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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.
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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
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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
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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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