t her n 301 days 2889 (216) 2536 (124) 2459 (156)
fre Peak® 12.1 (0. 4) 12.4 (0. 6) 10.3 (0.7)

$323331331331331313313313313313313313313133133131)3131)331))1)1))))))))))Q
! Mean daily production in the 2nd nonth of lactation

OBSERVATI ONS ON THE | NTAKE OF FORAGES

The cane tops that were collected by the cowkeepers did not
include any flowering ones. 1In addition, the cowkeepers carefully
sel ected the cane tops and discarded the very mature ones. Fromthose
sel ected, the outer older |eaves and all dry ones were discarded.
Sone cowkeepers had the habit of chopping off and di scardi ng about a
third of the |eaf blade at the tapering end when they were collecting
their bundle of cane tops in the field.

The cows' eating behaviour, as noted during the farmvisits, was
confirmed in nunmerous interviews with the cowkeepers. The cows
consistently started to consune the cane tops at the sheath bundle
end. They consuned the whole of the sheath bundle portion first, then
started to eat the |leaf blade (Figure 1). They consuned only part of
the | eaf blades on both sides of the mdrib. It was estimted that
fromone third to one half of the |eaf blade was thus consuned.

It was observed in the wet uplands that |schaemum ari statum
(herbe d"argent) generally formed the bul k of the fodder that was
given to cows during the sugar cane inter-crop season whereas ot her
assorted forages, singly or mxed, were given in small anounts of a
few kil ograms per cow. In the drier area, Plantago |anceol at a,
Digitaria didactyla, Stenotaphrum dimdiatum and young cane regrow hs
(about 50 cm high) generally fornmed the bulk of the fodder in the
inter-crop season. A few kilogranms of other assorted forages, singly
or m xed, were also given to the cows.
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Figure 1. Sheath bundl e and | eaf blade fraction of cane top.
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Chemnmi cal conposition

The sheath bundle fraction had a |lower dry matter and crude
protein content (19.3% and 5.5% respectively) than the | eaf bl ade
(31.3 and 7.3% or the assorted forages (23.1 and 9. 7% respectively).
The crude protein content of the assorted forages and crop residues
(9.79% was quite interesting. The | egum nous forages contained up to
14% crude protein (Table 3).

Tabl e 3. Chem cal conposition of the sheath bundle and | eaf bl ade
fractions of cane top, the assorted forages and crop
residues (on dry matter basis) (Boodoo et al., 1988b).

$333333313331333133333313313331331331133313313311)313311))11)11))))))))Q
Dry Matter Crude Protein Crude Fibre

(n) Mean SE  (n) Mean SE (n) Mean SE
$33333331333133313333331331333133133113331331133113313311))13)11))))))))Q

1. Leaf bl ade’ (23) 31.3 0.9 (25) 7.3 0.4 (22) 32.9 0.8
2. Sheath bundl e’ (23) 19.3 1.0 (24) 5.5 0.3 (22) 31.9 0.5
3. Assorted (49) 23.1 1.0 (49) 9.7 0.5 (15) 31.0 1.2

forages and
crop residues

Range for assorted forages etc.

M n. 13.3 5.0 14.5
Max. 40.9 14. 6 37.2

$32133133133133133331331331331311331331313313313133131)3)1))1)1))))))))))Q
" These fractions were prepared fromone original big bundle (about 7

kg) of cane tops.

Rat e of deqradation in nylon bag

Results of the nylon bag study of the various types of forages
are shown in Table 4. These data show that the sheath bundle fraction
degraded nuch faster than the |l eaf blade at all the tinme intervals
studied. On the other hand, the sheath bundl e and assorted forages
show remarkably simlar DM degradabilities fromthe 16, 24, 48 and 72
hour incubations. The rate and extent of degradation supports the
view that the sheath bundl e and assorted forages are good quality
roughages in this environnment. Their potential degradability is
approxi mately 26% hi gher than that of the |eaf bl ade.
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Mean dry matter degradability values of the cane top

fractions and assorted forages at various intervals in nylon
bags (Boodoo et al.,

1988) (SE in brackets).

$333333313331333133333313313331331331133313313311)313311))11)11))))))))Q
| ncubation Tinme (h)

n 0 16 24 48 72
Leaf bl ade 18 12.0 27.0 34.3 47.0 53. 4
(0.6) (1.0 (1.0 (1.0 (1.1)
Sheat h bundl e 18 21.5 46. 7 55.5 62. 6 67. 2
(0.7) (1.5 (1.3 (1.0 (0.8
Assorted forages 181 16. 4 44.5 54. 6 63.5 66. 4
(0.7) (1.6) (5.2) (1.3 (1.3
LSD (5% 2.2 5.3 4.7 4.2 3.8

These 18 sanples were a random sel ection from 49 ori gi nal

| nt ake

Tabl e 5 sunmari zes the data on forage consunption,

i nt ake.

Tabl e 5.

Quantity of forage offered and eaten.
| actating cows and their

ones.

i vewei ght and DM

Li vewei ght of the
DM i nt ake on diets consisting

predom nantly of (a) cane tops and (b) m xed grasses with

crop residues (Boodoo et al.

1988h) .

(SE in brackets).

$33333333333333333333333333333333333333311111133333333333333)3))))))))Q

Wet upl ands Dry Area

Cane M xed Cane tops M xed

t ops grasses grasses
n 7 7 9 5
Fodder offered 69. 3 68. 0 73.1 62. 6
(kg fresh/ day) (4.11) (4.3) (1.0 (4.2
Fodder eaten 43. 6 57.2 52.1 49. 2
(kg fresh/day) (3.5 (2.2) (1.8) (2.2)
Surplus feed (% of 58. 9% 18. 9% 40. 3% 27. 2%
anount eaten)
Li vewei ght of cows (kg) 342 353 364 311

(21.8) (13.3) (11. 4) (16.0)
Fodder i nt ake 11.8 13.5 14. 1 11.0
(kg DM day) (0.9 (0.7) (0.5) (0.5)
Concentrate intake 2.7 3.3 3.5 2.9
(kg DM day) (0.3 (0.4) (0.4) (0.5)
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The cows were offered forages ad |ibitum such that the surplus
anounted to 19-58% of the anount eaten, especially sugar cane tops
whi ch are abundant during the harvest season. This surplus gave them
pl enty of scope to select the best parts and this resulted in a high
i ntake of fodder dry matter (about 3.7% of body weight).

DI SCUSSI ON AND CONCL USI ON

Cott onseed cake provided slightly nore protein than cow eed at
the |l evel s used. However, cowf eed, because of its nolasses content
woul d have provided nore energy than cottonseed cake. It is therefore
interesting to note that simlar levels of mlk were obtained with
t hese two suppl ements, which point to protein being the primry
nutrient limting mlk production under these conditions.

The traditional practice of selectively feeding a variety of
forages has sound scientific basis. Wth tine, the cowkeepers have
devel oped an appreciation of forage quality. The present data show
that the rate and extent of degradability of the sheath bundle
fraction of cane tops and the assorted forages are the basis for good
m |l k production in the villages, conpared to the | arger systens of
production where there is less attention to forage sel ection.

The |l ocal Creole breed has sufficient potential for mlk
production, given the climte and the resources available on village
smal | holdings in Mauritius. There would therefore appear to be no
advantage to be gained fromthe inportation of exotic breeds for mlKk
pr oducti on.
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TRAI NI NG | N THE DEVELOPMENT OF FEED RESOURCES
by
R W Froenert

| NTRODUCTI ON

FAQ RDDTTAP (Team) has been engaged since 1972 in training of
extension workers and m |k plant personnel. Sone 2500 officers from 15
countries of the Asia and Pacific region have been participating in
speci alized courses of 2 - 6 weeks duration and self-teaching
programmes. Training of smallholder m |k producers consists of short
courses and denonstrations at dairy devel opnent training units (snal
denonstration farns) in Sri Lanka, Thailand and | ndonesia and the
operation of nobile dairy extension units in selected areas of Thail and
and | ndonesi a.

Havi ng noted the | ack of specialized know edge and experience of
field extension workers in forage preservation, the Team desi gned
training activities in making silage and hay, which provide the trainee
extensi on worker with adequate practical experience to handle these
subj ects conpetently on the village level. The Team has contributed to
t he devel opnent of small scal e preservation practices: silos, hay drying
racks, hay stores and feeders, which fit the neans, skills and
requi renents of the small farnmer. A better utilization of various field
crop residues and industrial by-products as cattle feed has been
pr onot ed.

The successful introduction of new practices benefitting the
village community depends a great deal on the proper presentation to the
farmer. Part of all training activities in forage production/
preservation and use of alternative feed resources is the devel opnent of
training material, "persuasive" posters and handouts for the farnmer.

DEVELOPMENT W TH AND FOR THE SMALLHOLDER

Sites and Modes of Training

A sound devel opnent of small holder (dairy) farm ng and the
designing of realistic extension and training programres supporting this
devel opnent require, first and above all, to listen to the farnmer. The
smal| farmer is a professional. H's profound know edge of his
environment, his experience and practical skills are val uable assets of
devel opnent .

The researcher (extension worker) nust realize that it is no use to
drop a new idea (farmng practice) on the practical nman and hope for the
right adjustnents at the practical level. Developing his ideas requires
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the researcher (extension worker) to take into account the height of the
hill to be reached, the obstacles in its way and the wei ght of the idea
or recommendati on.

I ntroducing to small hol der farnmers a new net hod of forage
utilization, such as silage or hay making, requires considerable
experience on the part of the extension worker. A thorough anal ysis of
training courses, conducted in 7 countries of the region for extension
workers in dairy husbandry, reveals that the tinme allocation for
practical forage preservation is conpletely inadequate. The |ack of
experience endangers the success of extension activities on the village
| evel .

To reinforce practical training facilities for trai nee extension
wor kers and smal | hol der m | k producers, the RDDTTAP (Team has set up
smal | scal e denonstration farns (Dairy Devel opnent Training Units) in 3
countries of the region: Sri Lanka, Thailand and Indonesia. It is here
that small nunbers of farmers gather for repeated one-day training
activities and are acquainted with new farm ng practices and
devel opments. They include aspects of forage production/preservation.

Besi des training rendered by extension workers operating from
DDTUs, training is being extended to other areas relevant for dairy
devel opnment through nobile extension units (Thailand and | ndonesi a).

The Team devel oped and is devel oping a special tool for nobile
operations: the training kit. It contains a conprehensive collection of
equi pnent and training material required by the extension worker to
denonstrate particular points of the subject matter and to enhance the
understanding of it by the farmer. Training kits on forage production
and preservation are in the state of being conpl et ed.

An integration of DDTUs, nobile dairy extension units and
agricultural colleges in support of the resident extension worker is
envi saged as part of the devel opnent strategy pursued by the Team

On the basis of encouragi ng experiences in South America wth self-
t eachi ng programres, the Team has introduced sel f-teachi ng progranmes on
ration fornmulation in Sri Lanka. The programre is aimng at a better
know edge of the field extension worker on rum nant nutrition and
bal anced feeding, as well as to encourage the establishnent of a cl oser
network for his support by research and teaching institutions.

SI LAGE MAKI NG

A Technol ogy for the Snmall hol der

| f silage making and feeding is to be introduced to small hol ders,
t he extension worker tends to organize a "Field Day" on one of the
near by government farnms. Wat does the small farner observe? An
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i npressive technology - but nothing which could fit his own farm ng
conditions. The extension worker, with the tower silo in his mnd, may

even build one on his own. It is too big for one farmer, so he calls it
"comunity silo." But is it practical? A nore sinple and inexpensive
approach to "persuade" small holders to adopt silage making is still the

fanous pit silo. But what about silage quality? Wat about | osses
reduci ng the anmount of feedable plant matter?

Silo pits are of tenporary nature. Wen not reinforced (costs!),
they nmay even encourage erosion and their walls collapse during the
rain. |If silage maki ng becones a regular practice on a snall hol di ng,
other building materials nmay be considered, e.g. banboo.

Silos nust be airtight to provide anaerobic conditions for fernentation.
Wre netting (chicken-wire) can be connected to the inner wall of the
silo, to provide the reinforcenent for a thin |layer of concrete. A

pl astic jacket may provide for the sane conditions, but lasts only

t hrough one sil age canpai gn and feedi ng peri od.

Even after years, when the banboo structure may have di sintegrated, the
concrete wall is still intact, the silo still usable.

The time which is required to fill a silo and seal it appears to be
t he nost decisive factor for the production of quality silage. Chopping
of forage is a necessity for appropriate conpaction of the forage nass.
But choppi ng by hand needs nmany hands and is tinme consum ng.

Forage choppers of many kind are available. They often exceed the
capacity which is required for the small holder's operation: chopping of
forage for fresh feeding and ensiling. Animal driven forage choppers
have been successfully used for many years in India and Pakistan. The
t wo- wheel er tractor is a comon piece of equipnent for the small farner

in Thailand as el sewhere in the region. It is used for all the | and
tilling operations connected wwth the cultivation of paddy. A
t echnol ogy, which is not to burden the small- holder and to increase his

cost of production, nmust be linked to existing elenents and resources.
Two- wheel er tractors can be engaged as power source in forage chopping
(e.g. in Sri Lanka).

Trai ni ng and denpnstrati on net hods which can persuade the snull hol der

Met hods and practices used in training of smallholders nmust help
the trainee to identify the denonstrated practices and techni ques as
within his reach and neans. To introduce silage maki ng on snal |l hol di ngs
t hrough the use of big machinery and equi pnent is a didactic m stake.
Sonetines also too nmany trai nees are gathered, too many trainees not
occupi ed. The denonstration, nore often than not, has no foll ow up.

The farmer observes that grasses can be "buried". Since he does not see
the result, he may think: 'What a waste!'.
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MANIT EXPLAINS WHAT SILAGE IS AND WHAT IT NEEDS TO MAKE SILAGE

RODTTAP, 1988)

(poster:
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The chart (Figure 1) denonstrates the need for a well tined and
organi zed training activity on small scale silage making, during which
all steps fromsilo construction to silage feeding are shown. Trainee
extensi on workers work together and |earn together with the farner
during a field day on a small hol di ng.

Prior to the introduction of silage making, farnmers are taught the
basic requirements for the production of quality silage (chopping, quick
filling, conpacting, sealing). Chopping by hand can be enpl oyed for
handl ing smaller quantities of forage to produce sanple sil age. Vel |
cl eaned, 44-gallon oil druns furnished with a plastic jacket nmay be used
as silos. In connection with the Teamis work at DDTUs |inked to
agricultural colleges, concrete sewage pipes (height 1 m dianeter 1 n
have been used as sil os.

Wth a sufficient nunber of experinental silos, the inpact of
vari ous processing practices of forages on the quality of silage can be
denonstrated (e.g. unchopped = insufficient conpaction = continued
respiration of plant matter = suppression of lactic acid producing
bacteria). The proper closing (sealing) of the silo imedi ately after
conpleting the fill is denonstrat ed.

Silos need to be identified with regard to the plant matter
ensiled, its quantity and the treatnent applied. Brief descriptions, on
boards of the silo wall, also make it easier to explain new devel opnents
and practices to the visitor to the denonstration site.

The circular silo erected from banboo poles (height 1.80 m
dianeter 2 m can be filled to contain around 2 tons of forage. A
conpaction of 300 - 350 kg/n? by treading is only possible if the forage
i's chopped.

Trai nee extension workers and farnmers are made acquainted with the
criteria for the wanted fernentation. On the basis of organoleptic
tests, they produce a quality score. The decisive test is the animal's
intake. Silage of good quality has been produced from sugar cane tops
in an experinmental silo. Tops were chopped, well conpacted and 4%
nol asses added.

Forage pl anning and the use of crop residues and i ndustrial by-products

The eager extension worker may w sh to do sonething i medi ately
about forage preservation in his working area. But has he | ooked
carefully into the requirenents and conditions for silage making? Above
all, has he looked into the farners' "feeding calendar” to see if silage
is really needed and if there is sufficient surplus of forage to make
sil age preservation feasible?
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Once it has been determ ned that silage needs to be produced, the
quantity of forage required has to be specified and the silo capacity
and di nmensi ons be cal cul ated. Trainee extension workers have to be
engaged in exercises along these lines. An overestimted forage
quantity leads to an only partly filled silo, increasing the surface
area for the fodder mass and does often result in inferior silage
qual ity.

Partici pants of Team supported training courses are requested to

establish an inventory of available feed resources. |If there is no
surplus of forage crops, field crop residues and industrial by-products
can fill the gap. Sugar cane tops have been recognized as a potenti al

feed resource both for being fed fresh and as silage. The vast
guantities of sugar cane tops avail able during the canpaign period
suggest that they are wasting feed resources by inproper feeding
practices. Farnmers are advised to construct inexpensive feeders (banboo
feeders at DDTU Nakhon Sawan) and to chop cane tops to reduce waste.

The Team has encour aged extensi on workers to make use of pineapple
cannery waste as cattle feed. Sone years ago, pineapple waste was

di scarded at dunping places, creating problens of pollution.

A nunber of training activities were conducted to denonstrate sil age
maki ng from pi neappl e cannery waste together with paddy straw

HAYMAKI NG

"The growi ng season of grasses coincides with heavy rain. Haymeking is
not possible.”™ This statenment may justify the common observations nade
during visits to small and big dairy farns alike in this region that no
hay can be found in calf pens. But if so, there is sone col ourl ess,
stale dry roughage. It deserves to be called straw - but not hay.

Based on hay drying practices experienced earlier in tenperate
climates, the Team during training courses for extension workers,
attenpted to devel op a technology of hay curing suitable for the
smal | hol der and applicabl e during the rains.

The "classical" tripod worked well in Pakistan, (forage crop:
Trifolium al exandri nun), but was found unsuitable for the conditions to
be encountered during haymaking in countries |like Thailand Sri Lanka or
| ndonesia. Layers of wilted forage on tripods becone too conpacted,
thus hindering air circulation and causing the devel opnent of noul ds.

Satisfactory results were achieved wwth a drying fence. It is
constructed by inserting (4) poles in a particular pattern in hol es
driven (1.10 mapart) into the ground using crowbars. Then |ayers of
shortly wilted forage are placed on ropes connecting the poles. The
forage on fences is covered between rains by mats nade from pal m| eaves.
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A drying rack called the "Hurdle" proved to be the nost easy to
construct and practical nmeans for drying small quantities of hay
efficiently during the rains. Hurdles, made fromtinber or banboo, can
be used in flat as in hilly areas. After a few hours of pre-drying on
t he ground, encouraged by continuous turning, the forage is packed onto
the horizontal runners. For the first or second day the roof nay be
removed during sunny spells to encourage fast drying.

Thereafter, the hood is kept until transfer of the hay to the site of
feeding. Permanent shading prevents bl eaching (i.e. |oss of carotene).

Research workers at the National Dairy Training and Applied
Research Institute (NDTARI) in Thailand, supported by the Team
devel oped an extrenely successful drying technique using 1-pole racks
("Heinze') as the basic elenent. The drying rack consists of poles, a
dark plastic sheet in the bottomof the drying rack which collects the
suns rays, and transparent plastic sheeting provides protection for the
forage mass fromthe rain. Snaller drying racks of this kind have been
devel oped and are regularly denonstrated by NDTARI to participants of
training courses. The drying process takes 1-3 days and produces a
green col oured, aromatic hay.

Together with hay curing practices suitable for the small farner,
baling of hay by "baling box" was introduced, particularly to avoid
| osses through | eaf shattering (fragnentation) during transport.

Hay may be stored in nmany ways. Since the small holder is
encouraged to produce small quantities of hay for calves as often as
possi bl e to avoid spoil age occurring during extended storage periods,
only small quantities need to be kept. A conbination of a roofed sil age
pit and a hay drying/ storage platform nmakes excellent use of limted
pl ace on small holdings (e.g. in Sri Lanka). Hay may al so be stored on a
wel |l -aired platformestablished on top of the area, where calves are
housed (e.g. DDTU Ni kaweratiya, Sri Lanka).

In search of practical, |ow cost nethods for handling, storing and
feeding of hay, the Teamhas utilized the farnmer's skills for
w ckerwork. Hay for a nunber of calves can be stored in roofed self-
feeders which are best placed in exercise yards.

Problems in curing quality hay during the grow ng season of
grasses, which coincides with heavy rain, can be mastered by sel ecting
appropriate drying practices and sticking to a flexible managenent which
makes maxi mum use of dry and sunny spells. The remaining problemis the
storing of hay under condition characterized by a high humdity.
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MAKI NG BETTER USE OF PADDY STRAW THAN BURNI NG

Cereal straw of different kind forns the bul k of crop residue
avai l abl e imedi ately after threshing. Draught aninmals are often fed
entirely on straw wi thout |osing body weight. Though low in feed val ue,
straw has to be used extensively on many small holdings to forma major
part of the maintenance ration for dairy animals. But straw is also
burned, year by year, after harvest and threshing of grain crops.

The Team has encour aged, through training of extension workers and
farmers, to better utilize available straws for cattle feeding, either
by ensiling it together with low dry matter industrial by-products
(cannery waste) or by amoniation. For the treatnent of cereal straws
(mai nly paddy), the Team pronoted, as a tenporary arrangenent w thout
i nvestnent in permanent structures, the covering of treated straw stacks
by plastic sheets (6% urea, 3 weeks of storing, aeration before
f eedi ng) .

Simlar to training activities in silage making, denonstrations to
farmers on straw treatnment have to include all stages from processing to
feeding. Trainee extension workers, at the end of the course, devel op
their owm training aids and conduct a field day at a farmsite.

Lately, it is being tried in Pakistan to conbi ne the threshing of
cereal crops and the treatnent of strawwith urea, wth the ai m of
maki ng better use of avail able manpower at the tine of threshing.

UNDERSTANDI NG FEEDI NG OF M NERALS

Smal | -scal e bl ock nmaki ng

The maki ng of m neral blocks was originally introduced as a
training activity for extension workers and farnmers as a didactic neans
to make extension workers and farnmers aware of the inportance of
mnerals in support of growh, mlk production, breeding efficiency and
reproductive performance. To talk to farnmers about the need of animals
for cal cium phosphorus, potassium etc. remains highly theoretical and
is generally beyond his conprehension. The presentation, during a
denonstration to farmers, of chem cal conpounds containing the required
el ements, the weighing (dosing) of conpounds and their m xing according
to an explained fornula, brings themnearer to understanding the conpl ex
nature of this feed ingredient.

In followng up on this aspect of training, nore efficient presses
wer e devel oped, which have nade it possible to produce mneral blocks in
bi gger quantities for sale to dairy farnmers (e.g. in Thailand).
Formul ae based on observed m neral inbalances in cattle rations have
been devel oped.
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